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PREFACE

This book has been designed as a complete self-contained text for
learning programming, using the Z80. It can be used by a person who
has never programmed before, and should also be of value to anyone
using the Z80.

For the person who has already programmed, this book will teach
specific programmmg techniques using (or working around) the speci­
fic characteristics of the Z80. This text covers the elementary to inter­
mediate techmques reqUIred to start programming effectively.

ThIS text aims at providing a true level of competence to the person
who wishes to program using this microprocessor. Naturally, no book
will effectively teach how to program, unless one actually practices.
However, it is hoped that this book will take the reader to the point
where he feels that he can start programming by himself and can solve
simple or even moderately complex problems usmg a microcomputer.

This book IS based on the author's expenence in teaching more than
1000 persons how to program microcomputers. As a result, it is strongly
structured. Chapters normally go from the Simple to the complex. For
readers who have already learned elementary programming, the intro­
ductory chapter may be skipped. For others who have never program­
med, the final sections of some chapters may require a second reading.
The book has been designed to take the reader systematically through
all the basic concepts and techniques required to build increasingly
complex programs. It is, therefore, strongly suggested that the ordering
of the chapters be followed. In addition, for effective results, it is
Important that the reader attempt to solve as many exercises as possible.
The difficulty within the exercises has been carefully graduated. They
are designed to verify that the material which has been presented is
really understood. Without doing the programming exercises, it will
not be possible to realize the full value of this book as an educational
medium. Several of the exercises may require time, such as the multi­
plication exercise. However, by doing them, you will actually program
and learn by dOing. This is indispensable.

For those who have acqUIred a taste for programming when reachmg
the end of this volume, a companion volume is planned: the Z80 Ap­
plications Book.

13



Other books in this series cover programming for other popular
microprocessors.

For those who wish to develop their hardware knowledge. it is sug­
gested that the reference books From Chips to Systems: an Introduction
to Microprocessors (ref. C201A) and Microprocessor Interfacing
Techniques (ref. C207) be consulted.

The contents of this book have been checked carefully and are
believed to be reliable. However, inevitably. SOme typographical or
other errors will be found. The author will be grateful for any comments
by alert readers so that future editions may benefit from their experience.
Any other suggestions for improvements. such as other programs
desired. developed. or found of value by readers. will be appreciated.

14
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BASIC CONCEPTS

INTRODUCTION

This chapter will introduce the basic concepts and definitions re­
lating to computer programming. The reader already familiar with
these concepts may want to glance quickly at the contents of this
chapter and then move on to Chapter 2. It is suggested, however,
that even the experienced reader look at the contents of this intro­
ductory chapter. Many significant concepts are presented here in­
cluding, for example, two's complement, BCD, and other represen­
tations. Some of these concepts may be new to the reader; others
may improve the knowledge and skills of experienced programmers.

WHAT IS PROGRAMMING?

Given a problem. one must first devise a solution. This solution,
expressed as a step-by-step procedure, is called an algorithm. An
algorithm is a step-by-step specification of the solution to a given
problem. It must terminate in a finite number of steps. This
algorithm may be expressed in any language or symbolism. A sim­
ple example of an algorithm is:

I-insert key in the keyhole
2-turn key one full turn to the left
3-seize doorknob
4-turn doorknob left and push the door

15



PROGRAMMING THE laO

At this point, if the algorithm is correct for the type of lock in­
volved, the door will open. This four-step procedure qualifies as an
algorithm for door opening.

Once a solution to a problem has been expressed in the form of
an algorithm, the algorithm must be executed by the computer.
Unfortunately, it is now a well-established fact that computers
cannot understand or execute ordinary spoken English (or any
other human language!. The reason lies in the syntactic ambiguity
of all common human languages. Only a well-defined subset of
natural language can be "understood" by the computer. This is
called a programming Language.

Converting an algorithm into a sequence of instructions in a pro­
gramming language is called programmmg. To be more specific,
the actual translation phase of the algorithm into the program­
ming language is called coding. Programming really refers not just
to the coding but also to the overall design of the programs and
"data structures" which will implement the algorithm.

Effective programming requires not only understanding the
possible implementation techniques for standard algorithms, but
also the skillful use of all the computer hardware resources, such as
internal registers, memory, and peripheral devices, plus a creative
use of appropriate data structures. These techniques will be
covered in the next chapters.

Programming also requires a strict documentation discipline, so
that the programs are understandable to others, as well as to the
author. Documentation must be both internal and external to the
program.

Internal program documentation refers to the comments placed
in the body of a program, which explain its operation.

External documentation refers to the desIgn documents which
are separate from the program: written explanations. manuals,
and flowcharts.

FLOWCHARTING

One intermediate step is almost always used between the
aLgorithm and the program. It is called a flowchart. A flowchart is
simply a symbolic representation of the algorithm expressed as a
sequence of rectangles and diamonds containing the steps of the
algorithm. Rectangles are used for commands, or "executable
statements." Diamonds are used for tests such as: If information

16



BASIC CONCEPTS

X is true, then take action A. else B. Instead of presenting a formal
definition of flowcharts at this point, we will introduce and discuss
flowcharts later on in the book when we present programs.

Flowcharting is a highly recommended intermediate step be­
tween the algorithm specification and the actual coding of the solu­
tion. Remarkably, it has been observed that perhaps 10% of the
programming population can write a program successfully with­
out having to flowchart. Unfortunately, it has also been observed
that 90"70 of the population believes it belongs to this 1O"70! The
result: 80% of these programs. on the average, will fail the first
time they are run on a computer. (These percentages are naturally
not meant to be accurate.' In short, most novice programmers sel­
dom see the necessity of drawing a flowchart. This usually results
in "unclean" or erroneous programs. They must then spend a long
time testing and correcting their program (this is called the

START

READ TEMPERATURE SETTING ~T'

ON THERMOSTAT BOX

2 READ ACTUAL ROOM TEMPERATURE 'R'

FROM THERMOMETER DR OTHER SENSOR

NO

(ROOM
TOO COLD}

,

(OPTIONAL DElAYj

YES

(ROOM
TOO HOTl)

5

(OPTIONAL DELAY)

Fig. 1.1: A Flowchart for Keeping Room Temperalure Conslant
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PROGRAMMING THE ZBO

debugging phase). The discipline of flowcharting is therefore
highly recommended in all cases. It will require a small amount of
additional time prior to the coding, but will usually result in a clear
program which executes correctly and quickly. Once flowcharting
is well understood, a small percentage of programmers will be able
to perform this step mentally without having to do it on paper. Un­
fortunately, in such cases the programs that they write will usual­
ly be hard to understand for anybody else without the documenta­
tion provided by flowcharts. As a result, it is universally recom­
mended that flowcharting be used as a strIct discipline for any
significant program. Many examples will be provided throughout
the book.

INFORMATION REPRESENTATION

All computers manipulate information in the form of numbers or
in the form of characters. Let us examine here the external and
internal representations of information in a computer.

INTERNAL REPRESENTATION OF INFORMATION

All information in a computer is stored as groups of bits. A bit
stands for a bmary digi/("O" or "1 "). Because of the limitations
of conventional electronics, the only practical representation of infor­
mation uses two-state lOgIC (the representation of the state "0" and
"1 "). The two states of the circuits used in digital electronics
are generally Han" or "off". and these are represented logi­
cally by the symbols "0" or 'I I" > Because these circllits are
used to implement "logical" functions, they are called "binary
logic." As a result, virtually all information-processing today is
performed in binary format. In the case of microprocessors in
general, and of the Z80 in particular, these bits are structured in
groups of eight. A group of eight bits is called a byte. A group of
four bits is called a nibble.

Let us now examine how information is represented internally in
this binary format. Two entities must be represented inside the
computer. The first one is the program, which is a sequence of
instructions. The second one is the data on which the program will
operate, which may include numbers or alphanumeric text. We will
discuss below three representations: program, numbers, and alpha­
numerics.

18



BASIC CONCEPTS

Program Representation

All instructions are represented internally as single or multiple
bytes. A so·called ..short instruction" is represented by a single
byte. A longer instruction will be represented by two or more
bytes. Because the Z80 is an eIght-bit microprocessor, It fetches
bytes successively from its memory. Therefore, a single-byte
instruction always has a potential for executing faster than a two­
or three-byte instruction. It will be seen later that this IS an impor­
tant feature of the mstruction set of any microprocessor and in
partIcular the Z80, where a specIal effort has been made to pro­
vide as many single-byte instructions as possible in order to im­
prove the efficiency of the program execution. However, the limita­
tion to 8 bits in length has resulted in important restrictions which
will be outlined. This is a classic example of the compromise be­
tween speed and flexibility in programming. The binary code used
to represent instructions is dictated by the manufacturer. The
Z80, like any other microprocessor, comes equIpped with a· fixed
instruction set. These instructions are defined by the manufac­
turer and are listed at the end of this book, with their code. Any
program will be expressed as a sequence of these binary mstruc­
tlons. The Z80 instructions are presented In Chapter 4.

Representing Numeric Data

Representing numbers is not quite straightforward, and several
cases must be distinguished. We must first represent integers, then
signed numbers, I.e., positive and negative numbers, and finally we
must be able to represent decimal numbers. Let us now address
these requirements and possible solutions.

Representing mtegers may be performed by using a direct
bznary representation. The direct binary representation is simply
the representation of the decimal value of a number in the binary
system. In the binary system, the right-most bit represents 2 to
the power 0. The next one to the left represents 2 to the power I,
the next represents 2 to the power 2, and the left-most bit
represents 2 to the power 7=128.

b,b,b,b,b"b,b.b,
represents

b,2' + b,2' + b,2' + b,2' + b,2' + b,2' + b.2' + b,2'

19
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The powers of 2 are:

27 = 128. 2' = 64. 2' = 32. 24 = 16. 2' = 8. 2' = 4. 2' = 2. 2° = 1

The binary representation is analogous to the decimal representa­
tion of numbers. where "123" represents:

1 X 100 = 100
+2X 10= 20
+3X 1= 3

= 123

Note that 100 = 10'.10 = 10'. 1 = 10°
In this "positional notation." each digit represents a power of 10.
In the binary system. each binary digit or "bit" represents a power
of 2. instead of a power of 10 in the decimal system.

Example: "00001001" In binary represents:

1 X 1 = 1 (2')
OX 2 = 0 (2')
OX 4 = 0 (2')
1 X 8 = 8 (2')
OX 16 = 0 (2')
OX 32 = 0 (2')
o X 64 = 0 (2')
o X 128 = 0 (27)

in decimal: = 9

Let us examine some more examples:

"10000001" represents:

in decimal:

1 X 1 = 1
OX 2= 0
OX 4= 0
OX 8= 0
OX 16 = 0
OX 32 = 0
OX 64 = 0
1 X 128 = 128

= 129

"10000001" represents. therefore. the decimal number 129.

20



BASIC CONCEPTS

By examining the binary representation of numbers. you will
understand why bits are numbered from 0 to 7. going from right to
left. Bit 0 is "bo" and corresponds to 2°. Bit 1 is "b." and cor­
responds to 2'. and so on.

Decimal Binary Decimal Binary

0 00000000 32 00100000
1 00000001 33 00100001
2 00000010 ·3 00000011 ·4 00000100 ·5 00000101 63 00111111
6 00000110 64 01000000
7 00000111 65 01000001
8 00001000 ·
9 00001001 ·

10 00001010 127 01111111 !
11 00001011 128 10000000 I
12 00001100 129 10000001
13 00001101
14 00001110 ·15 00001111
16 00010000 ·
17 00010001 •

·
·· 254 11111110 I31 00011111 255 11111111

Fig. 1.2: Decimal-Binary Table

The binary equivalents of the numbers from 0 to 255 are shown
in Fig. 1-2.

Exercise 1.1: What is the decimal value of "11111100"?

21
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Decimal to Binary

Conversely, let us compute the binary equivalent of ,"11"
decimal: j

11.".2=5 remams 1-1
5.,.2=2 remains 1-1
2""2= I remains 0-0
I ""2=0 remains I -1

(LSB)

(MSB)

The binary equivalent is 1011 (read right-most column from bot­
tom to top).
The binary equivalent of a decimal number may be obtained by
dividing successively by 2 until a quotient of 0 is obtained.

Exercise 1.2: What is the binary for 257?
I

,Exercise 1.3: Convert 19 to binary, then back to decimaL
I 'c'

Operating on Binary Data J

0+0= _0
0+ 1 = 1
1+0=. 1
1+1=(1) 0

The arithmetic rules for binary numbers are straightforward.
The rules for addition are:

where (1) denotes a "carry" of 1 (note that "10" ,is the binary
equivalent of "2" decimal). Binary subtraction will be performed
by "adding the complement" and will be explained once we learn
how to represent negative numbers.

Example:

(2) IO

+(1) +01

=(3) 11

Addition is performed just like in decimal. by adding columns,
from right to left:

Adding the right-most column:

ib
+01

(0 + 1 = 1. No carry.;

22



BASIC CONCEPTS

Adding the next column:

10
+01

11 (1 + 0 =1. No carry.)

Exercise 1.4: Compute 5 + 10 in bmary. Verify that the result ts 15.
I 0~

Some additional examples of binary addition: f IJ) C Q::

, " I

0010
+0001

=0011

(2)
(1)

(3)

0011
+0001

=0100

(3)
(1)

(4)

This last example illustrates the role of the carry.

Looking at the right-most bits: 1 + 1 = (I) 0
A carry of 1 is generated, which must be added to the next bits:

001 - column 0 has just been added
+000 -
+ 1 (carry)

= (l)O-where (1) indicates a new
carry into column 2.

The final result is: 0100

Another example:

0111
+0011

1010

(7)

+ (3)

=(10)

In chis example, a carry is again generated, up to the left-most co­
lumn.

Exercise 1.5: Compute the result of.'

1111
+0001

=~.·.. u '

23
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Does the result hold in four bits?

With eight bits, it is therefore possible to represent directly the
numbers "00000000" to "11111111," I.e" "0" to "255", Two
obstacles should be visible immediately. First, we are only
representing positive numbers. Second, the magnitude of these
numbers is limited to 255 if we use only eight bits. Let us address
each of these problems in turn.

Signed Binary

In a signed binary representation, the left-most bit is used to in­
dicate the sign of the number. Traditionally, "0" is used to denote
a positive number while "1" is used to denote a negaave number.
Now "11111111" will represent -127. while "01111111" will
represent +127. We can now represent positive and negative
numbers, but we have reduced the maximum magnitude of these
numbers to 127.

Example: "00000001" represents +1 (the leading "0" is "+",
followed by "000 0001" = 11.

"10000001" is -1 (the leading "I" is "-"I.

Exercise 1.6: What IS the representation of "-5" in signed binary?
\000Ui Ii?) I

Let us now address the magnitude problem: in order to represent
larger numbers, it will 'be necessary to use a larger number of bits.
For example, if we Use sixteen bits (two bytes) to represent
numbers, we will be able to represent numbers from -32K to
+32K in signed binary (IK in computer jargon represents 1.024).
Bit 15 is used for the sign, and the remaining 15 bits (bit 14 to bit
0) are used for the magnitude: 2" = 32K. If this magnitude is still
too small, we will use 3 bytes or more. If we wish to represent large
integers. it will be necessary to use a larger number of bytes inter­
nally to represent them. This is why most simple BASICs, and
other languages, provide only a limited precIsion for integers. This
way. they can use a shorter internal format for the numbers which
they mampulate. Better versions of BASIC, or of these other
languages, provide a larger number of significant decimal digits at
the expense of a large number of bytes for each number.

Now let us solve another problem. the one of speed efficiency.
We are going to attempt performing an addition in the signed

24



BASIC CONCEPTS

binary representation which we have introduced. Let us add" -5"
and "+7",

+7 is represented by 00000111
-S is represented by 10000101

The binary sum is: 10001100, or -12

This is not the correct result. The correct result should be +2. In
order to use this representation, special actions must be taken, de­
pending on the sign. This results in increased complexity and re­
duced performance. In other words, the binary addition of signed
numbers does not "work correctly." This is annoying. Clearly, the
computer must not only represent information, but also perform
arithmetic on it.

The solution to this problem is called the two's complement
representation, which will be used instead of the signed binary
representation. In order to introduce two's complement let us first
introduce an intermediate step: one's complement.

One's Complement

In the one's complement representation, all positive integers are
represented in their correct binary format. For example "+3" is
represented as usual by 00000011. However, its complement" -3"
is obtained by complementing every bit in the original representa­
tion. Each 0 is transformed into a 1 and each 1 is transformed into
a O. In our example, the one's complement representation of" -3"
will be 11111100.

Another example:

+2 is 00000010
-2 is 11111101

Note that, in this representation, positive numbers start with a
"0" On the left, and negative ones with a "1" on the left.

Exercise 1. 7: The representation of "+6" is ."oo110סס0" What is
the representation of "-6" in one's complement?

\ \ 1\ \ Dv

As a test, let us add minus 4 and plus 6:

25



the sum is:

PROGRAMMING THE Z80

-4 is 11111011
+6 is 00000110

(1) 00000001 where (1) indicates a
carry

The "correct result" should be "2", or "00000010".

Let us try again:

The sum is:

- 3 is 11111100
-2is 11111101

(1) 11111001

or "-6." plus a carry. The correct result should be "-." The
representation of "- 5" is 11111010. It did not work.

This representation does represent positive and negative
numbers. However the result of an ordinary addition does not
always come out "correctly." We will use still another representa·
tion. It is evolved from the one's complement and is called the
two's complement representation.

Two's Complement Representation

In the two's complement representation, positive numbers are
still represented, as usual, in signed binary, just like in one's com·
plement. The difference lies in the representation of negative
numbers. A negative number represented in two's complement is
obtained by first computing the one's complement, and then ad·
ding one. Let us examine this in an example:

+3 is represented in signed binary by 00000011. Its one's com·
plement representation is 11111100. The two's complement is ob·
tained by adding one. It is 11111101.

Let us try an addition:

(3) 00000011
+(5) +00000101

=(8) =00001000

The result is correct.
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Let us try a subtraction:

(3)
(-5)

00000011
+11111011

=11111110

Let us identify the result by computing the two's complement:

the one's complement of 11111110 is
Adding 1

therefore the two's complement IS

00000001
+ 1

00000010 or + 2

Our result above, "11111110" represents "-2", It is correct.

We have now tried addition and subtraction, and the results were correct
(ignoring the carry). It seems that two's complement works!

Exercise 1.8:
"+127"?

Exercise 1.9:
'~128 "?

What is the two's complement representatIOn of

01 \ \ 1\ \ \
What is the two's complement representation of

I 000' (fJ (6 G; (z

Let us now add +4 and -3 Ithe subtraction is performed by add­
ing the two's complement):

+4 is 00000100
-3 is 11111101

The result is: (I) 00000001

If we ignore the carry, the result is 00000001, J.e., "1" In decimal.
This is the correct result. Without giving the complete mathe­
matical proof, let us Simply state that this representation does
work. In two's complement, it IS possible to add or subtract signed
numbers regardless of the sign. Using the usual rules of bmary addi­
tion, the result comes out correctly, induding the sign. The carry
IS Ignored. This IS a very significant advantage. If it were not the
case, one would have to correct the result for sign every time, caus­
ing a much slower addition or subtraction time.

For the sake of completeness, let us state that two's complement
IS simply the most convenient representation to use for simpler
processors such as microprocessors. On complex processors, other
representations may be used. For example, one's complement may
be used, but it reqUires special cIrcuitry to "correct the result."
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From this point on, all signed integers will implicitly be represented
internally in two's complement notation. See Fig. 1.3 for a table of
two's compLement numbers.

Exercise 1.10: What are the smallest and the largest numbers
which one may represent in two's compLement notation, using onLy
one byte? -1l'S/'Z::;>

Exercise 1.11: Compute the two's compLement of 20. Then com­
pute the two's complement of your result. Do you find 20 again?

'Au
The following examples will'lierve to demonstrate the rules of two's
complement. In particular, C denotes a possible carry (or borrow)
condition. (It is bit 8 of the result.)

V denotes a two's complement overflow, Le., when the sign of the
result is changed "accidentally" because the numbers are too
large. It is an essentially internal carry from bit 6 into bit 7 (the
sign bit). This will be clarified below.

Let us now demonstrate the role of the carry "C" and the overflow
·'V".

The Carry C

Here is an example of a carry:

(128) 10000000
+(129) + 10000001

(257) = (1) 00000001

where (I) indicates a carry.

The result requires a ninth bit (bit "8", since the right-most bit is
"0"). It is the carry bit.

If we assume that the carry is the ninth bit of the result, we
recognize the result as being 100000001 = 257.

However, the carry must be recognized and handled with care.
Inside the microprocessor, the registers used to hold information
are generally only eight-bit wide.When storing the result, only bits 0 to
7 will be preserved.

A carry, therefore, always requires special action: it must be
detected by special instructions, then processed. Processing the
carty means either storing it somewhere (with a special instruc­
tion), or ignoring it, or deciding that it is an error (if the largest
authorized result is "lll1111I").

28



BASIC CONCEPTS

+
2's complement 2's complement

code - code

+ 127 01111111 -128 10000000
+ 126 01111110 -127 10000001
+ 125 01111101 - 126 10000010

-125 10000011

+65 01000001 -65 10111111
+64 01000000 -64 11000000
+63 00111111 -63 11000001

...
+33 00100001 -33 11011111
+32 00100000 -32 11100000
+31 00011111 -31 11100001

+ 17 00010001 -17 11101111
+16 00010000 -16 11110000
+ 15 00001111 -15 11110001
+14 00001110 -14 11110010
+ 13 00001101 -13 11110011
+12 00001100 -12 11110100
+ II 00001011 II 11110101
+10 00001010 -10 11110110
+9 00001001 -9 11110111
+8 00001000 -8 11111000
+7 00000111 -7 11111001
+6 00000110 -6 11111010
+5 00000101 5 11111011
+4 00000100 -4 11111100
+3 00000011 -3 11111101
+2 00000010 ,

11111110~

+1 00000001 -I 11111111
+0 00000000

Fig. 1.3: 2's Complement Table
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Overflow V

Here IS an example of overflow:

bit 6
bit 7 ,l

V.
01000000

+01000001
1641

+1651

= 10000001 =1-1271

An internal carry has been generated from bit 6 into bit 7. This is
caned an overflow.

The result is now negative, "by accident." This situation must
be detected, so that it can be corrected.

Let us examine another situation:

11111111
+11111111

(-11
+(-1)

=111 11111110 =(-21
V

carry

In this case, an internal carry has been generated from bit 6 into
bit 7, and also from bit 7 into bit 8 Ithe formal "Carry" C we have
examined in the preceding section). The rules of two's complement
arithmetic specify that thIS carry should be ignored. The result is
then correct.

ThIS is because the carry from bit 6 into bit 7 did not change the
sign bit.

This is not an overflow condition. When operating on negative
numbers, the overflow is not SImply a carry from bit 6 into bit 7.
Let us examine one more example.

11000000
+10111111

1-64)
1-651

(+127101111111=(11
V

carry

This time, there has been no internal carry from bit 6 into bit 7, but
there has been an external carry. The result is incorrect, as bit 7
has been changed. An overflow condition should be indicated.
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Overflow will occur in four situations:

I-adding large positive numbers
2-adding large negative numbers
3-subtracting a large positive number from a large negative

number
4-subtracting a large negative number from a large positive

number.

Let us now improve our definition of the overflow:

Technically, the overflow indicator, a special bit reserved for this
purpose, and'icalled a "flag," will be set when there is a carry from
bit 6 into bit 7 and no external carry, or else when there is no carry
from bit 6 into bit 7 but there is an external carry. This indicates
that bit 7, i.e., the sign of the result, has been accidentally
changed. For the technically-minded reader. the overflow flag is
set by Exclusive ORing the carry-m and carry-out of bit 7 (the sign
bit!. Practically every microprocessor is supplied with a special
overflow flag to automatically detect this condition, which re­
quires corrective action.

Overflow indicates that the result of an addition or a subtraction
requires more bits than are available in the standard eight-bit
register used to contain the result.

The Carry and the Overflow

The carry and the overflow bits are called "flags." They are pro­
vided in every microprocessor, and in the next chapter we will
learn to use them for effective programming. These two indicators
are located in a special register called the flags or "status"
register. This register also contains additional indicators whose
function will be clarified in Chapter 4.

Examples

Let us now illustrate the operation of the carry and the overflow
in actual examples. In each example, the symbol V denotes the
overflow. and C the carry.

If there has been no overflow, V = O. If there has been an
overflow. V = 1 (same for the carry C). Remember that the rules of
two's complement specify that the carry be ignored. (The
mathematical proof is not supplied here.!
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Positive-Positive

00000110 (+6)
+ 00001000 (+8)

= 00001110 (+14) V:o C:O

(CORRECTI

Positive-Positive with Overflow

01111111 (+1271
+ 00000001 (+1)

= 10000000 (-128) V:1 C:O

The above is invalid because an overflow has occurred.

(ERRORI

Positive-Negative (result positive)

00000100 (+4)
+ 11111110 (-21

=(1)00000010 (+2)

(CORRECT)

V:o C:1 (disregard)

Positive-Negative (result negative)

00000010 (+2)
+ 11111100 (-4)

= 11111110 (-2) V:O C:O

(CORRECTI

Negative-Negative

11111110 (-21
+ 11111100 (-41

=(1)11111010 (-6)

(CORRECTI

V:o C: 1 (disregardl

Negative-Negative with Overflow

10000001
+ 11000010

=(1)01000011

(ERRORI

32
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This time an "underflow" has occurred, by adding two large
negative numbers. The result would be -189, which is too large to
reside III eight bits.

Exercise /./2: Complete the following additions. Indicate the
resul~ the carry C. the overflow V, and whether the result is correct
or not:

10111111 (_I
+11000001 (_I

= V:__ C:__
o CORRECT 0 ERROR

00010000 (_)
+01000000 (_I

= V:__ C:__
o CORRECT 0 ERROR

11111010 i_)
+ 11111001 i-)
= V:__ C:__
o CORRECT 0 ERROR

01111110 (_)
+00101010 (_I

= V:__ C:__
o CORRECT 0 ERROR

Exercise /./3: Can you show an example of overflow when adding a
positive and a negative number? Why?

Fixed Format Representation

Now we know how to represent signed integers. However. we
have not yet resolved the problem of magnitude. If we want to
represent larger integers, we will need several bytes. In order to
perform arithmetic operations efficiently, it is necessary to use a
fixed number of bytes rather than a variable one. Therefore, once
the number of bytes is chosen, the maximum magnitude of the
number which can be represented is fixed.

Exercise /.14: What are the largest and the smallest numbers
which may be represented In two bytes usmg two's complement?

The Magnitude Problem

When adding numbers we have restricted ourselves to eight bits
because the processor we will use operates internally on eight bits
at a time. However. this restricts us to the numbers in the range
-128 to +127. Clearly, this is not sufficient for many applications.

Multiple precision will be used to increase the number of digits
which can be represented. A two-, three-, or N-byte format may
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then be used. For example, let us examine a 16-bit, "double-pre­
cision" format:

00000000 00000000 is "0"

00000000 00000001 is "1"

01111111 11111111 is "32767"
11111111 11111111 is "-I"
11111111 11111110 is "-2"

Exercise 1.15: What,s the largest negative integer whtch can be
represented in a two J5 complement triple~precision format?

However, this method will result in disadvantages. When adding
two numbers, for example, we will generally have to add them
eight bits at a time. This will be explained in Chapter 3 (Basic Pro­
gramming Techniquesi. It results in slower processing. Also, this
representation uses 16 bits for any number, even if it could be
represented with only eight bits. It is, therefore, common to use 16
or perhaps 32 bits, but seldom more.

Let us consider the following important point: whatever the
number of bits N chosen for the two's complement representation,
it is fixed. If any result or intermediate computation should
generate a number requiring more than N bits, some bits will be
lost. The program normally retains the N left-most bits Ithe most
significant) and drops the low-order ones. This is called truncating
the result.

Here is an example in the decimal system, using a six digit
representation:

123456
X 1.2

246912
123456

= 148147.2

The result requires 7 digits! The "2" after the decimal point will be
dropped and the final result will be 148147. It has been truncated.
Usually, as long as the position of the decimal point is not lost, this
method is used to extend the range of the operations which may be
performed, at the expense of precision.

The problem is the same in binary. The details of a binary multi-

34



BASIC CONCEPTS

plication will be shown in Chapter 4.
This fixed-format representation may cause a loss of precision,

but it may be sufficient for usual computations or mathematical
operations.

Unfortunately, in the case of accounting, no loss of precision is
tolerable. For example, if a customer rings up a large total on a
cash register, it would not be acceptable to have a five figure
amount to pay, which would be approximated to the dollar.
Another representation must be used wherever precision in the
result is essential. The solution normally used is BCD, or
binary-coded decimal.

BCD Representation

The principle used in representing numbers in BCD is to encode
each decimal digit separately, and to use as many bits as necessary
to represent the complete number exactly. In order to encode each
of the digits from 0 through 9, four bits are necessary. Three bits
would only supply eight combinations, and can therefore not en­
code the ten digits. Four bits allow sixteen combinations and are
therefore sufficient to encode the digits "0" through "9". It can
also be noted that six of the possible codes will not be used in the
BCD representation (see Fig. 1-4). This will result later on in a potential
problem during additions and subtractions, which we will have to solve.

BCD BCD
CODE SYMBOL CODE SYMBOL

0000 0 1000 8
0001 I 1001 9
0010 2 1010 unused
0011 3 1011 unused
0100 4 1100 unused
0101 5 1101 unused
0110 6 1110 unused
0111 7 1111 unused

Fig. 1.4: BCD Table
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Since only four bits are needed to encode a BCD digIt. two BCD digils
may be encoded in every byte. This IS called "packed BCD. "

As an example. "00000000" will be "DO" in BCD. "10011001"
will be "99",

A BCD code is read as follows:

0010 0001

BCD digit "2" ...J J
BCD digit "1" ...
BCD number "21"

Exercise 1.16: What 's the BCD representation for "29'" "91'"

Exercise 1.17: Is "10100000" a valid BCD representation? Why?

As many bytes as necessary will be used to represent all BCD
digits. Typically. one or more nibbles will be used at the beginning
of the representation to indicate the total number of nibbles, i.e.,
the total number of BCD digits used. Another nibble or byte will
be used to denote the position of the decimal point. However, con­
ventions may vary.

Here is an example of a representation for multibyte BCD In­
tegers:

3 + 2 2 ] (Jbytesl

t 1
--------..----.

number number "221"

of digits
(up to 255) sIgn

This represents +221
(The sign may be represented by 0000 for +, and 0001 for -, for
example. I

Exercise 1.18: Using the same convention, represent "-23123".
Show it in BCD format, as above, then in binary.

Exercise 1.19: Show the BCD for "222" and "111", then for the re­
sult of222 X 111. (Compute the result by hand, then show it in the
above representatIOn.!

The BCD representation can easily accommodate decimal
numbers.
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For example. +2.21 may be represented by:

1

digit I

~-----

digit 3 digit 2

3 2 +
, 2..

~ ~ ~ -- '"221

3 digits " ." is on the +
left of digit 2

The advantage of BCD is that it yields absolutely correct
results. Its disadvantage is that it uses a large amount of memory
and results in slow arithmetic operations. This is acceptable only
in an accounting environment and is normally not used in other
cases.

Exercise 1.20: How many bits are required to encode "9999" in
BCD? And in two's compLement?

We have now solved the problems associated with the represen­
tation of integers. signed integers and even large integers. We
have even already presented one possible method of representing
decimal numbers. with BCD representation. Let us now examine
the problem of representing decimal numbers in a fixed length for­
mat.

FloatIng-PoInt RepresentatIOn

The basic principle is that decimal numbers must be represented
with a fixed format. In order not to waste bits. the representation
will normalize all the numbers.

For example. "0.000123" wastes three zeros on the left of the
number. which have no meaning except to indicate the position of
the decimal point. Normalizing this number results in .123 X 10-',
".123" is called a normalized mantissa. "-3" is called the expo­
nent. We have normalized thiS number by eliminating all the meaning­
less zeros on the left of it and adjusting the exponent.

Let us consider another example:

22.1 is normalized as .221 x 10'

or M X lOE where M is the mantissa. and E is the exponent.
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It can be readily seen that a normalized number is characterized
by a mantissa less than I and greater or equal to .I in all cases
where the number is not zero. In other words, this can be repre­
sented mathematically by:

.I <; M < 1 or 10-' <; M < 10'

Similarly, in the binary representation:

2- i <;M<2' (or .5<;M<I)

Where M is the absolute value of the mantissa (disregarding the
signi.

For example:

111.01 is normalized as: .11101 X 2'.

The mantissa is lllOJ.

The exponent is 3.

Now that we have defined the principle of the representation,
let us examine the actual format. A typical floating-point represen­
tation appears below.

o31

EXP

24 23

1<
16 15 8 7

M ~ N--T---S-'~;--A-----"

Fig. 1.5: Typical Floating-Point Representation

In the representation used in thIs example, four bytes are used
for a total of 32 bits. The first byte on the left of the illustration is
used to represent the exponent. Both the exponent and the man­
tissa will be represented in two's complement. As a result, the
maximum exponent will be - 128. "S" m Fig. 1-5 denotes the Slgn
bit.

Three bytes are used to represent the mantissa. Since the first
bit in the two's complement representation indicates the sign, this
leaves 23 bits for the representation of the magnitude of the man­
tissa.
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Exercise 1.21: How many decimal digits can the manttssa repre­
sent wah the 23 bits?

This is only one example of a floating point representation. It is
possible to use only three bytes. or it is possible to use more. The
four-byte representation proposed above is Just a common one
which represents a reasonable compromise in terms of accuracy.
magnitude of numbers. storage utilization. and efficiency in
arithmetic operation.

We have now explored the problems associated with the rep­
resentation of numbers and we know how to represent them in in­
teger form. with a sign. or in decimal form. Let us now examine
how to represent alphanumeric data internally.

Representing Alphanumeric Data

The representation of alphanumeric data. I.e. characters, is com­
pletely straightforward: all characters are encoded in an eight-bit
code. Only two codes are In general use in the computer world, the
ASCII Code, and the EBCDIC Code. ASCII stands for "American
Standard Code for Information Interchange," and is universally
used in the world of microprocessors. EBCDIC is a variation of
ASCII used by IBM, and therefore not used in the microcomputer
world unless one interfaces to an IBM terminal.

Let us briefly examine the ASCII encoding. We must encode 26
letters of the alphabet for both upper and lower case, plus 10
numeric symbols, plus perhaps 20 additional special symbols. This
can be easily accomplished with 7 bits, which allow 128 possible
codes. (See Fig.1-6.1 All characters are therefore encoded in 7 bits.
The eighth bit, when it is used, is the parity bit. Parity is a tech­
nique for verifying that the contents of a byte have not been ac­
cidentally changed. The number of l's in the byte is counted and
the eighth bit is set to one if the count was odd, thus making the
total even. This is called even parity. One can also use odd parity,
i.e. writing the eIghth bit (the left-most) so that the total number of
l's in the byte is odd.

Example: letus compute the parity bit for "0010011" using even
parity. The number of l's IS 3. The parity bit must therefore be a 1
so that the total number of bits is 4, i.e. even. The result is
10010011, where the leading 1 is the parity bit and 0010011 iden­
tifies the character.
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The table of 7-bit ASCII codes is shown m Fig. 1-6. In practice, it
IS used "as is," i.e. without panty, by adding a 0 m the left-most
position, or else with parity. by adding the appropriate extra bit on
the left.

Exercise 1.22: Compute the B-bit representatton of the digits "0"
through "9", using even parity. (This code will be used in applica­
tion examples of Chapter B.)

Exercise 1.23: Same for the letters "A" through "P"

Exercise 1.24: Usmg a non-parity ASCII code (where the left-most
bit is "0"), Indicate the binary contents of the 4 characters below:

rfA IJ

ff?'J
<'3 Jl

«b"

HEX M50 0 1 2 3 4 5 6 7
L50 BITS 000 001 010 011 100 101 110 111
0 0000 NUL OLE SPACE 0 @ P P
1 0001 SOH DCl I 1 A Q a q
2 0010 STX DC2 .. 2 B R b r

3 0011 ETX DC3 # 3 C S c s
4 0100 EaT DC4 $ 4 0 T d \
5 0101 ENQ NAK % 5 E U e u
6 0110 ACK SYN & 6 F V f v

7 0111 BEL ETB 7 G W 9 w
8 1000 BS CAN ( 8 H X h x
9 1001 HT EM I 9 I Y I Y
A 1010 LF SUB J Z I z
B 1011 VT ESC + K r k [
C 1100 FF FS < L \ I --
0 1101 CR GS - ~ M ] m I

I
E 1110 SO RS > N fI n ,.,
F 1111 SI US I 0 a <- 0 DEL

Fig. 1.6: ASCII Conversion Table
(see Appendix B for nbbrevintionsi

In specialized situations such as telecommunications, other
codings may be used such as error-correcting codes. However they
are beyond the scope of this book.
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We have examined the usual representations for both program
and data mside the computer. Let us now examine the possible ex­
ternal representations.

EXTERNAL REPRESENTA TION OF INFORMATION

The external representation refers to the way information is pre­
sented to the user, Le. generally to the programmer. Information
may be presented externally in essentially three formats: binary,
octal or hexadecImal and symbolic.

1. Binary

It has been seen that mformation is stored internally in bytes,
which are sequences of eight bits (O's or 1'sl. It is sometimes
desirable to display this internal information directly in its bmary
format and this is called bznary representation. One SImple exam­
ple IS provided by LIght Emitting Diodes (LEDsl which are essen­
tially miniature lights, on the front panel of the microcomputer. In
the case of an eight-bit microprocessor, a front panel wi!! typically
be equipped with eight LEDs to display the contents of any inter­
nal register. (A register is used to hold eight bits of information
and wi!! be described in Chapter 21. A lighted LED indicates a one.
A zero is indicated by an LED which is not lighted. Such a binary
representation may be used for the fine debugging of a complex
program, especially if it involves input/output, but is naturally
impractical at the human leveL This is because in most cases, one
likes to look at information m symbolic form. Thus "9" is much
easier to understand or remember than "1001". More convenient
representations have been devIsed, which improve the person­
machine interface.

2. Octal and Hexadecimal

"Octal" and "hexadecimal" encode respectively three and four
binary bits into a unique symbol. In the octal system, any
combination of three binary bits is represented by a number be­
tween 0 and 7.

"Octal" is a format using three bits, where each combination of
three bits is represented by a symbol between 0 and 7:
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bmary octal

000 0
001 1
010 2
011 3
100 4
101 5
110 6
111 7

Fig. 1.7: Octal Symbols

For example, "00 100
Y Y
o 4

or "044" in octal.

Another example: 11 111 111 is:
y y y
3 7 7

or "377" in octal.

Conversely, the octal "211" represents:

010 001 001

or "10001001" binary.

Octal has traditionally been used on older computers which were
employing various numbers of bits ranging from 8 to perhaps 64.
More recently, with the dominance of eight-bit microprocessors,
the eight-bit format has become the standard, and another more
practical representation is used. This is hexadecimal.

In the hex decimal representation, a group of four bits is en­
coded as one hexadecimal digit. Hexadecimal digits are
represented by the symbols from 0 to 9, and by the letters A, B, C,
D, E, F. For example, "0000" is represented by "0", "0001" is
represented by "1" and "1111" is represented by the letter "F"
(see Fig. 1-8).
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DECIMAL BINARY HEX DCTAL

0 0000 0 0

1 0001 1 1

2 0010 2 2

3 0011 3 3

4 0100 4 4

5 0101 5 5

6 0110 6 6

7 0111 7 7

B 1000 B 10

9 1001 9 11

10 1010 A 12

11 1011 B 13

12 1100 C 14

13 1101 D 15

14 1110 E 16

15 1111 F 17

Fig. 1.8: Hexadecimal Codes
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Example: 1010.....-
A

0001 in binary is represented by.....-
1 in hexadecimal.

Exercise 1.25: What is the hexadecimal representation of
"10101010?'

Exercise 1.26: Conversely, what is the binary equivalent of "FA"
hexadecImal?

Exercise 1.27: What is the octal of "01000001"?

Hexadecimal offers the advantage of encoding eight bits into on­
ly two digits. This is easier to visualize or memorize and faster to
type into a computer than its binary equivalent. Therefore. on
most new microcomputers, hexadecimal is the preferred method of
representation for groups of bits.

Naturally, whenever the information present in the memory has
a meaning, such as representing text or numbers, hexadecimal is
not convenient for representing the meaning of this information
when it is brought out for use by humans.

Symbolic Representation

Symbolic representatIOn refers to the external representation of
information in actual symbolic form. For example, decimal num­
bers are represented as decimal numbers. and not as sequences of
hexadecimal symbols or bits. Similarly, text is represented as
such. Naturally, symbolic representation is most practical to the
user. It is used whenever an appropriate display device is
available, such as a CRT display or a printer. (A CRT display is a
television-type screen used to display text or graphics. I Unfortu­
nately, in smaller systems such as one-board microcomputers. it is
uneconomical to provide such displays, and the user is restricted
to hexadecimal communication with the computer.

Summary of External Representations

Symbolic representation of information is the most desirable
since it is the most natural for a human user. However, it requires
an expensIve interface in the form of an alphanumeric keyboard,
plus a printer or a CRT display. For this reason, it may not be
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available on the less expensIve systems. An alternative type of rep­
resentation is then used. and in this case hexadecimal is the domi­
nant representation. Only in rare cases relating to fine de-bugging
at the hardware or the software level is the binary representation
used. Binary directly displays the contents of registers of memory
in binary format.

(The utility of a direct binary display on a front panel has always
been the subject of a heated emotional controversy. which will not
be debated here.1

We have seen how to represent information internally and exter­
nally. We will now examine the actual microprocessor which will
manipulate this information.

Additional Exercises

Exercise /.28: What is the advantage of two's complement over
other representations used to represent signed numbers?

Exercise /.29: How would you represent "1024" in direct binary?
Signed binary? Two's complement?

Exercise /.30: What is the V-bit? Should the programmer test it
after an addition or subtractIOn?

E.rercise /.3/: Compute the two's complement of "+16", "+17",
"+18", "-16", "-1711

, "-18",

Exercise /.32: Show the hexadecimal representatton of the follow­
ing text. which has been stored internally in ASCII format, with
no parity: = "MESSAGE",
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Z80 HARDWARE ORGANIZATION

INTRODUCTION

In order to program at an elementary level, it is not necessary to
understand in detail the internal structure of the processor that one is
using. However, in order to do efficient programming, such an
understanding is required. The purpose of this chapter is to present the
basic hardware concepts necessary for understanding the operation of
the 280 system. The complete microcomputer system includes not only
the microprocessor unit (here the 280), but also other components.
This chapter presents the 280 proper, while the other devices (mamly
mput/output) will be presented in a separate chapter (Chapter 7).

We will review here the basic architecture of the microcomputer
system, then study more closely the internal organization of the 280.
We will examme, in particular, the various registers. We will then study
the program execution and sequencing mechanism. From a hardware
standpoint, this chapter is only a simplified presentation. The reader in­
terested in gaming detailed understanding is referred to our book ref.
C201 ("Microprocessors," by the same author).

The 280 was designed as a replacement for the Intel 8080, and to of­
fer additlonal capabilities. A number of references will be made m this
chapter to the 8080 design.

SYSTEM ARCHITECTURE

The architecture of the microcomputer system appears m Figure 2. 1.
The microprocessor unit (MPU), which will be a 280 here, appears on
the left of the illustratIOn. It Implements the functions of a central­
proceSSing unll (CPU) withm one chip: It includes an arithmetic-logical
unit (ALU), plus its internal regIsters, and a control unit (CU), in
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charge of sequencing the system. Its operation will be explamed m this
chapter.

.;
z,o

RST

• ~v GND

,,- __ /1'001"

Fig. 2.1: Standard Z80System

The MPU creates three buses: an 8-bit bidirectIOnal dala bus. which
appears at the top of the illustration. a 16-bit unidirectIOnal address
bus. and a cOn/rol bus. which appears at the bottom of the illustration.
Let us describe the function of each of the buses.

The dala bus carnes the data being exchanged by the various ele­
ments of the system. Typically, it will carry data from the memory to
the MPU or from the MPU to the memory or from the MPU to an in­
put/output chip. (An input/output chip is a component In charge of
communicating with an external device.)

The address bus carnes an address generated by the MPU, which will
select one internal register within one of the chips attached to the
system. This address specifies the source, or the destination, of the data
WhICh will transit along the data bus.

The control bus carries tlle various synchrOnIZatIOn signaJs required
by the system.

Having described the purpose of buses, let us now connect the addi­
tIOnal components required for a complete system.

Every MPU requires a precise timing reference, which is supplied by
a clock and a cryslal. In most "older" microprocessors. the clock-oscil­
lator IS external to the MPU and requires an extra chip. In most recent
microprocessors, the clock-oscillator is usually incorporated within the
MPU. The quartz crystal, however, because of its bulk, is always exter-
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nal to the system. The crystal and the clock appear on the left of the
MPU box in Figure 2.1.

Let us now turn our attention to the other elements of the system.
GOing from left to right on the illustration. we distinguish:

The ROM is the read-only memory and contains the program for the
system. The advantage of the ROM memory is that its contents are per­
manent and do not disappear whenever the system is turned off. The
ROM. therefore. always contains a bootstrap or a monitor program
(their function will be explained later) to permit initial system opera­
tion. In a process-control environment. nearly all the programs will
reside in ROM. as they will probably never be changed. In such a case.
the industrial user has to protect the system against power failures; pro­
grams must not be volatile. They must be in ROM.

However. in a hobbyist environment. or in a program-development
environment (when the programmer tests his program), most of the
programs will reside in RAM so that they can be easily changed. Later.
they may remain in RAM. or be transferred into ROM. if desired.
RAM. however, is volatile. Its contents are lost when power is turned
off.

The RAM (random-access memory) is the read/write memory for the
system. In the case of a control system. the amount of RAM will
typically be small (for data only). On the other hand, in a program­
development environment. the amount of RAM will be large, as it will
contain programs plus development software. All RAM contents must
be loaded prior to use from an external device.

Finally the system will contain one or more interface chips so that it
may communicate with the external world. The most frequently used
mterface chip is the PIa or parallel input/output chip. It is the one
shown on the illustration. This PIa. like all other chips in the system.
connects to all three buses and provides at least two 8-bit ports for
communication with the outside world. For more details on how an ac­
tual PIa works. refer to book C20I or. for specifics of the Z80 system,
refer to Chapter 7 (Input/Output Devices).

All the chips are connected to all three buses. including the control
bus.

The functional modules which have been described need not
necessarily reside on a single LSI chip. In fact. we could use combtna­
tion chips. which may include both PIa and a limited amount of ROM
or RAM.

Still more components will be required to build a real system. In par-
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tlcular, the buses usually need to be buffered. Also, decoding logic may
be used for the memory RAM ChiPS, and, finally, some signals may
need to be amplified by drivers. These auxiliary circuits will not be
described here as they are not relevant to programming. The reader In­
terested in specific assembly and Interfacing techniques is referred to
book C207 "Microprocessor InterfaCIng Techniques."

INSIDE A MICROPROCESSOR

The large majonty of all microprocessor chips on the market today
implement the same architecture. This "standard" architecture will be
described here. It IS shown in Figure 2.2. The modules of this standard
microprocessor will now be detailed, from fight to left.

EXTERNAL DATA BUS

(8 BITS)INTERNAL BUS

SP

I
PC

... c
0

T "[ r
R ,

0

0 L

aBIT DATA
REGISTERS

EXTERNAt
ADDRESS BUS

(16BITS)

Fig. 2.2: "Standard" Microprocessor Architeclure

The conlrol box on the nght represents the control Unit which syn­
chrOnizes the entire system. Its role will be clarified With," the re­
mainder of thiS chapter.
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The ALU performs arithmetic and logic operations. A special
register equips one of the inputs of the ALU, the left mput here. It is
called the accumulator. (Several accumulators may be provided.) The
accumulator may be referenced both as input and output (source and
destination) Within the same mstructlOn.

The ALU must also provide shift and rotare facilities.
A shift operation consists of moving the contents of a byte by one or

more positions to the left or to the nght. This is illustrated in Figure
2.3. Each bit has been moved to the left by one position. The details of
shifts and rotations will be presented m the next chapter.

SHIFT lEFT

~.CARRY

ROTATElEFT

~
Note: Some Shift and Rotate instructlons do not include the Carry.

Fig. 2.3: Shift and Rotate

The shifter may be on the ALU output, as illustrated m Figure 2.2, or
may be on the accumulator input.

To the left of the ALU, the flags or srarus reglSier appear. Their role
is to store exceptional conditions within the microprocessor. The con­
tents of the flags register may be tested by specialized instructions, or
may be read on the internal data bus. A conditional instruction will
cause the execution of a new program, depending on the value of one of
these bits.

The role of the status bits in the 280 will be examined later in this
chapter.
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Setting Flags

Most of the instructions executed by the processor will modify some
or all of the flags. It is important to always refer to the chart provided
by the manufacturer listIng which bits will be modified by the instruc­
tions. This IS essentIal In understanding the way a program is being ex­
ecuted. Such a chart for the Z80 IS shown in Figure 4-17.

The Registers

Let us look now at Figure 2.2. On the left of the illustration, the reg­
isters of the microprocessor appear. Conceptually, one can distinguish
the general purpose registers and the address registers.

The General-Purpose Registers

General-purpose registers must be provided in order for the ALU to
manipulate data at high speed. Because of restnctions on the number of
bits which It is reasonable to provide within an instruction, the number
of (directly addressable) registers IS usually limited to fewer than eight.
Each of these registers is a set of eight flip-flops, connected to the
bidirectional internal data bus. These eight bits can be transferred
simultaneously to or from the data bus. The implementation of these
registers In MOS flip-flops provides the fastest level of memory
available, and their contents can be accessed within tens of
nanoseconds.

Internal registers are usually labelled from 0 to n. The role of these
regIsters is not defined in advance: they are said to be "general
purpose." They may contain any data used by the program.

These general-purpose registers will normally be used to store eight­
bIt data. On some microprocessors, facilities exist to manipulate two of
these registers at a time. They are then called "register pairs." This ar­
rangement facilitates the storage of 16-bit quantities, whether data or
addresses.

The Address Registers

Address registers are 16-blt registers intended for the storage of ad­
dresses.They are also often called data counters or poiflters. They are
double registers, Le.. two eight-bIt regIsters. Their essential
characteristic is to be connected to the address bus. The address
registers create the address bus. The address bus appears on the left and
the boltom part of the illustration in Figure 2.4.
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The only way to load the contents of these 16-bit registers is via the
data bus. Two transfers will be necessary along the data bus In order to
transfer 16 bits. In order to differentiate between the lower half and the
higher half of each register, they are usually labelled as L (low) or H
(high). denoting bits 0 through 7. and 8 through 15 respectively. This
label is used whenever it is necessary to differentiate the halves of these
registers. At least two address registers are present within most
microprocessors. "MUX" in Fig. 2.4 stands for multiplexer.

lIlDEX , REGISTER

STACK' POUlTER

PROGRAM ' COUNTER

MUX

DATA BUS (B)

16-6lT

ADDRESS REGISTERS

ADDRESS BUS (16)

Fig. 2.4: The 16-bit Address Registers Create tbe Address Bus

Program COl/nter (PC)

The program cOl/nter must be present in any processor. It contaInS
the address of the next instruction to be executed. The presence of the
program counter is Indispensable and fundamental to program execu­
tion. The mechamsm of program execution and the automatic sequenc­
ing implemented with the program counter will be described In the next
section. Briefly, execution of a program IS normally sequential. In
order to access the next Instruction, It is necessary to bring It from the
memory into the microprocessor. The contents of the PC will be
deposited on the address bus, and transmitted towards the memory.
The memory will then read the contents specified by this address and
send back the corresponding word to the MPU. This IS the Instruction.
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In a few exceptional microprocessors. such as the two-chip F8. there is
no PC on the microprocessor. This does not mean that the system does
not have a program counter. The PC happens to be implemented direct­
lyon the memory chip. for reasons of efficIency.

Stack Pointer (SP)

The stack has not been introduced yet and will be described in the
next section. In most powerful. general-purpose microprocessors. the
stack is implemented in "software," I.e.• within the memory. In order
to keep track of the top of this stack within the memory, a 16-bit
register is dedicated to the stack pointer or SP. The SP contains the ad­
dress of the top of the stack within the memory. It will be shown that
the stack is indispensable for interrupts and for subroutines.

Index Register (IX)

Indexing is a memory-addressing facility which is not always pro­
vided in microprocessors. The various memory-addressing techniques
will be described in Chapter 5. Indexing is a facility for accessing blocks
of data in the memory with a single instruction. An index register will
typically contain a displacement which will be automatically added to a
base (or it might contain a base which would be added to a displace­
ment). In short. indexing is used to access any word within a block of
data.

The Stack

A stack is formally called an LIFO structure (last-in, first-out). A
stack is a set of registers. or memory locations. allocated to this data
structure. The essential characteristic of this structure is that it is a
chronological structure. The first element introduced into the stack is
always at the bottom of the stack. The element most recently deposited
in the stack is on the top of the stack. The analogy can be drawn with a
stack of plates on a restaurant counter. There is a hole in the counter
with a spring in the bottom. Plates are piled up in the hole. With this
organization. it is guaranteed that the plate which has been put first in
the stack (the oldest) is always at the bottom. The one that has been
placed most recently on the stack is the one which is on top of it. This
example also illustrates another characteristic of the stack. In normal
use, a stack is only accessible via two instructions: "push" and "pop"
(or "pull"). The push operation results in depositing one element on
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top of the stack (two m the case of the Z80). The pull operation consists
of removmg one element from the stack. In the case of a
microprocessor, it is the accumulator that will be deposited on top of
the stack. The pop will result m a transfer of the top element of the
stack into the accumulator. Other specialized instructions may exist to
transfer the top of the stack between other specialized regISters, such as
the status register. The Z80 is more versatile than most in this respect.

The availability of a stack is required to implement three program­
ming facilitIes within the computer system: subroutines, interrupts, and
temporary data storage. The role of the stack during subroutines will be
explamed in Chapter 3 (Basic Programmmg Techntques). The role of
the stack dunng interrupts will be explained in Chapter 6 (Input/Out­
put Techmques). Finally, the role of the stack m saving data at high
speed will be explained during specific application programs.

We will simply assume at this pomt that the stack is a required facility
m every computer system. A stack may be implemented in two ways:

1. A fixed number of registers may be provided withm the micro­
processor itself. This is a "hardware stack." It has the advantage of
high speed. However, it has the disadvantage of a limited number of
registers.

2. Most general-purpose microprocessors choose another approach,
the software stack, In order not to restnct the stack to a very small
number of registers. This is the approach chosen in the Z80. In the soft­
ware approach, a dedicated register within the microprocessor, here
register SP. stores the stack pointer. i.e.• the address of the top element
of the stack (or, sometimes. the address of the top element of the stack
plus one). The stack is then implemented as an area of memory. The
stack pointer will therefore require 16 bits to pomt anywhere in the
memory.

SP

MICROPROCESSOR
r---------,
I REGISTER I

I I
I 7 DATA 0 I
1 I
I
1
1 15 ADDRESS 0
I
I
1 1
I I
1- ..1

PUSH

-POP,- _

STACK

BASE

S4

Fig. 2.5: The Two-Stack Manipulation Instructions
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The Instruction Execution Cycle

Let us refer now to Figure 2.6. The microprocessor unit appears on
the left, and the memory appears on the right. The memory chip may be
a ROM or a RAM, or any other chip which happens to contain
memory. The memory is used to store instructions and data. Here, we
will fetch one Instruction from the memory to illustrate the role of the
program counter. We assume that the program counter has valid con­
tents. It now holds a 16-bit address which is the address of the next in­
structIOn to fetch In the memory. Every processor proceeds in three
cycles:

I-fetch the next Instruction
2-decode the instruction
3-execute the InstructIOn

Fetch

Let us now follow the sequence. In the first cycle. the contents of the
program counter are deposited on the address bus and gated to the
nemory (on the address bus). Simultaneously. a read signal may be
Issued on the control bus of the system, if required. The memory will
receive the address. This address is used to specify one location within
the memory. Upon receiving the read signal, the memory will decode
the address it has received. through internal decoders. and will select
the location specified by the address. A few hundred nanoseconds later,
the memory will deposit the eight-bit data corresponding to the
specified address on Its data bus. ThiS eight-bit word is the Instruction
that we want to fetch. In our illustration, this instruction will be
deposited the data bus on top of the MPU box,

Let us briefly summarize the sequencing: the contents of the program
counter are output on the address bus. A read signal is generated. The
memory cycles. and perhaps 300 nanoseconds later, the instructIOn at
the specified address is depOSited on the data bus (assuming a single
byte Instruction). The microprocessor then reads the data bus and
depOSits ItS contents into a specialized internal register, the IR register.
The IR is the mstructlon register: It is eight-bits wide and IS used to con­
taIn the instruction Just fetched from the memory. The fetch cycle IS
now completed. The 8 bits of the instructIOn are now physically in the
special internal register of the MPU. the IR register. The IR appears on
the left of Figure 2.7. It is not accessible to the programmer.
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MPU ROM/RAM

PC

ADDRESS BUS

pc: INSTRUCTION

Fig. 2.6: Fetching an Instruction from the Memory

Decoding and Execution

Once the instruction is contamed in JR. the control unit of the
microprocessor will decode the contents and will be able to generate the
correct sequence of internal and external sIgnals for the execution of the
specified instruction. There is. therefore. a short decoding delay fol­
lowed by an executIon phase. the length of which depends on the nature
of the instruction specified. Some instructions will execute entirely
within the MPU. Other instructions will fetch or deposIt data from or
into the memory. This IS why the various instructIons of the MPU re­
qUIre various lengths of time to execute. This duration is expressed as a
number of (clock) cycles. Refer to Chapter 4 for the number of
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cycles required by each instruction. Since various clock rates may be
used. speed of execution is normally expressed in number of cycles
rather than in number of nanoseconds.

EXTERNAl<:::;;:==:;;;;==::::~~~~;:;;==::;-;:==~BUS

R0 RI
REGI STERS

...

RN

RESULT (DESTINATION) BUS

Fig. 2.8: Single.Bus Architecture

Fetching the Next Instruction

We have described how. using the program counter. an Instruction
can be fetched from the memory. Dunng the execution of a program.
instructions are fetched In sequence from the memory. An automatIc
mechanism must therefore be provided to fetch InstructIOns in se·
quence. This task is performed by a sImple Incrementer attached to the
program counter. This is illustrated In Figure 2.7. Every time that the
contents of the program counter (at the bottom of the illustration) are
placed on the address bus. its contents will be incremented and wnlten
back ,"to the program counter. As an example. if the program counter
contained the value "0" . the value "0" would be output on the address
bus. Then the contents of the program counter would be Incremented
and the value H I" would be written back into the program counter. In
this way. the next time that the program counter is used. it is the in­
struction at address I that will be fetched. We have just implemeflled an
automatIc mechamsm for sequencing instructions.

It must be stressed that the above descriptions are simplified. In reali­
ty. some instructions may be two- or even three-bytes long. so that suc­
cesSIve bytes will be fetched In this manner from the memory. However.
the mechanism is identical. The program counter is used to fetch
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successive bytes of an Instruction as well as to fetch successIve instruc­
tions themselves. The program counter. together with Its incrementer,
provides an automatIc mechanism for pOInting to successive memory
locations.

INTERNAL DATA BUS

EXTERNAL
BUS

R0 Rl
REGISTERS

•••

Fig. 2,9: Execution of an Addition-RO into ACC

\f

R0

INTERNAL DATA BUS

¢::;::==~~~~~
.~ ~

•~ L ~I·.. ~."I
Rl IIH

REGISTERS

EXTERNAL
BUS

Fig. 2.10: Addition-Second Register RI into ALU
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We will now execute an instruction withm the MPU (see Figure 2.8).
A typical mstruction will be. for example: RO = RO + RI. This means:
"ADD the contents of RO and RI, and store the results m RD." To per­
form thIs operatIOn, the contents of RO will be read from register RO,
carned Via the single bus to the left mput of the ALU, and stored in the
buffer register there. R I will then be selected and its contents will be
read onto the bus, then transferred to the right input of the ALU. ThIS
sequence is illustrated in Figures 2.9 and 2.10. At this point,
the right mput of the ALU IS conditioned by RI, and the left
input of the ALU is conditIoned by the buffer register, contammg the
prevIOUS value of RD. The operation can be performed. The addition IS
performed by the ALU, and the results appear on the ALU output, in
the lower rIght-hand corner of Fig. 2.11. The results will be deposited
on the smgle bus, and will be propagated back to RD. This means, in
practIce, that the input latch of RO will be enabled, so that data cen be
written into it. ExecutIon of the Instruction is now complete. The
results of the additIon are m RD. It should be noted that the contents of
RI have not been modified by thIS operatIOn. ThIS IS a general prIn­
ciple: the contents of a regIster, or of any read/write memory, are not
modified by a read operatIon.

The buffer register on the left mput of the ALU was necessary in
order to memorize the contents of RO, so that the smgle bus could be
used agam for another transfer. However, a problem remams.

Rl N

ACe + Rl-" R0

EXTERNAL~~~~~~BUS"'\ :/._"

•••

INTERNAL DATA BUS

Rl

Fig. 2.11: Result Is Generated and Goes into RO
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The Critical Race Problem

The simple organization shown in Figure 2.8 will not function cor­
rectly.

Question: What IS the timmg problem?

Answer: The problem is that the result which will be propagated out
of the ALU will be deposited back on the single bus. It will not pro­
pagate just in the direction of RO, but along all of the bus. In particular,
It will recondition the right input of the ALU, changing the result coming
out of it a few nanoseconds later. ThIS IS a critical race. The output of
the ALU must be isolated from its input (see Figure 2.12).

Several solutions are possible which will isolate the input of the ALU
from the output. A buffer register must be used. The buffer register
could be placed on the output of the ALU, or on its mput. It is usually
placed on the input of the ALU. Here it would be placed on its right in­
put. The buffering of the system IS now sufficient for a correct opera­
tion. It will be shown later in this chapter that if the left register which
appears in this illustration is to be used as an accumulator (permitting
the use of one-byte long instructions), then the accumulator will require
a buffer too, as shown m Figure 2.13.

EXTERNAL IIrrER:IAL DATA BUS "'§i~~
BUS ¢:~~lim~lim~~~_ '"

...

Rl

REG ISTERS

Fig. 2.12: The Critical Race Problem
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EXTERNAL INTERNAL DATA BUS

BUS ~=;:===:;====;:==~==::::;--;:::==~

R0

...

Rl

REGISTERS

RH

Fig. 2.13: Two Buffers Are Required (Temp Registers)

INTERNAL ORGANIZATION OF THE Z80

The terms necessary in order to understand the internal elements of
the microprocessor have been defined. We will now examine in more
detail the 280 itself. and describe its capabilities. The internal organiza­
tion of the 280 is shown in Figure 2.14. This diagram presents a logical
description of the device. Additional interconnecttons may exist but are
not shown. Let us examine the diagram from right to left.

On the right part of the illustration. the arithmetic-logical unit (the
ALU) may be recognized by its characteristic "V" shape. The accumu­
lator register. which has been described in the previous section. is iden­
tified as A on the right input path of the ALU. It has been shown in the
previous section that the accumulator should be equipped with a buffer
register. This is the register labeled ACT (temporary accumulator).
Here. the left input of the ALU is also equipped with a temporary
regIster, called TMP. The operation of the ALU will become clear in the
next section. where we will describe the execution of actual instructions.
Theflags registens.called"F" in the 280,and is shown on the right of the

accumulator register. The contents of the flags register are essentially
conditioned by the ALU. but it will be shown that some of its bits may
also be conditioned by other modules or events.

The accumulator and the flags registers are shown as double registers
labelled respectively A, A' and F, F'. This is because the 280 is
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eqUIpped Internally wIth two sets of regIsters: A + F, and A' + F'.
However, only aile set of these regIsters may be used at anyone tIme. A
special instruction IS provided to exchange the contents of A and F With
A' and F'. In order to sImplify the explanatIons, only A and F will be
shown on most of the diagrams which follow. The reader should
remember that he has the optIon of sWitchIng to the alternate register
set A' and F' if deSired.

The role of each flag In the flags register will be described In Chapter
3 (BaSIC ProgrammIng Techniques).

A large block of registers is shown at the center of the illustratIon. On
top of the block of registers, two idenlIcal groups can be recognized.
Each one Includes six registers labeled B, C, D, E, H, L. These are the
general-purpose eight-bit reglslers of the Z80. There are two peculiari­
lIes of the Z80 with respect to the standard mIcroprocessor WhIch has
been described at the beginnIng of thIS chapter.

First, the Z80 IS eqUIpped with IWO banks of registers, I.e., two iden­
lIcal groups of 6 registers. Only six registers may be used at anyone
tIme. However, special Instructions are provided to switch between the
two banks of registers. One bank, therefore, behaves as an internal
memory, while the other one behaves as a working set of internal
registers. The possible uses of this special facility will be described in
the next chapter.

Conceptually, It will be assumed, for the lIme being, that there are
only six workIng registers, B, C. D, E, H, and L, and the second
register bank will temporarily be Ignored, In order to avoid confUSion.

The MUX symbol which appears above the memory bank IS an ab­
breVIalIon for mulliplexer. The data coming from the internal data bus
will be gated through the multIplexer to the selected regIster. However,
only one of these regIsters can be connected to the internal data bus at
anyone time.

A second charactenstic of these SIX registers, In additIon to beIng
general-purpose eight-bIt registers, IS that they are eqUipped wilh a con­
nectIOn to the address bus. ThiS IS why they have been grouped In
pairs. For example, the contents of Band C can be gated SImultaneous­
ly onto the 16-bit address bus whIch appears at the bottom of the illustra­
tion. As a result, thIS group of 6 regIsters may be used to store either
eIght-bIt data or else J6-bit pomlers for memory addressing.

The third group of registers, which appears below the two previous
ones In the middle of Figure 2.14, contains four "pure" address
registers. As In any microprocessor. we find the program counter (PC)
and the stack pOInter (SP). Recall that the program counter contaInS
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the address of the next instruction to be executed.
The stack pointer points to the top of the stack in the memory. In the

case of the zao, the stack pointer pomts to the last actual entry m the
stack. (In other microprocessors, the stack pomter pomts Just above the
last entry.) Also. the stack grows "downwards. "Le. towards the lower
addresses.

This means that the stack pomter must be decremented any time a
new word is pushed on the stack. Conversely, whenever a word is
removed (popped) from the stack. the stack pointer must be 111­

cremenred by one. In the case of the zao, the "push" and "pop"
always involve two words at the same time, so that the contents of the
stack pointer will be decremented or mcremented by two.

Looking at the remaming two registers of this group of four registers,
we find a new type of regIster which has not been described yet: two
mdex-reglsters, labeled IX (Index Register Xl and IY (Index RegIster
V). These two registers are equipped wIth a special adder shown as a
mmiature V-shaped ALU on the right of these registers m Figure 2.14.
A byte brought along the internal data bus may be added to the con­
tents of IX or IY. ThIS byte is called the displacement. when using an in­
dexed mstruction. Special instructions are provided which will
automatically add thIS displacement to the contents of IX or IY and
generate an address. This is called mdexmg. It allows convenient access
to any sequential block of data. This Important facility will be des­
cribed m Chapter 5 on addressmg techniques.

Finally, a special box labeled" ± 1" appears below and to the left of the
block of registers. This is an increment/decrement. The contents of any
of the register pairs SP, PC, BC. DE. HL (the "pure address" registers)
may be automatically mcremented or decremented every time they depos­
it an address on the internal address bus. This is an essential facility for
implementing automated progrom loops which will be described in the
next section. Using this feature it will be possible to access successive
memory locations conveniently.

Let us move now to the left of the illustration. One regIster paIr IS
shown, Isolated on the left: I and R. The I regIster IS called the mterrupt­
page address register. Its role will be described m the section on inter­
rupts of Chapter 6 (Input/Output Techmques). It IS used only in a
special mode where an indirect call to a memory locatIOn is generated in
response to an interrupt. The I regIster is used to store Ihe hIgh-order
part of the indirect address. The lower part of the address is supplied by
the deVIce which generated the mterrupt.
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The R register IS the memory-refresh register. It is provIded to refresh
dynamic memories automatically. Such a register has traditionally been
located outside the microprocessor, since it IS associated wIth the
dynamic memory. It is a convement feature which minimizes the
amount of external hardware for some types of dynamic memories. It will
not be used here for any programming purposes, as It is essentially a
hardware feature (see reference C207 "Microprocessor Interfacing
Techmques" for a detailed descnption of memory refresh techmques).
However, it IS possible to use it as a software clock, for example.

Let us move now to the far left of the illustration. There the control
sectIOn of the microprocessor is located. From top to bottom, we find
first the instructIOn register IR, which will contam the instruction to be
executed. The IR register is totally distmct from the "I, R" regIster pair
described above. The instructIon is received from the memory via the
data bus, is transmitted along the internal data bus and is finally
deposIted into the mstruction regIster. Below the instruction register ap­
pears the decoder which will send signals to the controller-sequencer
and cause the execution of the mstruction within the microprocessor
and outside it. The control sectIOn generates and manages the control
bus which appears at the bottom part of the illustration.

The three buses managed or generated by the system, I.e., the data
bus, the address bus, and the control bus, propagate outside the
microprocessor through Its pins. The external connections are shown
on the right-most part of the illustratIOn. The buses are isolated from
the outside through buffers shown in Figure 2. 14.

All the logical elements of the Z80 have now been described, It is not
essential to understand the detailed operation of the Z80 in order to
start writing programs. However, for the programmer who wishes to
write efficient codes, the speed of a program and its size will depend
upon the correct choice of regIsters as well as the correct choice of
techniques. To make a correct choice, It is necessary to understand how
instructions are executed within the microprocessor. We will therefore
examine here the execution of typical instructIOns inside the Z80 to
demonstrate the role and use of the internal registers and buses.
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Fig. 2.14: Internal Z80 Organization

CONTROL BUS

F I
,
I
I

F I I
I
I
I
I
I,
I
I
I
I
I
I
I N
I '"0I II »I '"I 0

ADDRESS :;:,
'US »

U '"F m
F I 0
E '", ! Gl

CONTROL »,
'US Z

U I

~F
F
E I is,

! z

A

ACT

I I

~~I I

;.

~ ;.

H

o

ADDRESS BUS (16 BITS)

IX

IV

PC

SP

V
I I

I !

,

~

0'

H

I

~ , I C II ' I C I

I ,!NB'DATA 'US 1'1"TS~ux~

"'V s.~

¥Eli ±I I I----- ~ fE

;.L

j,L

L_

B;



PROGRAMMING THE laO

INSTRUCTION FORMATS

The Z80 instructions are listed in Chapter 4. Z80 instructions may
be formated in one, two, three or four bytes. An InstructIOn specifies
the operation to be performed by the microprocessor. From a
simplified standpoint, every InstructIOn may be represented as an op­
code followed by an optional literal or address field, comprISIng one or
two words. The opcode field specifies the operation to be carried out.
In strict computer termInology, the opcode represents only those bits
which specify the operation to be performed, exclusive of the register
pointers that might be necessary. In the microprocessor world. it IS con­
vement to call opcode the operation code Itself, as well as any regIster
pOInters WhIch It might incorporate. ThIS "generalized opcode" must
resIde in an eight-bIt word for efficiency (thIS IS the limiting factor on
the number of instructions available in a microprocessor).

The 8080 uses Instructions WhICh may be one, two, three, bytes long
(see Figure 2.15). However, the Z80 is equipped with additional Indexed
InstructIOns, which reqUIre one more byte. In the case of the Z80, op­
codes are, iil general, one byte long, except for specIal Instructions
WhIch reqUIre a two-byte opcode.

Some instructIons reqUIre that one byte of data follow the opcode. In
such a case, the instruction will be a two-byte instruction, the second
byte of which is data (except for Indexing, which adds an extra byte).

In other cases, the Instruction mIght require the specification of an
address. An address reqUIres 16 bits and, therefore, two bytes. In that
case, the instruction will be a three-byte or a four-byte Instruction.

For each byte of the instructIOn, the control unit will have to perform
a memory fetch, WhICh will require four clock cycles. The shorter the
instructIon, the faster the executIon.

A One-Word Instruction

One-word InstructIons are, m principle, fastest and are favored by
the programmer. A typical such InstructIOn for the Z80 IS:

LD r, r l

This instruction means: "Transfer the contents of register [' into r.)'
This is a typical "register-ta-register" operation. Every microprocessor
must be equipped WIth such mstructions, which allow the programmer
to transfer information from any of the machine's registers into
another one. Instructions referencing special registers of the machine,
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2-WORD

IUSTR"

7

I GENERALIZED OPCODE

OPTIONAL DATA OR
ADORESS

OPTI ORAL ADORESS

l-WORD

INSTR"

Fig. 2.15 Typical Instruction Formats

such as the accumulator or other special-purpose registers, may have a
special opcode.

After execution of the above mstruction, the contents of r will be
equal to the contents of r'. The contents of r' will not have been
modified by the read operation.

Every mstruction must be represented mternally in a binary format.
The above representation "LD r,r' " is symbolic or mnemonic. It is
called the assembly-language representation of an instruction. It is
Simply meant as a convement symbolic representation of the actual
bmary encoding for that instruction. The binary code which will repre­
sent this instruction inSide the memory is: 0 I D DDS S S (bits 0 to 7).

This representation is still partially symbolic. Each of the letters S
and D stands for a binary bit. The three D's, "D D D", represent the
three bits pointing to the destination register. Three bits allow selection
of one out of eight possible registers. The codes for these registers ap­
pear in Figure 2.16. For example, the code for register B is "000". the
code for register C is 1'0 0 I I J. and so on.

Similarly, "s S S" represents the three bits pomting to the source
register. The convention here is that register r' is the source. and that
register r is the destination. The placement of the bits in the binary
representation of an instructIOn is not meant for the convenience of the
programmer, but for the convemence of the control section of the
microprocessor, which must decode and execute the instruction. The
assembly-language representation, however, IS meant for the conve­
nience of the programmer. It could be argued that LD r ,r' should really
mean: "Transfer contents of r into r' > II However. the convention has
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been chosen in order to maintain compatibility with the binary
representation in this case. It IS naturally arbitrary.

Exercise 2.1: Write below the binary code WlliCh will transfer the con­
tellls of register C /flto register B. Consult Fig. 2.16 for the codes cor­
responding to C and B.

Another simple example of a one-word mstruction is:

ADD A. r

This instructIOn will result in adding the contents of a specified
register (r) to the accumulator (AI. Symbolically. thiS operation may be
represented by: A = A + r. It can be verified in Chapter 4 that the
bmary representatIon of thiS mstruction is:

10000SSS

where S S S specifies the register to be added to the accumulator. Again.
the register codes appear in Figure 2.16.

Exercise 2.2: What IS the binary code of the Instruction which will add
the contellls of register D to the acculllulator?

CODE REGISTER

00 0 B
00 I C

o j 0 0

o 1 1 E

1 0 0 H

1 0 1 l
1 j 0 - (MEMORY)

1 1 1 A

Fig. 2.16: The Register Codes

A Two-Word Instruction

ADDA. n

This simple two-word instruction will add the contents of the second
byte of the instruction to the accumulator. The contents of the second
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word of the instruction are said to be a "literal." They are data and are
treated as eight bits without any particular significance. They could
happen to be a character or numerical data. This is irrelevant to the
operation. The code for this instruction is:

j 1 0 0 0 1 1 0 followed by the 8-bit byte "n"

This is an immediate operation. I' Immediate." in most programming
languages, means that the next word, or words, within the instruction
contams a piece of data which should not be interpreted (the wayan op­
code is). It means that the next one or two words are to be treated as a
litera/.

The control unit IS programmed to "know" how many words each
mstruction has. It will, therefore, always fetch and execute the right
number of words for each instruction. However, the longer the possible
number of words for the instruction, the more complex it is for the con­
trol unit to decode.

A Three-Word Instruction

LD A, (nnl

The mstruction reqUIres three words. 1t means: "Load the ac­
cumulator from the memory address specified 10 the next two bytes of
the instruction." Since addresses are 16-bits long, they require two
words. ln binary, this instruction is represented by:

00 1 I I 0 1 0:
Low address:
High address:

8 bits for the opcode
8 bits for the lower part of the address
8 bits for the upper part of the address

EXECUTION OF INSTRUCTIONS WITHIN THE Z80

We have seen that all IOstructions are executed in three phases:
FETCH, DECODE, EXECUTE. We now need to introduce some
definitions. Each of these phases will require several clock cycles. The
Z80 executes each phase in one or more logical cycles, called a
"machine cycle." The shortest machine cycle lasts three clock cycles.

Accessing the memory requires three cycles for any operands, four
clock cycles for the initial fetch. Since each instruction must be fetched
first from the memory, the fastest instruction will require four clock
cycles. Most instructions will require more.

Each machine cycle is labeled as MJ. M2, etc .. and will require three
or more clock cycles, or "states." labeled TJ. T2, etc.
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The FETCH Phase

The FETCH phase of an instruction is Implemented dunng the first
three states of machine cycle MI; they are called Tl, T2, and T3. These
three states are common to all instructions of the mIcroprocessor, as all
instructions must be fetched pnor to execution. The FETCH
mechanism is the following:

TI : PC OUT

The first step is to present the address of the next instruction to the
memory. This address IS contamed m the program counter (PC). As the·
first step of any instruction fetch, the contents of the PC are placed on
the address bus (see Figure 2.17). At this pomt, an address is presented
to the memory, and the memory address decoders will decode this ad­
dress in order to select the appropriate location wIthin the memory.
Several hundred ns (a nanosecond IS 10-' second) will elapse before the
contents of the selected memory location become available on the out-

!li\TA !iUS

lU~~~~~~~~~~~~~~1~6~~~TO MEMORY

ADDRESS BllS

I
emfTROl
SIGllAlS

conTROLLER

SEOUENCER

Fig. 2.17: Instruction Fetch-(pC) Is Sent to the Memory
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put pins of the memory, which are connected to the data bus. It is standard
computer design to use the memory read time to perform an operation
withm the microprocessor. This operation is the incrementation of the
program counter:

T2: PC PC + 1

While the memory is reading, the contents of the PC are mcremented
by 1 (see Figure 2.18). At the end of state T2. the contents of the
memory are available and can be transferred withm the micro­
processor:

T3 lNST mto lR

(0:11 ROLLER

!lATA BUS

Fig 2.18: PC Is Incremented

The DECODE and EXECUTE Phases

During state T3. the Instruction which has been read out of the
memory is deposited on the data bus and transferred mto the mstruc­
tton regtster of the 280, from which point it is decoded.
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ilE(O~E!'(

(Q!iTROllE~

SEOUEIICER

•,
l' ,

lU~§§§~~~~~~~~~~~~~;~~AIl~DIRESS BUS

I
(OOTROl
SIGrlAlS

Fig. 2.19: The Instruction Arrives from the Memory into IR

It should be noted that state T4 of MI will always be reqUIred. Once
the Instruction has been deposIted into IR dunng T3. it IS necessary to
decode and execute It. This will require at least one machine state. T4.

A few instructions reqUIre an extra state of M I (state T5). It will be
skipped by the processor for most instructions. Whenever the execution
of an Instruction reqUIres more than M 1, Le., M 1, M2 or more cycles,
the transition will be directly from state T4 of MI into state TI of M2.
Let us examine an exalIlple. The detailed internal sequencing for each
example is shown in the tables of Figure 2.27. As these tables have not been
released for the 280. the 8080 tables are used instead. They provide an in­
depth understanding of instruction execution.

LDD,C

ThIS corresponds to MOV rl, r2 for the 8080. Refer to line J of Fig. 2.27.
By COIncidence, the destination register in this example happens to be

named OlD", The transfer is illustrated in Figure 2.20.

This InstructIon has been described in the preVIOUS section. It
transfers the contents of register C. denoted by "C". Into register D.

The first three states of cycle MI are used to fetch the instruction
from the memory. At the end of T3, the instruction is In JR, the In­
struction Register, from which point it can be decoded (see Figure 2.19).

Dunng T4: (S S S) po TMP.

The contents of C are deposited into TMP (See Figure 2.21).
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Durmg T5: (TMP) ~ DOD.

The contents of TMP are deposited mto D. This is shown in Figure 2.22.

o
00010001

c
I 1 0 0 0 1 0 0 0

BEfORE

D JJ-;::::~Ii c
1 0 0 0 1 0 0 0 I 1 oL,ol.:o"::j'""O::-;:-O"'0-"'"

AfTER

Fig. 2.20: Transferring C into D

Fig. 2.21: The Contents of C Are Deposited into TMP
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Fig. 2.22: The Contents of TMP are Deposited into D

Execution of the instruction is now complete. The contents of
register C have been transferred Into the specified destination register
D. This terminates execution of the mstruction. The other machine
cycles M2, M3, M4, and M5 will not be necessary and executIOn stops
withM!.

It is possible to compute the duration of this mstruction easily. The
duration of every state for the standard Z80 IS the duration of the clock:
500 ns. The duration of thIS instruction is the duratIon of five states, or
5 X 500 = 2500 ns 2.5 us. With a 400 ns clock, 5 x 400 = 2000 ns
= 2.0 us.

Question: Why does thiS lllstructlOn reqUire two states, T4 and T5,
in order to transfer the contents C mto D. rather than Just one? It
transfers the COlllents ofC IlIlo TMP, and then the colllellls of TMP In­
fO D. Wou/dn'r It be Simpler to transfer the col1lenls oj C IIlID D direct­
ly wllllIn a smgle slate?

Answer: ThiS IS not possible because of the implementation chosen
for the mternal regIsters. All the Internal regIsters are, in fact, part of a
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sIngle RAM, a read/write memory Internal to the microprocessor chip.
Only one word may be addressed or selected at a tIme withIn an RAM
(sIngle-porll. For this reason, it is not possible to both read and write
Into, or from, an RAM at two differenllocatIons. Two RAM cycles are
required. It becomes necessary first to read the data out of the register
RAM, and store it in a temporary register, TMP, then, to wnte It back
into the final destInation register, here D. This is a design inadequacy.
However, this limitation IS common to Virtually all monolithiC
microprocessors. A dual-port RAM would be reqUired to solve the
problem. This limitatlon is not intrinsic to microprocessors and it normally
does not exist In the case of bit-slice deVices. It IS a result of the constant
search for logiC density on the chip and may be eliminated in the future.

Important Exercise:

At this point, It is highly recommended that the user review by him­
self the sequencing of this simple instruction before we proceed to more
complex ones. For this purpose, go back to Figure 2. 14. Assemble a few
small-sized "symbols" such as matches, paperclips, etc. Then move the
symbols on Figure 2.14 to simulate the flow of data from the registers
into the buses. For example, deposit a symbol into Pc. Tl will move
the symbol contained in PC out on the address bus towards the
memory. Continue Simulated executlon in this fashion until you feel
comfortable With the transfers along the buses and between the
registers. At this point, you should be ready to proceed.

Progressively more complex instructions will now be studied:

ADD A, r

This instruction means: "Add the contents of register r (specified by
a binary code S S S) to the accumulator (A), and deposit the result in
the accumulator." This is an implicit Instruction. It is called implicit as
it does not explicitly reference a second register. The Instruction expli­
citly refers only to register r. It implies that the other register involved
in the operatIOn IS the accumulator. The accumulator, when used In
such an ImpliCit instruction, IS referenced both as source and destma­
tion. Data will be deposited in the accumulator as a result of this addi­
tion. The advantage of such an implicit Instruction IS that ItS complete
opcode is only eight bits In length. It reqUires only a three-bit register
field for the specification of r. ThiS is a fast way to perform an addition
operatlon.

Other implicit Instructions exist In the system which will reference
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other specialized registers. More complex examples of such Implicit m­
structions are. for example. the PUSH and POP operations. which will
transfer mformation between the top of the stack and the accumulator.
and will at the same time update the stack pointer (SP), decrementmg it
or incrementing il. They implicitly manipulate the SP register.

The execution of the ADD A, r Instruction will now be exammed in
detail. This instruction will requite two machme cycles. M I and M2. As
usual. dunng the first three states of M1, the mstruction IS fetched from
the memory and deposited in the [R register. At the beginning of T4. It
is decoded and can be executed. It will be assumed here that register B is
added to the accumulator. The code for the mstruction will then be:
I 0 a a a a 0 0 (the code for register B IS a 0 0). The 8080 equivalent IS
ADD r.

T4: (S S S) ... TMP. (A) ... ACT

!lATA BUS

16

lL~~~~~~~~~~~§§~§~~~~"'S"'IE::::lSI€'IALS

Fig. 2.23: Two Transfers Occur Simullaneously

Two transfers will be executed simultaneously. First. the contents of
the specified source register (here B) are transferred into TMP. I.e.• to
the right input of the ALU (see Fig. 2.23). At the same time. the con­
tents of the accumulator are transferred to the temporary accumulator
(ACT). By inspectmg Fig. 2.23. you will ascertain that those transfers
can occur in parallel. They use d.ifferent paths within the system. The
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transfer from B to TMP uses the internal data bus. The transfer from
ACT uses a short internal path independent of this data bus. In order to
gain time. both transfers are done simultaneously. At this point. both
the left and the right input of the ALU are correctly conditioned. The
left input of the ALU is now conditioned by the accumulator contents.
and the right input of the ALU is conditioned by the contents of register
B. We are ready to perform the addition. We would normally expect to
see the addition take place during state T5 of M1. However. this state is
simply not used. The addition is not performed! We will enter machine
cycle M2. During state n. nothing happens! It is only in state T2 of M2
that the addition takes place (refer to ADD r in Figure 2.27):

T2 of M2: (ACT) + (TMP) .. A

The contents of ACT are added to the contents of TMP. and the
result is finally deposited in the accumulator. See Figure 2.24. The
operation is now complete.

CONTROLLER

SEQUENCER

Oi'lTA BUS

Fig. 2.24: End of ADD r

Qnestion: Why was the completion of the addition deferred until
state T2 ofmachme cycle M2. rather than taking place dUring state T5
ofMI? (This is a difficult question. which requires an understanding of
CPU design. However. the technique involved is fundamental to clock­
synchronous CPU design. Try to see what happens.)

77



INSTRUCTION N.

PROGRAMMING THE zao

Answer: This IS a standard design "trick" used in most CPU's. It is
called "fetch/execute overlap." The basic Idea IS the following: lookmg
back at Figure 2.23 It can be seen that the actual executIOn of the addi­
tion will only require the use of the ALU and of the data bus. In parti­
cular, It will not access the register RAM (register block). We (or the
control UOlt) know that the next three states which will be executed after
completion of any mstruclion will be TI, T2, T3 of machme cycle M I
of the next mstruclion. Lookmg back at the execulion of these three
states, it can be seen that their execution will only reqUire access to the
program counter (PC) and use of the address bus. Access to the pro­
gram counter will reqUire access to the register RAM. (This explams
why the same trick could not be used m the mstruclion LD r,r'. j It IS
therefore possible to use simultaneously the shaded area in Figure 2.17
and the shaded area m Figure 2,24.

The data bus is used during state TI of M I to carry status mforma­
tlOn out. It cannot be used for the addition that we wish to perform.
For that reason, it becomes necessary to walt until state T2 before the
addition can be effectively carried out. This is what occurred in the
chart: the addilion is completed during state T2 of M2. The mechanism
has now been explained. The advantage of this approach should now be
clear. Let us assume that we had Implemented a straightforward
scheme, and performed the addition durmg state T5 of machine cycle

~ ,r;\
~ '~.r-REAL

I T! \ T2 'I TJ f~ :I T! \ T2 \' END
,

I--- fETCH •• I EXECUTE--I

lNSTRUCT10NN+I: ;~ _

,
, '
~ETCH ,..--.-EXECUTE­, ,
'~l ', I, ,
, • DVERLAP .1
, I

Fig. 2.25: FETCH-EXECUTE Overlap during Tl-T2

MI. The duration of the ADD instructIOn would have been 5 x 500 =
2500 ns. With the overlap approach which has been implemented, once
state T4 has been executed, the next instruction IS initiated. In a manner
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that is invisible to thIs next instruction, the "clever" control unit will
use state T2 to carry out the end of the addition. On the chart T2 is
shown as part of M2. Conceptually, M2 will be the second machine cy­
cle of the addition. In fact, this M2 will be overlapped, i.e., be identical
to machine cycle Ml of the next Instruction. For the programmer, the
delay introduced by ADD will be only four states, i.e., 4 x 500 = 2000
ns, instead of 2500 ns using the "straightforward" approach. The
speed improvement is 500 ns, or 20"70!

The overlap technique is illustrated on Figure 2.25. It is used when­
ever possible to increase the apparent executIon speed of the micropro­
cessor. Naturally, it it not possible to overlap in all cases. Required
buses or facilities must be available without conflict. The control unit
"knows" whether an overlap is possible.

NOTES'

1. The l;tf! memory cycle {MIl il 'l....i1VI an inl1<\lction
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9. The .elulll of these ~,ithmelic, logical 0' .0Ute in'
n.uetionl ,'e not moved intoth! iea.tmulnor {A! unlil
n'l. T20f th. nut innruetion cycle. That il. A illo,ded
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11. Th'. represenlllhe lillt lub·<:ycl. (Ihe inWuction
'elch! III 'he nUt ,nl1luet,on cycle.

12. Ii Ihe condition ..... mOl, the conlenu 01 Ihe .eg'll..­
pa"~ WZ are OUIPUI on Ihe ~ddre.. linu fA(l.IS! inllelld 01
the rontenllol Ihe pr09r~m counle, !PCl.

IJ. If the condition wal not mel.lub·cyclel 1>\4 afltl MS
~re .kiPl"'d; the proee",:" ,nllead proceedl ,mmedi.lely 10
Ihe inlhuet,on fetch {Ml1 01 Ihe neal inmuetion cycle.

1<1. If Ihe condilion wll not mel••ub·cycle. M2 aoo MJ
are Ikipped; the proeell<lr inllead 1l'0Clledl ,mmedialelV to
Ihe rfIst'uctlon lelch !Ml1 of Ih. ne.t inWuetion cycle.

15. SI~ck .e~d .ub·cycle.

lB. Sl.ck wrile .uo-cycle.

11. CONDITION CCC

NZ - nol :e'(I !Z - 0) 000
Z - nfo!Z"l1 001

NC - no arty !CY .. 01 010

C-aftv!CY"1I 011
PO - ..."tyodd (P" 0) 100
PE - pa"lV even (p .. 11 101

P-IlIUl!S"Ol 110
M-minul{S-U 111

Ill. 1/0 sub·cycle: Ihe flO lXI.,·, B-b;1 select code;1 dupli .

caled on ~dd,e.. lines ().7 {Ao-71and (I. 15 {Aa.lsl.

19. OulpUllub·eycie.

20. The proce,l<lr will remain idle in Ihe hall IUleunlil

an inlerrupt. ~ rnel or ~ hold;1 ~ccepted.When ~ hold re·
Quell .. Iccepled. lhe CPU enlullhe hold mode; iller the
hold mode <llermiNled. Ihe proCtllor ,elumllO Ihe hill

Il~le. Alter i relel il ~ccepled. the lltoUII<:I' beg,nl UeCll'
l'on ~l memory louuon Zero. Aller an <nteffupl .. accepled.
the lltOcellOI uecul.. lhe ,nlt,uCl,O" lorced Onto the dati
bul {uluallv ~ .ellan ,nst'uct;on).

Fig. 2.26: Intel Abbreviations

79



PROGRAMMING THE laO

O>aml ..,Ill

0,,,<,,,,,. 0.<>.<>,0" .:''' ,"
"""v,, .•, ? 1 <> l> <M "".",., In~t'"

~ , 0 <> I .'" ;;'-..~'i,'.r<: ' 000

,"",no.. I nU>n1n """-1..,,.....""

1 I
.."."..... I <> <> " <> I ~l'TO'::;'11 1

0<>00

."" "."" I "'i'''''
I" , <> I I \ 1 I"""""
I'''' <> i "
, <> <> , , ,

"' ! •
<o~

I ,

...",oJ"

"'.....1<> " <> n' .. 0<1'
.."'.... ru I

....... ,.'" 'it~\'i;lln I ,..,_""t.......
, , , , mU_,cEl I ,

'<> 0" I , ..,_Act

I" " , I ,......'" ~..~t<lt 0'"'' .M

1 "<> I" , I [,Ai,,'''' ~.:'::;'i" I""''C
0

'

M

'<> 0°/' """..,... • IlA""•.".... -Cy.... ' ,
........CT

I '<> "" I' "CO"'"S1.,oa!"
I 00 I' ;i.?x.:;'G I

\ ' " <> , I" , •• ,n"..Tw, • '..en ............
,..•..cr

I I" , 0
1 "lO'" C.... ..,,,.

....."'oJ"
i I .. , , I I "''''CT <M " ,~, ......n.:>!01

1 1 !,=-,,,. ,oC'll·"""""'_' 1,.,..>or

1 I I ,.,_.cr "'O<IT om i"~<..,,,,!Il

I I ..,_ocr ;il'i'JoI'"
,~

I :~~t:~=u;
I

1 ~'<>UT ,,~~~~ . ,0'
n • .",'" ,c"

o " <> <> I moo....... I '""""_AU!, .. "COlJT OA'A ~~~..,..., .....'tl ~"

,""'. I m..·,_

~" " <> " • I ,""·l_ ,
" I

",",,,,.;01 "0 ", , , " 1 I I'"..ACT f*'':'ri......... ,,, ........LcY

1 0 .............".''''' I
\ I ,""' ...,... • "'......CT

<M "<:-1'<:' , '''".....~n "M .-.....tu. ...~n;>!Q"

Fig. 2.27: Inlel Instruction Formats

80



zao HARDWARE ORGANIZATION

U 'll ..,., ,,-
i<' .'" ., , ....

Ii .'.•,..•.
lie;
It ,....
I" .

:'}A~""

<0. .
n.""",

"'·'c·' -::A~OI
CATA_

>c_"".,
i'!.~'11 '. ~- "....'"

.,+" ;'.f"~';'J,,, ~i:~"i.:;-;- ,,',,<ITn .......,
< •• ..."", ~'i-~ ..:<Nt I'"' ...,....'"n._ • .".,,,.rrI "'Tl.I$l~

'" ,.<;n.,.,.......

• ,<CT, ............ ' ..

• '.«:fl·I...."·c.....
,.c-r,.,...."""...

'"
'" ',"",.m..,~.

• ,.=.,.......cv....

• I."'·I'W;~~•
.

Mce",
nUUlrn

~..c'" "

I·, .,.
.~= ~r.:; ......,.,.~u" .<I....... C"

Ii' ,
Ii.,' .,

'" ..."".,,..........

"

.

.'

..

© Imel. Reproduced by permISSIOn.

Fig. 2.27: Intel Instruction Formals (continued)

81



PROGRAMMING THE zao

..,'"
0, ...",,,, 0,,,.,,,0. nO " ."

"M 00:- ..... , ,~..~, ..."~ 1,,,;/, . <O~ .'W
fT""" na,,,,fII

I ,',_ACT ic'"'''''u"_"... , I I ,,' ;t.~'t,';. .. """'_ "'w

'I' I !C"V:., :iAO::;"O
'c.><;. , u...-n..

,.o,_A'" ,,,,,',' m"'''-1...,
i i·."; .. ,,,,,-.

nAt"''''
"."'" i I i', ," "'0'" "·r''''"oM'"

I I "'_A"" I 'i.·". . I'''Tl.'''''','V.~''U,,_,...
I ,.)-0<:1 ",,,,,,

""<N,t<!

: ""C'~t ....""., " M"..",,,,
,.....ur •"DUn

." ! " • .. I ~~;::;r i ..,
," . I ~~~~;.c" ...'"'.C'_A,,, I'·"""Un

" I ...' ..... I ....
., """U' _c_..e·,.,.""f<",....._11" """"""~""'o~ "C"",

"""''''
~l.l._ ,,~...."'~..<__Inl

r./OG'CO'oo ..,,,t<
~2,'ii.!<>

... ><;"." ........... ,
, I . vo,,'...',,11'"

"......_,," ,,,,,-,,..,,,, "'",,, """"",,,,,,.., f,.2f,;1!'"·n. ~_, ...O" "Mn.nnI'"
,,,or·''''"" t". ~x,!,.. I···" "..--\~"....'"

I . ., , ........ ..~ v-v·, ..,-l~"'T'",,'.... ,,,..,,..
", "M ,''v .. ""tot"....."',,,,•.~ , "~. "",. ~''''O'".,,,,,,,,

" . "M "... -i~',..t,..,,,,
,"""uT nt'·..sr,,,,,lll

M_ <M
".",,'"

I
,

'0"''''''

I co ..

I I,' . . <M ... IT''''a.l....
,UTuS

~ <M "'·"'·'l'....,-'..·n~ 10";,:'", "

••• ..n._

Fig. 2.27': Intel Instruction Formats (continued)

82



zao HARDWARE ORGANIZATION

Ul~

" '.~"""""'A

" 1_(:1",·",.,,.·.

" '·CT'·"....,·.
.

"<:11''''''''.'

" ,.C'tI·""".'L'~'

,. ,..".,.,...."'.',"".

"'''1

.

"I" .

I

.

. I

~~t.iv", I ''''L't''''A.~'

I
I

"~QU' <t<:,. '.'C
..."""""
r:.~>1"_'~

",,,,.,-,,,
"':INT """"_I'C
"AT....""

i"·.'A'JI"_'" ",n. '_I'(;

W.~~Il"
,,,,,. ,_PC

t,:"~,,_,,,

"'lOjJT "'<I' '_PC....nn!'"

Fig. 2.27': Intel Instruction Formats (continued)

83



PROGRAMMING THE Z80

Question: Would It be possible to go further usmg this scheme, and
to also use state T3 ofM2 if we have to execute a longer instruction?

In order to clarify the internal sequencing mechamsm, it IS suggested
that you examine Figure 2.27. which shows the detailed instruction
execution for the 8080. The Z80 includes all 8080 instructions. and
more. The informatIOn presented in Figure 2.27 is not available for the
Z80. It is shown here for Its educational value In understanding the in­
ternal operation of thIS microprocessor. The equivalence between Z80 and
8080 Instructions is shown in Appendices F and G.

A more complex instruction will now be examined:

ADD A, (HLl

The opcode for this instruction is 10000110. This instruction means
"add to the accumulator the contents of memory locatIOn (HL)." The
memory location IS specified through a rather strange system. It is the
memory location whose address IS contained in registers Hand L. This
instruction assumes that these two specIal registers (HL) have been
loaded wIth contents prior to executing the Instruction. The 16-bit con­
tents of these regIsters will now specify the address in the memory
where data resides. This data will be added to the accumulator, and the
result will be left in the accumulator.

ThIS instruction has a history. It has been supplied In order to pro­
vide compatibility between the early 8008, and ItS successor, the 8080.
The early 8008 was not equipped with a direct-memory addressing
capability! The procedure used to access the contents of the memory
was to load the two registers Hand L, and then execute an InstructIon
referencing Hand L. ADD A, (HLl is just such an InstructIOn. It must
be stressed that the 8080 and the Z80 are not limited in the same way as
the 8008 In memory-addressing capability. They do have direct-memory
addressing. The facility for USIng the Hand L registers becomes an
added advantage, not a drawback, as was the case WIth the 8008.

Let us now follow the execution of this instruction (it is called
ADD M for the 8080 and IS the 16th instruction on Figure 2,27). States
TI, T2, and T3 of MI will be used, as usual, to fetch the instruction.
During state T4, the contents of the accumulator are transferred to ItS
buffer register, ACT, and the left input of the ALU is conditioned.

Memory must be accessed in order to provide the second byte of data
which will be added to the accumulator. The address of this byte of
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data is contained in Hand L. The contents of Hand L will therefore
have to be transferred onto the address bus, where they will be gated to
the memory. Let us do it.

Fig. 2.28: Transfer Contents of HL to Address Bus

Dunng machine cycle M2.weread:HL OUT.H and L are deposited on
the address bus, in the same way PC used to be deposIted there in
previous mstructlons. As a remark, it has already been indicated
that during state Tl status is output on the data bus, but no use of
this will be made here. From a simplified standpoint, it will require two
states: one for the memory to read its data. and one for the data to
become available and transferred onto the right input of the ALU.
TMP,

Both mputs of the ALU are now conditIOned. The situation is analo­
gous to the one we were in with the previous instruction ADDA. r: both
mputs of the ALU are conditioned. We SImply have to ADD as before.
A fetch/execute overlap technique will be used. and, mstead of exe­
cutlng the addition within state T4 of M2, final execution IS postponed
until state T2 of M3. It can be seen in Figure 2.27 that during T2 we in­
deed have: ACT + TMP-A. The addition 15 finally performed, the
contents of ACT are added to TMP. and the result deposited into the
accumulator A.
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Question: What is the apparent execution time (to the programmer) for
this instruction? Using a 2.5 Mhz clock, IS it 3.6 us? 2.8 us?

Another more complex instruction will now be examIned which is a
direct-memory addressIng InstructIOn USIng two InvIsible Wand Z
registers:

LD A,(nn)

The opcode IS 00111010. The 8080 equIvalent tS LOA addr. As usual,
states Tl, T2, T3 of Ml will be used to fetch the instruction from the
memory. T41s used, but no visible result can be described. DUrIng state
T4. the instruction is in fact decoded. The control umt then finds out
that it has to fetch the next two bytes of this instruction in order to ob­
tain the address from whIch the accumulator will be loaded. The effect
of this instruction is to load the accumulator from the memory contents
whose address is specified In bytes 2 and 3 of the instruclIon. Note that
state T4 is necessary to decode the instruction. it could be consIdered a
waste of time SInce only part of the state is necessary to do the
decoding. It IS. However, thIs is the philosophy of c1ock-synchonous
logic. Because microinstructions are used internally to perform the
decoding and execulIon, this IS the penalty that has to be paid in return
for the advantages of microprogramming. The structure of this instruc­
tion appears in Figure 2.29.

N: ! LOA

Fig. 2.29: LD A, (ADDRESS) Is a 3-Word Instruction

The next two bytes of instruction will now be fetched. They will
specify an address (see Figure 2.30).
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Fig. 2.30: Before Execution of LD A

100, 00111010
1Oj, 00000010

102 00010000

A r-
IO 0 0 0 1 1 1 ~

000000111
.......

_.....

c 1 1m 00001111

~ ~- ~

10000000~
p

REGISTERS MEMORY

Fig. 2.31: After Execution of LD A

The effect of the Instruction IS shown In Figures 2.30 and 2.31 above.
Two special registers are available to the comrol umt wIthIn the Z80

(but not to the programmer). They are "W" and "Z", and are shown
in Figure 2.28.
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Second Macllllle Cycle M2: As usual, the first 2 states, Tl and T2, are
used to fetch the contents of memory locatIOn Pc. During T2, the pro­
gram counter, PC, is incremented. Sometime by the end of T2, data be­
comes available from the memory, and appears on the data bus. By the
end of T3, the word which has been fetched from memory address PC
(B2, second byte of the mstruction) is available on the data bus. It must
now be stored in a temporary regIster. It is deposited into Z: B2 ~ Z
(see Figure 2.32).

DATA BU

~lPU

PC

ADDRESS
ADDRESS DECODER

MEMORY

Fig. 2.32: Second Byte of Instruction Goes into Z

Macllme Cycle M3: Again, PC is deposIted on the address bus, mcre­
mented, and finally the third byte, B3, is read from the memory and de­
posited into register W of the microprocessor. At this pomt, I.e .. by the
end of state T3 of M3, registers Wand Z inside the microprocessor con­
tam B2 and B3, I.e., the complete 16-bit address whIch was orIgmally
contamed in the two words following the mstruction in the memory.
Execution can now be completed. Wand Z contam an address. This ad­
dress will have to be sent to the memory, 10 order to extract the data.
ThIS IS done in the next memory cycle:

Machine Cycle M4: ThIS time, Wand Z are output on the address bus.
The 16-bit address is sent to the memory, and by the end of state T2,
data corresponding to the contents of the specified memory location
becomes available. It IS finally deposIted 10 A at the end of state T3.
ThiS termmates execution of thIS mstructIOn.
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This illustrates the use of an Immediate Instruction. This instruction
required three bytes in order to store a two-byte explicit address. ThIs
instruction also required four memory cycles. as it needed to go to the
memory three times in order to extract the three bytes of this three­
word instruction. plus one more memory access in order to fetch the
data specified by the address. It IS a long instructIOn. However. it is also
a basic one for loading the accumulator with specified contents residing
at a known memory location. It can be noted that this instruction re­
quires the use of Wand Z registers.

Question: Could this Instruction have used other regISters than W. 2
within the system?

Answer: No. If thIs mstruction had used other registers. for example
the Hand L registers, it would have modified theIr contents. After ex­
ecution of this instruction. the contents of Hand L would have been
lost. It is always assumed in a program that an instruction will not
modify any registers other than those it is explicitly usmg. An instruc­
tion loading the accumulator should not destroy the contents of any
other register. For this reason. it becomes necessary to supply the extra
two registers. Wand Z. for the internal use of the control umt.

Question: Would it be possible to use PC instead of Wand 2?

Answer: Positively not. This would be suicidal. The reader should ana­
lyze this.

One more type of instruction will be studied now: a branch or jump
instruction. whIch modifies the sequence in which instructions are
executed within the program. So far. we have assumed that instructions
were executed sequentially. Instructions exist which allow the pro­
grammer to jump out of sequence to another instruction within the
program. or in practical terms. to jump to another area of the memory
containing the program. or to another address. One such instruction is:

JP nn

This instruction appears on Line 18 of Figure 2.27' as "JMP addr."
Its execution will be described by following the horizontal line
of the Table. This is again a three-word instruction. The first word
is the opcode. and contains II0000I!. The next two words contain the
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16-bit address, to which the Jump will be made. Conceptually, the ef­
fect of this instruction is to replace the contents of the program counter
with the 16 bits following the "JUMP" opcode. In practice, a some­
what different approach will be Implemented, for reasons of efficiency.

As before, the first three states of M I correspond to the mstruction­
fetch. During state T4 the instruction IS decoded and no other event is
recorded (X). The next two machine cycles are used to fetch bytes B2
and B3 of the instruction. During M2, B2 is fetched and deposited mto
mternal register Z, The next two steps will be implemented by the pro­
cessor during the next instruction-fetch, as was the case already with the
addition, They will be executed instead of the usual steps for Tl and T2
of the next instruction, Let us look at them,

The next two steps will be: WZ OUT and (WZ) + j II- Pc. In other
words, the contents of WZ will be used mstead of the contents of PC
during the next instruction-fetch. The control unit will have recorded
the fact that a Jump was bemg executed and will execute the beginning
of the next instruction differently.

The effect of these two extra states IS the following:
The address placed on the address bus of the system will be the ad­

dress contamed in Wand Z. In other words, the next instruction will be
fetched from the address that was contained m Wand Z. This IS effec­
tively aJump. In additIOn, the contents of WZ will be incremented by j

and deposited m the program counter, so that the next instruction will
be fetched correctly by using PC as usual. The effect IS therefore cor­
rect.

'Question: Why have we not loaded the contents of PC directly? Why
use the mtermediate Wand Z registers?

Answer: It is not possible to use Pc. If we had loaded the lower part
of PC (PCL) With B2, mstead of using Z, we would have destroyed PC!
It would then have become Impossible to fetch B3.

Question: Would II be possible to useJust Z, mstead of Wand Z?

Answer: Yes, but it would be slower. We could have loaded Z with
B2, then fetched B3, and deposited It mto the high order half of PC
(PCH). However, it would then have become necessary to transfer Z m­
to PCL, before using the contents of Pc. This would slow down the
process. For thiS reason, both Wand Z should be used. Further, and m
order to save time, Wand Z are not transferred mto Pc. They are
directly gated to the address bus in order to fetch the next mstruction,
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Understanding this point is crucial to the understanding of efficient ex­
ecution of instructions within the microprocessor.

Question: (For the alert and mformed reader only). What happens
m the case ofan interrupt at the end ofM3? (If instructIOn execution is
suspended at this point. the program counter points to the instruction
following the jump. and the Jump address. contained in Wand Z. will
be lost.)

The answer is left as an interesting exercise for the alert reader.

The detailed descriptions we have presented for the execution of
typical instructions should clarify the role of the registers and of
the internal buses. A second reading of the preceding section may
help in gaining a detailed understanding of the internal operation
of the Z80.

CLOCK <Ii 6
AO

30 10 40 ADDRESS

BUS IBUSRQ 25 ond BUS
CONTROL tBUSAK 23 1 to 5 AIS

1"
17

iNf 16
MPU WAIT 24

CONTROL HALT lB
R'ESEf 26 7 1o 15 DO DATA

{eJilcept 1II D7 BUS

MREQ 19

MEMORY Mi
tORQ 20

AND liD
RD 21

CONTROL WJ! 22
RfSH 2B

29 11

GND +sv
POWER

Fig. 2.33: Z80 MPU Pinout

TheZ80 Chip

For completeness. the signals of the Z80 microprocessor chip will be
exammed here. It is not indispensable to understand the functions of
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the Z80 signals in order to be able to program it. The reader who is not
interested in the details of hardware may therefore skip this section.
The pmout of the Z80 appears on Fig. 2.33. On the right side of the
illustration, the address bus and the data bus perform their usual role,
as described at the begmning of this chapter. We will describe here the
function of the signals on the control bus. They are shown on the left of
Figure 2.33.

The control signals have been partitIOned in four groups. They will
be described, gomg from the top of Figure 2.33 towards the bottom.

The clock input IS cp. The Z80 incorporates the clock oscillator wlthm
the microprocessor chip. Only a 330-ohm pull-up resistor IS necessary
externally. It is connected to the 0 mput and to 5 volts. However, at 4
MHz, an external clock driver IS required.

The two bus-control signals, BUSRQ and BUSAK, are used to dis­
connect the Z80 from its busses. They are mamly used by the DMA, but
could also be used by another processor in the system. BUSRQ is the
bus-request signal. It is Issued to the Z80. In response, the Z80 will place
its address bus, data bus, and tristate output control signals in the hlgh­
Impedance state, at the end of the current machme cycle. BUSAK IS the
acknowledge signal issued by the Z80 once the busses have been placed
m the high-Impedance state.

Six Z80 control signals are related to its internal status or to its se­
quencmg:

INT and NMI are the two mterrupt signals. INT is the usual interrupt
request. Interrupts will be described m Chapter 6. A number of in­
put/output devices may be connected to the INT mterrupt line. When­
ever an interrupt request IS present on this line, and when the internal
interrupt enable flip-flop (IFF) is enabled, the Z80 will accept the inter­
rupt (provided the BUSRQ IS not active). It will then generate an
acknowledge signal: IORQ (issued during the M I state). The rest of the
sequence of events is described m Chapter 6.

NMI IS the non-maskable interrupt. It IS always accepted by the Z80,
and it forces the Z80 to Jump to location 0066 hexadecimal. It too is
described in Chapter 6. (It also assumes that BUSRQ is not active.)

WAIT IS a signal used to synchronize the Z80 with slow memory or
mput/output deVices. When active, this signal indicates that the
memory or the deVice is not yet ready for the data transfer. The Z80
CPU will then enter a spectal wait state until the WAIT signal becomes
mactive. It will then resume normal sequencmg.

HALT is the acknowledge signal supplied by the Z80 after it has ex-
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ecuted the HALT instruction. In this state. the Z80 waits for an exter­
nal interrupt and keeps executing NOPs to continually refresh memory.

RESET is the signal which usually initializes the MPU. It sets the
program counter. register I and R to "0". It disables the interrupt
enable flip-flop and sets the interrupt mode to "0", It is normally used
after power is applied to the board.

Memory and I/O Control

Six memory and I/O control signals are generated by the Z80. They are:
MREQ is the memory request signal. It indicates that the address pres­
ent on the address bus is valid. A read or write operation can then be
performed on the memory.

MI is machine cycle I. This cycle corresponds to the fetch cycle of an
instruction.

IORQ IS the input/output request. It indicates that the I/O address
present on bits 0-7 of the address bus is valid. An I/O read or write
operation can then be carried out. IORQ is also generated together With
MI when the Z80 acknowledges an interrupt. This information may be
used by external chips to place the interrupt response vector on the data
bus. (Normal I/O operatIOns never occur during the MI state. The
combinatIOn IORQ plus MI indicates an interrupt-acknowledge situa­
tion.)

RD is the read signal.' It indicates the Z80 is ready to read the con­
tents of the data bus into an internal register. It can be used by any ex­
ternal chip. whether memory or I/O. to deposit data onto the data bus.

WR is the write signal.' It indicates that the data bus holds valid
data. ready to be written into the specified device.

RFSH is the refresh signal. When RFSH is active. the lower seven
bits of the address bus contain a refresh address for dynamic memories.
The MREQ signal is then used to perform the refresh by reading the
memory.

HARDWARE SUMMARY

This completes our descnption of the internal organization of the
Z80. The exact hardware details of the Z80 are not important here.
However. the role of each of the registers is important and should be
fully understood before proceeding to the next chapters. The actual m­
structions available on the Z80 wiH now be introduced. and basic pro­
grammmg techniques for the Z80 wiH be presented.

'used in conjunction with MREQ or IOREQ.
93



3
BASIC PROGRAMMING
TECHNIQUES

INTRODUCTION

The purpose of this chapter is to present the basIc techniques neces­
sary 10 order to wnte a program usmg the Z80. This chapter will mtro­
duce new concepts such as register management, loops, and sub­
routmes. It will focus on programming techniques using only the i/1/er­
/lal Z80 resources, Le.. the registers. Actual programs will be de­
veloped, such as arithmetic programs. These programs will serve to il­
lustrate the vanous concepts presented so far and will use actual 10­

structlOns. Thus, it will be seen how instructions may be used to
manipulate the informatIOn between the memory and the MPU, as well
as to manipulate information within the MPU itself. The next chapter
will then discuss in complete detail the mstructions available on the Z80.
Chapter 5 will present Addressmg Techniques, and Chapter 6 will pre­
sent the techniques available for manlpulatmg information oulslde the
Z80: the Input/Output Techniques.

In this chapter, we will essentially learn by "doing." By exammmg
programs of increasmg complexity, we will learn the role of the vanous
mstructlons, of the registers, and we will apply the concepts developed
so far. However, one important concept will not be presented here; It is
the concept of addressmg techniques. Because of its apparent complexi­
ty, It will be presented separately 10 Chapter 5.

Let us immediately start wntlng some programs for the Z80. We will
start with anthmetic programs. The "programmer's model" of the Z80
registers IS shown in Figure 3.0.
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MAIN SET ALTERNATE SET

\

GENERAl­
PURPOSE

REGISTERS

A' F'

B' C

D' E'

H' l'lOll

OIl)

0011

A F
(accumulotor ) (flags)

I B C (

I D E (

I H l (

(000

(010

(111)

(lOO

I elL R(interrupt veclor) (mem refresh)

IX

IY
SP

(s.lQck pOlnler)

PC
(program counter)

INDEX
REGISTERS

Fig. 3.0: The Z80 Registers

ARITHMETIC PROGRAMS

Arithmetic programs mclude addition, subtraction, multIplication,
and divIsIon, The programs presented here will operate on integers,
These mtegers may be posItIve binary integers or may be expressed in
two's complement notation, in which case the left-most bit is the sign
bit (see Chapter I for a description of the two's complement notation).

8-Bit Addition

We will add two 8-bit operands called OP 1 and OP2, respectively
stored at memory address ADRI, and ADR2, The sum will be called
RES and will be stored at memory address ADR3, This is illustrated in
Figure 3. L The program which will perform this addition IS the follow­
mg:

Instructions Comments

LD A, (ADRI)
LD HL, (ADR 2)
ADDA,(HL)
LD (ADR 3), A

LOAD OPI INTO A
LOAD ADDRESS OF OP2 INTO HL
ADD OP2 TO OPI
SAVE RESULT RES AT ADR3
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MEMORY

ADR1---.....·1

ADR2 ---.....·1

ADR3 ---.....-1

ADDRESSES

OP,

OP2

RES

(FIRST OPERANDI

(SECOND OPERAND)

(RESULT)

Fig. 3.1: Eight-Bit Addition RES = OPl + OP2

This is our first program. The instructions are listed on the left and
comments appear on the right. Let us now examine the program. It is a
four-instruction program. Each line is called an instruction and is ex­
pressed here in symbolic form. Each such instructlon will be translated
by the assembler program into one, two, three or four binary bytes. We
will not concern ourselves here with the translation and will only look at
the symbolic representation.

The first line specifies loading the contents of ADRI into the accu­
mulator A. Referring to Figure 3.1, the contents of ADRI are the first
operand. 'IOPI", This first instruction therefore results in transferring
OP 1 from the memory into the accumulator. This is shown in Figure
3.2. "ADRI" is a symbolic representation for the actual16-bit address
in the memory. Somewhere else in the program, the ADRI symbol will
be defined. It could, for example, be defined as being equal to the ad­
dress "100 ",

This load instruction will result in a read operatIOn from address 100
(see Figure 3.2), the contents of which will be transferred along the data
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Fig. 3.2: LD A, (ADRl): OPl is J oaded from Memory

bus and deposited inside the accumulator, You will recall from the pre­
vious chapter that arithmetic and logical operations operate on the
accumulator as one of the source operands. (Refer to the prevIous
chapter for more details,) Since we wish to add the two values OP! and
OP2 together, we must first load OP! Into the accumulator. Then, we
will be able to add the contents of the accumulator, I.e., add OPI to
OP2. The nght-most field of this Instruction is called a commenl field.
It IS ignored by the assembler program at translalion lime, but IS pro­
vided for program readability. In order to understand what the pro­
gram does. It is of paramount Importance to use good comments. ThiS
IS called dOCllmen!mg a program.

Here the comment is self-explanatory: the value of OP I, which is
located at address ADRI, IS loaded Into the accumulator A.

The result of this first instruction is illustrated by Figure 3.2. The
second instruction of our program is:

LD HL, (ADRZ)

It specifies: "Load from (ADRZ) Into registers Hand L." In order
to read the second operand, OP2, from the memory, we must first place
ItS address IUto a register pair of the Z80, such as Hand L. Then, we
can add the contents of the memory location whose address is in Hand
L to the accumulator.

ADDA,(HL)

Referring to Figure 3.1. the contents of memory location ADR2 are
OP2, our second operand. The contents of the accumulator are now
OP I, our first operand. As a result of the execution of this instruction,
OP2 will be fetched from the memory and added to OP I. This is il­
lustrated in Figure 3.3
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0.0,1'" au~

(_O?]

Fig. 3.3: ADD A, (HL)

The sum will be deposited 10 the accumulator. The reader will
remember that, 10 the case of the Z80, the results of the arithmetic oper­
ation are deposited back into the accumulator. In other processors, it
may be possible to deposit these results 10 other registers, or back into
the memory.

The sum of OP I and OP2 IS now contained 10 the accumulator. To
complete our program, we SImply have to transfer the contents of the
accumulator into memory ioeation ADR3, in order to store the results
at the specified location. This IS performed by the fourth mstruclion of
our program:

LD (ADR3), A

This mstruclion loads the contents of A mto the specified address
ADR3. The effect of this final mstructlon IS illustrated by Figure 3.4.

laO

II
------1

OA.1Al\U5
v ----I ,, ,

, ,
·1 1

, ,
~o , ,,, '

<Z7
APRJ , 11£5:· ;-'

loO,OIlJ

M>Ol1l55au~

Fig. 3.4: LD (ADR3), A (Save Accumulator in Memory)
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Before executIon of the ADD operation, the accumulator contained
OPI (see Figure 3.3). After the addition, a new result has been written
Into the accumulator. It is "OP I + OP2". Recall that the contents of
any regIster within the mIcroprocessor, as well as any memory location,
remain the same after a read operation has been performed on this
regIster. In other words, reading the contents of a regisler or memory
location does not change its contents. It is only, and exclusively. a wnte
operatIon into this register location that will change its contents. In thIS
example, the contents of memory locatIons ADRI and ADR2 remain
unchanged throughout the program. However, after the ADD instruc­
tion, the contents of the accumulator will have been modified, because
the output of the ALU has been written into the accumulator. The
previous contents of A are then lost.

Actual numencal addresses may be used Instead of ADRI, ADR2,
and ADR3. In order to keep symbolic addresses, it will be necessary to
use so-called "pseudo-instructions" which specify the value of these
symbolic addresses, so that the assembly program may, during transla­
tIOn, substitute the actual physical addresses. Such pseudO-instructIons
could be, for example:

ADRI
ADR2
ADR3

IOOH
120H
200H

Exercise 3.1: Now close thiS book. Refer only to the list of instructIOns
at the end of the book. Wnte a program which will add fWO numbers
slored al memory local/Oils LOCI alld LOC2. Deposil the resulls at
memory location LDC3. Then. compare your program 10 Ihe one
above.

16-BiI Addition

An 8-bit addition will only allow the addition of 8-blt numbers, I.e.,
numbers between 0 and 255. if absolute binary is used. For most prac­
tIcal applications il is necessary to add numbers having 16 bits or more,
I.e., to use multiple preCISIOn. We will here present examples of arith­
metIc on 16-bit numbers. They can be readily extended to 24.32 bits or
more (always mulliples of 8 bits). We will assume that the first operand
IS stored at memory locations ADRI and ADRI-1. Since OPlls a 16-bit
number this tIme, it will require two 8-bit memory locatIons. Similarly,
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01'2 will be Slared at ADR2 and ADR2-1. The result IS 10 be depl,,"ed
al memory addresses ADR3 and ADR3-1. ThIS IS illuslraled 111 hgure
3.5. H mdleates the high half (blls 8 thmugh 15), while I. melleates Ihe
low hair (blls U through 71.

",011\· , IOPI)H

, (Ol'lli

, {OP2)H

(OP2}L

, l~IS)01

1111S~

Fig, 3.5: 16-Bit Addition-The Operands

The logiC of the program IS exactly like the prevIous one. First, the
lower half of the two operands will be added, smee the microprocessor
can only add on 8 bus at a time. Any carry generated by Ihe addition of
these low order bytes will automatically be stored m the mternal carry
bit ("C"). Then, the high order half of the two operands will be added
together along with any carry, and the result will be saved m the
memory. The program appears below:

LD A, (ADRl)
LD HL. ADR2
ADD A. (HL).
LD (ADR3), A
LD A,(ADRI-l)
DEC HL
ADC A, (HLl
LD (ADR3-1), A

100

LOAD LOW HALF OF OPI
ADDRESS OF LOW HALF OF 01'2
ADD 01'1 AND 01'2 LOW
STORE RESULT, LOW
LOAD HIGH HALF OF OP!
ADDRESS OF HIGH HALF OF 01'2
(01'1 + 01'2) HIGH + CARRY
STORE RESULT, HIGH
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The first four instructIOns of this program are identical to the ones
used for the 8-blt addition In the previous section. They result in adding
the least significant halves (bits 0-7) of OP] and OP2. The sum, called
"RES" IS stored at memory location ADR3 (see Figure 3.5).

Automatically, whenever an addition is performed, any resultIng
carry (whether "0" or "I") IS saved In the carry bit C of the flags
register (register Fl. If the two numbers do generate a carry, then the C
bit will be equal to "I" (it will be set). II' the two 8-bit numbers do not
generate any carry, the value of the carry bit will be "0".

The next four Instructions of the program are essentially like those
used In the prevIous 8-blt addition program. This time they add
together the mosl significant half (or high half, I.e., bits 8-15) of OP]
and OP2, plus any carry, and store the result at address ADR3-I.

After execution of this 8-Instruction program, the 16-bit resuit IS

stored at memory locations ADR3 and ADR3-1, as specified. Note,
however, that there is one difference between the second half of this
program and the first half. The "ADD" II1SlrucllOl1 which has been
used is not the same as In the first half. In the first half of this program
(the 3rd InstruC!lon), we had used the" ADD" Instruction. This instruc­
tion adds the two operands, regardless of the carry. In the second half,
we use the"ADC" instruction, which adds the twO operands together,
plus any carry that may have been generated. This is necessary in order
to obtain the correct result. The addition Initially performed on the low
operands may result In a carry. Such a possible carry must be taken into
account in the second half of the addition.

The question which comes naturally then is: what if the addition of
the high half of the operands also results in a carry? There are two pos­
sibilities: the first one IS to assume that thiS IS an error. This program is
then deSigned to work for results of only up to 16 bits, but not 17. The
other one IS to include additional instructions [0 lest explicitly for the
possibility of a carry at the end of thiS program. ThiS IS a chOice which
the programmer must make, the first of many chOIces.

Note: we have assumed here that the high part of the operand IS
stored "on top of" the lower part. I.e., at the lower memory address.
This need not necessarily be the case. In fact, addresses are stored by
the Z80 in the reverse manner: the low part is first saved in the memory,
and the high part IS saved In the next memory locaoon. In order to use a
common convention for both addresses and data, it IS recommended
that data also be kept with the low part on top of the high part. ThiS IS
illustrated In Figure 3.6.
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AO'

AO'

ADlll ~

, \OPI1L

, (Of'ljH

, (OP2)l

, {OP2)H

, l~f5)l

,
''''~

Fig. 3.6: Storing Operands in Reverse Order

When operating on multibyte operancl, it is important to keep in mind
two essential conventions:

-the order in which data is stored m the memory.
-where data pomters are pointing: low byte or high byte.
Exercises 3.2 and 3.3 are designed to clarify this point.

Exercise 3.2: ReWrtle Ihe 16-bll addilloll program above wllh Ihe
memory layout mdicaled III Figure 3.6.

Exercise 3.3: Assume 1I0W Ihal ADR I does /101 pamI 10 Ihe lower half
olOPi (as in Figures 3.5 orJ.6), but points to the higher part oiOPi.
This is illustrated in Figure 3.7. Again, write the corresponding pro­
gram.
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w ,

, (Of'l)l

, (OPI)H

, ,0P2~

'0P2)H

, Itf~iL

tll(~JH

""

-""'"
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-'"

Fig. 3.7: Poin'in~ to th. Hi~h By,.

It is the programmer, i.e., you, who must decide how to slore 16·bit
numbers (i.e., low part or high part firSl) and also whe<her your address
references poinllo Ihe lower or 10 the higher half of such numbers. This
is another choice which you will learn 10 make when designing
algorithms or data structures.

The programs presented above are traditional programs, using the
accumulator. We will now present an ahcrnativc program for the 16-bit
addition that does not use the accumulator, but instead uses some of
the special 16-bit instruclions available on the Z80. Operands will be
assumed 10 be slOred as indicaled in Figure 3.5. The program is:

LD HL,(ADRI)
LD BC, (ADR2)
ADD HL, BC
LD (ADR3), HL

LOAD HL WITH OPI
LOAD BC WITH OP2
ADD 16 BITS
STORE RES INTO ADR3

Note how much shorter this program is, compared to our previous ver­
sion. Il is more ·'e1egant." 111 a limited 1II0,,"e,", (he Z80 01101\'5 registers
H alld L 10 be used as a /6-hil uccumula/or.
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Exercise 3.4: Using the 16-bit instructions which have just been intro­
duced, write an addition program for 32-bit operands, assuming that
operands are stored as shown in Figure 3.8. (The answer appears
below.)

Answer:

LD HL, (AOR1)
LO BC, (AOR2)
ADOHL, BC
LO (AOR3)
LO HL, (ADRI +2)
LO BC, (AOR2 + 2)
AOCHL, BC
LO (AOR3+2)

MEMORY

AORI +3

AD"

AOR2

AOR3

HIGH

"""
lOW

HIGH

OPR2

lOW

HIGH

RES

lOW

Fig. 3.8: A 32-8il Addilion
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Now thai we have learned 10 perform a binary additIon, let us turn to
SUblraClion.

Sublracling 16·8il Numbers

Doing an 8-bit subtract would be too simple. Let us keep it as an ex­
ercise and directly perform a 16-bit subtrac!. As usual, our two num­
bers, OPI and OP2, are stored at addresses ADRI and ADR2. The
memory layout will be assumed to be that of Figure 3.6. In order to
subtract, we will use a subtract operation (SBC) instead of an add
operation (ADD).

Exercise 3.5: Now write a subtraction program.

The program appears below. The data paths are shown in Figure 3.9.

LD HL, (ADRl)
LD DE, (ADR2)
ANDA
SBC HL, DE
LD (ADR3), HL

OPl INTO HL
OP2 INTO DE
CLEAR CARRY
OPI - OP2
RES INTO ADR3

The program is essentially like the one developed for 16-bit addition.
However, the Z80 instruction-set has two types of additions on double
registers: ADD and ADC, but only one type of subtraction: SBC.

As a result, two changes can be noted.
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MEMORY

H ,

I (OI'!!H I lOP1Jl I.(, i;'
lOP!)!

(Of>lJH

AORI

ADRI i' I

Fig. 3.9: 16-Bil Load - LD HL, (ADRIl

A first change is the use of SHe instead of ADD.
The other change IS the" AND A" instruction, used to clear the carry

flag prior to the subtractIon. This Instruction does not modify the value
of A.

This preeaulion IS necessary because the 280 is equipped With two
modes of addition. wilh and Without carryon the Hand L regISter, but
with only one mode of subtraclion, the SHe instruction of "subtract
with carry" when opcratlllg on the HL register pair. Because SHe auto­
math:ally takes 11110 account the value or the carry bit, it musl be set io 0
prior to starting the subtraction. ThiS is the rok or the "AND A" in­
slructJon.

I::rel'cise 3.6: Rewl'Ill' lire subtrac/101l progralll WIf!WlIl flSIII,f.!. Ihe
specwli;.ed /6-IJlI 111.\" fUel lOll.

L::rerdse 3.7: I-l'l'Il£' the subtrue! program fo,. 8-1111 opel'([1ul.,",

It must be remembered thaI in thc case of two's complement arHllIlll'M

tiC, the final value of the carry flag has no meaning. If an overflow con­
dition has occurred as a result or the subtraction, then the o\'crflow bit
(btl Vl of the l1ags regISter will have been sel. It can then be le,ted.
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The examples Just presented are simple bmary additions or subtrac­
tions. However, another type of anthmetic may be necessary; It IS BCD
arithmetic.

BCD ARITHMETIC

8-BH BCD Addition

The concept of BCD anthmetlc has been presented In Chapter 1. Let
us recall its features. It is essentially used for busmess applicatIOns
where It IS imperative to retam every significant digit in a result. In the
BCD notation, a 4-bit nibble is used to store one decimal digit (0
through 9). As a result, every S-blt byte may store two BCD digits.
(This IS called packed BCD). Let us now add two bytes each contammg
two BCD digits.

In order to Identify the problems, let us try some numenc examples
first.

Let us add "01" and "02":

"01" is represented by: 0000 0001
"02" is represented by: 00000010

The result is: 00000011

ThiS IS the BCD representation for "03", (If you feel unsure of the
BCD equivalent. refer to the conversIOn table at the end of the book.i
Everything worked very Simply m this case. Let us now try another ex­
ample.

"OS" IS represented by 0000 1000
"03" is represented by 0000 00II

f.xercise 3.8: Compufe fhe sum oj fhe fWO numbers above m fhe BCD
represenfallon. Wha! do you obfam? (answer jollows)

If you obtam "0000 1011", you have computed the bmary sum of S
and 3. You have lfideed obtamed II m bmary. Unfortunately, "1011"
is an illega( code 1/1 BCD. You should obtain the BCD representation of
"II", I.e.. 0001 oool!

The problem stems from the fact that the BCD representatIOn uses
only the first ten combinations of4 digits m order to encode the deCimal
symbols 0 through 9. The remainmg SIX possible combmatlOns of 4
digits are unused, and the illegal" lOll" is one such combination. In
other words. whenever the sum of two BCD digits is greater than 9,
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then one must add 6 to the result In order to skip over the 6 unused
codes.

Add the binary representation of "6" to 1011:

The result IS:

1011
+ 0110

0001 0001

(illegal binary result)
(+ 6)

ThiS IS, Indeed, "II" in the BCD notation! We now have the correct
result.

This example illustrates one of the basic difficulties of the BCD
mode. One must compensate for the SIX missing codes. A speCial in­
struction, "DAA' , ,called "declmal adjust," must be used to adjust the
result of the binary addition. (Add 6 if the result IS greater than 9.)

Thc next problem IS illustrated by the same example. In our example,
the carry will be generated from the lower BCD digit (the nght-most
onel Into the len-most one. ThiS Internal carry must be taken Into ac­
count and added to the second BCD digit. The addition Instruction
takes care of thIS automatically. However. It is often convenient to
detect thiS Internal carry from bit 3 to bit 4 (the "half-carry"). The H
nag is prOVided for this purpose.

As an example, here IS a program to add the BCD numbers" II" and
"22":

LD A,IIH
ADD A,22H
DAA
LD (ADR), A

LOAD LITERAL BCD' II'
ADD LITERAL BCD '22'
DECIMAL ADJUST RESULT
STORE RESULT

In this program, we are using a new symbol "H". The HH" sign
within the operand field of the Instruction specifies that the data it
follows IS expressed In hexadecimal notation. The hexadeCimal and the
BCD representatIOns for digits "0" through "9" are Identical. Here we
Wish to add the literals (or constants) "11" and "22", The result IS
stored at the address ADR. When the operand is specified as part of the
Instruction, as it IS In the above example, thiS is called lmmediale ad­
dresslIIg. (The vanaus addressing modes will be discussed in detail in
Chapter 5.) Storing the result at a specified address, such as LD (ADR), A
IS called abso/ule addressmg when ADR represents a 16-bit address.
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MWDRY

"'''

, , ,

[
, : ,

{RESULT} ,

Fig. 3.10: Storing BCD Digits

This program IS analogous to the 8-blt binary addition, but uses a
new instruction: "DAA", Let us illustrate its role in. an example. We
will first add" II" and "22" in BCD:

0001000 I (111
+ 00100010 (22)

00110011 (33)--------3 3

(22)
(39)

00100010
+ 00111001

= 01011011--------

The result IS correct, uSing the rules of binary addition.
Let us now add "22" and "39". by uSing the rules of bll1ary addi­

tion:

5 ')

"1011" IS an illegal BCD code. This is because BCD uses only the
first 10 binary codes, and "skips over" the next 6. We must do the
same, i.e. add 6 to the result:

01011011
+ 0110

= 01100001------6 I
This IS the correct BCD result.

(binary result)
(6)

(61)
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I:.:xercise 3.9: Could we move the DAA ills/ructIOn lf1 [he program afler
Ihe IIlslrucllOIl LD (A DR), A?

BCD Subtraction

BCD subtraction IS, m appearance, complex. In order to perform a
BCD subtractIOn, one must add the lell'5 compfemel1l of the number,
Just a!', one adds the two's complement of a number to perform a bmary
subtract. Thc ten's complement IS obtamed by computmg the comple­
ment to 9, then adding "I ". ThIs requires typIcally three to four opera­
tions on a standard microprocessor. However, the Z80 is equipped with
a powerful DAA mstruction whIch Simplifies the program.

The DAA InstructIOn automatIcally adjusts the value of the result m
the accumulator, depending on the value of the C. Hand N flags before
DAA, to the correct value. (See the next chapter for more details on
DAA.i

16-Bit BCD Addition

16-blt addition IS performed Just as simply as m the bmary case. The
program for such an addition appears below:

LD A, (ADRll
LD HL,IADR2)
ADD A, (HLJ
DAA
LD (ADR3). A
LD A,(ADRl+11
INC HL
ADC A, (HU
DAA
LD (ADR3 + I), A

Packed BCD Subtract

LOAD (OPll L INTO A
LOAD ADR2 INTO HL
(OPI + OP2) LOW
DECIMAL ADJUST
STORE (RESULT) LOW
LD (OPI) H INTO A
POINT TO ADR2 + J
(OPI + OP2) HIGH + CARRY
DECIMAL ADJUST
STORE (RESULTl HIGH

Elementary BCD additIon and subtractIon have been described.
However, m actual practtce, BCD numbers mclude any number of
bytes. As a Simplified example of a packed BCD subtract, we will
assume thaI the two numbers Nt and N2 include the same number of
BCD bytes. The number of bytes IS called COUNT. The register and
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memory allocation is shown In Figure 3.11. The program appears
below:

BCDPAK LD B, COUNT
LD DE, N2
LD HL, Nl
AND A

MINUS LD A, (DEl
SBC A, (HLi
DAA
LD (HLi, A
INC DE
INC HL
DJNZ MINUS

CLEAR CARRY
N2 BYTE
N2 - NI

STORE RESULT

DEC B, LOOP UNTIL B = O.

B

o

H

I COUNT I
I ~2

E

I

I NI h
I A I<

~J
~. L

I

N2

NJ

Fig. 3.11: Packed BCl) Subtract: Nl_ N 2· Nl

Nl and N2 represenllhe addresses where the BCD numbers are slored.
These addresses will be loaded In register pairs DE and HL:

BCDPAK LD
LD
LD

B,COUNT
DE, N2
HL, Nl
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Then, In anticipation of the first subtraction, the carry bit must be
cleared. It has been pOInted out that the carry bit can be cleared In a
number of equivalent ways. Here. for example. we use:

ANDA
The first byte of N2 IS loaded Into the accumulator, then the first byte
of N I is subtracted from it. The DAA instruction IS then used, to obtaIn
the correct BCD value:

MINUS LD
SBC
DAA

A. (DEl
A. (HL)

The result is then stored Into NI:

LD (HLi, A

Finally. the pOInters to the current byte are Incremented:

INC DE
INC HL

The counter IS decremented and the subtraction loop IS executed until it
rcaches the value "0":

DJNZ MINUS

The DJNZ InstructIOn is a special Z80 Instruction which decrements
register B and Jumps if it is not zero, In a single instrucl1on.

L::rercise 3.10: Compare fhe proRram ahove fO fhe olle jilr fhe 16-/JII
hinGlyaddiltol1. What IS the dijj'erence?

Erercise 3.//: Call YO/l exchallRe fhe roles oj'D/:.· alld HL? (Him: Be
careJii! w/Ih SBC.)

f:.'.rercise 3./2: Wrtfe fhe S/I/)fra("//oll proRram.!i)!" a 16-/JI/ BCD.

BCD Flag,

In BCD mode, the carry flag set as the result of an addition indicates
the fact that the result is larger than 99. This is not like the two's com·
plement situation, since BCD digits are represented in true binary. Con·
versely, the presence of the carry flag after a subtraction indicates a
borrow.

Instruction Types

We have now used two types of microprocessor instructions. We
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have used LD, which loads Ihe accumulalor from Ihe memory address,
or stores Its contents at the specified address. This is a data transfer 111­

slruc1100.
Next, we have used anthmellc instructions, sw:h as ADD, SUB,

ADC and SHe. They perform addition and subtraction opcralions.
More ALU instructions will be 101fodw..:ed soon in this chapter.

Still other types of lI1strm:t10ns are available wlthll1 the micropro­
cessor which we have not used yet. They arc 10 parllcular "jump" in­
structions. which will modify the order in which the program IS being
executed. This new type of instruction will be intfodUl.:cd in OUf next ex­
ample. Note that Jump Instructions are often called Ubrunch" for t.:OIl­

ditional sHuations. i.e. Instances where there IS a iOgH..'ul chOice 1I1 the
program. The "brant:h" derives Its name from the analugy to a tree,
and Implies a rork 111 the representallon or the program.

MULTIPLICATION

Let us now examine a more complex anthmellc problem: the mulll­
plication of binary numbers. In order to introduce the algorithm for a
binary muillplicallon, let us start by exam1l1111g a usual deCimal multi­
plication: We will muillply 12 by 23.

12 (Multiplicand)
x 23 (Multiplier)

36 (Parttal Product)

+ 24

= 276 (Final Result)

The multiplicallon IS performed by multiply1l1g the right-most digit of
the muillplier by the muillplicand, I.e., "3" x "12", The partial prod­
uct is "36". Then one multiplies the next digit of the multiplier, I.e.,
"2", by H 12" "24" IS then added to the partial product.

But there IS one more operallon: 24 IS offsel 10 Ihe lefl by one posi­
tion. We will say that 241s shifled lefl by one position. Equivalently, we
could have said that the partial product (36) had been shifled one Pas/­
lIon 10 Ihe nghl before adding.

The lwo numbers, correctly shifted, are then added and the sum is
276. ThiS is simple. The bll1ary multlplicallon IS performed in exactly
the same way.
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Let us look at an example. We will" multiply 5 X 3:

(5) 101 (MPD)

(3) x 011 (MPR)

!OI (PP)
!OI

000

(15) Ollli (RES)

In order to perform the multiplication, we operate exactly as we did
above. The formal representation of this algorithm appears in Figure
3-12. It is"a flowchart for the algorithm, our first flowchart. Let us ex­
amine It more closely.

,----:::'LSB (MJ>R) "" l?,~_-"NO",-_

L-....cN",O'--<DOONE FOR 8 BITS?

DONE

Fig, 3.12: The Basic Multiplication Algorithm-Flowchart

This flowchart is a symbolic representation of the algorithm we have
Just presented. Every rectangle represents an order to be carried out. It
will be translated mto one or more program instructions. Every
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diamond-shaped symbol represents a test bemg performed. This will be
a branchmg point m the program. If the test succeeds. we will branch to
a specified location. If the test does not succeed, we will branch to
another location. The concept of branching will be explamed later, m
the program itself. The reader should now examine this flowchart and
ascertain that it does indeed exactly represent the algonthm which has
been presented. Note that there is an arrow commg out of the last dia­
mond at the bottom of the flowchart. back to the first diamond on top.
This is because the same portion of the flowchart will be executed eight
times, once for every bit of the multiplier. Such a situation, where ex­
ecution will restart at the same point, is called a program loop for ob­
vious reasons.

Exercise 3.13: Mull/ply "4" by "7" m blllary. usmg the flowchart. ond
verify that you oblam "28" If you do nOI. tryagalll. It IS only ilYou
obtalll the correcl result thaI you are ready 10 translale II1IS Jlowchart
into a program.

8-By-8 Multiplication

Let us now translate thIS flowchart mto a program for the 280. The
complete program appears m Figure 3.13. We are gomg to study It in
detail. As you will recall from Chapter I. programmmg conSists here of
translating the flowchart of Figure 3.12 mto the program of Figure
3.13. Each of the boxes 10 the flowchart will be translated by one Or
more Instructions.

It IS assumed that MPR and MPD already have a value.

MPY88 LD
LD
LD
LD
LD

MULT SRL

JR
ADD

NOADD SLA
RL
DEC
JP
LD

BC, (MPRADl
B,8
DE,(MPDAD)
D,O
HL,O
C

NC, NOADD
HL, DE
E
D
B
NZ, MULT
CRESAD), HL

LOAD MULTIPLIER INTO C
B IS BIT COUNTER
LOAD MULTIPLICAND INTO E
CLEAR D
SET RESULT TO 0
SHIFT MULTIPLIER BIT INTO
CARRY
TEST CARRY
ADD MPD TO RESULT
SHIFT MPD LEFT
SAVE BIT IN D
DECREMENT SHIFT COUNTER
DO IT AGAIN IF COUNTER ~ 0
STORE RESULT

Fig. 3.13: 8 X 8 Multiplication Program
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The firsl box of the flowchart is an initialhaliol1 box. It is necessary
to sel a number of registers or memory locations 10 "0". as (his pro­
gram will require their lISC. The registers which will be used by the
multiplication program appear in Figure 3.14.

Fig 3.14: 8 x 8 Multiplicalion-The Registers

Thrce register pairs of the Z80 arc used for the multiplication pro­
gram. The 8-bit multiplier is assumcd to rcside at memory address
MPRAD. The multiplicand MPD is assumed to reside at memory ad­
dress MPDAD. The multiplier and lhe multiplicand respectively will be
loaded into registers C and E (sec Figure 3.14). Register B will be used
as a CQunter.

Registers D and E will hold the multiplicand as it is shifted left one
bit at a time.

Note that, even though only C and E need to be loaded initially, a 16­
bit load must be used, so that Band D will also be loaded from memory,
and will have to be reset respectively to "8" and to "0".
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Finally, the results of an 8-blt by 8-blt multiplication may reqUire up
to 16 bits. ThIS IS because 2" x 2" = 2". Two registers must therefore
be reserved for the result. They are registers Hand L, as mdieated on
Figure 3. 14.

The first step is to load registers B, C, and E wtth the appropnate
contents, and lo initIalize the resull (the partial product) [Q the value
"0" as specified by the flowchart of Figure 3.12. This IS accomplished
by the followmg mstructlons:

MPY88 LD
LD
LD
LD
LD

BC, (MPRAD)
B, 8
DE, (MPDAD)
D, a
HL, 0

The first three mstructlons respectively load MPR mto the regIster patr
Be, the value "8" into register B, and MPD mto the register patr DE.
Since MPR and MPD are 8-bit words, they are, m fact, loaded mto
registers C and E respectively, while the next words in the memory after
MPR and MPD get loaded mto Band D. ThiS is shown In Figure 3.15
and 3.16. The next instructIOn will zero the contents of D.

In thIS multiplication program. the multiplicand will be shifted left
before being added to the result (remember that, optionally, it is pos­
sible to shift the result right Instead, as Indicated In the fourth box of
the flowchart of Figure 3.12). The multIplicand MPD will be shifted in­
to register D at each step. This register D must therefore be inItialized to
the value "0". ThiS IS accomplished by the fourth mstructlon. Finally,
the fifth instruction sets the contents of registers Hand L to 0 111 a sll1gle
instruction.

MEMORY

MPRAD

Fig. 3.15: LD BC, (MPRADl
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MEMORY

D

MPOAD

Fig. 3.16: LD DE, (MPDADl

Referring back to the f10wchart of Figure 3.12, the next step is to test
the least significant bit (lhe right-most bltlof lhe multiplier MPR. II' thiS
bit IS a "I", then the value of MPD must be added to the partial result,
otherwlse it will not be added. This ,s accomplished by the next three 1I1­

structions:

MULT SRL
JR
ADD

C
NC.NOADD
HL,DE

The first problem we must solve is how to test the least significant bit of
the multtplier, contained 1I1 register C. We could here use the BIT 1I1­

structlon of the Z80, which allows testll1g any bit ,n any register. How­
ever. in this case, we would like to construct a program as simple as
possible, uSll1g a loop. If we were uSll1g the BIT instruction here. we
would first test bit 0, then later test btt I, and so on until we reached bit
7. This would require a different instruction every time, and a simple
loop could not be used. In order to shorten the length of the program.
we must use a different instruction. Here we are usmg a shift instruc­
tion.

Note: There IS a way to use the BIT instruction and a loop, but thiS
would require the program to modify Itself. a practice we will avoid.
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SRL is a new type of operation within the arithemetic and logical
unit. It stands for "shift right logical." A logical shift to the right is
characterized by the fact tnat a"O" comes into bit position 7. This can
be contrasted to an arithemtic shift to the right, where the bit coming
into position 7 is identical to the previous value of bit 7. The different
types of shift operations will be described in the next chapter. The
effect of the SRL C instruction is illustrated in Figure 3.14 by an arrow
coming out of register C and into the square used to designate the carry
bit (also called "C"). At this point, the right-most bit of the MPR will
be in the carry bit C, where it can be tested.

The next instruction, "JR NC, NOADD", is a jump operation. II
means "jump on no carry" (NC) to the address (the label) NOADD. If
the contents of the carry bit are "0" (no carry), then the program will
jump to the address NOADD. If the contents of Care "'" (the carry
bit is set), then no branch will occur, and tHe next sequential instruction
will be executed, i.e., the instruction "ADD HL, DE" will be executed.

This instruction specifies that the contents of D and E be added to H
and L, with the result in Hand L. Since E contains the multiplicand
MPD (see Figure 3.14), this adds the multiplicand to the partial result.

At this point, regardless of whether MPD has been added 10 the
result or not, the multiplicand must be shifted left (this is the fourth box
in the Oowchart of Figure 3.12). This is accomplished by:

NOADD SLA E

SLA stands ror "shift left arithmetic." II has just been explained above
that there are two types of shirt operations, a logical shift and an arith­
metic shift. This is the arithmetic one. In the case of a left shift, an SLA
specifies that the bit coming into the right part of the register (Ihe least
significant bit) be a "0" Uust as in the case of an SRL before).

As an example, let us assume that the initial contents of register E
were ()()()()IOOI. After the SLA instruction, the contents of E will be
00010010. And the contents of the carry bit will be O.

However, looking back at Figure 3.14, we really want to shift the
most significant bit (called the MSB) of E direclly into D (this is il­
lustrated by the arrow on the illustration coming from E into D).
However. there is no instruction which will shin a double register SUt:h
as D and E in one operation. Once the contents of E have been shifted,
the left-most bit has "fallen into" the carry bit. We must collectthi, bit
from the carry bit and shift it into register D. This is accomplished by
the next instruction:

RL D
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RL 15 still another type of shift operation. It stands for "rotate len."
In a roration operation. as opposed to a shift operation. this bit comlDg

Into the register IS the contents of the carry bit C (see Figure 3.17). This
IS exactly what we want. The contents of the carry btt C are loaded into
the right-most part of D, and we have effectively transferred the left­
most bit of E.

This sequence of two instructions IS illustrated In Figure 3.18. It can
be seen that the bit marked by an X in the most significant positIOn of E
will first be transferred into the carry bIt, then into the least Significant
posItIOn of D. EFfectively, it will have been shifted from E Into D.

At thiS POint, refernng back to the flowchart of Figure 3.12, we must
POint to the next bit of MPR and check for the eighth bIt. This tS ac­
complished by decrementing the byte counter, contained In register B
(see Figure 3.14). The register IS decremented by:

DEC B
ThIS 15 a decrement instruction, which has the ObVIOUS effect.

Finally, we must check whether the counter has decremented to the
value zero. ThiS IS accomplished by checking the value of the Z bit. The
reader will recall that the Z (zero) flag tndicates whether the previous
anthmetic operation (such as a DEC operation) has produced a zero
result. However, note that DEC HL, DEC Be, DEC DE, DEC IX,
DEC SP do not affect the Z flag. If the counter is not "0", Ihe opera­
tIOn IS not fimshed, and we must execute this program loop again. ThiS
IS accomplished by the next instructIOn:

lP NZ MULT
SHIFT LEFT

~1£fl-'
ROTATE LEFT

RLC instruction

CARRY

'",,
I

..... - - - - - - - - - - - - - - -"'"

....,
\

Fig. 3.17: Shift and Rotate



BASIC PROGRAMMING TECHNIQUES

Fig. 3.18: Shifting from E into D

This is a jump instruction whIch specifies that whenever the Z bit is
not set (NZ stands for non·zero), a Jump occurs to location MULT. This
IS the program loop, whIch will be executed repeatedly until B decre­
ments to the value O. Whenever B decrements to the value 0, the Z bIt
will be set, and the JP NZ Instruction will fail. ThIs will result in the
next sequential Instruction beIng executed, namely:

LD (RESAD), HL

ThIS Instruction merely saves the contents of Hand L, I.e., the result of
the multIplication, at address RESAD, the address specified for the
result. Note that this instruction will transfer the contents of both regis­
ters Hand L into two consecutive memory locations, corresponding to
addresses RESAD and RESAD + 1. It saves 16 bits at a time.

Eterclse 3.14: Could you wrtle the same mull/plication program uSing
the BIT instructIOn (described In the next chapter) Instead ojthe SRL C
InstructIOn? What would be the disadvantage?

Let us now improve the program, if possible:

Exercise 3.15: Can JR be subslilutedJor JP at the end oj the program?
IJ so, what /s the advantage?

Exercise 3.16: Can you use DJNZ to shorten the end oj the program?
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Exercise 3./7: Examme Ihe Iwo IIlslrucllOns: LD D. 0 and LD HL, 0 01

Ihe beglllnlllg oj Ihe program. Can you subS{[{Ule:

XOR
LD
LD
LD

A
D.A
H.A
L. A

IJ so, what /5 {he Impact 011 sIze (number oj byles) Gnd speed?

Note that, In most cases, the program that we have Just developed
will be a subroutine and the final instruction in the subroutine will be
RET (return). The subroutine mechamsm wil! be explained later in this
chapter.

Important Self-Test

This is the first significant program we have encountered so far. It in­
cludes many different types of instructions. Including transfer instruc­
tions (LD), anthmetlc operations (ADD), logtcal operattons (SRL,
SLA, RL), and Jump operations (JR, JP). It also implements a pro­
gram loop, In which the lower seven instructions, startmg at address
MULT, are executed repeatedly. In order to understand programming,
It IS essential to understand the operation of such a program In com­
plete detail. The program IS much longer than the prevIOus simple arith­
metic programs we have developed so far, and it should be studied In
detail. An Important exerCise will now be proposed. The reader IS
strongly urged to do this exercise completely and correctly before pro­
ceeding. ThiS will be the only real proof thai the concepts presented so
far have been understood. If a correct result is obtained. It will mean
that you have really understood the mechantsm by which Instructions
mantpulate information In the microprocessor, transfer It between the
memory and the registers, and process iI. If you do not obtain the cor­
rect result, or if you do not do thiS exercse, It IS likely that you will ex­
penence difficulties later in wntIng programs yourself. Learning to pro­
gram requires personal practice. Please pause now, take a piece of
paper, or use the illustration of Figure 3.19, and do the follOWing exer­
cIse:

Exercise 3.18: Every IlIlle Ihal a program IS wrillell, II should be verijied
by hand. in order to ascertamlhat its resul,s will be correct, We are go­
ing 10 do jusllhal: Ihe goal oj Ihls exerCise IS lajil/lIllhe lable ojFigure
3.19 complelely alld accuralely.
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LABEL INSTRUCTION B C r D E H l
lCARRYl

Fig. 3.19: Form for Multiplication Exercise

You may wanlto wrlle directly on Figure 3.19 or make a copy of it.
You must determine the contents of every relevant register In the Z80
after the execulion of each instructIOn m the program, from beginnmg
to end. All the registers used by the program of Figure 3.13 arc shown
m Figure 3.19. From left to nght, they are registers Band C, the carry
C, regtsters D and E, and. finally, registers Hand L. On the left pan or
this illustration. fill in the label, il' applicable, and then the mstrucllons
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beIng executed. On the nght of the instructton, fill in the contents of
each register after execution of the instruction. Whenever the contents
of a register are not known (indefimte), you may use dashes to repre­
sent its contents. Let us start filling In thIS table together. You will then
have to fill it out by yourself until the end. The first line appears below:

LA8EL INSTRUCTION B C C D E H l

.. .. · .. .. .. ..
MPY88 LD BC,(0200) 00 03 · .. .. .. ..

Fig. 3.20: Multiplication: After Oue Instructiou

We will assume here that we are multiplyIng "3" (MPR) by "5"
(MPD).

The first instruction to be executed IS "LD BC, (MPRAD)". The
contents of memory location MPRAD is loaded Into regISters Band C.
tt has been assumed that MPR IS equal to 3, I.e.. "00000011". After ex­
ecution of thIS Instruction, the contents of register C have been set to
"3". Note that this Instruction will also result In loading register B with
whatever followed MPR in the memory. However, the next InstructIOn
in the program will take care of this by loading register B With "8", as
shown in Figure 3.21. Note that, at this pOint, the contents of D and E
and Hand L are still undefined. and this is indicated by dashes. The LD
Illstruction does not condition the carry bit, so that the contents of the
carry bit C are undefined. This is also indicated by a dash.

LA8EL INSTRUCTION B C C D E H l

.. .. · .. . . .. ..
I MPY88 LD Be, (0200) 00 03 · " .. .. . .
j LD808 08 03 · .. .. .. ..

Fig. 3.21: Multiplication: After Two Instructions

The situation after the execution of the first five Instructions of the
program Uust before the MULT) is shown In Figure 3.22.
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LABEL INSTRUCTION B C C D E H L

..
j

.. · .. .. .. ..
MPY88 LD BC,(0200) 00 03 · .. .. .. ..

LD B.08 08 03 · .. .. .. "

LD DE, (0202) 08 03 · 00 05 .. ..
LD D. 00 08 03 · 00 05 .. ..
LD HL,oooo 08 03 · 00 05 00 00

Fig. 3.22: Multiplication: After Five Instructions

The SRL Instruction will perform a logical shift right, and the right­
most bit of MPR will fall into the carry bit. You can see In Figure 3.23
that the contents of MPR after the shift is "0000 0001". The carry bit C
is now set to .. I". The otherregisters are unchanged by this operation.
Please continue to fill out the chart by yourself.

A second iteration is shown at the end of this chapter in Fig. 3,41.

,
LABEL INSTRUCTION B C C D E H L

.. .. · . , .. .. ..
MPY88 LD BC, (0200) 00 03 · .. .. .. .,

LD B.08 08 03 · .. .. .. ..
LD DE, (0202) 08 03 · 00 05 .. ..
LD D. 00 08 03 · 00 05 .. ..
LD HL,oooo 08 03 · 00 05 00 00

MULT SRLC 08 01 1 00 05 00 00

JR NC,0114 08 01 1 00 05 00 00

ADD HL.DE 08 01 0 00 05 00 05

NOADD SLAE 08 01 0 00 OA 00 05

RLD 08 01 0 00 OA 00 05

DECB 07 01 0 00 OA 00 05

JP NZ,OlOF 07 01 0 00 OA 00 05

Fig. 3.23: One Pass Through The Loop.
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A complete listing showing the contents of all the Z80 registers and
the flags is shown in Fig. 3.39 at the end of this chapter for the complete
multiplication. A hex or decimallistmg is shown in Fig. 3.40.

Programming Alternatives

The program that we have Just developed could have been written. in
many other ways. As a general rule. every programmer can usually find
ways to modify, and often improve. a program. For example, we have
shifted the multiplicand left before adding. It would have been mathe­
matically equivalent to shift the result one position to the nght before
adding it to the multiplicand. As a matter of fact, this is an mteresting
exercise!

Exercise 3,19: Write an 8 x 8 multiplication program uSing the same
algorithm, but shifting the result one position to the right instead of
shifting the multiplicand by one position to the left. Compare it .to the
prevIous program, and determtne whether this different approach
would befaster or slower than the preceding one. The speeds of the Z80
instructions are given in the next chapter.

Improved Multiplication Program

The program that we have Just developed is a straightforward trans­
lation of the algorithm to code. However. effective progralllllllllg re­
qUires close atlellllOl1 10 dewit, and the length of the program can often
be reduced or its execution speed can be Improved. We are now going to
study alternatives designed to Improve thiS baSIC program.

Slep I

A first possible improvement lies m the better utilization of the Z80
mstructIon set. The second-to-Iast instruction as well as the preceding
one can be replaced by a single instruction:

DJNZLOOP

This is a special Z80 "automated Jump" which decrements the B register
and branches to a specified locatIOn if It IS not "0". To be absolutely
correct, the instructIOn is not completely identical to the prevIOus paIr

DEC B
JP NZ, MULT
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tor It specifies a displacement. and one can only Jump within the range
of - 126 to + 129. However. we must here jump to a location which is
only a few bytes away. and this improvement is legitimate. The
resulting program is shown in Figure 3.24 below:

MPY88B LD
LD
LD
LD

MULT SRL
JR
ADD

NOADD SLA
RL
DJNZ
LD
RET

DE. (MPDAD)
BC, (MPRAD)
B,8
HL,O
C
NC,NOADD
HL,DE
E
o
MULT
(RESAD), HL

BIT COUNTER

Fig. 3.24: Improved Multiply, Step I

Step 1

In order to improve thIS multiplication program further, we will
observe that three different shift operations are used In the initial pro­
gram of Figure 3.13. The mullIplier is shifted right. Ihen the multIpli­
cand MPD is shifted left, in two operatIOns. by first shifting regIster E
left. then rotatIng regIster 0 to the left. ThIS IS time-consuming. A stan­
dard programmIng "trIck" used In the case of multIplicatIOn is based
on the follOWIng observalIon: every lIme that the mullIplier is shifted by
one bIt pOSItion, another bIt pOSItion becomes available in the mullI­
plier regIster. For example, assumIng that the mullIplier shifts rIght (in
the prevIous example), a bit posilIon becomes available on the left.
Simultaneously, it can be observed that the first partial product (or
"result") will use, at most, 9 bits. If a single register had been allocated
to the result In the begInning of the program, we could then use the bit
position that has been vacated by the multiplier to store the ninth bit of
the result.

After the next shift of the MPR, the sIze of the partial product will be
increased by just one bIt agaIn. In other words, a single regIster can be
reserved intially for the partial product, and the bit posItions which are
being freed by the multiplier can then be used as the MPR is beIng
shifted. In order to Improve the program, we are therefore gOIng to
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assign MPR and RES to a regIster paIr. Ideally, they should be shifted
together in a sIngle operation. Unfortunately, the Z80 shifts only 8-bit
registers at a time. Like most other 8-bit microprocessors, it has no In­
struction that allows shifting 16 bits at a time.

However, another trick can be used. The Z80 (like the 8080) IS
eqUIpped with special I6-blt add Instructions that we have already used.
Provided that the multiplier and the result are stored in the regIster paIr
Hand L, we can use the instruction:

ADD HL, HL

which adds the contents of Hand L to Itself. Adding a number to
itself IS doubling it. Doubling a number In the binary system IS equiva­
lent to a left shift. We have just obtained a 16-bit shift in a single In­
struction. Unfortunately, the shift occurs to the left when we would like
it to occur to the rIght. This IS not a problem.

Conceptually, the MPR can be shifted either left or right. We have
used a right shift algorithm because thIs IS the one whIch is used in or­
dinary addition. However, it does not necessarily need to be so. The
addition operation is commutative, and the order can be reversed: shif­
tIng the MPR to the left IS Just as valid.

In order to take advantage of this simulated 16-bit shift, we will have
to shift the MPR to the left. Therefore. the MPR will reside in register
H and the result in register L. The resulting regIster configuration is
shown in Figure 3.25.

Bl COUNTER

E

DL.-_.:.O_---l_..:..M:,::P...::D_J-------,

MPR RES

Fig. 3.25: Registers for Improved Multiply
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The rest of the program is essentially Identical to the prevIOus one.
The resultmg program appears below:

MUL88C LD
LD
LD
LD
LD

MULT ADD
JR
ADD

NOADD DJNZ
LD
RET

HL. (MPRAD-l)
L,O
DE, (MPDAD)
D, a
B.8
HL, HL
NC,NOADD
HL,DE
MULT
(RESAD), HL

COUNTER
SHIFT LEFT

Fig, 3.26: Improved Mulliply, Slep 2

When companng this program to the prevIOus one, It can be seen that
the length of the multiplication loop (the number of mstruclions be­
tween MULT and the Jump) has been reduced. ThIS program has been
wntten in fewer instructions and this will usually result In faster execu­
lIOn. ThIS shows Ihe advantage of selectmg the correct registers 10 con­
tain the information.

A straightforward deSign will generally result m a program that
works. It will not result m a program that IS opllllll:;ed. It IS therefore
Important to understand and use the available regIsters and instructions
to Ihe best possible way. These examples illustrate a ralional approach
to register selection and Instruction selection for maximum efficlent.:y.

Etercise 3.10: Compute Ihe speed of a mull/plical1011 operal/Oll IISlllg
tlus lasl program. Assume t/lat a branch will uccur 1I1 50% of the cuses.
Look up fhe number ojLye/es reqlllred by evet:v lf1slrucllOl1lll the mdex
secllOlI. Assllme a clock rale of1 MHz (olle 'Tcle = 1 liS).

t.:tercise 3.2/: NOle Ihal here we have llsed the regIster paIr D alld 1:..- {()

conlain Ihe mU/lip/icand. How would Ihe above program be changed U
we had used Ihe regIster pUlr Band C l/lstead? (Hillt: II1Is would re­
qUIre a /IIodijicallOn al Ihe end.)

Exercise 3.22: rVhy did we have to bOlher i;eromg regIster D H'hen
loading MPD /1110 £?

Finally, let us address a detail which may look rrrHatlllg to Ihe pro­
grammer who IS not yet familiar With the Z80. The reader will ha\c
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noticed that, 10 order to load MPD mto E from the memory, we had to
load both registers D and E at the same time from a memory address.
This is because, unless the address is contained in registers Hand L,
there is no way to fetch a single byte directly and load it mto register E.
ThiS IS a feature carried over from the early 8008, which had no direct
addressing mode. The feature was earned forward into the 8080, wIth
some Improvements, and Improved still further in the Z80, where it is
possible to fetch 16 bits directly from a gIven memory address (but not
8 bits - except toward register A).

Now, having solved thIS possible mystery, let us execute a more
complex multiplication.

A 16 X 16 Multiplication

In order to put our newly acqUIred skills to a test, we ,ViII multiply
two 16-bit numbers. However, we will assume that the result requires
only 16 bIts, so that it can be contamed 10 one of the register pairs.

The result, as 10 our first multiplication example, is contained in
regIsters Hand L (see Figure 3.27). The multiplicand MPD is contamed
in registers D and E.

c

o

H

Fig. 3.27: 16 X 16 Multiply-The Registers
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It would be temptmg !O deposH a multiplier mto regISter Band C.
However, if we want to take advantage of the DJNZ instruction,
register B must be allocated to the counter. As a result, half of the
multiplier will be in regISter C, and the other half 111 regISter A (see
Figure 3.27). The multiplication program appears below:

MULl6 LD A, (MPRAD + 1) MPR, HIGH
LD C,A
LD A, (MPRAD) MPR, LOW
LD B,I6 COUNTER
LD DE,(MPDAD) MPD
LD HL,O

MULT SRL C RIGHT SHIFT MPR,
HIGH

RRA ROTATE RIGHT MPR,
LOW

JR NC, NOADD TEST CARRY
ADD HL, DE ADD MPD TO RESULT

NOADD EX DE,HL
ADD HL, HL DOUBLE - SHIFT MPD

LEFT
EX DE,HL
DJNZ MULT
RET

Fig. 3.28: 16 X 16 Multiplication Program

The program IS analogous to those we have developed before. The
first six instructions (from label MULl6 to label MULTl perform the
mltlalizatlon of registers with the appropriate contents. One complica­
tion IS mtroduced here by the fact that the two halves of MPR must be
loaded in separate operations. It IS assumed that MPRAD points to the
low part of the MPR in the memory, followed 10 the next sequential
memory location by the high part. (Note that the reverse conventIOn
can be used.) Once the high part of MPR has been read into A, It must
be transferred into C:

LD A, (MPRAD + 1)

LD C,A

Finally, the low part of MPR can be read directly mto the accumulator:

LD A, (MPRADl
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The rest of the registers, B, D, E, H, and L are initIalized as usual:

LD B,l6
LD DE, (MPDAD)
LD HL,O

A 16-bil shifl must be performed on the multiplier. It requires two
separate shift or rotate operations on registers C and A:

MULT SRL C
RRA

After the 16-bit shift, the nght-most btt of the MPR, I.e., the LSB, is
l.:ontained in the carry bit C where it can be tested:

JR NC, NOADD

As usual, the multiplicand IS not added to the result if the carry bit is
"0", and is added to the result if the carry bit is "I":

ADD HL, DE

Next, the multIplicand MPD must be shifted by one position to the left.
However, the Z80 does not have an instruction which will shift the

contents of register D and E simultaneously to the left by one bit posi­
tion, and It can also not add the contents of D and E to itself. The con­
tents of D and E will therefore first be transferred Into Hand L, then
doubled, and transferred back to D and E. ThiS IS accomplished by the
next three instructions:

NOADD EX
ADD
EX

DE,HL
HL,HL
DE,HL

Finally, the counter B IS decremented and a jump occurs to the begin­
ning of the loop as long as It does not decrement to "0'"

DJNZ MULT

As usual, it is possible to consider other register allocatIons which may
(or may not) result In shoner codes:

I:.xercise 3.23: Load Ihe mull/plier 11110 reglSlers B alld C. Place Ihe
Coulller 111 A. Wrlle Ihe correspolldillg lIlu/llplicalLOII program alld
discuss Ihe advalllages or disadvalliages of IhlS reglsler a/locallOl1.
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l:.:rercise 3.24: Re/errlllg 10 file ongmul /6-bll multlplicatlOll program
of figure 3.28, CUll you propose a way {() shift the MPD, mil/allied III

reg/sIers D and E. wt/hoUI (rails/effing II mlo registers H (flld L?

Hxerdse 3.25: ~Vn{e a 16-by-/6 llIUlflplicuflO1l program H'IIICI1 de{(~CIS

thefaet that the result has more than 16 bits. TillS IS a sill/pie IIIlprol'e­

menl of our haslc program.

L::rercise 3.26: Wnre a /6-by-16 lllulllplicallOll program wah a 32-1ul
result. The suggested register allocatlOll appears III !·jgure 3.29.
Remember that Ihe I/lllra/ result ajler the firsl addilwl1 l/l the loofJ H'ill
reqUIre U/I/Y 16 blls. ([11£1 fhal the Illulliplier wil/free olle bit j(J!' each
subsequen! l[era/lOll.

BI__Mr,--O_I c

01 M~R IE

HI RES I,
RESULT
AFTER
MULTIPLICATION

Fig. 3.29: 16 x 16 Multiply wilh 32-Bil Kesull

Let us now examine the last usual anthmelic operation, the diVISIon.

BINARY DIVISION

The algorllhm for binary division IS analogous to the one which has
been used for the multiplication. The diVisor is successively subtracted
from the high order bits of the diVidend. After each subtraction, the
result is used instead of the inItial dividend. The value of the quotient IS
stmultaneously Increased by I every time. Eventually, the result of the
subtraction IS negative. ThiS IS called an overdraw. One must then
reslore the partial result by adding the diVisor back 10 It. Naturally, the
quotient must be Stmullaneously decremented by I. Quotient and din­
dend are then shifted by one bit posItion to the left and the algOrithm IS

repeated. The flow-chart is shown in Figure 3.30.
The method jusl described tS called lhe reslOrmg me/fwd. A variation

of thts method which yields an improved speed or e,eCUllon IS called the
Iloll-res{orlllg method.
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INITIAliZE
QUOTlENT = 0

SHIFTCOUNTER = 4

SHIFT lEFT
DIVIDEND

(WITH SteADING o·~)

AND QUOTIENT

TRIAL SUBTRACT:
LECT (OJVIOENOj·OIVISQR

YES
BORROW?

N0
COUNTER"" 01

END (REMAINDER IN LEFT (DIVIDEND)

RESTORE:
ADD DIVISOR:

Fig. 3.30: 8-Bil Binary Division Flowchart

81 COUNTER: Ic

Fig. 3.31: 16/8 Division-The Registers
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16-by-8 Division

As an example, let us here examme a 16-by-8 divISion, which will
yield an 8-blt quotiem and an 8-bil remamder dividend. The register
allocallon IS shown 10 Figure 3.31.

The program appears below:

DIVI68 LD A,(DVSAD) LOAD DIVISOR
LD D,A INTO D
LD E,O
LD HL, (DVDAD) LOAD 16-BIT DIVIDEND
LD B,8 INITIALIZE COUNTER

DIV XOR A CLEAR C BIT
SBC HL,DE DIVIDEND - DIVISOR
INC HL QUOTIENT = QUOTIENT +
JP P, NOADD TEST IF REMAINDER

POSITIVE
ADD HL,DE RESTORE IF NECESSARY
DEC HL QUOTIENT = QUOTIENT - I

NOADD ADD HL, HL SHIFT DIVIDEND LEFT
DJNZ DIV LOOP UNTIL B = 0
RET

Fig, 3.32: 16/8 Division Program

The first five mstructlons 10 the program load the diVisor and the diVI­
dend respectively into the appropriate registers. They also initialize the
coumer, 10 register B. to the value 8. Note agam that register B is a pre­
ferred locallon for a coumer if the specialized Z80 mstrucllon DJ NZ is
to be used:

DIVI68 LD
LD
LD
LD
LD

A, (DVSAD)
D.A
E.O
HL. (DVDADl
B.8

Next. the divisor IS subtracted from the dividend. Since an SBC in­
struction must be used (there IS no 16-blt subtract without carry), the
carry must be set to the value "0" before subtracting. Thb can be ac­
complished 10 a number of ways. The carry can be cleared by perform-
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ing instructions such as:

XORA
AND A
ORA

Here. an XOR is used:

DIY XOR A

The subtractIOn can then be performed:

SBC HL. DE

It is antIcipated that the subtractIon will be successful. I.e.. that the re­
maInder will be positive. This IS called the "trial subtract" step (refer to
the flowchart of Figure 3.30). The quotient is therefore incremented by
one. If the subtractIon has In fact failed (i.e.• if the remainder is
negatIve), the quotient will have to be decremented by one later on:

INC HL

The result of the subtraction IS then tested:

JP P, NOADD

If the remainder is positIve or zero. the subtractIOn has been successful.
and it is not necessary to store It. The program jumps to address
NOADD. Otherwise. the current dividend must be restored to its
previous value. by adding the divisor back to it. and the quotient must
be decremented by one. ThIs IS performed by the next instrucllons:

ADD HL. DE
DEC HL

Finally, the resultIng dividend IS shifted left, in anticipatIon of the
next trial subtract operation. Finally, the B counter is decremented and
tested for the value "0". As long as B IS not zero. thIs loop is executed:

NOADD ADD HL, HL
DJNZ DIY
RET

Exercise 3.27: Verify the operatIOn of this divIS/on program by hand,
by filling out the table ofFigure 3.33, as in Exercise 3.18for the mult/­
plicatIOn. Note that the contellls of D need not be elllered on the form
of Figure 3.33, slllce they are never modified.
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LABEL INSTRUCTION B H

8~Bit Division

Fig. 3.33: Form for Division Program

The folloWIng program uses a restoring method, and leaves a com-
plemented quotient in A. It divides 8 bIts by 8 bits (unsIgned).

E IS DIVIDEND
C IS DIVISOR
A IS QUOTIENT
B IS REMAINDER

DIV88 XOR
LD

LOOP88 RL

RLA
SUB
JR
ADD
DJNZ
LD
LD
RLA
CPL
RET

A
B.8
E

C
NC, $ + 3
A,C
LOOP88
B,A
A,E

CLEAR ACCUMULATOR
LOOP COUNTER
ROTATE CY INTO ACC­
DIVIDEND
CY WILL BE OFF
TRIAL SUBTRACT DIVISOR
SUBTRACT OK
RESTORE ACCUM, SET CY

PUT REMAINDER IN B
GET QUOTIENT
SHIFT IN LAST RESULT BIT

COMPLEMENT BITS

Note: the "$" symbol In the Sixth instruction represents the value of the
program counter.
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Non Restoring Division

The following program performs a 16-bll by 15-bll Integer divISion,
uSing a non-restoring technique. IX POints to the dividend, IY to the
divisor (not zero). (see Figure 3.34.).

AI DVD,HI I
61 COUNTER II DVD,LO Ic

DI DiviSOR IE

H I'--__R.=EM.:..:.-__IL
IX I DVD ADDRESS

IY I DVSADDR

Fig. 3.34: Non-Restoring Division-The Registers

Register B is used as a counter, initially set to 16.
A and C contain the dividend.
D and E contain the divisor.
Hand L contain the result.
The 16-bit dividend is shifted left by:

RL C
RLA

The remainder is shifted left by:
ADC HL,HL.

The final quotient is left in B, C, with the remainder in HL. The
program follows.
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DIV16 LD B, (IX + l)

LD C, (IX)
LD D,(lY + l)

LD E, (lY)
LD A,D
OR E (DIVISOR) HIGH OR

(DIVISOR) LOW
JR Z, ERROR CHECK FOR DIVISOR =

ZERO
LD A,B GET (DVD) HI
LD HL,O CLEAR RESULT
LD B, 16 COUNTER

TRIALSB RL ~ ROTATE RESULT + ACC<-

LEFT
RLA
ADC HL, HL LEFT SHIFT. NEVER SETS

CARRY.
SBC HL,DE MINUS DIVISOR

NULL CCF RESULT BIT
JR NC, NGV ACCUMULATOR

NEGATIVE?
PTV DJNZ TRIALSB COUNTER ZERO?

JP DONE
RESTOR RL C ROTATE RESULT + ACC

LEFT
RLA
ADC HL,HL AS ABOVE
AND A
ADC HL,DE RESTORE BY ADDING DVSR
JR C,PTV RESULT POSITIVE
JR Z, NULL RESULT ZERO

NGV DJNZ RESTOR COUNTER ZERO?
DONE RL C SHIFT IN RESULT BIT

RLA
ADD HL,DE CORRECT REMAINDER
LD B,A QUOTIENT IS IN B, C
RET
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Exercise 3.28: Compare [he prevIous program [0 [he/ollowmg aile, 1IS­
lIlg a reslormg lechmque:

DIVIDEND IN AC
DIVISOR IN DE
QUOTIENT IN AC
REMAINDER IN HL

DIVI6

LOOPI6

LD
LD
RL
RLA
ADC
SBC
JR
ADD
CCF
DJNZ
RL
RLA
RET

HL,O
B,16
C

HL,HL
HL,DE
NC,$ + 3
HL,DE

LOOPI6
C

CLEAR ACCUMULATOR
SET COUNTER
ROT ACC-RESULT LEFT

LEFT SHIFT
TRIAL SUBTRACT DIVISOR
SUB WAS OK
RESTORE ACCUM
CALC RESULT BIT
COUNTER NOT ZERO
SHIFT IN LAST RESULT BIT

Note: The symbol "$" means "current location" (eIghth instructIon).

LOGICAL OPERATIONS

The other class of instructions which can be executed by the ALU in­
side the microprocessor IS the set of logical mstructlOlIS. They mclude:
AND, OR and exclusive OR (XOR). In addition, one can also mclude
here the shift and rotate operations which have already been utilized,
and the companson instruction, called CP for the Z80. The indiVidual
use of AND, OR, XOR, will be described m Chapter 4 on the mstruc­
tion set.

Let us now develop a bnef program which will check whether a given
memory location called LOC contains the value "0", the value "I". or
something else.

The program will introduce the comparison instruction, and perform
a series of logical tests. Depending on the result of the comparison, one
program segment or another will be executed.
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The program appears below:

LD A, (LOC)

CP OOH
lP Z, ZERO
CP OIH
lP Z, ONE

NONEFOUND

ZERO

ONE

READ CHARACTER IN
LOC
COMPARE TO ZERO
IS IT A O?
COMPARE TO ONE

The first instruction: "LD A, (LOC)" reads the contents of memory
locatIOn LOC, and loads It Into the accumulator. ThiS IS the character
we want to test. It IS compared to the value 0 by the foilowing instruc­
tion:

CP OOH

ThiS instruction compares the contents of the accumulator to the hex­
adeCimal value "00", I.e., the bit pattern "00000000" This compan­
son instruction will set the Z bit in the Ilags register to the value" I", if
It succeeds. ThiS bit can then be tested by the next instruction:

lP Z, ZERO

The jump Instruclton tests the value of the Z bit. If the companson suc­
ceeds, the Z bit has been set to one, and the jump wiil succeed. The pro­
gram will then jump to the address ZERO. tf the test fails, then the next
sequential instruclton wiil be executed:

CP OIH

Similarly, the foilowmg jump instruction will branch to location ONE
if the comparison succeeds. If none of the compansons succeed, then
the instructIOn at location NONEFOUND wiil be executed.

lP
NONEFOUND ..

Z, ONE
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This program wa'i introduced to demonstrate the value of the com­
panson IOstruct!on followed by a Jump. TIllS comblOation will be used
in many or the following programs.

Ltercise 3.19: Refer /() (he d~tillll{()11 (,I (he LD A, rLOC! I/IS(meIiOIl III

the next chapler. l:.~ral11lJ1e the e.l.tecl (~rlllls mSlrucl{OIl oil/he j7ags, if
any. Is (he second instructioll of this program necessary rep OOH)?

I:'xerd\'e 3.30: JVrtle fhe program 1\'/11('11 will read the colllel1lS of
11J(!/1101)' locll! fOJI • '24" and hranch to an address ca"ed'~)TAU" (llhere
lI'as a "*" II1ll1e11l0(V !ocallol1 24. The hi! pOllel'1l for a "*', II1IJlI1(/(v

lIo(a({()1I will he ass/lllled /() he rewesell(ed hy "00/010/0".

INSTRUCTION SUMMARY

We have now studied most of the 1I11portant lOst ructions of the Z80
by uSlI1g them. We have Iransrcrn:d values between the memory and the
1\:gIS!Crs. We have performed arithmetic and logical operations on such
data. We have tested it. and depending on the results of these tests,
havc executed various portions of the program. In particular, special
"automated" Z80 instructions such as DJNZ have been used to shorten
programs. Other automated instructions: LDDR, CPIR, INIR will be
introduced throughout the remainder of thIS book.

full use has been made of special Z80 rc.llllres, such as 16-bll regISter
lI1slructlons to slll1pliry the programs, and the reader should be careful
not to use these programs on an 8080; they have been optimized for the
Z80.

We have also II1trodueed a structure called a loop. Another Impor­
tant programming structure will be II1troduced now; the subroutlnc.

SUBROUTINES

In concept, a subroutine IS Sll11ply a block or Instructions which has
been given a name by the programmer. From a practical standpoint, a
subrouilnc must start with a special IIlstrucllon called a subrOll!/Iu?

dec/ural/oil, which identifies it as such for the assembler. It is also ter­
I1lll1atcd by another !'ipeclal in.o;tructlon called a relurll. Let us first il­
Ju<.,trate Ihe usc or a subroutine 111 a program in order to demonstrate its
value. Then. we will examll1c how It IS actually implemented.
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t'ig. 3.35: Suhrnulinc Calls

The use or a subroutine l!-i illustrated In Figure 3.35. The main pro­
gram appears on the left of the illll.'~tration. The subroutine IS shown
symbolically 011 the righl. Let us exallllne the subroutine mechamsm.
The lines of Ihe malO program arc executed successively until a new in­

struction "CALL SUB" IS mel. This special Instruction IS the
sulJroUlIIU? call and resulls In a transfer to the subroutine. This means
that the next Instruct ton to be execwed arter the CALL SUB IS the first
instruction within the subroutine. This IS illustrated by arrow I on the
illustralJon.

Then, the subprogram within the subrouullc executes Just like any
other program. v.,'c will assume lhal the subroutine docs nOI con tam
any olher calls, The last InSlrucllon or thiS subrouune IS a RETURN.
ThiS IS a speCial lIlslructlon which will cause a return 10 the main pro­
gram. The next lI1SirUC[lon to be CXCCUlcd after the RETURN IS the one
lollowmg the CALL SUB m the mam program, ThiS IS illustraled by ar­
row J on the illustration. Program execlltion cooUnues then, as il­
lu..,tratcd by arrow 4.

In Ihe body or the mam program a second CALL SUB appears. A
11(\\ lransfcr occurs, shown by arro\\' 5. ThiS means that the body of the
subrlllllll1c IS again executed follOWing the CALL SUB instruction.

\\'hClh..'VCr the RETURN wlth1l1 lile subroutine L'i encountered, a

return occurs to the Jnslruclion roliowlI1g Ihe CALL SUB in question.
ThiS IS illustrated by arrow 7. Followmg the return (0 the mam pro­
gram. program cxccul Ion proceeds normally, as illustrated by arrow 8.

Thc ellect or the 1\\'0 speCial mstruclJons CALL SUB and RETURN
should now be dear. \Vhat IS Ihe value or the subroutine mechanism?

The cssellual value of the subrou(lIlt: l~ thal II can be called from any
number of pUHHS III the maJll program, and used repeatedly Wi/flOut
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relVnlIlI~ II. A first advantage IS that this approach saves memory
space, since there IS no need to rewrite the subrOutine every lime. A se­
cond advantage is thai the programmer can deSign a specific subroutine
only once and then use It repeatedly. This is a significant simplification
In program design.

h:tercise 3.3/: IV/wI IS fhe mom disadvaNtage ofa suhroU!me? (Answer
follows. )

The disadvantage of the subroullOe should be clear Jusl by examlOlOg
the nO\V of execution between the main program and the subroutme. A
subroUllflc results 10 a slower eXeCUllOJ1, SIIlCC exira II1strUCiJons must
be execuled: the CALL SUB and the RETURN.

Implementation ot' lhe Subroutine Mechanism

We will examlOe here how the two SpeClallOstrucllons, CALL SUB
and RETURN. are Implemented internally wilhlO the processor. The
effect of the CALL SUB instruction IS to cause the next IOs1rucllon to
be fetched at a new address. You will remember (or else read Chapter
! agall1 ) that the address or the next II1Slruclion 10 be executed in a
com purer IS contamed In the program counter (PCL ThiS means that
the elTect or the CALL SUB is to substitute new contents in reglstcI' PC,
Ih "rreci IS to load the start address or Ihe subroullI1e 111 [l1e program
COl! nler. Is {hal really sl(f./lclem?

To answer this questIOn. let us consIder the other IllstrucUon which
has 10 be Implemented: the RETURN. The RETURN must cause. as ils
name mdicates, a return to the mstructiOn that rollows the CALL SUB.
TIllS IS possible only if the address of thiS mslruclion has been preserved
somewhere. ThiS address happens to be Ihe value of Ihe program
counter at the time that the CALL SUB was encountered. ThIS is
because the program counter is automatlcally lflcrcmented every tlllle It
[s used (read Chapter I again I. ThiS IS premcly Ihe address lilal we want
10 preserve, so that we can later perform rhe RETURN.

The next problem IS: where can we save thiS return address? This ad­
dress musl be saved m a location where it is guaranteed Ihat it will not
be erased.

However. let us 110W consider the follOWing situation, iIIustraled by
Figure 3.36. In Ihls example. subroutine I contains a call to SUB2. Our
mechamsm should work in this case as well. Naturally. there might even
be mOre than two subroulines. say N "nested" calls. Whenever a new
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CALL IS cl1l:oumcrcd, the mechanism must therefore again store the
program counter. ThiS Implies that we need at least 2N memory loca­
tions for thIS mechamsm. Additionally, we will need to rei urn from
SUB2 first and SUBI next. In other words, we need a structure which
can preserve Ihe chronological ordering m which addresses have been
saved.

The structure has a name and has already been mtroduced. It IS fhe
sfack. Figure 3.38 shows the actual contents of the stack dunng suc­
ceSSiVe subroutine calls. Let us look at the mam program first. At ad­
dress 100, Ihe firsl call IS encountered: CALL SUBl. We will assume
that, m thiS microprocessor, the subroutine call uses 3 bytes (RST is an
excepllon). The next sequential address IS therefore not "101", but
"103", The CALL instruction uses addresses "100", "10)", "102".
Bccause the control unit of the Z80 "knows" that It IS a 3-byte inSlruc­
lion, Ihe value of Ihe program counter, when the call has been com­
pletely decoded, will be "103". The effect of the call will be to load the
valuc "280" m the program counter. "280" is the startmg address of
SUBl.

Fig. 3.36: Nested Calls

We are now ready to demonstrate the effect of the RETURN instruc­
tion and the correct operation of OUf stack mechanism. Execution pro­
ceeds withm SUB2 until the RETURN mstructlOn is encountered at
time 3. The effect of the RETURN mstructIon is simply to pop the top
of Ihe stack inlO the program counter. In other words, the program
counter IS restored to its value pnor to the entry into the subroutine.
The top of the stack m our example IS "303". Figure 3.38 shows that, at
time 3, value "303" has been removed from the stack and has been put
back 1010 the program counter. As a result, instruction execution pro­
ceeds from address "303". At lime 4, the RETURN of SUBI is encoun­
lered. The value on top of the stack is "103". It is popped and is in­
slalled m the program counter. As a result, program execution will pro­
ceed from locallon "103" on within the main program. This IS, indeed,
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Ihe effect that we wanted. Figure 3.38 shows that at time 4 the stack is
agam empty. The mechanism works.

The subroutine call mechanism works up to the maximum dimension
of the stack. This IS why early microprocessors which had a 4- or
8-reglster stack were essentially limited to 4 or 8 levels of subroutme
calls.

Note that, on Figures 3.36 and 3.37, the subroutines have been
shown to the nght of the mam program. This IS only for the clarity of
the diagram. In reality, the subroutines are typed by the user as regular
instructIOns of the program. On a sheet of paper, when producmg the
listing of the complete program, the subroutines may be at the begm­
ning of the text, m its middle, Or at the end. This IS why they are pre­
ceded by a subroutme declaratIOn: they must be identified. The spectal
Instructions tell the assembler that what follows should be treated as a
subroutine. Such assembler direclives will be discussed In Chapter 10.

ADDRESS {"'lAIN)

'00

'"
CAll SUB I

~ (SUB lj

'''''

0"""
(SU82}

300 CAllSU62

'"
8

Rfl'URN

~ Il£tURN

Fig, 3.37: The Subroutine Calls

T1ME(i) T1ME@ TIME CD TIME 0 I
103 103 103

303

Fig. 3.38: Stack vs. Time
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Z80 Subroutines

The basic concepts relatIng to subroutines have now been presented.
It has been shown that the stack IS required in order to implement this
mechamsm. The Z80 is equIpped with a 16-bit stack-poInter regIster.
The stack can therefore reside anywhere withIn the memory and may
have up to 64K (I K = 1024) bytes, assumIng they are available for that
purpose. In practice, the start address for the stack, as well as Its max­
imum dimension, will be defined by the programmer before wflting his
program. A memory area will then be reserved for the stack.

The subroutine-call instruction, In the case of the Z80, is called
CALL, and comcs In twu verSlons~ the direct or unconditional call,
such as CALL ADDRESS, is the one we have already described. In ad­
dition, the Z80 is eqUIpped with a conditional call Instruction WhICh will
call a subroutine if a conditIon is met. For example: CALL NZ, SUBI
will result in a call to subroutine I if the Z flag is zero at the time of the
test. This is a powerful facility, since many subroutine calls are
conditional, I.e., occur only if some specific conditIOn IS met.

CALL CC, NN "executed only i/ the conditIOn speel/ied by "CC"
IS true. CC is a set of three bits (bits 3, 4, and 5 of the opcode) which
may specify up to eight conditIOns. They correspond respectively to the
four flags "Z", "e", "P/V", "S" Deing either zero or non-zero.

Similarly, two types of return Instructions are provided: RET and
RET CC.

RET IS the baSIC return InstructIOn. It occupIes one byte, and causes
the top two bytes of the stack to be re-Installed In the program counter.
It IS unconditional.

RET CC has the same effect except that it is executed only if the con­
dillons specified by CC are true. The condition bits are the same as for
the CALL instruction just described.

Additionally, two speCialized types of return are available which are
used to terminate Interrupt routines: RET!, RETN. They are described
In the section on the Z80 InstructIOns as well as In the sectIOn on inter­
rupts.

Finally, one more specIalized Instruction IS provided which is analo­
gous to a subroutine call, but allows the program to branch to only one
of eIght starting locatIOns located In page zero. This IS the RST P in­
struction. ThIS is a one-byte InstructIOn WhICh automatically preserves
the program counter in the stack, and causes a branch to the address
specified by the three-bit P field. The P field corresponds to bits 3, 4
and 5 of the insrtuction, multiplied by eight.
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In other words, if bits 3, 4, 5 are "000", the jump will occur to loca­
tIOn DOH. If these btls are "001", the branch will occur to 08H, etc. up
to Ill, whIch will cause a branch to location 38H. The RST instructIon
tS very efficIent 10 terms of speed smce it is a single-byte mstructlon.
However, it can Jump to only eight locations, 10 page O. AdditIonally,
these addresses 10 page 0 are only eight bytes apart. ThIS mstructlon IS a
carry-over from the 8080 and was extenSIvely used for mterrupts. ThIS
will be described 10 the interrupt section. However, thIS instruction may
be used for any other purpose by the programmer, and should be con­
sidered as a possible speCIalized subroutine call.

Subroutine Examples

Most of the programs that we have developed and are gomg to
develop would usually be wntten as subroutines. For example, the
multiplication program is likely to be used by many areas of the pro­
gram. In order to facilitate and clarify program development, it IS
therefore convement to define a subroutme whose name would be, for
example, MULT. At the end of this subroutine we would simply add
the mstructlOn RET.

Exercise 3.32: If MULT IS used as a subroulme. would it "damage"
any mlernal flags or reglslers?

Recursion

RecurSIOn IS a word used to indicate that a subroutine is calling Itself.
If you have understood the Implementation mechanism, you should
now be able to answer the followmg question:

Exercise 3.33: Is II legal 10 leI a subroullne call IIself? (In olher words,
will everylhmg work even if a subroulme calls I1self?) If you are /101
sure. draw the Slack andJil! It wah the successive addresses. Theil, look
at the registers and memory (see ExerCise 3.18) and determme if a pro­
blem eXlsls.

Interrupts will be discussed 10 the mput/output chapter (Chapter 6).
All returns except returns from interrupts are one-byte instructions; all
calls are 3-byte instructions (except RSn.

Exercise 3.34: Look allhe execullon IIlnes of Ihe CALL and Ihe RI:.T
mSlruclions m Ihe nexl chapler. Why IS Ihe relurn from a subroulme so
much fasler Ihan Ihe CALL.? (Hill I: if Ihe answer IS 1101 obvIOUS. look
agam at the stack implementatIOIl of the subroutine mechamsm, and
analyze Ihe IlIlernal operallolls Ihal musl be performed.)
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Subroutine Parameters

When calling a subroutine, one normally expects the subroutine to
work on some data. For example, in the case of multiplication, one
wants to transmit two numbers to the subroutine which will perform
the multiplication. We saw in the case of the multiplication routine that
Ihis subroutine expected to find the multiplier and the multiplicand in
given memory locations. This illustrates one method of passing para­
meters: through memory. Two other techniques are used, so that we
have three ways of passing parameters.

I-through registers
2-through memory
3-through the stack

Registers can be used to pass parameters. This is an advantageous
solution, provided that registers are available, since one does not need
to use a fixed memory location: the subroutine remains memory-inde­
pendent. If a fixed memory location is used, any other user of the sub­
routine must be very careful that he uses the same convention and that
the memory location is indeed available (look at Exercise 3.19 above).
This is why, in many cases, a block of memory locations is reserved
simply to pass parameters among various subroutines.

Using memory has the advantage of greater nexibility (more data),
but results in poorer performance and also in tying the subroutine to a
given memory area.

Depositing parameters in the stack has the same advantage as using
registers: it is memory-independent. The subroutine simply knows that
it is supposed to receive, say, two parameters which are stored on top of
the stack. Naturally, it has disadvantages: it clutters the stack with data
and, therefore, reduces the number of possible levels of subroutine
calls. It also significantly complicates the use of the stack, and may re­
quire multiple stacks.

The choice is up to the programmer. In general, one wishes to remain
independent from actual memory locations as long as possible.

If registers are not available, a possible solution is the stack. How­
ever, if a large quantity of informalion should be passed to a sub­
routine, this information may have to reside directly in the memory. An
elegant way around the problem of passing a block of data is simply to
lransmit a pointer to the information. A pointer is the address of the
beginning of the block. A pointer can be transmitted in a register, or in
the stack (two-stack locations can be used to store a 16-bit address), or
in a given memory location(s).
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Finally, if neilher of the two solutions is applicable, then an agree­
ment may be made with the subroutine Ihal the data will be at some
fixed memory loeation (the "mail-box").

J:.:xercise 3.35: Which of fhe Ihree methods above is best jor recursion?

Subroutine Library

There is a strong advantage to structuring portions of a program into
idenrifiable subroutines: they can be debugged independenrly and can
have a mnemonic name. Provided thaI they will be used in other areas
of the program, Ihey become shareable, and one can thus build a
library of useful subroutines. However, there is 110 general panacea in
computer programming. Using subroutines systematically for any
group of instructions that can be grouped by function may also result in
poor efficiency. The alerl programmer will have to weigh Ihe advan­
tages against the disadvaTllages.

SUMMARY

This chapter has presented the way information is manipulated inside
Ihe Z80 by insrructions. Increasingly complex algorithms have been in­
(roduced and translated into programs. The main types of inSlructions
have been used and explained.

Important structures such as loops, stacks and subroutines, have
been defined.

You should now have acquired a basic understanding of program­
ming, and of the major techniques used in standard applicalions. Let
us sludy the instructions available.
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A=OO flC""OOOO Ii£=OOOO HL::=OOOO 5==0300 P=0100 0100 ' LD HC,(0200)
A'=OO II'=OOOO [1'=0000 11'=0000 X=QOOO Y=OOOO 1=00 (O200')

A""'OO BC=OOO3 OE=OOOO HL=OOOO 5=0300 P=0104 0104 ' LD 13.08
(1'=00 B'=OOOO D'=OOOO H''''OOOO X=OOOO Y",OOOO 1"'00

A=OO BC",OB03 DE=OOOO HL=OOOO 8",,0300 P"'0106 0106 ' LD DE, (O202)
A'",OO D'=OOOO D'=OOOO H'=OOOO X""OOOO y=oooo 1=00 (0202' )

A=OO BC"'0803 DE=OOO5 HL=OOOO 8:::0300 P=010A OlOA' LD 0,00
A '''''00 B '=0000 [1'=0000 W"'OOOO X=DOOO Y=QOOO 1=00

A=OO· BC=0803 DE=OOO5 HL=OOOO 5=0300 P",OlOC DlOC' LD HL,OOOO
A''''00 B'=OOOO D'=OOOO H'=OOOO X=OOOO Y=OOOO 1=00 (0000' )

A=OO BC=0803 D£=0005 HL=OOOO 5"'0300 P=010F OlOF' SRL C
A '''''00 D'=OOOO 0'=0000 W=OOOO X=OOOQ Y",OOOO 1=00

C A=OO BC=0801 DE=OOO5 HL=OOOO 5=0300 P=Olll 0111 ' JR NC,Oll'!
A'=OO B'=OOOO D'=OOOO H'=OOOO X=OOOO Y=OOOO 1=00 (011,1' )

C A"'OO BC=0801 DE=0005 HL=:OOOO 5=0300 P"'OllJ 0113' ADD HL,DE
A'=OO 8'=:0000 D'=:OOOO H''''OOOO X=:OOOO y=:OOOO r",oo

A=:OO DC=0801 DE=0005 HL=0005 5"'0300 P=0114 0114 ' SLA E
A'=OO D''''OOOO D'=OOOO H'=OOOO X=OOOO Y"'OOOO 1=00

V A=OO DC"'0801 OE=OOOA HL=0005 5"'0300 P=0116 0116' RL D
A'=OO B'=OOOO [1'=0000 H' "'0000 X=:OOOO Y"'OOOO r=oo

Z V A=:OO BC=0801 DE=OOOA HL=:0005 5=0300 P=0118 0118' DEC B
A'=OO [{'",OOOO D'=:OOOO H'=OOOO X=OOOO Y=OOOO 1=00

N A=OO 8C=0701 DE=:OOOA HL=OOOS 5=0300 P=0119 0119' JP NZ,010F
A'=OO 8'=0000 D''''OOOO H'=OOOO X=OOOO Y=:OOOO 1=00 (010F')

N A=OO BC=0701 DE=OOOA HL=0005 5=:0300 F'=010F 010F' SRl C
A'=:OO B'=OOOO D'=OOOO H'=OOOO X=OOOO Y=OOOO 1=00

Z V C A=OO BC=0700 DE=OOOA Hl=:0005 5=0300 P"'Ol11 0111 ' JR NC,0114
A'=OO 8'=0000 D'=OOOO H'=OOOO X=OOOO Y=OOOO 1=00 (0114')

Z V C A=OO BC=0700 DE=OOOA HL=0005 5=0300 P=0113 0113' ADD J-:L,DE
A'=OO [l' =0000 D'=OOOO H'=:OOOO X=OOOO Y=:OOOO 1=00

Z V f\~:OO BC",0700 DE=OOOA HL=OOOF 5="0300 P=0114 0114' SlA [
fl'",OO [f'=OOOO D'=OOOO H'",OOOO X=OOOO Y=:OOOO 1""00

V A=OO DC:-:0700 [lE=0014 Hl=:OOOF 50:0300 P""0.116 0116' RL "A'",OO B'=OOOO D'=OOOO H'o:0000 X=OOOO '1''''0000 1=00
Z V A=:OO llC=0700 OE=0014 HL=OOOF 5=:0300 P=:0118 OIlS' DEC "A''''OO [l ' "'0000 D'=OOOO H'=oOOO X"'OOOO Y=OOOO 1=00

N A'-'OO BC=0600 DE=:o0014 HLcoOOOF 5=0300 P=0119 0119' JP NZ.OI0F
fl''''OO B'=:OOOO 0'=:00000 H'=OOOO X=:OOOO '1'=0000 1=00 (OlOF')

N A=:OO DC=0600 OE=0014 Hl=OOOF 5=0300 P"'010F OlOF' SRl C
A'=OO B'=OOOO [1''''0000 H'=OOOO X=OOOO Y=OOOO 1=00

Z V (\"'00 BC=0600 DE=0014 HL=OOOF 5=:0300 P",0111 0111 ' JR NC,0114
A'"OO B'=OOOO [1'=0000 H'=:OOOO X=OOOO Y=OOOO 1=:000 (01 14' )

Z V fl=OO DC=:0600 D£=0014 HL=OOOF 8=0300 P=Q114 0114' 8LA t-:
A'=OO fJ'=OOOO fJ'=OOOO H' =0000 X=OOOO i'=0000 1 00 00

V A=:OO DC=0600 DE=0028 HL=OOOF S=0300 P=0116 0116' r,L "A'=:OO [1'=0000 D'=OOOO H'=OOOO X=OOOO '1'=0000 1=00
Z V (\=:00 BC=0600 [lE=:o0028 Hl"'OOOF 5=0300 F'=0118 0110' DEC B

A'=OO B'=OOOO D'=OOOO 1-1''''0000 X=OOOO '1'=0000 1=00
N A=.OO BC=0500 DE=00:!8 Hl=OOOF S=0300 P=0119 Oli9 ' ~f' NZ,OlCF

A'=O(j B'",OOOO (I' "'0000 w=OOOO X=OOOO Y"'OOOO 1=:00 (OlOF')
N A=OO I!C=0500 DE=0028 HL=OOOF S=0300 P=OlOF 010F' Sr~L C

A'=OO 8'=:0000 [1'=0000 H'=OOOO X=OOOO Y"'OOOO 1=00
Z V A"'OO [lC=0500 DE=0028 HL=OOOF 5=0300 F'=Ol11 0111' JR NC,0114

A'=OO B'=:OOOO [1'=0000 H' =0000 X"'OOOO Y=:OOOO 1=00 <011 4·)
Z V A=OO BC"'0500 [lE=0028 HL=OOOF 5=0300 P"'0114 01itl' SUI

(1'=00 f.f' =0000 D'=OOOO H'",OOOO X=OOOO Y"'OOOO 1=00
V A=:OO BC=0500 DE",0050 HL""OOOF 5=0300 F'=0116 0116' RL [<

A'=OO B';::OOOO [l' =0000 w=OOOO X=OOOO Y:=OOOO 1=00
Z V A"'OO BC=0500 DE=0050 Hl=OOOF 5=0300 P=0118 0118' [IEC t,

A'=OO [1':::0000 D'=OOOO H''''OOOO X,,-,OOOO Y=()OOO 1=00
N (1=00 £1C",0400 DE=0050 HL~'OOOF S=0300 ;""'0119 0119 ' .Jr:" :·!Z,OJOF

A'''''00 [1'=0000 [1"=0000 W=OOOO X=OOOO )'=0000 1=00 ,Ol0F' )
N A=OO [lC=:0400 DE;::0050 Hl=OOOF 5"'0300 P=010F 010F> SRL r

A'=OO [1'=:00000 D'=0000 H'=OOOO X:.=OOOO Y=OOOO 1=00

Fig. 3.39: Multiplication: A Complete Trace

lSI



PROGRAMMING THE ZSO

z V A=OO 9C=0400 1IE"'0050 HL=OOOF 5=0300 P=Ol11 0111 ' .If-.: NC.01J4
A '",,00 11'=0000 [1'=0000 H''''OOOO X=OOQO '1''''0000 1=00 (0114' )

Z V A=OO BC=Q400 DE=OOSO HL.ocOOOF S=O]OO P=0114 011'1' ':'ill'! E
A'=OO D'=OOQO D'=OOOO H''='OOOO X=OOOO 'hOOOO 1'""00

S V A=OO BC=0400 DE=OOAO HL=OOOF 5=0300 P=0116 0116' RL D
A'""OO fl' ::0000 [1'=0000 H'=OOOO X=QOOO '1'=0000 1=00

Z V A=OO [lC=0400 [lE=OOAO HL=OOOF 5=0300 P",0118 0118' DEC B
A'=OO 11 '=0000 [1'=0000 H' "'(lOOO X=OOOO '1'=0000 1=00

N A=OO BC=0300 DE=OQAO HL=OOOF 9"'0300 P=0119 0119' Jr' NZ,QHif
1"1'",00 B''''OOOO 11'=0000 H'=OOOO x=:oooo '1'=0000 1=00 (OJOF' )

N A=OO BC=0300 DE=OOAO HL=OOOF 8=0300 F'=010F OlaF' SRL c
A'=OO D'=OOOO D'=OOOO H'=OOOO x=oooo '1'=0000 1=00

Z V A=OO DC",0300 DE=OOAO HL=OOOI'" 5=0300 P=Ol11 011.1' ~IR NC,0114
A'=OO B'=OOOO [1'=0000 H'=OOOO x=oooo y",OOOO ':"'00 (OIl." 1

Z V A=OO BC=0300 [I[=OOAO Hl=OOOF 5:::0300 1":::0114 0114' 5LA E
A'=OO £1' =0000 [1'=0000 H':::OOOO x:::OOOO '1':::0000 1=00

C A=OO BC=0300 DE=0040 HL=OOOF 5=0300 P=0116 0116' RL "A ''''00 B';::OOOO [1' =0000 H'=OOOO x",oooo '1''''0000 1=00
A=OO BC=0300 [lE=0140 HL"'OOOF 5"'0300 P"'0118 0118' [lEe B

A'=OO B'=OOOO [1'=0000 H'=oOOOO x=oOOOO '1'=0000 r",oo
N A=OO BC=0200 [IE=01'10 HL=OOOF 5=0300 F'=01.!'T 0119' Jr· NZ,OJOF

A'=OO B'=OOOO [1'=0000 11'=0000 x=oooo '1'=0000 1=00 (010F' J

N A=OO BC=0200 [lE=0140 HL=OOOF 5=0300 P",010F 010F' 5RL C
A'=OO 9'=0000 [1'=0000 H'=OOOO X:::OOOO '1'=0000 1=00

Z V A=OO 9C=0200 [lE=0140 HL=OOOF 5=0300 1"=0111 0111 ' .Jr\ NC,01.14
A'=OO 9'=0000 D'=OOOO 11'=0000 x=OOOO '1'=0000 1=00 (0 1. ! 4' )

Z V A=OO BC=O::!OO [1[=0140 HL"'OOOF 5=0300 1"=0114 0114 ' SLA E
A'=OO B'=OOOO [1'=0000 H''''OOOO x=OOOO Y~"OOOO T=OO

S "=00 I1C=0200 [IE"'·0180 HL=OOOF 5=0300 1""'0116 0116 ' r~L D
A'=OO B'=OOOO [I' "'0000 11'=0000 x=OOOO '1'=0000 1=00

A=OO BC=0200 DE=0280 Hl=OOOF 5=0300 P=01.18 0118' DEC "A'=OO B'=OOOO [1'=0000 H'=OOOO X"'OOOO '(=0000 1=00
N A=OO BC·"'0100 DE-'"0'::80 HL=OOOF 5"'0300 10''''0119 01.! 9' .11" NZ.OJOF

A':::OO B'=OOOO D'=OOOO H'=OOOO X=OOOO '1'=0000 1=00 (0101'"·1
N A=OO BC=0100 tJE=02BO HL=OOOF 5=0300 F'=010F 0101'" ' 5f\L C

A'=OO B'=OOOO [1'=0000 H'=OOOO X=OOOO Y=OOOo 1=00
Z V A=OO 9C=0100 [IE=0280 HL=OOOF 5=0300 P=011.1 0111 ' ..m NC,Ol1'1

A':::00 B' "'"0000 D''''"OOOO H''''OOOO x=OOOO '(-'"0000 1=00 (0114' )
Z V A=OO [lC=0100 DE=0280 HL=OOOF S=0300 P=0114 0114' SLA E

A''''"00 I! ':::0000 D'=OOOO H'=OOOO x=OOOO '1'=0000 1:::00
Z V C A=OO BC=0100 DE=0200 HL=OOOF 5=0300 P=011.6 o llf-,' RL "A'=OO [1'=0000 [1''''0000 H'=OOOO x=OOOO '1''''0000 1:::00

V A=OO BC·"'0100 [lE;::0500 HL·"'oOOF 5"'0300 1"=0118 01.18' DEC "A'=OO B'=OOOO D'=OOOO H'-'"OOOO X-'"OOOO '(=0000 T=OO
Z N A=OO BC=OOOO DE=0500 HL=OOOF S=0300 P=0119 0119' .W NZ,010F

A':::OO [1'=0000 D'=OOOO H'=OOOO x=:oooo Y=OOOO 1=00 ()l 01'"' )
Z N A:::OO BC=OOOO DE=0500 HL=OOOF 5=0300 P=011C OIIC' LfJ (0~04).Hl

A'=OO B'=OOOO [1'=0000 W=OOOO x""OOOO Y=OOOO 1:::000 (0204')
Z N A=OO [lC=OOOO DE=0500 HL=OOOF 5=0300 P=011F 011F' NOF'

A'=OO [1' =0000 [I' =0000 H''''OOOO x"'OOOO '1'=0000 1=00

Fig. 3.39: Multiplication: A Complete Trace (continued)
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ANSWERS TO EXERCISE 3.18 (MULTIPLICATION):
CflOHCHCO e[lOS wo ,~SSrM!'L[f: "L',',lon 0;:. l~',

0000' 0001 arm OIOO!l
(O~OO ) DOD:! /'Wlltln OL O~OOH

{O2021 0003 MP[I{\O PC O::!C'2H
(0;:04) 0004 R[SMI

'"
0;:0411

0005
0100 [[l4[lOOO2 0006 I1P'H!O ", f'C. (Nf'f(flr,)
0104 0600 0007 '" n.B
0106 ED5I!020::' 0000 ", nrc, (I'\Pllr.!l)
OIOf! 1600 0009 '" ,"'0
OlOE :'10000 0010 '" HI. .0
OloF el'39 0011 MUL! SRI. ,
0111 3001 0012 J!< IlC,UOMJ{'
0113 " 0013 I'l!ltl HI. .nE
0114 CfJ23 0014 IWAnn SUI ,
0116 !:D12 0015 "'

,
01113 " 0016 l'E[ ,
011'7 [::lorOl 0017 "r IIZ,MULT
CllC 220402 0010 L11 (1<I:S(,UI,lll
OUF (0000) 001'1 ow
En-or:; ,

'LO"I) MULl rf'l.lEf~ HIlO C
;!, IS HIT COUlITU,
,LOM] MlJIIFLICI1lHl lllTa E
;CLEtlR II
;c;ET RESIJI.1 Tn (}
ISHIFl MIlLTTI-LIEf.: HrT lmo [rlld,'!'
iT[51 CNil<Y
;{'\lI1I liPD TO RESULT
;SIHFI 1'1['[' LEFT
;5IWE DIT HI U
~ fi[Cf1ENUll 51! IF T CUI!Nl Ef;'
;!lO J I (,liM I' '.f COmITO? ()
;:::; HJfi£ "l::StJL,

Fig. 3.40: The Multiplication Program (Hex)

LABEL INSTRUCTION B C C D E H l
CARRYl

00 00 0 00 00 00 00
MP488 LD BC,(0200j 00 03 0 00 00 00 00

lD B, 08 08 03 0 00 00 00 00
LD DE, (0202) 08 03 0 00 05 00 00
LD D, 00 08 03 0 00 05 00 00
LD HL,OOOO 08 03 0 00 05 00 00

MULT SRLC 08 01 1 00 05 00 00
JR NC,0114 08 01 1 00 05 00 00
ADD HL,DE 08 01 0 00 05 00 05

I NOADD SLAE 08 01 0 00 OA 00 05
RLD 08 01 0 00 OA 00 05

DECB 07 01 0 00 OA 00 05
JP NZ,010F 07 Ol 0 00 OA 00 05

MULT SRLC 07 00 1 00 OA 00 05
JR NC,0l14 07 00 1 00 OA 00 05

ADD HL,DE 07 00 0 00 OA 00 OF

NOADD SLA E 07 00 0 00 14 00 OF

RL D 07 00 0 I 00 14 00 OF

DECB 06 00 0 00 14 00 OF

i JP NZ,OlOF 06 00 0 00 14 00 OF

Fig. 3.41: Two Iterations Through the Loop
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4

THE Z80 INSTRUCTION SET

INTRODUCTION

ThIS chapler will first analyze the various classes of instructions
which should be available in a general-purpose computer. It will then
analyze one by one all of the instructions available for the 280. and ex­
plain in detail their purpose and the manner in which they affect flags
or can be used in conjunction with various addressmg modes. A de­
tailed diSCUSSIOn of addressing techniques will be presented m Chapter
5.

CLASSES OF INSTRUCTIONS

Instructions may be classified in many ways, and there is no stan-
dard. We will here distinguish five mam categories of instructIons:

I-data transfers
2-data processing
3-test and branch
4-input/output
5-control

Let us now examine each of these classes of instructions in turn.

Data Transfers

Data transfer instructions will transfer data between regIsters, or be­
tween a register and memory. or between a register and an input/output
device. SpecIalized transfer instructions may ~X1St for registers which
playa specific role. For example. push and pop operations
are provided for efficient stack operation. They will move a word of
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data between the top of the stack and the accumulator m a smgle m­
structlOn, while automatically updatmg the stack-pointer regIster.

Data Processing

Data processmg mstructlOns fall Into five general categones:

i-arithmetic operations (such as plus/mmus)
2-blt mampulation (set and resell
3-mcrement and decrement
4-10glcal operations (such as AND, OR, exclusIve OR)
5-skew and shift operations (such as shift, rotate)

It should be noted that, for efficIent data processmg, It is desirable to
have powerful arithmetic mstructions, such as multiply and divide,
Unfortunately, they are not available on most microprocessors. It IS
also deSIrable to have powerful shift and skew mstructlons, such as
shift n blts, or a nibble exchange, where the nght half and the left half
of the byte are exchanged. These are also usually unavailable on most
mlcroprocessors.

Before examinmg the actual Z80 mstructlons, let us recall the dif­
ference between a Slllfl and a rotatlOll. The shift will move the contents
of a regIster or a memory location by one bIt location to the left or to
the right. The blt falling out of the regIster will go mto the carry bit.
The blt commg m on the other side will be a "0" except m the case of an
"anthmetlc shift nght," where the MSB will be duplicated.

In the case of a rotatIOn, the bit coming out still goes m the carry.
However, the bit commg in is the prevIous value which was m the carry
bit. This corresponds to a 9-blt rotation. It IS often deSIrable to have a
true 8-blt rotation where the blt coming in on one sIde IS the one falling
from the other side. This is not provided on most microprocessors
bUI IS available on the Z80 (see Figure 4.1).

Finally, when shifting a word to the fight, it IS convenient to have one
more type of shift, called a sign extensIon or an "arithmetic shift
nght." When domg operallons on two's complement numbers, parti­
cularly when Implementmg Ooatlng-pomt routmes, It IS often necessary
to shift a negative number to the nght. When shiftmg a two's comple­
ment number to the right, the bit which must come In on the left side
should be a "I" (the sIgn should get repeated as many times as needed
by the successIVe shifts). This is the arithmetic shift nght.
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SHIFT LEFT

e1~'
ROTATE LEFT

~~CAR~
Fig. 4.1: Shift and Rotate

Test and Jump

The test instructIOns will test bits In the specified register for "a" or
ill". or combinations. At a minimum, it must be possible to test the
flags register. It IS, therefore, deSIrable to have as many flags as pos­
sible in this register. In addition. It IS convement to be able to test for
combinations of such bits with a sIngle Instruction. Finally. il is
desirable to be able to test any bll poslllOn In any regIster. and to test
the value of a regISter compared to the value of any other register
(greater than, less than, equal). Microprocessor test instructions are
usually limited to testIng SIngle bits of the flags register. The ZBO, how­
ever, offers better facilities than most.

The jump Instructions that may be available generally fall into
three categories:

I-the jump, which specifies a full 16-bil address
2-the relalive jump, which often IS restncted to an B-bit displace­

ment field
3-the call, which IS used with subroutInes
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It is convenient to have two- or even three-way jumps, depending, for
example. on whether the result of a comparison is "greater than," "less
than." or "equal." It is also convenient to have skip operations. which
will jump forward or backwards by a few mstructions. However, a
"skip" is equivalent to a "jump." Finally. in most loops. there is
usually a decrement or increment operation at the end, followed by a
test-and-branch. The availability of a single-instruction increment/
decrement plus test-and-branch is, therefore, a significant advan­
tage for efficient loop implementation. ThIS IS not available m most
mIcroprocessors. Only simple branches, combmed WIth simple tests, are
available. This, naturally, complicates programming and reduces effi­
clency. In the case of the Z80, a "decrement and Jump" instruction IS
available. However. it only tests a specific register (B) for zero.

Input/Output

Input/output instructIOns are specIalized mstructions for the hand­
ling of input/output devices. In practice, a majorIty of the 8-bit micro­
processors use memory-mapped I/O: input/output devIces are con­
nected to the address bus Just like memory ChIpS, and addressed as
such. They appear to the programmer as memory locations. All
memory-type operatIOns normally requIre 3 bytes and are, therefore,
slow. For efficient input/output handling in such an environment, it IS
desirable to have a short addressing mechanism available so that I/O
devices whose handling speed is cruCial may reside in page O. However,
if page 0 addressmg IS available, It IS usually used for RAM memory,
which prevents its effective use for mput/output devIces. The
Z80, like the 8080, IS equipped with specialized 110 instructions. As a
result, m the case of the Z80, the designer may use eIther method: m­
put/output devices may be addressed as memory devices, or else as m­
put/output devices, using the I/O mstructlons.

They will be described later in this chapter.

Control Instruetions

Control instructions supply synchronization signals and may suspend
or mterrupt a program. They can also function as a break or a simu­
lated mterrupt. (Interrupts will be described in Chapter 6 on In­
put/Output Techniques. i
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THE Z80 INSTRUCTION SET

Introduction

The Z80 microprocessor was designed to be a replacement for the
8080, and to offer additIOnal capabilities. As a result of this design
philosophy, the Z80 offers all the instructions of the 8080, plus addi­
tIOnal mstructlons. In view of the limited number of bits available m an
8-bit opcode, one may wonder how the deSigners of the Z80 succeeded
m implementing many additional ones. They did so by usmg a few
unused 8080 opcodes and by adding an additional byte to the opcode
for mdexed operations. ThIS IS why some of the Z80 mstructions oc­
cupy up to five bytes m the memory.

It is important to remember that any program can be written In many
different ways. A thorough knowledge and understanding of the in­
struction set IS mdispensable for achlevmg efficient programmmg.
However, when learning how to program. it is not essential to write op­
tlmtzed programs. Dunng a first reading of this chapter, it tS therefore
unimportant to remember all the various instructions. It is important [Q

remember the categories of instructions and to study tYPical examples.
Then, when writmg programs, the reader should consult the Z80
Instruction-set description, and select the instructions best suited to his
needs. The vanous mstructlons of the Z80 will therefore be reviewed in
thIS section with the mtent of slmplifymg them and grouping them in
logical categories. The reader Interested m explormg the capabilities of
the vanous mstructions is referred to the mdividual descriptions of the
instructions.

We will now examine the capabilities proVided by the Z80 m terms of
the five classes of instructions which have been defined at the beginnmg
of Ihls chapter.

Data Transfer Instructions

Data transfer instructions on Ihe Z80 may be classified m four
categones: 8-bil transfers, 16-bit transfers, stack operations, and
block transfers. Let us examme them.

Eight-Bit Data Transfers

All eight-bit data transfers are accomplished by load mstructions.
The format IS:

LD destination. source
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For example. the accumulator A may be loaded from register B by
using the instructions:

LD A.B

Direct transfers may be accomplished between any two of the
working registers (ABCDEHL).

In order to load any of the working registers. except for the accu­
mulator. from a memory location. the address of this memory loca­
tion must first be loaded into the H-L register pair.

For example. III order to load register C from memory location 1234.
register Hand L will first have to be loaded with the value" 1234", (A
load instruction operating on 16 bits will be used. This is described in
the following section,)

Then. the Illstruction LD C. (HL) will be used and will accomplish
the desired result.

The accumulator is an exception, It can be loaded directly from any
specified memory location, This is called the extended addressing
mode. For example. III order to load the accumulator with the contents
of memory location 1234. the followlllg instruction will be used:

LD A. (1234H) (Note the use of "0" to denote "contents of.")

The instruction will be stored in the memory as follows:

address PC :3A
PC + 1:34
PC + 2:12

(opcode)
(low order half of the address)
(high order half of the address)

Note that the address is stored in "reverse order" ill the instruction
itself:

3A I low addr Ihigh addr I
All the working registers may also be loaded With any specified eight-bit
value. or "literal." contained in the second byte of the IllstructlOn (this
IS called Immediate addressmg). An example IS:

LD E. 12H

which loads register E with the value 12 hexadeCimal.
In the memory. the Illstruction appears as:

PC: IE
PC + I: 12

(opcode)
(literal operand)
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As a result of this instruction, the immediate operand, or literal value
will be contained in register E.

The mdexed addressmg mode is also available for loading register
contents, and will be fully described In the next chapter on addreSSIng
techniques. Other miscellaneous possibilities eXIst for loading specific
registers, and a table listing all the possibilities is shown in Figure 4.2
( rabies supplied by Zilog, Inc.). The grey areas show instructions
common with the 8080A.

UT.
''''''LllD IIUI..nll R[O'NDIRECT '''DUEt. .loon. '_E.

D

"

..
"

...

..

00 fO

00 '0
<E or., ,

liD '0
U ~E, ,

00 fO• •, ,

• •,

I:" "';" .. ~ ,,' ~

~~ " " " " " " ~" " " " " "" , , , , , ,
" " " " " '0 '0 "" " " " " " " ,, , , , ., , ,

iii
'0 I"
""

Fig. 4.2: Eight·Bit Load Group-'LD'

16·Bit Data Transfers

Basically, any of the 16·bit register pairs. BC, DE, HL. SP. IX, IY,
may be loaded with a literal 16·bit operand, or from a specified
memory address (ex/ended addressmg), or from the top of the stack.
I.e., from the address contained in SP. Conversely, the contents of these
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register pairs may be stored in the same manner at a specified memory
address or on top of the stack. Additionally, the SP register may be
loaded from HL, IX, and IY. This facilitates creating multiple stacks.
The register pair AF may also be pushed on top of the stack.

The table listing all the possibilities is shown in Figure 4.3. The stack
push and pop operations are included as parts of the 16-bit data
transfers. All stack operations transfer the contents of a register pair to
or from the stack. Note that there are no single push and pop instruc­
tions for saving individual eight-bit registers.

SOURCE

IMM. EXT. REG,
REGISTER EXT. AOOR. INDIR.

" Be DE HL "" ox OY Innl (SPl

"
Be

R DE
E

°, HL
OESTINATION S

T
E
R

" DC "F9 F9

CDox 2A CD

" ""'0 "OY " 2A "" " "" "
EXT.

Ee CD "IMI " 22 22
AODEt " " "" " "

~:i'RUCTIONS-' REa. '''' CD "IND. ES ES

NOTe: The Push 6 PllP hlJtrul:tion. adi\lll t
th, SP rfUf IY.ry ....QJflon ""INSTRUCTIONS

Fig. 4.3: 16-8il Load Group-'LD'. 'PUSH' and 'POP'

A double-byte push or pop is always executed on a register pair: AF.
BC, DE. HL, IX, IY (see the bottom row and right-most column in
Figure: 4.3).

When operating on AF, BC, DE, HL, a smgle-byte is required for the
instruction, resultmg in good efficiency. For example, assume that the'
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stack pointer SP contains the value "0100", The foilowmg mstruc­
tion is executed:

PUSH AF

When pushing the contents of the register palf on the stack. the stack
pointer SP is first decremented. then the contents of register A are de­
posited on top of the stack. Then the SP IS decremented again. and the
contents of F are deposited on the stack. At the end of the stack trans­
fer. SP pomts to the top element of the stack. which m our example
is the value of F,

It IS Important to remember that. m the case of the Z80. the SP
points to the lOp of the stack and the SP is decremented whenever a
register pair IS pushed, Other conventIOns are often used m other pro­
cessors. and this may be a source of confusIOn,

IMPLIED ADDRESSING

AF BC.OE &HL HL IX IV

AF DB

BC,
DE

09
IMPLIEC &

HL

DE

REG. (SPI DO FD
INOIR. E3 E3

Fig. 4.4: Exchanges 'EX' and 'EXX'

Exchange Instrnctions

Additionally. a specialized mnemonic EX has been reserved for ex­
change operations, EX IS not a Simple data transfer. but a dual data
transfer. It actually changes the contents of Iwo specified locatIOns, EX
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may be used to exchange the top of the stack with HL. IX. IY and also
to swap the contents of DE and HL and AF and AF' (remember that
AF' stands for the other AF register pair available in the Z80).

Finally, a special EXX instruction is available to exchange the con­
tents of Be. DE. HL with the contents of the corresponding registers In
the second register bank of the Z80.

The possible exchanges are summanzed In Figure 4.4.

SOURCE

DESTINATION

REG,
INDIR.
I---

(HLI

EO 'LOI' - Load (DE1"--(Hl)
AD Inc HL & DE, Dec Be

ED 'LOIR,' - Load (DE1....-(HLI
BO Inc HL & DE, Dec Be, Repeat until Be'" 0

REG.
(DE)INDIR.

ED 'lOO' - Load (DE1..-{HL)
AB Dec HL & DE. Dec Be

EO 'LDDR' -, Load {Oel"'-(HLI
BB Dec HL& DE. DeeSe, Repeat until Be= 0

Reg HL POints to source
Reg DE pomts to destinatIon
Reg Be IS byte counter

Fig. 4.5: Block Traosfer Group

Block Transfer Instructions

Block transfer instructions are instructions which will result in the
transfer of a block of data rather than a single or double byte. Block
transfer Instructions are more complex for the manufacturer to imple­
ment than most instructions and are usually not provided on micropro­
cessors. They are convenient for programming, and may Improve the
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performance of a program, especIally dunng input/output operation.
Their use and advantages will be demonstrated throughout this book.
Some automatIc block transfer InstructIOns are available in the case of
the ZSO. They use specific conventions.

All block transfer InstructIons requIre the use of three pairs of
registers: BC, DE, HL:

BC is used as a 16-bit counter. ThIS means that up to 2" = 64K bytes
may be moved automatIcally. HL is used as the source pointer. It may
point anywhere in the memory. DE IS used as the deStInatIOn pOInter
and may point anywhere In the memory.

Four block transfer instructions are provided:

LDD, LDDR, LDl, LDlR

All of them decrement the counter regIster BC with each transfer. Two
of them decrement the pomter regIsters DE and HL, LDD and LDDR,
while the two others increment DE and HL, LDl and LDlR. For each
of these two groups of instructIons, the letter R at the end of the
mnemOnIC Indicates an automatIc repeat. Let us examine these instruc­
tions.

LDI stands for "load and increment." It transfers one byte from the
memory location pamted to by Hand L to the destInation in the
memory pamted to by D and E. It also decrements Be. It will automati­
cally Increment Hand Land D and E so that all regIster paIrs are pro­
perly conditioned to perform the next byte transfer whenever required.

LDIR stands for "load increment and repeat," Le., execute LDI
repeatedly until the counter regIsters BC reach the value "0". It is used
to move a continuous block of data automatically from one memory
area to another.

LDD and LDDR operate m the same way except that the address
pointerlS decremenled rather than incremented. The transfer therefore
starts at the lughesl address m the block Instead of the lowest. The ef­
fect of the four Instructions IS summarized in Figure 4,5.

Similar automated instructions are available for CP (compare) and
are summanzed in Figure 4.6.

Data Processing Instructions

Arithmetic

Two maIn anthmetIc operations are provided: additIOn and subtrac­
tIon. They have been used extensIvely In the preVIOUS chapter. There are
two types of addition, with and without carry, ADC and ADD respec-
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SEARCH
LOCATION

REG.
INDIA.

(HLI

ED 'CPI'
Al Inc HL, Dec Be

ED ·CPtA'. Inc Hl. Dec Be
Bl repeal until Be '" 0 Of find match

ED

~__ C"~~:'~L & : __~ ___

ED' I 'CPOR' D;;c HL & Be
89 ~ I Rq,,~a! until 9C "'" 0 01 find match

HL PUlIlU to iocatlOn In memory
10 he cumpilted with ;;ccurnulator
contenU

Be is byte counter

Fig. 4.6: Block Search Group

tIvely. Similarly, two types of subtractIon are provided WIth and
without carry. They are SBe and SUB.

AdditIonally, three special instructIons are proVIded; DAA, CPL,
and NEG. The Decimal ....djust Accumulator instruction DAA has been
used to implement BCD operations. It IS normally used for each BCD
add or subtract. Two complementation instructions also are available.
CPL will compute the one's complement of the accumulator, and NEG
will negate the accumulator into ItS complement format(two's comple­
ment).

All the previous instructions operate on eIght-bIt data. 16-blt opera­
tIons are more restricted. ADD, ADC, and SBC are available on
specific registers, as described in Figure 4.8.

Finally, Increment and decrement instructions are available which
operate on all the registers, both in an eight-bit and a 16-blt format.
They are listed in Figure 4.7 (eight-bIt operatIons) and 4.8 (l6-blt opera­
tions).
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SOURCE

REG.
REGISTER ADDRESSING INOIR. INDEXED IMMEO.

A B C 0 E H L IHLI (IX+tll l\Y+d1 "
DO Fo

'ADO' 87 eo B1 .. 83 .. .. .. B6 B6 :;ed d

I 00 Fo
AOOwCARRY 8F .. .. I SA 88 Be so BE SE BE CI!

'Aoe' d d •. 00 FO
SUBTRACT 87 ,DO 81 .. .. .. ,. ,. DB

'SUB' d d ft,·

SA' , 88, se'
DO FO

~
SUBwCARRV 8' .. Be 80 BE BE

'SBC' d d.
All .. 00 FO

~8'AND' A7 1M Al , A6 A6
d d

AC AE
00 FO

~E'XOR' AP ..
,

AD AE AE
I d d

I'si
! .. .. 00 FO

~''OR' B, B'
d d

-' .' .. .;, sti !BE
00 FO

1 '~~COMPARE BE SE
'Cpo d d

I '~, ,. ,

[Of
00 FO

INCREMENT .. 34 34
'INC' d d

;D os '" I.. 00 FO
DECREMENT lID ,. 35 35

'DEC' d d

Fig. 4.7: Eight-Bit Arithmetic and Logic

Note that. In general. all arithmetic operations modify some of the
flags. Their effect is fully described in the instruction descriptions later
in this chapter. However. it is important to note that the INC and DEC• instructions which operate on register pairs do not modify any of the flags.

This detail IS important to keep in mind. ThIS means that if you incre­
ment or decrement one of the regIster pairs to the value "0", the Z-bit
In the flags regIster F will not be set. The value of the register must be
explicitly tested for the value "0" In the program.

Also. it is important to remember that the instructIOns ADC and SBC
always affect all the flags. This does not mean that all the flags will
necessarily be different after their execution. However. they might.
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SOURCE

ae DE HL sp IX IV

HL 09 1a 29 39

'ADD' IX DO DO DO DO
09 19 39 29

IV FD FD FD FD
09 19 39 29

ADD WITH CARRY AND HL ED ED ED ED
SET FLAGS 'Ace' 4A 5A 6A 7A

SUB WITH CARRY AND HL ED ED ED ED
SET FLAGS 'SSC' 42 52 62 72

INCREMENT 'INC' 03 13 23 33 DO FD
23 23

DECREMENT 'CEC' oa 1a 2a 3a DO FD
28 28

Fig. 4.8: Sixteen-Bit Arithmetic and Logic

Logical

Three logical operations are provided: AND, OR (inclusive) and
XOR (exclusive), plus a companson instruction CP, They all operate
exclusively on eight-bit data. Let us examine them in turn. (A table list­
ing all the possibilities and operation codes for these instructions IS part
of Figure 4.7.)

AND

Each logical operation IS characterIzed by a truth table. which ex­
presses the logical value of the result In function of the Inputs. The
truth table for AND appears below:
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OANDO =0
OAND 1 = 0
1 AND 0 = 0 or
lANDl=l

AND 0 1

0 0 0

1 0 1

The AND operation IS characterized by the fact that the output is
"1" only if both inputs are" 1". In other words, if one of the mputs IS
"0", It is guaranteed that the result is "0'" This feature is used to zero
a bIt position in a word. This is called "maskmg."

One of the Important uses of the AND instruction is to clear or
IImask out" one or more specified bit positions in a word. Assume for
example that we want to zero the nght-most four-bit positions m a
word. ThiS will be performed by the followmg program:

LD
AND

A, WORD
III looooB

WORD CONTAINS '10101010'
'11110000' IS MASK

Let us assume that WORD is equal to '10101010'. The result of this
program is to leave the value '10100000' in the accumulator. "B" is
used to indicate a binary value. '

Exercise 4.1: Write a three-line program which will zero bits 1 and 6 oj
WORD.

Exercise 4.2: What happens with a MASK = 'III 11111 '?

OR

OR
,

0 1

0 0 1

1 1 1

or

This instruction IS the inclusive OR operation. It is charactenzed by
the following truth table:

oOR 0 =0
oOR 1 = 1
1 OR 0 = 1
I OR I 1

The logical OR is characterized by the fact that if one of the operands
is "1 " , then the result is aiways " I II. The obvious use of OR is to set
any bit in a word to U I" >

Let us set the right-most four bits of WORD to l's. The program is:

LD A. WORD
OR A. 000011 11 B
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Let us assume that WORD did contain' 10101010'. The final value of
the accumulator will be '10101111'.

Exercise 4.3: What would happen if we were to use the instructIOn
OR 10101111 B?

Exercise 4.4: What IS the effect of ORing with "FF" hexadecimal?

XOR

XOR stands for "exclusive OR." The exclusive OR differs from the
inclusive OR that we have just described in one respect: the result is
"1" only if one. and only one, of the operands is equal to "I". If both
operands are equal to "1". the normal OR would give a "1" result.
The exclusive OR gives a "0" resulL The truth table is:

OXORO =0
OXOR I = 1
I XORO = 1
1 XOR I = 0

or

XOR 0 1

0 0 1

1 I 0

The exclusive OR is used for compansons. If any billS different. the
exclusive OR of two words will be non-zero. In addition. in the case of
the Z80. the exclusive OR may be used to complement a word. since
there is no complement instruction on anything but the accumulator.
This is done by performing the XOR of a word with all ones. The pro­
gram appears below:

LD r, WORD
XOR, 11111111 B
LD r. A

where "r" designates the register.
Let us assume that WORD contained" 10101010". The final value of

the register will be "01010101", You can verify that this is the comple­
ment of the original value.

XOR can be used to advantage as a "bit toggle."

Exercise 4.5: What IS the effect ofXOR using a register with "00" hex­
adeCimal?

Skew Operations (Shift and Rotate)

Let us first differentiate between the shift and the rotate operations.
which are illustrated in Figure 4.9. In a shift operation, the contents of
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the register are shifted to the left or to the right by one bIt position. The
bIt whIch falls out of the regIster goes mto the carry bit C, and the bIt
which comes in IS zero. This was explained in the prevIOus sectIOn.

Fig. 4.9: Shift and Rotate

One exception exists: It IS the shift-right-arithmetic. When perform­
ing operations on negative numbers in the two1s complement format.
the left-most bIt is the sIgn bIt. In the case of negative numbers it IS
"I", When dividing a negative number by "2" by shifting It to the
right, It should remain negative, i.e .. the left-most bit should remain a
"I", This is performed automatically by the SRA instruction or Shift
Right Anthmetic. In thIS arithmetIC shift right, the bit whIch comes in
on the left IS identical to the sign bIt. It is "0" if the left-most bIt was a
"0", and" I" if the left-most bit was a "I", This is illustrated on the
nght of Figure 4.10, whIch shows all the possible shift and rotate opera­
tions.

Rotations

A rotatIOn differs from a shift by the fact that the bit coming into the
register is the one WhICh will fall from either the other end of the
register or the carry bit. Two types of rotations are supplied m the case
of the Z80: an eight-bIt rotation and a nine-bit rotation.

The nme-bit rotation is illustrated in Figure 4.11. For example. in the
case of a right rotation. the eight bits of the regIster are shifted right by
one bit position. The bit whIch falls off the right part of the regIster
goes, as usual, into the carry bit. At this tIme the bit which comes in on
the left end of the register is the previous value of the carry bIt (before it
is overwritten with the bit falling out.) In mathematics this is called a
nine-bIt rotation since the eIght bits of the register plus the mnth bit (the
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carry bit) are rotated to the rIght by one bit posItion. Conversely, the
left rotation accomplishes the same resuit in the opposite direction.

~:.::~".
~:,~,

c:o:::c:::::i5J ~'::'

."

... "

"1, ;,

1
<"
"

" "',, "I""" n' ,. " lC

'"" ", .. "....
" "

g
" " , ~ "

" "
~ ~ I ~ ~ ~ "
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" " " " ,. " " "..

" ,. " I " I ," :;" ..
" " " 1 " " L::",IT" ... I,," 14

1 " " t " "
1 " '~;-rfr, , "" "! ~ ),...

""

Fig. 4.10: Rotates and Shifts

7 REGISTER 0 C

RIGHT dr----"="'=---"tQ
7 REGISTER a c

lEFT of-;---"=""-------'tQ
Fig. 4.11: Nine-Bit Rotation

The eight-bit rotation operates in a similar way. Bit °IS copied mto
bit seven. or else bit seven is copied into bit 0, depending on the direc­
tion of the rotation. In addition, the bit coming out of the register is
also copied in the carry bit. ThiS is illustrated by Figure 4.12.

RIGHT yL7 0~

lEFT Y,-------7_opLO
Fig. 4.12: Eight-Bit Rotation
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Special Digit Instructions

Two special digit-rotate mstructlons are provided to facilitate BCD
arithmetic. The result is a four-bit rotation between two digits con­
tained in the memory location pointed to by the HL registers and one
digit in the lower half of the accumulator. This is illustrated by Figure
4.13.

MEMORY

RIGHT:

H ADDRESS

lEFT:

Fig. 4.13: Digit Rotate Instructions (Rotate Decimal)

Bit Manipulation

It has been shown above how the logical operations may be used to
set or reset bIts or groups of bits in specific registers. However. it is con­
vement to set or reset any bit in any regIster or memory locatlon with a
single instruction. ThIS facility requires a considerable number of op­
codes and is therefore usually not provided on most mIcroprocessors.
However. the Z80 is equipped with extensIve bit-mampulation
facilities. They are shown in Figure 4. t4. This table also includes the
test instructions which will be described only m the next section.

.Two special instructions are also available for operating on the carry
flag. They are CCF (Complement Carry Flag) and SCF (Set Carry
Flag). They are shown in Figure 4.15.

Test and Jump

Since testing operations rely heavily on the use of lhe flags register.
we will here describe in detail the role of each of the flags. The contents
of the flags register appear in Figure 4.16.
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REG.
REGISTER AOOFlESS't;G INOlI!. INDEXED
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Fig. 4.14: Bit Manipulation Group
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Decimal Adjust Ace. 'DAA'

Complement Ace, 'CPL' 2F

Negate Ace, 'N EG' ED
(2'5 complement) 44

Complement Carry Flag, 'CCF' 3F

Set Carry Flag, 'SCF' 37

Fig. 4.15: General-Purpose AF Operations

7 6 5 4 3 2 o

Fig. 4.16: The Flags Register

C is the carry, N is add or subtract, PIV is parity or overflow, H is half
carry, Z IS zero, S IS sIgn. Bits 3 and 5 of the flags regIster are not used
(" - "). The two flags Hand N are used for BCD arithmetic and cannot
be tested. The other four flags (C, PIV, Z, S) can be tested In conjunc­
tion with conditIOnal jump or call instructIons.

The role of each flag wiII now be described.

Carry (Cj

In the case of nearly all mIcroprocessors, and of the Z80 In par­
ticular, the carry bit assumes a dual role. First, it IS used to indicate
whether an addition or subtraction operation has resulted In a carry (or
borrow). Secondly. It is used as a ninth bit In the case of shift and rotate
operatIons. USIng a single bit to perform both roles facilitates some
operations, such as a multiplication operation. This should be dear
from the explanatIOn of the multiplication which has been presented In
the previous chapter.
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When learning to use the carry bit, It IS important to remember that
all arithmetic operations will either set it or reset it, depending on the
result of the instructions, Similarly, all shift and rotation operations use
the carry bit and will either set it or reset it, depending on the value of
the bit which comes out of the register.

In the case of logIcal instructions (AND, OR, XOR), the carry bit
will always be reset. They may be used to zero the carry explicitly.

Instructions which affect the carry bit are: ADD A,s; ADC A,s:
SUB s: SBC A,s; CP s: NEG: AND s: OR s: XOR s: ADD DD,ss: ADC
HL,ss; SBC HL,ss; RLA; RLCA; RRA; RRCA; RL m; RLC m; RR m;
RRC m; SLA m; SRA m; SRL m; DDA; SCF; CCF; NEG s;

Subtract (Nj
This flag is normally not used by the programmer, and is used by the

Z80 itself during BCD operations. The reader will remember from the
previous chapter that, following a BCD add or subtract, a DAA
(Decimal Adjust Accumulator) instruction is executed to obtain the
valid BCD results. However, the "adjustment" operation is different
after an addition and after a subtraction. The DAA therefore executes
differently depending on the value of the N flag. The N flag is set to
"0" after an addition and is set to a "1" after a subtraction.

The symbol used for thIS flag, "N". may be confusmg to program­
mers who have used other processors, since It may be mistaken for the
sign bit. It is an internal operation sign bit.

N is set to "0" by: ADD A,s; ADC A,s;ANDs;ORs; XORs; INCs;
ADD DD,ss; ADC HL,ss; RLA; RLCA; RRA; RRCA; RL m; RLC m;
RR m; RRC m: SLA m; SRA m; SRL m: RLD; RRD; SCF; CCF; IN r,
(C); LDI; LDD: LDlR; LDDR: LD A, I; LD A, R; BIT b, s.

N is set to "I" by: SUB s; SBC A,s; CP s; NEG; DEC m; SBC HL, ss;
CPL; INI; IND; OUTI: OUTD; INIR; INDR; OTlR; OTDR; CPl:
CPIR; CPD: CPDR.

ParitY/Overflow (P/Vj
The parity/overflow flag performs two different functions. Specific

instructions will set or reset this flag depending on the parity of the
result; parity is determined by counting the total number of ones in the
result. If this number is odd, the parity bit will be set to "0" (odd pari­
ty). If it IS even, the parity bit will be set to "I" (even panty). Panty IS
most frequently used on blocks of characters (usually in the ASCII for­
mat). The panty bit is an additional bit which is added to the seven-bIt
code representing the character, m order to verify the integrity of data
which has been stored m a memory deVIce. For example, if one bit in
the code representing the character has been changed by accident, due
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to a malfunctIon in the memory devIce (such as a disk or RAM
memory), or during transmIssion, then the total number of ones in the
seven-bit code will have been changed. By checking the parity bIt, the
discrepancy will be detected, and an error will be flagged. In particular,
the flag is used with logical and rotate instructions. Also, naturally,
durmg an input operation from an I/O device, the panty flag will m­
dicate the parity of the data being read.

For the reader familiar with the Intel 8080, note that the parity flag in
the 8080 is used exclusively as such. In the case of the Z80, It is used for
several additional functions. ThIS flag should therefore be handled WIth
care when going from one of the microprocessors to the other.

In the case of the Z80, the second essentIal use of thIS flag IS as an
overflow flag (not available in the 8080). The overflow flag has been de­
scribed in Chapter j, when the two's complement notation was mtro­
duced. It detects the fact that, during an addition or subtractIon, the
SIgn of the result is "accldentally"changed due to the overflow of the
result into the sign bit. (Recall that, using an eight-bit representation,
the largest positive number is + 127, and the smallest negative number
IS -128 in two's complement.J

Finally, thIS bit is also used, in the case of the 280, for two unrelated
functions.

During the block transfer instructions (LDD, LDDR, LDI, LDIR),
and dunng the search mstructIOns (CPD, CPDR, CPI, CPIR), this flag
is used to detect whether the counter register B has attained the value
"0". With decrementing mstructIons, thIS flag IS reset to "0" if the
byte counter register pair is "0". When incrementing, it is reset if BC ­
I = 0 at the beginning of the instruction, i.e., if BC wiII be decremented
to HO" by the instruction.

Finally, when executing the two special instructions LD A, I and LD
A,R, the P IV flag reflects the value of the mterrupt enable flip-flop
(IFF2). This feature can be used to preserve or test this value.

The P flag IS affected by: AND s; OR s; XOR s; RL m; RLC m; RR m;
RRC m; SLA m; SRA m; SRL m; RLD; RRD; DAA; IN r,(C).

The V flag IS affected by: ADD A,s; ADC A,s; SUB s; SBC A,s; CP s;
NEG; INC s; DEC m; ADC HL,ss; SBC HL,ss.

It is also used by: LDIR; LDDR (set to "0"); LDI; LDD; CPI;
CPIR; CPD; CPDR.

The Half-Carry Flag (H)

The half-carry flag indicates a possible carry from bit 3 mto bIt 4 dur­
ing an arithmetIc operation. In other words, it represents the carry from
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the low-order nibble (group of 4 bits) into the high order one. Clearly, It
IS primarily used for BCD operations. In particular, it IS used Internally
within the microprocessor by the Decimal Adjust Accumulator (DAAl
instruction in order to adjust the result to ItS correct value.

This flag will be set during an addition when there is a carry from bit
3 to bit 4 and reset when there is no carry. Conversely, dunng a subtract
operation, it will be set if there is a borrow from bit 4 to bit 3, and reset
if there is no borrow.

The flag will be conditioned by addition, subtraction, Increment,
decrement, comparisons, and logical operations.

Instructions which affect the H bit are: ADD A,r ; ADD A,s; SUB s;
SBC A,s; CP s; NEG; AND s; OR s; XOR s; INC s; DEC m; RLA;
RLCA; RRA; RRCA; RL m; RLC m; RR m; RRC m; SLA m; SR m;
SRL m; RLD; RRD; DAA; CPL, SCF; IN r,(C); LDI; LLD; LDIR;
LDDR; LD A: LD A,r: BIT b,r.

Note that the H bit is randomly affected by the 16-bit add and sub­
tract instructions, and by block input and output instructions.

Zero (Zj

The Z flag IS used to indicate whether the value of a byte which has
been computed, or is being transferred, is zero. It is also used with com­
parison instructIOns to indicate a match, and for other miscellaneous
functions.

In the case of an operation resulting in a zero result, or of a data
transfer, the Z bit is set to "I" whenever the byte IS zero. Z is reset to
"0" otherwise.

In the case of companson instructions, the Z bit IS set to "I" when­
ever the comparison succeeds and to "0" otherwise.

Additionally, in the case of the Z80. It IS used for three more functions:
it is used with the BIT instruction to indicate the value of a bit being
tested. It is set to "I" if the specified bit is "0" and reset otherwise.

With the special "block input-output instructions" (INI, IND,
OUT!, OUTD), the Z flag is set if D I = 0, and reset otherwise; it is
set if the byte counter will decrement to "0" (INIR, INDR, OT!R.
OTDR).

Finally, With the speCial instructIOns IN r,(C}, the Z flag is set to "I"
to Indicate that the input byte has the value "0",

In summary, the following instructions condition the value of the Z
bit: ADD A,s; ADC A, s; SUB s; SBC A,s; CP s; NEG: AND s; OR s;
XOR s; INC s; DEC m; ADC HL. ss; SBC HL,ss; RL m; RLC m;
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RR m; RRC m; SLA m; SRA m; SRL m; RLD; RRD; DAA; IN r,(C);
INI; IND; OUTI; OUTD; INIR; INDR; OTIR; OTDR; CPI; CPIR;
CPD; CPDR; LD A, I; LD A, R; BIT b,s; NEG s.

Usual instructions whIch do not affect the Z bit are; ADD DD,ss;
RLA; RLCA; RRA; RRCA; CPL; SCF; CCF; LDI; LDD; LDIR;
LDDR; INC DD; DEC DD.

Sign (S)

This flag reflects the value of the most significant bit of a result or of
a byte being transferred (bit seven). In two's complement notation, the
most significant bit is used to represent the sign. "0" indicates a posi­
tive number and a "I" indicates a negative number. As a result, bit
seven is called the sIgn bit.

In the case of most microprocessors, the sign bit plays an important
role when communicating with input/output devices. Most micropro­
cessors are not equipped with a BIT instruction for testing the contents
of any bits in a register or the memory. As a result, the sign bit is usual­
ly the most convenient bit to test. When examining the status of an in­
put/output device, reading the status register will automatically condi­
tion the sign bit, which will be set to the value of bit seven of the status
register. It can then be tested conveniently by the program. This IS why
the status register of most input/output chips connected to micropro­
cessor systems have their most important indicator (usually ready/not
ready) in bit position seven.

A special BIT instruction is provided in the case of the zeo.
However. in order to test a memory location (which may be the address
of an I/O status register), the address must first be loaded into registers
IX. IY or HL. There is no bit instruction provided to test a specified
memory address directly (i.e.. no direct addressing mode for this in­
struction). The value of positioning an input/output ready flag in bit
position seven, therefore, remains intact. even in the case of the Z80.

Finally. the sign flag is used by the special instruction IN, (C) to in­
dicate the sign of the data being read.

Instructions which affect the sign bit are: ADD A,s; SUB s; SBC A,s;
CP s; NEG; AND s; OR s; XOR s; INC s; DEC m; ADC HL, ss; SBC
HL, ss; RL m; RLC m; RR m; RRC m; SLA m; SRA m; SRL m; RLD ;
RRD; DAA; IN r,(C); CPR; CPIR; CPD; CPDR; LD A,I; LDA,r;
NEG.
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Summary of the Flags

The flag bIts are used to automatically detect special conditions with­
in the ALU of the microprocessor. They can be conveniently tested by
specialized instructIOns, so that specific action can be taken 10 response
to the condition detected. It is Important to understand the role of the
vanous indicators available, smce most decisions taken withm the pro­
gram will be taken In function of these flag bits. All Jumps executed
wIthm a program will Jump to specified locations depending on the
status of these flags. The only exception involves the interrupt
mechamsm, which will be described in the chapter on inputloutput and
may cause Jumping to specific locations whenever a hardware signal IS
received on speCialized pms of the Z80.

At this point, it is only necessary to remember the main function of
each of these bits. When programming, the reader can refer to the de­
scription of the instruction later 10 this chapter to verify the effect of
every instruction of the vanous flags. Most flags can be ignored most of
the time, and the reader who is not yet familiar with them should not
feel intimidated by their apparent complexity. Their use will become
dearer as we examme more application programs.

A summary of the six flags and the way they are set or reset by the
various instructions is shown in Figure 4.17.

The Jump Instructions

A branch instruction is an instruction which causes a forced bran­
chmg to a specified program address. It changes the normal flow of
execution of the program from a sequential mode into one where a dif­
ferent segment of the program is suddenly executed. Jumps may be
conditional or unconditional. An unconditional jump is one in which
the branching occurs to a specific address, regardless of any other con­
dition.

A conditIOnal Jump is one which occurs to a specific address only if
one or more conditIons are met. This IS the type of jump instruction
used to make decisions based upon data or computed results.

In order to explain the conditIOnal Jump instructions, it is necessary
to understand the role of the flags register, smce all branching deCisions
are based upon these flags. This was the purpose of the preceding sec­
tion. We can now examine in more detail the jump instructions pro­
vided by the Z80.

Two main types of jump InstructIOns are provided: Jump instructions
wIthm the malO program (they are called "jumps"), and the special
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type of branch instructions used to Jump to a subroutine and to return
from it ("call" and "return"). As a result of any jump instruction, the
program counter PC will be reloaded with a new address, and the usual
program execution will resume from this point on. The full power of
the various Jump instructions can be understood only in the context of
the various addressing modes provided by the microprocessor. This
part of the discussion will be deferred until the next chapter, where the
addressmg modes are discussed. We will only consider here the other
aspects of these instructions.

Jumps may be unconditional (branching to a specified memory ad­
dress) or else conditional. In the case of a conditional jump, one of four
flag bits may be tested. They are the Z, C, P/V, and S flags. Each of
them may be tested for the value "0" or "1",

The corresponding abbreviations are:

Z =zero(Z=1)
NZ = non zero (Z = 0)
C = carry (C = 1)
NC= no carry (C = 0)
PO = odd panty
PE = even parity
P = positive (S = 0)
M = minus (S = 1)

In additIOn, a special combinatIOn instruction is available in the Z80
which will decrement the B register and jump to a specified memory ad­
dress as Jong as it is not zero. This is a powerfuL instructIon used to ter­
minate a loop, and it has already been used several times in the previous
chapter: it is the DJNZ instruction.

SImilarly, the CALL and the RET (return) instructions may be condi­
tional or unconditional. They test the same flags as the branch instruc­
tion which we have already described.

The availability of conditional branches IS a powerful resource in a
computer and is generally not provided on other eight-bit micropro­
cessors. It improves the efficiency of programs by implementing in a
smgle instruction what requires two instructions otherwise.

Finally, two special return instructions have been provided in the case
of interrupt routines. They are RETI and RETN. They will be described
in the section of Chapter 6 on interrupts.

The addressing modes and the opcodes for the various branches
available are shown m Figure 4.18.
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INT'RETN' INOIR. ISP+lI ..
Fig. 4.18: Jump Instructions

A detailed discussion of the various addressing modes is presented
in Chapter 5.

By examining Figure 4.18. it becomes apparent that many ad­
dressing modes are restricted. For example, the absolute jump JP nn
can test four flags. while JR can only test two flags.

Note an important observation: JR tends to be used whenever
possIble as it is shorter than JP (one less byte) and facilitates program
relocation. However, JR and JP are not interchangeable: JR cannot
test the parity or the sign flags.
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One more type of specialized branch IS available; this is the restart or
RST instruction. It IS a one-byte instruction which allows jumping to
anyone of eight starting addresses at the low end of the memory. Its
starting addresses are, in decimal, 0, 8, 16,24,32,40,48 and 56. It is a
powerful instruction because it is implemented in a single byte. It pro­
vides a fast branch, and for this reason is used essentially to respond to
interrupts. However, it is also available to the programmer for other
uses. A summary of the opcodes for this instruction is shown in Figure
4.19.

'AST56'

'ASTD'

'ASTB'

C 'RST 16'A
L
L

A 'AST 24'

0
0
R 'RST 32'E
S
S

'AST 40'

'RST 48'

H Indicates a hexldeclmal number.

Fig. 4,19: Restart Group

Input/Output Instructions

Input/output techniques will be described In detail In Chapter 6.
Simply, input/output devices may be addressed In two ways: as
memory locations, using anyone of the instructions that have already
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been described, or using specific Input/output Instructions. Usual
memory addressing instructions use three bytes: one byte for the op­
code and two bytes for the address. As a result, they are slow to ex­
ecute, since they requlfe three memory accesses. The main purpose of
speCialized input/output Instructions is to provide shorter and,
therefore faster. instructions. However, input/outpul instructions have
two disadvantages.

First. they "waste" several of the precious few opcodes available
(sInce usually only 8 bits are used to supply all opcodes necessary for a
microprocessor). Secondly, they require the generation of one or more
speCIalized input/output signals. and therefore "waste" one or more of
the few pInS available In the microprocessor. The number of pins IS
usually limited to 40. Because of these possible disadvantages, specific
mput/output instructions are not provided on most microprocessors.
They are, however, provided on the OrIgInal 8080 (the first powerful
eight-bIt general-purpose microprocessor introduced) and on the Z80,
which we know IS compatible with the 8080.

The advantage of input/output instructions is to execute faster by re­
qUiring only two bytes. However, a similar result can be obtained by
supplying a speCial addressing mode called "page 0" addressIng, where
the address IS limited to a field of eight bits. This solution IS often
chosen In other microprocessors.

The two basic Input/output instructions are IN and OUT. They
transfer either the contents of the specified I/O locations Into any of
the working registers or the contents of the register into the I/O deVice.
They are naturally two bytes long. The first byte IS reserved for the op­
code. the second byte of the instructIOn forms the low part of the ad­
dress. The accumulator IS used to supply the upper part of the address.
It is therefore possible to select one of the 64K devices. However. this
reqUIres that the accumulator be loaded with the appropriate contents
every time. and this may slow the execution.

In the register-input mode, whose format is IN r, (C), the register
pair Band C is used as a pointer to the I/O device. The contents of B
are placed on the high-order part of the address bus. The contents of
the specified I/O device are then loaded into the register designated by
r.

The same applies to the OUT Instruction.
Additionally, the Z80 provides a register-Indirect mode, plus four

speCialized block-transfer InstructIOns for input and output.
The four block-transfer InstructIOns on Input are: INI, INIR

(repeated INI), INO and INOR (repeated INO). Similarly, on output,
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they are: OUT!. OT!R. OUTDo and OTDR.
In this automated block transfer, the regIster pair Hand L is used as

a destinatJon pointer. Register C is used as the 110 device selector (one
out of 256 devices). In the case of the output instruction. Hand L point
to the source. Register B is llsed as a counter and can be incremented
or decremented. The corresponding instructions on input are INI
when incrementing and IND when decrementing.

1/IJ1 ,. aM automated .lngle-byte transfer. Register C sdecls the Input
deVIce. A byte IS read from the deVice and is transferred to the memory
address pOinted to by Hand L. Hand L are then Incremented by I, and
the counter B is decremented by l.

INIR IS the same instructIOn, automated. It is executed repeatedly
until the counter decrements to "0", Thus. up to 256 bytes may be
transferred automatically. Note that to achieve a total transfer of exact­
ly 256, register B should be set to the value "0" pnor to executing this
instruction. •

The opcodes for the Input and output instructJons are summarized in
Figures 4.20 and 4.21.

Control Instructions

Control Instructions are instructions which modify the operating
mode of the CPU or manipulate its Internal status information. Seven
such instructions are provided.

The NOP instructIon is a no-operatIOn instructJon which does
nothIng for one cycle. It is typically used either to introduce a deliberate
delay (4 states = 2 microseconds with a 2MHz clock), or to fill the gaps
created in a program during the debugging phase. In order to facilitate
program debugging, the opcode for the NOP is traditionally all o·s.
This IS because, at execution tJme, the memory is often cleared, I.e., all
O's. Executing NOP's is guaranteed to cause no damage and will not
stop the program execution.

The HALT instruction is used in conjunction with Interrupts or a
reset. It actually suspends the operation of the CPU. The CPU will then
resume operation whenever either an interrupt or a reset signal is re­
ceived. In thiS mode, the CPU keeps executing NOP's. A halt is often
placed at the end of programs durIng the debugging phase, as there IS
usually nothing else to be done by the main program. The program
must then be explicitly restarted.

Two speCialized Instructions are used to disable and enable the inter­
nal interrupt flag. They are El and DI. Interrupts will be described in
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SOURCE

REG.
REGISTER IND.

A • , 0 ,
"

, IHLI

IMMEO. f'f 03,
'our

REG. ,OJ " " " " " " "IND. " " " " " " "
'OUTl' _ OUTPUT ,m ,OJ "IncHL,Olcb IND. ,.,
'OTlR' _ OUTPUT, I"" HI.. REG. 'OJ "Poe B, REPEAT IF 8>'<1 IND. "
'OUTO' -OUTl'UT REG. ,OJ "o.cHL&B IND. "
'OTOR' _ OUTPUT, 0.0 HI. "a ,OJ '0
& B.REPEAT IF Il*O IND. "
~

"'''DESTINATION
ADDRESS

Fig. 4.20: OUlpul Group

SOURCE
PORT ADDRESS

) BLOCK INPUT
COMMANDS

l"''''HI /lHi.
INDIA

,,' ,OJ

, 00 ", "
" "'",, ,

", ..
' ...vT"''''

,
0
0 0 ", ~,

I , ,
"

,, •",
" "00

,
"M

"'NI'-I"'VT& "
1

,,,,,"1.,0..:0 ~

-11''''"_'''. 1.< til. "Oo<ll,II£P£ArlfO~

'" "l!ill
INOHI

j
"'D'_,fojI'\JT lo "00< Hl. 0.0 U AA

I -jNOfl-_'Nf>1.JT 0", ><c "Oocll.AH~IT,fG'"'l "'

INPUT
DESTINATION

Fig. 4.21: Inpul Group
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Chapter 6. The interrupt flag is used to authorize or not authorize the
interruption of a program. To prevent interrupts from occurring during
any specific portion of a program. the interrupt flip-flop (flag) may be
disabled by this instruction. It will be used in Chapter 6. These in­
structions are shown in Figure 4.22.

'Nap'

'HALT'

DISABLE tNT '(Oil'

ENABLE tNT '(Ell'

seT tNT MODE 0 ED
'1Ma' 46

SET tNT MODE 1 ED
'1M" 56

SET tNT MODE 2 ED
',M2' 5E

aoaOA MODE

CALL TO LOCATION 0038H

INDIRECT CAll USING REGISTER
i AND 8 BITS FROM INTERRUPTING
DEVICE AS A POINTER.

Fig. 4.22: Miscellaneous CPU Control

Finally, three interrupt modes are provided in the Z80. (Only one is
available on the 8080). Interrupt mode 0 IS the 8080 mode, interrupt I is
a call to location 038H, and interrupt mode 2 is an indirect call which
uses the contents of the special register I, plus 8 bits provided by the in­
terrupting device as a pointer to the memory location whose contents
are the address of the interrupt routine. These modes will be explained
in Chapter 6.
which will also be explained in Chapter 6. They are the IRQ and the
NMI pms.
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SUMMARY

The five categories of instructions available on the Z80 have now
been described. The details on individual Instructions are supplied in
the following section of the book. It IS not necessary to understand the
role of each instruction In order to start to program. The knowledge of
a few essential instructions of each type Is sufficient at the beginning.
However. as you begin to write programs by yourself. you should learn
about all the instructions of the Z80 if you want to write good pro­
grams. Naturally, at the beginning, efficiency Is not important. and this
IS why most Instructions can be ignored.

One important aspect has not yet been described. This is the set of
addressing techniques Implemented on the Z80 to facilitate the retrieval
of data within the memory space. These addressing techniques will be
studied In the next chapter.
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THE ZSO INSTRUCTIONS: INDIVIDUAL DESCRIPTION

ABBREVIATIONS

FLAG ON OFF
Carry C (carry) NC (no carry)
Sign M(minus) P (plus)
Zero Z (zero) NZ (non zero)
Parity PE (even) PO (odd)

• changed functionally according to operation
o flag is set to zero
I flag is set to one
? flag is set randomly by operation
X special case. see accompanying note on that page

bit positIOns 3 and 5 are always random
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ADCA, S

FunC/lon:

Formal:

Add accumulator and specified operand wIth
carry.

A-A+s+C

.>: may be r, n, (HL),(IX + d), or (lY + d)

r~j:,:

n 8 ' I0 I0 I' ITE byte 1: CE

: ~ : byte 2: Immediate
data

(HL)~ 0 I, I' rs 8E

(IX+d)~ bytel:DD

~ byte2:8E

C::E::E:;=:J:13:::==:;= byte 3: offset value

(IY+d)~ bytel:FD

~byte2:8E

: 1 : byte 3: offset value

r may be anyone of:

190
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DescnptlOn: The operand s and the carry flag C from the status
register are added to the accumulator. and the
result is stored in the accumulator. s is defined in
the description of the similar ADD instructions.

•
usee

M cycles: T states: @ 2 MHz:s:

/-__+-__-1c
1-__-+-__-1'

'----'------J~l~------.---,
Timmg:

Data Flow:
r;:=====:::;l

r
n
(HL)
(IX + d)
(lY + d)

j 4 2
2 7 3.5
2 7 3.5
5 19 9.5
5 19 9.5

Addressmg Mode: r: implicit; n: immediate; (HL): indirect; (IX +
d). (lY + d): indexed.

Byte Codes: ADC A.r " ABC D E H l

~

Flags: s Z H p,Q) N C

~

Example: ADC A.IA

Before: After:

hrl
~

A11..._06=-_,-_'..:.3_-,\F

OBJECT CODE
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ADC HL.ss

FunctIOn:

Add with carry HL and register pair ss.

HL - HL + ss + C

Formal:
[11 ' I ' I 0 J ' I, I 0 I::J byte I: ED

byte 2

DescnpllOn: The contents of the HL register pair are added to
the contents of the specified register pair, and then
the contents of the carry flag are added. The final
result IS stored back In HL. ss may be anyone of:

BC - 00
DE - 01

HL - 10
SP II

Dolo Flow:

A

B

D

H

k¢i

~/~

F=:)
C

E
L

spl'--- _

Timlllg: 4 M cycles; IS T states: 75 usec @ 2 MHz

Addressing Mode: Implicit.

Byle Codes:

192
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Flags:

Example:

THE zao INSTRUCTION SET

s Z H p!5ZJ N C

~
H is set if there is a carry from bit II.

ADC HL. DE

Before: After:

~
e=J

OBJEG
COD£:
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ADD A, (HL) Add accumulator with indirectly addressed
memory locatlon (HLl.

Function: A - A + (HLi

Formal:
86

DescriptIOn: The contents of the accumulator are added to the
contents of the memory locatlon addressed by the
HL register pair. The result IS stored In the ac­
cumulator.

Data Flow: r::========:::;l
A DATA

~ l---I--------I:l~11~I MEMORY

Timmg: 2 M cycles; 7 T states: 3.5 usec @ 2 MHz

AddreSSing Mode: Indirect.

Flags: 5 Z H PI€> N C

~D~I]·lol·1
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Example: ADD A, (HLl

Before:

A I 02

H I 9620

THE zao INSTRUCTION SET

After:

H I 9620

f2g 9620~
OBJECT CODE

9620Rg
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ADD A, (IX + d) Add accumulator with indexed addressed

memory location (IX + d)

Function: A - A + (IX + d)

Formal:
~ bytel:DD

~ byte2:86

: d : byte 3: offset value

Descnplion: The contents of the accumulator are added 10 the
contents of the memory location addressed by the
conlents of the IX register plus the Immediate off­
sel value. The resull IS slored In the accumulalor.

•
ADD

f-__-+__--ic
!-__+-__-jE

'------'-l~J

Timmg: 5 M cycles; 19 T Slales: 9.5 usec @ 2 MHz

Addressing Mode: Indexed.

Flags: 5 Z H PtlSO N c

~
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Example: ADD A, (IX + 3)

Before:

A L!_':.:.'_
IX 1 O::6::.6''-_--l

THE zao INSTRUCTION SET

After:

IX,-! 0..-66__'__-J

DO 0861 04 0861 04

66 0862 62 0862 62
03 0863 36 0863 36

0864 9' 0864 9'

OBJECT CODE
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ADD A. (lY + d) Add accumulator with mdexed addressed
memory locallon (IY + dl

FuncllOn: A - A + (lY + dl

Formal:

DescrlpllOn:

~ bytel:FD

~ byte 2: 86

1 byte 3: offset value

The contents of the accumulator are added to the
contents of the memory location addressed by the
contents of the IY register plus the gIven offset
value. The result is stored In the accumulator.

Dala F[OrW~:=======::;l

A

B1---+---1c
o E

H l~J

DATA

LD

Timing: 5 M cycles; 19 T states; 9.5 usee @ 2 MHz

Addressmg Mode: Indexed.

Flags:

198
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Example:

FD

'6
0'

OBJECT
CODE

ADD A. (lY + I)

Before:

A1__3:c.'---'

IXLI__--'00:::2::' _

oo2'~
OO2C[2g

THEZ80 INSTRUCTION SET

After:

,x ...1 __-.:;00:::2B=-_---'

oo2Bh:==i

oo2C~
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ADDA,n Add accumulator wIth immediate data n.

FunctIOn:

Format:
~bytel:C6

'::E:E::;==n~::=;:=;:=::E:I byte 2: immediate
[ . data

Descnplion: The contents of the accumulator are added to the
contents of the memory location immediately
following the op code. The result IS stored In the
accumulator.

Dala Flow: r-;::=======::.l
ADD

n

MEMORY

A

B C
o 1-----+----1 E

H l~J

Timing: 2 M cycles; 7 T states: 3.5 usee @ 2 MHz

Addressing Mode: Immediate.

Flags: 5 Z H P/@ N C

~

Example: ADD A, E2

~
t29

Before:

A LI_.;:<3==-_

After:

OBJECT CODE

200



THE zao INSTRUCTION SET

ADDA.r Add accumulator wIth register r.

Function;

Formal:

DesCrtpllOn: The contents of the accumulator are added with
the contents of the specified regIster. The result IS
placed in the accumulator. r may be anyone of:

A - III
B - 000
C - 001
D - 010

E - 011
H 100
L - 101

A

Bf-__+__---jC
o E
H l

DOlo Flow:

Timing: I M cycle; 4 T states: 2 usee @ 2 MHz.

Addressing Mode: Implicit.

Byle Codes: r: ABC D E H L

~

Flags: s Z H PI@) N C

~
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Example:

OBJEO CODE

202

ADD A. B

Before:

A 1 3D

BI 02

After:A._
BI 02
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ADD HL.ss Add HL and register pair 5S.

FunctIon: HL - HL + ss

Format:

Descnpllon: The contents of the specified register pair are
added to the contents of the HL register pair and
the result IS stored In HL. ss may be anyone of:

BC 00
DE - 01

HL 10
SP - II

C

E

lWi!$iY~

A

B

D

H

Data FIOr'~V.=.==============:::;l

SP ....1 --'

Timing: 3 M cycles; II T states: 5.5 usec @ 2 MHz

Addressing Mode: ImplicIt.

Byte COdes: ss: Be DE Hl SP

~

FIags: 5 Z H p/V N C

~
C is set by carry from bit IS. reset otherwise.

H is set by a carry from bit II
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Example:

~
OBJECT
CODE

2114

ADD HL. HL

Before:

HLI__--'06=B''-__I'

After:



ADD IX, rr

FunctIOn:

Format:

DescriptIOn:

THE laO INSTRUCTION SET

Add IX with register patr rr.

IX-IX+rr

~byteJ:DD

~byte2

The contents of the IX regIster are added to the
contents of the specified register pair and the
result IS stored back In IX. rr may be anyone of:

Data Flow:

Be - 00
DE - 01

A1----+-----,
l' B1------1----1

D1-__-+__-1
HL-__L-_--..J

IX 10
SP - J I

Timing: 4 M cycles; 15 T states; 7.5 usee @ 2 MHz

Addressing Mode: Implicit.

Byre Codes: rr: Be DE IX $P

DD-~
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Flags:

Example:

5 Z H PlY N C

~
H is set by carry out of bit II.
e is set by carry from bit 15.

ADD IX. SP

~
~

OBJECT
CODE

206

Before:

,x1 0000= _

SPLI__-:.30;.::2.;..'__-,

After:

'xfBEi~

spi 3021



ADDIY, rr

FunctiOn:

Format:

DescnptlOn:

THE zao INSTRUCTION SET

Add IY and register pair rr.

IY - IY + rr

~bytel:FD

~byte2

The contents of the IY register are added to the
contents of the specified register pair and the
result is stored back In IY. rr may be anyone of:

Be - 00
DE - 01

IY 10
SP - II

DOlfi Flaw:

A
, B1-------1------,
{D~-+---I

H L..__---'-__----J

Timmg:

lY~~d
splL --J

4 M cycles; 15 T states: 7.5 usee @ 2 MHz

Addressmg Mode: Implicit.

Byle Codes: rr: Be DE lY SP

FD-~
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Flags:

Example:

s Z H PN N C

r-Ir=-r-LJ I 101-1
H is set by carry out of bit 11.
e is set by carry out of bit 15.

ADD IY.DE

~
E:3

OBJECT
CODE

208

Before:

DLI__.::6~12=-2__..JIE

IY LI__-::.:30=5:...1 _

..

After:

DLl__...:6:::12:::2 1E

'Y"9173~
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AND S Logical AND accumulator with operand s.

Function: A - A /\ s

Format: s: may be r, n, (HL), (IX + d), or (IY + d)

r ~->-:I

n 8Ei] 0 I I rn byte I: E6

: ~
byte 2: immediate
data

(HL)~ A6

(IX + d)~ byte I: DD

~ byte 2: A6

1 : byte 3: offset value

(IY + d)~ byte I: FD

~ byte2:A6

byte 3: offset value

r may be anyone of:

A - III
B - 000
C - 001
D - 010

E - 011
H - 100
L - 101

Descnpllon: The accumulator and the specified operand are
logically 'and'ed and the result is stored in the ac­
cumulator. s is defined in the description of the
similar ADD instructIOns.
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Dolo Flow:

5

z:
usee

S: Iv! cycles: T siales: @2MH

r 1 4 2
n 2 7 3.5
(HLl ,

7 3.5~

(IX + d) 5 19 9.5
(IY + d) 5 19 9.5 _.

Timlllg:

Addressing Mode: r: implicit; n: immediate; (HLl: indirect; (IX +
d), (IY + d): mdexed.

Byle Codes: AND r • ABC D E H L

~

Flags: SZ H CPYvNC

~

Example: AND4B

Before: After:

~
~

OBJECT
CODE

A LI_-"36"------'
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BIT b, (HL)

FunctIOn:

Formal:

DescflptlOn:

THE zao INSTRUCTION SET

Test bit b of indirectly addressed memory location
(HLl

z - (HL)b

~bytel:CB.

The specified bit of the memory locatIon address­
ed by the contents of the HL register pair is tested
and the Z flag is set according to the result. b may
be anyone of:

a - 000
I - 001
2 - 010
3 - all

4
5
6
7

100
101
110
III

Data Flow:
A z F DATA

B C
D

~ 111
\ AlU / JH

Timmg: 3 M cycles; 12 T states; 6 usee @ 2 MHz

Addressmg Mode: Indirect.

Flags: 5 Z H PIV N C

~
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Byte Codes:

Example:

b:or234567

CB-~

BIT 3. (HL)

Before: After:

_~.F

HI....__-=.6AC;;4=-2__--'I' H....1__---=6A-'-4:::2__--'ll

~~Eg
OBJECT CODE

212

6A42~
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BIT b. (IX + d) Test bit b of indexed addressed memory location
(IX + d)

---
FunctIOn: Z - (IX + d)b

Formal:
~ bytel:DD

~ byte2:CB

I : : : 1 : :: byte 3: offset value

~--+b+-~ byte 4

DescnptlOn: The specified bit of the memory location address­
ed by the contents of the IX regIster plus the gIven
offset value is tested and the Z flag IS set according
to the result. b may be anyone of:

0-000
I - 001
2 - 010
3 - all
4 - 100

5 - 101
6 - 110
7 - III

ata Flow: .7 Lr- r------m F

\ / DATA
C
E AlU

l ~
T I

-4 -----xl
BIT

'- d

b

~

A

B

D

H

D
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Timmg: 5 M cycles; 20 T states: 10 usee @ 2 MHz

Addressmg Mode: Indexed.

Byte Codes:

Flags:

Example:

bo

DD-CB·d-

o I 2 J 4 567

~
s Z H PIV N C

~

BIT 6, (IX + 0)

DO
CB
o
76

OBJECT CODE

214

Before:

r-__;;:;:::=c='=~1F
IX LI__---"AA="__--.J

AAl1~

After:

IX IL__...:AA="'--_---.JI

AAl1~
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BIT b. (IY + d) Test bit b of the indexed addressed memory loca­
tion (IY + d)

Function: Z - (IY + d)b

Formal:
~ bytel:FD

~ byte2:CB

: ~ byte 3: offset value

GB-ib-:-~ byte 4

Descnplion: The specified bit of the memory locatIon ad­
dressed by the contents of the IY register plus the
gIven offset value is tested and the Z flag IS set ac­
cording to the result. b may be anyone of:

o - 000
1 - 001
2 - 010
3 - 011

4 - 100
5 - 101
6 - 110
7 - III

A

ala Flow: h lr-
rri~ F

\ II ~B c
0 E ALU

H l ~
I

YI 4)
BIT

---I

D
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Timmg: 5 M cycles; 20 T slales; 10 usec @ 2 MHz

Addressing Mode: Indexed.

Byte Codes:

Flags:

Example:

S Z H P/V N C

~

BIT O. (IY + I)

'D
CB

01

46

OBJECT CODE

216

Before;

,---'.:92,-...;1 '

IYLl__---'-''-''1"''2__---'

'F12~
FF13~

Afler:

-~,

IylL__---'-''-''1"''2__---'

FF12~
FF13~
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BIT b. r Test bit b of register r.

FuncllOn: Z - rb

Formal:

~->-:1-:,-:I byte 2

DescrIption: The specified bit of the gIven register is tested and
the zero flag IS set according to the resuits. band r
may be anyone of:

b:

r:

0-000
I - 001
2 - 010
3 - 011

A - III
B - 000
C - 001
D - 010

4 - 100
5 - 101
6 - 110
7 - III

E - 011
H - 100
L 101

7 {}
21 F

\ /c
E AlU

l-
\-1

- I

A

B

o
H

DOlO Flow:

Timing: 2 M cycles; 8 T states; 4 usec @ 2 MHz

Addressmg Mode: ImplicIt.
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47 40 41 42 43 44 45

4F 4B 49 4A 4B 4C 40

57 50 51 52 53 54 55

5F 5B 59 5A 5B 5C 50

67 60 61 62 63 64 65

6F 6B 69 6A 6B 6C 60

77 70 71 72 73 74 75

7F 7B 79 7A 7B 7C 707

6

Byte Codes: b, ,"A B C 0 E H l

CB· 0

5

2

Flags: 5 Z H P/V N C

~

Example: BIT 4, B

~
OBJECT CODE

Before:

BIL--.:6,,-1----...l

After:

BLt_",61,--...J
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CALL CC, pq

FunctIOn:

THE zao INSTRUCTION SET

Call subroutme on condition.

if cc true: (SP - I) - PChlgh; (SP - 2) ­
PCIow; SP - SP - 2; PC - pq

If cc faJse: PC - PC + 3

Format:

CJ ' 1-:,,+--~
~

byte 1
byte 2: address,
low order
byte 3: address,
hIgh order

DescnptlOll: If the condition IS met, the contents of the pro­
gram counter are pushed onto the stack as de­
scribed for the PUSH instructions. Then, the con­
tents of the memory Iocallon Immediately follow­
mg Ihe opcode are loaded mlo the low order of the
PC and the contents of the second memory loca­
tion after the the opcode are loaded mto the 11lgh
order half of the Pc. The next mstructlOn fetched
will be from thIS new address. If the conditlon IS
not met, the address pq IS Ignored and the follow­
ing mstruction is executed. cc may be anyone of:

NZ - 000
Z - 001

NC - 010
C - 011

PO - 100
PE 101

P - 100
MIll

An RET instruction can be used at the end of the
subroutme being called to restore the Pc.
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DolO Flow:

CAll
ONTRal

LOGIC I--l--=-=--

A.f-__-+__~
Bf-__-+__~
0.1-__+ __-1
H'-__----' ...J

Timing: usee
M cycles: T sloles: @2MHz

condillon
true; 5 17 8.5
condition
not true: 3 10 5

Addressing Mode: Immediate.

Byle Codes: CC; NZ. Z NC C PO PE P M

@]~4IOCJ~~·q·p

Flags: 5 Z H P/V N C

r:::r::.r:::o-...=c:r=IJ (no effect)
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Example:

CC

"BO

OBJECT CODE

CALL Z. B042

Before:

,--_B=5_...J1 '

PC 1 o_Bo_,__---'

spiL__---"'BB::'=_2__-,

BB 101--,8"-'_--1
BB111-_°:,:'_--1
86121-_3_2_..,

THE Z80 INSTRUCTION SET

After:

BS I'

SP LI__..:8=B:::'2'-_--'

BBlO 1--::::8'_-1
BBll 04
B812 1--3"-2---1
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CALL pq

FunctIOn:

Format:

Description:

Data Flow:

Call subroutine at location pq.

(SP - I) - PChlgh; (SP - 2) - PClow; SP - SP
- 2; PC - pq

byte 2: address, low order

byte 3: address, high order

The contents of the program counter are pushed
onto the stack as described for the PUSH instruc­
tions. The contents of the memory 10calJon im­
mediately following the opcode are then loaded in­
to the low order half of the PC and the contents of
the second memory location after the opcode are
loaded In the hIgh order half of the Pc. The next
Instruction will be fetched from this new address.

A CAll
61----\---'c q

D E r;:=:;;==t:=~p=~
H I

PC

SP

Timmg: 5 M cycles; 17 T states: 8.5 usec @ 2 MHz

Addressmg Mode: Immediate.
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Flags:

Example: CALL 40BI

(no effect)

CD
61

'0

OBJECT CODE

Before:

PC LI AA,,-,-'.:;.O__---'

SP LI__-=D6:.:.""-'-_--'

DB121--_9.:;.A'---i
DB13i-_0",1_--j

OB141--_F:.:.'_-i

After:

PC~~

sp~j;?:"

0812

0813

06"1--'.:.---1

223



PROGRAMMING THE zao

CCF

Function:

Formal:

Descriplion:

Complement carry flag.

C -C

~3F

The carry flag is complemented.

Dala Flow:
A F

B C

D E

H 1

Timing: 1 M cycle; 4 T states: 2 usee @ 2 MHz

Addressing Mode: ImplicIt..

Flags:
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CPs

Function:

THE zao INSTRUCTION SET

Compare operand s to accumulator.

A s

Format: s: may be r. n. (HL), (IX + d), or (IY + d).

~ : byte 2: immediate
data

(HL)~ bytel: BE

(IX + d)~ bytel:DD

~ byte2:BE

~ : byte 3: offset value

(IY+d)~ bytel:FD

~ byte 2: BE

1 byte 3: offset value

r may be anyone of:

A III
B - 000
C - 001
D - 010

E - 011
H - 100
L - 101

Description: The specified operand is subtracted from the ac­
cumulator. and the result is discarded. s is defined
in the descnption of the similar ADD instructions.
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PROGRAMMING THE zao

Data Flow:.--.Ll-_

BI-__I-_---1
01-__-!-__---1

HL---'------' L!:='=r
Timing: usee

s: M cycles: T slates: @2MHz:

r J 4 2
n 2 7 3.5
(HL) , 7 3.5"-
(IX + d) 5 19 9.5
(IY + d) 5 19 9.5

Addressing Modes: r: implicit; n: immediate; (HL): indirect;
(IX + d), (JY + d): indexed

Byte Codes: CP r: r;ABCDEHl

~
Flags:

Example:

5 Z H P,(j{) N C

~

CP (HL)

Eg
OBJECT

CODE

226
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AI 96 36 IF

HI B203 IL

B203~

•

After:

He-I B2"'03'----__ IL
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CPD Compare with decrement.

FunctIOn: A-[HL];HL-HL- 1; BC -BC-l

Format:
~bytel:ED

~byte2:A9

Descnption: The contents of the memory locatIon addressed by
the HL register pair are subtracted from the con­
tents of the accumulator and the result IS discarded.
Then both the HL register paIr and the BC register
pair are decremented.

A DATA

Data Flaw: r;:========:::;-1

Timmg: 4 M cycles; 16 Tstates: 8 usee @ 2 MHz

Addressmg Mode: Indirect.

Flags:
s Z H PIV N C
~ x] lelTXTiTl ,- Reset ifBe = 0 after executIon; set otherwise

Lt__~~I==:!.JIrSetifA = [HL]
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Example: CPD

Before: After:

~I
2A 06

I~ A~_F3154 B~l~c

HI 8665 Il H__~~Jti~l

~
~
OBJECT CODe

228

B6B5~ B6B5~
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CPDR Block compare with decrement.

Function: A-[HL];HL- HL-I;BC-BC-I;
Repeat until BC = 0 or A = [HL]

Format:
ITE.I 0 I I I I LiLJ byte 1: ED

~ byte2:B9

Description: The contents of the memory location addressed by
the HL register pair are subtracted from the con­
tents of the accumulator and the result is discard­
ed. Then both the BC register pair and the HL
register pair are decremented. If BC .. 0 and A r'
[HL]. the program counter is decremented by two
and the instruction is re-executed.

DATA

1-----1 ],

~~'

A F

B C

o E

H"~.L

DataFlow:
¢======::=;l

Timing: BC = 0 or A = [HL]: 4 M cycles; 16 T states:
8 usec@ 2 MHz
BC ,;, 0 and A * [HL]: 5 M cycles; 21 T states:
10.5 usee @ 2 MHz

Flags: N C
Reset ifBe = 0 after
execution; set otherwise

L-.::...JL~~~~~~LJIrSet if A = [HL]
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Example: CPDR

Before: After:

:1 9A I 00

I~ :~~0002

HI 6100 Il H~l

--
E 08
F 00

2A

--
60F

60F

6100

6OFEi860FF 00

6100 2A

~
~
OBJECT CODE
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CPI Compare with increment.

Function: A-rHL];HL-HL + 1;BC -BC-I

Format:
~bytel:ED

~byte2;AI

Descnpllon: The contents of the memory locatIon addressed by
the HL register pair are subtracted from the con­
tents of the accumulator and the result IS discarded.
The HL register pair is incremented and the BC
register pair is decremented.

Data Flow:

A f

C DATA

0 E

H l

Timmg: 4 M cycles; 16 T states; 8 usee @ 2 MHz

Addressmg Mode: mdirect.

Flags:

S Z H P/V N Crei x I I_I IXl I IJ r= Reset ifBe = 0 after execution set otherwise
o=t\~:=~[~~LJII Setif A = [HL]
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Example: CPI

Before: After:

H LI__::::86"'B9'--_---'ll H~ l

~
~
OBJEO CODE

232

86B9~ 8689~



CPIR

Function:

Descnption:

Data Flow:

THE zao INSTRUCTION SET

Block compare with increment.

A-[HL];HL- HL + I;BC-BC -I;
Repeat until BC =0 or A = [HL]

~bytel:ED

~byte2:Bl

The contents of the memory location addressed by
the HL register pair are subtracted from the con­
tents of the accumulator and the result is discarded.
Then the HL register pair is incremented and the
BC register pair is decremented. If BC ;<. 0 and A
.. [HL], then the program counter is decremented
by 2 and the instruction is re-executed.

A

B

D

H

DATA

Timing: BC = 0 or A = [HL] : 4 M cycles; 16 T states:
8usec@2MHz
BC '!' 0 and A r' [HL] : 5 M cycles: 21 T states:
10.5 usee @ 2 MHz

Addressing Mode: indirect.
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Flags:

S Z H PlY N C
r.1.~I~x'TI---r.I.~1-fIXl7Tl r: Reset ifBe = aafter execution; set otherwise
lL_-=~==~1J Set if A = [HL]

Example: CPIR

Before: After:

:1 9B 00 A"_0051 B~

HI 039B Il Hi1fIIR9~l

~ -i o··iBI 039C 9B 039C 98

0390 06 0390 06
OBJECT CODE
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CPL

FunctIOn:

Format:

DescriptIOn:

THE zao INSTRUCTION SET

Complement accumulator.

~2F

The contents of the accumulator are com­
plemented, or Inverted, and the result IS stored
back in the accumulator (one's complement),

Data Flow:

1--__-+__---1c
1-__1-_-1'
'----'-----',

Timmg:

Addressing Mode:

Flags:

Example:

j M cycle; 4 T Slates; 2 usec @ 2 MHz

ImpliCIt,

S Z H PN N C

ITIIllJIJ
CPL

OBJECT
CODE

Before: After:
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DAA

Function:

Format:

DescnptlOn:

Decimal adjust accumulator.

See below.

~27

The instruction conditionally adds "6" to the right
and/or left nibble of the accumulator. based on the
status register. for BCD conversion after arithmetic
operations.

value of value af # added C after
N C high nibble H low nibble to A execution

a a 0-9 a 0-9 00 0
(ADD. 0 0-8 0 A-F 06 0
ADC. 0 0-9 I 0-3 06 0
INC) 0 A-F 0 0-9 60 I

0 9-F 0 A-F 66 1
0 A-F I 0-3 66 I
1 0-2 0 0-9 60 I
1 0-2 0 A-F 66 1
1 0-3 I 0-3 66 1

I 0 0-9 0 0-9 00 0
(SUB. 0 0-8 1 6-F FA 0
SBC. 1 7-F 0 0-9 AO 1
DEC. 1 6-F I 6-F 9A I
NEG)

Data Flow:
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Timing:

THE zao INSTRUCTION SET

1 M cycle; 4 T states; 2 usec @ 2 MHz

Addressing Mode: Implicit.

Flags:

Example:

~
~

DAA

ALI--'080..2_,---,9",-4---,I FA~QB F~
OBJECT
CODE

Before: After:
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DEem

Function:

Format:

Decrement operand m.

m-m-l

m: may ber. (HL). (IX+d). (IY+d )

(HL)~35

(IX + d)~ byte I: DD

~byte2:35

: 1 byte 3: offset value

(IY + d)~ byte I: FD

~byte2:35

: 1 :
r may be anyone of:

byte 3: offset value

E - 011
H - 100
L - 101

DeSCription:

A - 111
B - 000
C - 001
D - 010

The contents of the location addressed by the
specific operand are decremented and stored back
at that location.mis defined in the description of
the similar INC instructions.

Data F1ow'~__~

A,I-__-+__~
B c
D E

H l
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\

Timmg: usee
m: M qcles: T states: @2MHz:

r I 4 2
(HLJ 3 II 5.5
(IX + dl 6 23 11.5
(lY + dl 6 23 11.5

Addressmg Mode: r: Implicit; (HLJ: Indirect; (IX + dl, (lY + dl: in­

dexed.

Byle Codes: DEC r r: ABC 0 E H L

~

Flags:

Example:

S Z H PA2! N C

~

DEC C

~
OBJECT
CODE

Before:

L-_o,--F_-,Ic

After:
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DEC rr

FunCllon:

Formal:

Description:.

Decrement register paIr rr.

rr-rr-l

~I'I'I

The contents of the specified register pair are
decremented and the result IS stored back in the
register pair. rr may be anyone of:

DOlO Flow:

Be 00
DE - 01

B

0

H

HL 10
SP - 11

Timmg: J M cycle; 6 T states; 3 usee @ 2 MHz

Addressmg Mode: Implicit.

Byle Codes:
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Flags:

Example:

THE zao INSTRUCTION SET

S Z H PlY N CCITTIICTI (no effect).

DEC BC

Before: After:

OBJECT CODE
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DEC IX

FUIlC( 1011:

Fort/wI:

Deser/pllOn:

Decrement IX.

IX - IX -

I, I ' I 0 I, I, I, 10 I, Ibyte I: DO

G 0 I ' I 0 I ' I 0 I ' [, Ibyte 2: 2B

The contents of the IX regIster are decremented
and the result is stored back in IX.

Data Flow:
A f------i-------,
8 c
o E
H l

Timmg: 2 M cycles; 10 T states; 5 usec @ 2 MHz

Addressmg Modes: ImplicIt.

Flags:

Example:

s Z H

DID
DEC IX

Before:

PlY N C

I 0 (no effect).

After:

~
~
OBJECT CODE
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DEC IY Decrement IY.

FUllctlOn: IY ~ IY - I

Formal:

~byte2:2B

DescnptlOn: The contents of the IY regIster are decrementea
and the result is stored back In IY.

;1\ ~J
I I
I I
I I ALU /
I I l I -I

I II

A

B

o
H

IY

Data Flow:

Timmg: 2 M cycles; 10 T states; 5 usee @ 2 MHz

Addressmg Mode: Implicit.

Flags: 5 Z H PlY N C

DICIIo:=J (no effect).

Example: DEC IY

Before: After:

~
~

IY LI 900_F ~ IY '-__.:.::::.'-_"--'

OBJECT CODE
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DI

Function:

Format:

Description:

Timlllg:

Disable interrupts.

IFF ~ 0

~F3

The mterrupt flip-flops are reset, thereby disabling
all maskable interrupts. It is reenabled by an EI
instruction.

1 M cycle; 4 T states; 2 usec @ 2 MHz

AddresslIlg Mode: Implicit.

Flags:
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DJNZ e Decrement B and jump e relative on no zero.

FunctIOn: B ~B-1: if B '" 0: PC ~ PC + e

Format:
~bytej:jO

I : : : .;2 : : : I byte 2: offset value

DescrIptIOn: The B register is decremented. If the result is not
zero. the immediate offset value is added to the
program counter usmg two's complement
anthmetic so as to enable both forward and
backward jumps. The offset value is added to the
value of PC + 2 (after the jump). As a result. the
effective offset is -126 to +129 bytes. The as­
sembler automatically subtracts from the source
offset value to generate the hex code.

Data Flow:

OJNZc

f-+---j'
l

o
H

Timing: B '" 0: 3 M cycles; 13 T states; 6.5 usee @ 2 MHz.
B = 0; 2 M cycles; 8 T states; 4 usee @ 2 MHz

AddreSSing Modes: Immediate.
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Flags:

Example:

S Z H P/v N CIT:IJ:IrD:J (no effect)

DJNZ $ - 5 ($ = current PC)

M
R9
OBJECT CODE

246

Before: After:
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EI

FunctIOn:

Format:

DescriptIOn:

Timmg:

THE Z80 INSTRUCTION SET

Enable interrupts.

IFF - I

The interrupt flip-flops are set, thereby enabling
maskable interrupts after the execution of the in­
struction following the EI instruction. In the mean­
time maskable interrupts are disabled.

I M cycle; 4 T states; 2 usee @ 2 MHz

Addressmg Mode: Implicit.

Flags:

Example:

5 Z H PIV N C

c:r::rr:::cI::I (no effect).

A usual sequence at the end of an interrupt routine is:
EI
RETI
The maskabJe interrupt is re-enabled following
completion of RET!.
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EX AF. AF'

FunctIOn:

Formal:

DescrlpllOn:

Exchange accumulator and flags with alternate
regIsters.

The contents of the accumulator and status
regIster are exchanged WIth the contents of the
alternate accumulator and status register.

DOlO Flow:

Timmg:

Ap.:===t=:='=C4F <=:> A'p.:==Q===:C4 F'
B c B' C'

OED' E'

H L H',-__== l'

I M cycle; 4 T states; 2 usee @ 2 MHz

Addressing Mode: Implicit.

Flags:

Example:

S Z H PlY N C

~.l:!I!I!J

EX AF. AF'

Before: After:

OBJECT CODE
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EXDE,HL

FunctiOn:

Format:

DescriptiOn:

Data Flow:

Timmg:

THE Z80 INSTRUCTION SET

Exchange the HL and DE registers.

DE-HL

5'j o 8±EJ EB

The contents of the register pairs DE and HL are
exchanged.

AI-__---j---j _
B C

~ :8
I M cycle; 4 T states; 2 usec @ 2 MHz

Addressmg Mode: Implicit.

Flags:

Example:

5 2 H P/V N C

~ (no effect).

EX DE. HL

OBJECT CODE

Before:

~I---j---;:-:.:::~:=----I ~

After:
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EX (SP), HL Exchange HL WIth top of stack.

Funcllon: (SP) -L; (SP + 1) + H

Format: [J iii I 0 I~ E3

Descnpllon: The contents of the L register are exchanged wIth
the contents of the memory location addressed by
the stack pointer. The contents of the H register
are exchanged with the contents of the memory
location Immediately following the one addressed
by the stack pomter.

Data Flow:
AI--__-t ,
B C

D E

H l

Til/ung: 5 M cycles; 19 T states; 9.5 usee @ 2 MHz

Addressmg Mode: Indirect.

Flags:
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Example: EX (SPl, HL

Before: After

HI 8290 I' >ttt MtMM'
spl B409 spl 8409

~ .~~ .~~B40A OE B4QA 82

OBJECT CODE
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EX (SP), IX Exchange IX with top of stack.

Function: (SPl -iXIow; (SP + I) -IXhigh

Formal:
~bytel:DD

~byte2:E3

Descnpl!on: The contents of the low order of the IX register
are exchanged with the contents of the memory
location addressed by the stack pornter. The con­
tents of the htgh order of the IX register are ex­
changed wIth the contents of the memory location
Immediately followrng the one addressed by the
stack pornter.

Dala Flow:
A

B C
D E

H l

I 1 I
~i' If ._-----

1-
---- .._------

'I I-~sp

IX

Timing: 6 M cydes; 23 T states; 11.5 usee @ 2 MHz

AddreSSing Mode: Indirect.

Flags: 5 Z H PIV N C

o=IILCCD (no effect).
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Example:

~
~
OBJECT CODE

EX (SP), IX

Before:

IX'LI__-,9.::23::4 _

spl 0402

0402~
0403~

THE l80 INSTRUCTION SET

After:

IX'LI__-,O:.:.'6::B,--==

0402R1

0403~
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EX (SP).IY Exchange IY wIth top of stack.

FunctIOn: (SPl - IYlow; (SP + l) - IYhlgh

Formal:
~ bytel:FD

~ byte2:E3

DescriptiOn: The contents of the low order of the IY regIster
are exchanged with the contents of the memory
locatIOn addressed by the stack pOinter. The con­
tents of the hIgh order of the IY regIster are ex­
changed WIth the contents of the memory locatIOn
immediately follOWIng the one addressed by the
stack pOInter.

Data Flow:

c
E

l

A

B

D

H

Timl1lg: 6 M cycles; 23 T states; 11.5 usec @ 2 MHz

Addressl1lg Mode: Indirect.

Flags:
S Z H PIV N C

LD=o=IIIJ (no effect).
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Example:

~
~
OBJECT CODE

EX (SP), IY

Before:

IY'--__==-_--'
splL. 6_2'_' _

62"~
6212~

THE zao INSTRUCTION SET

After:

IY

SP 1.... 6_2_,, _
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EXX Exchange alternate registers.

FUllctlOn:

Formal:
~D9

Deser/pllOn: The contents of the general purpose registers are
exchanged with the contents of the corresponding
alternate registers.

Dow Flow:
A

B

D

H

,
C

Il

A' I~,B'
0' E'

H' l'

Timlllg: j M cycle; 4 T states; 2 usec @ 2 MHz

Addressmg Mode: ImplicIt.

Flags: s Z H P/v N C

~ (no effect).

Example: EXX

Before: After:

F

C

E

l

04 26

6C 00

93 DO

4F E3

F A
C 6

E D

l H

A 04 26

6 39 26

54 02

FJ DO
D

H

F'

C'

E'
l'

, 3F 2A
, 39 26
, 54 02, FJ DO

F' A

c' B

E' 0
l' H

, 3F 2A, 6C 00, 93 DO, 4F E3

A

6

o
HOBJECT

CODE

256



HALT

FunctIOn:

Format:

DescriptIOn:

Timmg:

Addressmg Mode:

Flags:

THE zao INSTRUCTION SET

Hall CPU.

CPU suspended.

~76

CPU suspends operatIon and executes NOP's so
as to continue memory refresh cycles, until in­
terrupt or reset is received.

1 M cycle; 4 T states; 2 usee @ 2 MHz + inde­
finite Nop's.

Implicit.

5 Z H PIV N C

DIIJII]=:J (no effect).
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IMO

Function:

Fort/wt:

Set mterrupt mode acondition.

Internal interrupt control.

~ byte2;46

Description: Sets interrupt mode O. In thIs condition, the in­
terrupting device may insert one instruction onto
the data bus for execution, the first byte of which
must occur during the interrupt acknowledge cycle.

Til1ll/lg: 2 M cycle; 8 T states; 4 usee @ 2 MHz

Addressing Mode: Implicit.

Flags:

258
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IMl

FuncllOn:

Fort/wI:

DescnpllOn:

THE zao INSTRUCTION SET

Set interrupt mode I condition.

Internal interrupt controL

~bytel:ED

Sets interrupt mode I. A RST 0038H instruction
will be executed when an interrupt occurs.

DataFlow: 00 38

U PcH
(at time of interrupt)

•

0038 I NT

ROUTINE

~
~

STACK

Til/ling: 2 M cycles; 8 T states; 4 usec @ 2 MHz

Addressmg Mode: Implicit.

Fiags: s Z H PIV N CITIIJ=rID (no effect).
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1M2

Function:

FOrlnat:

Set interrupt mode 2 condition.

Internal interrupt control.

~ bytel:ED

~ byte2:5E

DescriptIOn: Set interrupt mode 2. When an interrupt occurs,
one byte of data must be provided by the peripheral
which IS used as the low order of an address. The
high order of this vector address IS taken from the
contents of the I register. This points to a second
address stored In memory, which is loaded Into the
program counter and begins executIon.

Timll1g: 2 M cycles: 8 T states: 4 usec @ 2 MHz

AddresslI1g Mode: ImplicIt.

Flags:

260

s Z H PIV N C

ITJIIJ::IIJ (no effect)



THE ZSO INSTRUCTION SET

IN r, (C) Load register r from pontCl

FUllctlOn: r ~ tC)

Formal:
c;:r~'.f~I~Eillbyte I: ED

G '1-:,~ byte 2

DescriptIOn: The peripheral deVice addressed by the contents of
the C regIster IS read and the result IS loaded Into
the specified register.
C provides bits AO to A7 of the address bus.
B provides bits A8 to A15.

PORT

c I
E

l

1t

Af-__
B
Df----

HL-__
~

Dow Floll':

r may be anyone of:

A - III
B 000
C - 001
D - 010

E - all
H 100
L - 101

Timmg: 3 M cycles; 12 T states; 6 usec @ 2 MHz

AddresslIlg Mode: External.

By!e Codes:
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Flags:

Example:

SZ H ®'\fNC

~

It is Important to note that INA,(N) does not have
any effect on the flags, while IN r. (C) does.

IN D. (e)

Before: After:

AS Ic A5 Ic

~ DI 09 I I 6A IpORTD~ 6A IpORT
50

AS A5

OBJECT CODE
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IN A, (N)

FunctIOn:

Formal:

THE laO INSTRUCTION SET

Load accumulator from mput port N.

A - (N)

~bytet:DB
N
I byte 2: port address

DescnpllOll:

Dala Flow:

The peripheral deVIce N IS read and the result is
loaded into the accumulator.
The literal N IS placed on lines AD to A7 of the
address bus. A supplies bits A8 to A15.

Timing: 3 M cycles; II T states; 5.5 usec @ 2 MHz

Addressmg Mode: External.

Flags:

Example:

~_.__ H PIVN
LLJ._~ (no effect).

IN A, (B2)

M
~
OBJECT CODE

Before:

Ae--::':"'--l

After:

'-----,';;;-I_lpoRT A_i_
B2

'-_;;;",--,lpoRT
B2
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PROGRAMMING THE Z80

INC r

Function:

Format:

DescTlptton:

Increment register r.

r - r + 1

GE]-;'-;I~
The contents of the specified register are in­
cremented. r may be anyone of:

Data Flow:

A-III
B - 000
C - 001
D - 010

A
Bi-----+-----,c

o E

H l

E - 011
H 100
L - 101

Timmg: 1 M cycle; 4 T states: 2 usec @ 2 MHz

Addressmg Mode: Implicit.

Byte Codes:

Flags:

Example:

r: ABC 0 E H l

~

S Z H PAD N C

~
INC D

~
OBJECT

CODE

264

Before:

01 06

After:

om.



INC rr

Function:

Format:

DescriptIOn:

THE lao INSTRUCTION SET

Increment register pair rr.

rr-rr+l

The contents of the specified regIster pair are In­

cremented and the result is stored back In the
regIster patr. rr may be anyone of:

Be - 00
DE 01

Data F/o~v:

U1! I~
spl

HL 10
SP - 11

Timll1g: j M cycle; 6 T states; 3 usec @ 2 MHz

AddresslI1g Mode: Implictt.

Byte Codes: rr: Be DE HL SP

~
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PROGRAMMING THE Z80

Flags:

Example:

S Z H PlY N C

~ (no effect).

INC HL

OBJECT
CODE

266

Before:

H1.... 08_'_4__----'ll H

After:



INC (HLl

FUllctIOn:

Format:

DeSCriptIOn:

THE lSO INSTRUCTION SET

Increment indirectly addressed memory location
(HLl.

(HL) - (HLi + 1

~34

The contents of the memory location addressed by
the HL regIster pair are Incremented and stored
back at that location.

Dala Flow:
Ar----

Bf--__----j -jC
D E

H 1

Tinung:

Addressmg Mode:

Flags:

Example:

3 M cycles; 11 T states; 5.5 usee @ 2 MHz

Indirect.

S Z H P,.@ N C

~

INC (HLi

Before:

H LI__-"D6ccB'-.' Il

§j ~,§j
OBJECT
CODE

After:
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INC (IX + d) Increment mdexed addressed memory location
(IX + dl.

Function: (IX + dl - (IX + dl + I

Format:
1,\,\0\, ~bytel:DD

,
d byte 3: offset value

Descnption: The contents of the memory locatIOn addressed by
the contents of the IX register plus the gIven offset
value are incremented and stored back at that
location.

Data Flow:
Ar------,

81-__-t --1 C

D E

H l mIX~ INC

'- -{+ ---.J d

Timing: 6 M cycles; 23 T states; 11.5 usee @ 2 MHz

AddresslI1g Mode: Indexed.

Flags: S Z H pAD N C

~
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THE zao INSTRUCTION SET

Example: INC (IX + 2)

Before: After:

Ixl 0381 Ixl 0361

r-----.. ~
DO 0361 81 0361 B1

34 0382 85 0382 85

02 0383 89 0383

1-
OBJECT
CODE

269



PROGRAMMING THE zao

INC (lY + d)

FunCllOn:

Formal:

Description:

Increment indexed addressed memory location (IY
+ d).

(IY + d) - (IY + d) + I

~bytel:FD

~byte2:34

byte 3: offset value

The contents of the memory location addressed by
the contents of the IY register plus the given offset
value are incremented and stored back at that
location.

Dala Flow:
A'---'

Bj--__-+ --jC
D E

H l

Timmg: 6 M cycles; 23 T states; 11.5 usec @ 2 MHz

Addressmg Mode: Indexed.

Flags:

270

5 Z H p..@ N C

~



Example:

00034

00

OBJECT
CODE

INC (IY + 0)

Before:

lyLI__...:O~60:.:-1__-.J

O6OIM
0602eg

THE zao INSTRUCTION SET

After:

lYLI__~060~l _

0601~
0602~
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INC IX

Function:

Format:

DescriptIOn:

Data Flow:

Increment IX.

IX-IX+I

1,1 i lol'~bytel:DD

~byte2:23

The contents of the IX regIster are incremented
and the result IS stored back in IX.

A
Bf----t---'c
D E

H l

Til/ling: 2 M cycles; 10 T states; 5 usee @ 2 MHz

AddreSSing Mode: Implicit.

Flags:

Example:

s Z H PIV N C

ITI::DII:J:J (no effect).

INC IX

M
~
OBJECT CODE

272

Before:

IX ICo B::.:1.::.BO'--_--'

After:



INC IY

Function:

Format:

DescnptlOn:

DOlo Flow:

Timing:

THE zao INSTRUCTION SET

Increment IY

IY - IY + I

The contents of the IY regIster are incremented
and the result is stored back in IY,

A f-------f----
" C
D E

H L

,y~~
2 M cycles; IO T states; 5 usee @ 2 MHz

Addressing Mode: Implicit.

Flags:

Example:

5 Z H PIV N C

DITITI:TI (no effectl,

INC IY

M
~
OBJECT CODE

Before:

IY L-I__-=3.:;6",-,' _

After:

'Y~36"2~
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IND

Function:

Format:

DeSCription:

Input wIth decrement.

(HL) - (C); B - B-1; HL - HL - 1

~ , I0 I~J byte I: ED

~byte2:AA

The peripheral devIce addressed by the C register
is read and the result is loaded into the memory
location addressed by the HL register pair. The B
register and the HL register pair are then each
decremented.

Data Flow:

~~
~ -4L."PO"'R"'T-!~J

Timing: 4 M cycles; 16 T states; 8 usee @ 2 MHz

AddreSSing Mode: External.

Flags:

274

5 Z H PlY N C

~ I Set if B = 0 after execution
I Reset otherwise



Example: IND

Before:

BI AI B5 Ie

HI 06BA Il

26 IPORT

B5

THE zao INSTRUCTION SET

After:

Bf!B:iii?_ B5 Ie

H-':~~l

26 IPORT

B5

OBJECT CODE
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INDR

FunctiOn:

Formal:

DescnplIOIl:

Block mput wIth decrement.

(HL) - (C); B - B-1; HL - HL
Repeat until B = 0

~bytel:ED

QEE] , I:,:~ byte 2: BA

The peripheral device addressed by the C register
is read and the result is loaded into the memory
location addressed by the HL register pair. Then
the B register and the HL regIster paIr are
decremented. If B is not zero, the program
counter IS decremented by 2 and the instruction is
re-executed.

Data Flow:

p=c::;;.;.;.""4--- e --I
E

l

PORT

~~

,:=:; ,~1:

Tilllll1g: B =0:4 M cycles; 16 T states; 8 usee @ 2 MHz.
B '" 0:5 M cycles; 21 T states; 10.5 usee @ 2 MHz.

AddresslI1g Mode: External

Flags: s Z H PIV N e

~
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Example: INDR

THE zao INSTRUCTION SET
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PROGRAMMING THE zao

INI Input with increment.

FunctiOn: (HLl - (C); B - B l;HL-HL+ I

Format:
~bYtel:ED

~byte2:A2

DescnptlOn: The peripheral deVIce addressed by the C regIster
IS read and the result is loaded into the memory
location addressed by the HL register paIr. The B
register is decremented and the HL register pair is
incremented.

The contents of C are placed on the low half of the
address bus. The contents of B are placed on the
high half. I/O selection is generally made by C,
i.e.• by AO to A7. B is a byte counter.

C -I'--=::::-J----~
PORT ~

~<;:6iJNTER}

E-..-"l

Dala Flow:
A

B

D

H

Timing: 4 M cycles; 16 T states; 8 usec @ 2 MHz

AddreSSing Mode: External.

Flags: S Z H P/V N C

~
Z is set if B = 0 after execution,
Reset otherwise

278



Example:

M
b29
OBJECT CODE

THE zao INSTRUCTION SET

INI

• Before: After:

86 IpORT

21

A1I2~
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PROGRAMMING THE zao

INIR

FunctIOn:

Formal:

DeSCriptIOn:

Data Flow:

Tilllll1g:

Block Input wllh Increment.

(HLl - (C); B - B-1; HL - HL + I; Repeat
until B = 0

~bYtet:ED

~bYte2:B2

The penpheral deVIce addressed by the C regIster
IS read and the result IS loaded Into the memory
location addressed by the HL register pair. The B
regISter IS decremented and the HL register paJr IS

Incremented. If B is not zero, the program counter
IS decremented by 2 and the instrucllOn is re­
executed.

B = 0: 4 M cycles; 16 T slates; 8 used @ 2 MHz.
B *0: 5 M cycles; 21 T states; 10.5 usec @ 2 MHz.

Address/IIg Mode:

flags:

280

External.

S Z H P/V N C

~



THE lSO INSTRUCTION SET

Ewmple: INIR

Beforc: After:

Ie B_9,5_ 51 Ie

9lAS

91A6

91A7
r-----j

L"
51

HL.I__9_IA_5__-,ll HIWiiD;<ij:e:r.:wBj'

IpORT _J_PORr
51

91 A5 f--:::::BF,----j
91A6 3D
91A7 f--O=9--I

OBJECT CODE

M
~
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PROGRAMMING THE zao

JP CC, pq

FUllc/ion:

Format:

DescnptlOn:

Jump on condition to location pq.

if cc true: PC - pq

byte 2: address,
low order

byte 3: address,
high order

If the specified condition IS true, the two-byte ad­
dress immediately following the opcode will be
loadcd into the program counter with the first byte
folloWIng the opcode beIng loaded Into the low
order of the PC. If the condition IS not met, the
address IS ignored. cc may be anyone of:

Dala Flow:

NZ - 000
Z - 001

NC - 010
C - 011

PO 100
PE 101
PliO
Mill

no zero
zero
no carry
carry
parity odd
panty even
plus
mInUS

A f----1----1
B I----+----j
DI----+----j
H L.__-' -..J

F CONTROl
C LOGIC JP CC

E -------
------ q

l -------
------- p

pc
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THE zao INSTRUCTION SET

Tim/llg: 3 M cycles; 10 T states; 5 usee @ 2 MHz

AddresslIlg Mode: Immediate.

Byle Codes: cc NZZNCCPOPEPM

~

Flags:

Example:

5 Z H P/V N C

cr:::I::::IT"II (no effect)

lP C,3B24

Before:

,-.....::.:"__IF

After;

~_5_'_~IF

DA
24

3B

OBJECT CODE

PC ,-I 00_3_2 _

•
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JP pq

FunctiOn:

Format:

DescnptlOl1:

Jump to location pq.

PC - pq

byte 2: address,
low order

byte 3: address.
high order

The contents of the memory locatIOn Immediately
following the opcode are loaded into the low order
half of the program counter and the contents of
the second memory location Immediately follow­
109 the opcode are loaded into the high order of
the program counter. The next instruction will be
fetched from this new address.

Data Flow:
A

B C JP

D E q

H l p

PC i1ili

Timmg:

Addressmg Mode:

3 M cycles; 10 T states; 5 usee @ 2 MHz

Immediate.

Flags:

Example:

s z

I I I
JP 3025

Before:

H PIV N C

I I I(No effect)

After:

CJ

25

JO

OBJECT CODE

284

PC LI__---=55:.:2;:,0__-J



JP (HL)

FunctIOn;

Formal:

DescriptIO,,:

Data floII':

THE zao INSTRUCTION SET

Jump to HL.

PC - HL

The contents of the HL register pair are loaded in­

to the program counter. The nexl Instruclion is
fetched from thiS new address.

A
B1---+---, C

D E

H I

Timmli: J M cycle; 4 T states; 2 usee @ 2 MHz

AddresslIlg IV/ode: Implicit.

Flags:

Example:

5 Z H P/V N C

o=ITI:.::o=IJ (no effect).

lP (HLi

G2g
OBJECT CODE

Before:

H LI O_,_I'__----'l'

PC IL__---C-BDD=1__--..J

Arter:

HLI o'_'_1 II
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PROGRAMMING THE laO

JP (IX)

FunctIOn:

Formal:

DescriptIOn:

Dala Flow:

Jump to IX.

PC -IX

1,1 ' 10 1'I~r:=ro-n byte I: DD

~ byte2:E9

The contents of the IX regISter are loaded mto the
program counter. The next instructlon is fetched
from this new address.

A>-__-j ~

B C
o E

H I

Timlllg: 2 M cycles; 8 T states: 4 usec @ 2 MHz

AddresslIlg Mode: ImplicIt.

Flags:

Example:

5 Z H p/V N C

L.J1--L1-L-lI--'..1-,--I-".1-----,1 (no effect).

JP (IX)

h;=i
~
OBJECT CODE

286

Before:

IX L!__-:;.BO;c.F.:..' _

PC LI__---=:3B;c.4.:..A _

After:

IX I BOFI



THE laO INSTRUCTION SET

JP (lY)

FunctIOn:

Jump to IY

PC -IY

Format: byte J: FD

byte 2: E9

DescnpllOll: Tile L:onlcllls or the IY regIster arc moved Inlo the
program counter. The next mslruclion will be fet­
ched from this new address.

c
E
L

A

B

o
H

Dllla fh!ll':

Timmg: 2 M cycles; 8 T slales; 4 usec @ 2 MHz

AddreSSing tHode: Implicit.

Flags: S Z H PlY N C

ITIIITIIJ (no effect).

Example:

M
~
OBJECT CODE

JP (lY)

Before: After:

IY! AA48 IY! AA4B

pcl E410 pc__i&iJi.-J
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JR CC, e

FunctIOn:

Formal:

Jump e relative on condition.

if cc true. PC - PC + e

byte 2: offset value

DescnpltOll: If the specified condition is met. the given offset
value IS added to the program counter using two's
complement anthmetic so as to enable both for­
ward and backward Jumps. The offset value is
added to the value of PC + 2 (after the jump). As
a result. the effective offset is -126 to +129 bytes.
The assembler automatically subtracts 2 from the
source offset value to generate the hex code. If the
condition is not met. the offset value is ignored
and Instruction execution continues in sequence.
cc may anyone of:

NZ - 00
Z - 01

Dala Flaw:
AF-=--,------,F

B C

o E
H l

CONTROL r I
lOGIC I I

~rua/'----------J I""""'-"'y- J

NC
C

IO
I I

JR
e-2

Timing: usee
M cycles: T stales: @2MHz:

condition
met: 3 12 6
condition
not met:

,
7 3.5..
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Addressmg Mode:

Byte Codes:

Flags:

THE zao INSTRUCTION SET

Relative.

cc:NZZNCC

~

rS-,-Z=----,r--,H:.:...,_;-:P/--'-V N C

IL ....11-,--,--1---L---'--W (no effect).

Example:

M
~
OBJECT CODE

JR NC, $ - 3

Before:

00 IF

PC 1__--"8000=__....1

$ = current PC

After:

00 IF
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PROGRAMMING THE zao

JRe
FunctIOn:

Format:

Jump e relative.

PC ~ PC + e

byte 2: offset value

DescnptlOn: The given offset value is added to the program
counter using two's complement arithmetic so as to
enable both forward and backward jumps. The off­
set value is added to the value of PC + 2 (after the
Jump). As a result, the effective offset is -126 to
+ 129 bytes. The assembler automatically subtracts
2 from the source offset value to generate the hex
code.

Data Flow:

Af---__-! ,
B C
D E

H l

PC

JR

e-2

Timing: 3 M cycles; 12 T states: 6 usee @ 2 MHz

AddreSSing Mode: Relative.

Flags:

Example:

s Z H PIV N Co=J.:::=o:=cTI: (no effect)

JR D4

PC IL__--"B-"00"--__-'

~
~
OBJEa CODE

290

Before: After:

pc~q§;1~

(This is a backwards jump.)



LD dd. (nn)

FUllctiOn:

Formal:

DescnptlOt1;

THE zao INSTRUCTION SET

Load regIster pair dd from memory locations ad­
dressed by nn.

ddlow - (nn); ddhlgh - (nn + j)

~bytel:ED

liJ ' I d , d I ' :0 I 'I ' i byte 2

'I~~~~n~~~~~l. byte 3: address,I.: . . low order

I=:=;::::=;::::=;:::=n[;==~==::JI byte 4: address,
L . . high order

The contents of the memory location addressed by
the memory locations immediately followmg the
opcode are loaded into the low order of the
specified register pair. The contents of the
memory locatIOn immediately following the one
prevIOusly loaded are then loaded into the
high order of the register pair. The low order byte
of the nn address immediately follows the opcode.
dd may be anyone of:

Data Flow;

Be 00
DE - 01

A f-I---f----,

~I I~

HL - 10
SP II

EO

n

n

y
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Timing: 6 M cycles; 20 T states; 10 usee @ 2 MHz

Addressing Mode: Direct.

Byte Codes:

Flags:

Example:

dd: Be DE HL SP

EO+~

5 Z H PIV N C

1--1-1~_~ (no effect)

LD DE. (5021)

Before: After:

ED

56
21

50

OBJEO CODE

292

5021~
5022~

5021W

5022~



LD dd. nn
FunctIOn:

Format:

THE zao INSTRUCTION SET

Load register pair dd with immediate data nn.

dd - nn

~ d : d I 0 [oEE] byte I

: 7 :

: 7 :

: I
: I

byte 2: immediate
data. low order

byte 3: Immediate
data, high order

DescTlptlOn: The contents of the two memory locations im­
mediately following the opcode are loaded Into the
specified register pair. The lower order byte of the
data occurs immediately after the opcode. dd may
be anyone of:

Data Flow:

Be 00
DE - 01

E

L

HL
SP

10
II

Tillllllg: 3 M cycles; 10 T states; 5 usee @ 2 MHz

AddresslIlg Mode: Immediate.

Byte Codes:

Flags:

dd: Be DE Hl SP

~

5 Z H P/v N Crrrcc:=oTI (no effect)
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Example: LD DE.4131

Berore: After:

11

31

41

OBJECT CODE

294



LDr. n

FunctiOn:

Formal:

DeScriptIOn:

THE zao INSTRUCTION SET

Load register r with immediate data n.

r-n

liEJ~'-:-L:EEJ byte I

E=;=:E~:~~~E:E~:JI byte 2: immediate data

The contents of the memory location Immediately
following the opcode location are loaded into the
specified register. r may be anyone of:

A - III
B - 000
C - 001
D - 010

E - all
H 100
L - 101

Data Flow:
A

B C LD

0 E
n

H l

Tilllmg: 2 M cycles; 7 T states; 3.5 usee @ 2 MHz

Addressmg Mode: Immediate.

Byte Codes: r: ABC 0 E H l

~

Flags: S Z H PlY N C

o:Ie:II:I::I:J (no effect).
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PROGRAMMING THE zao

Example:

~
8
OBJECT CODE

296

LD C,3B

Before:

cl 01

After:



LD r, r'

FunctIOn:

Format:

Description:

THE laO INSTRUCTION SET

Load register r from register r'.

r"- r l

The contents of the specified source register are
loaded into the specified destination register. rand
r' may be anyone of:

Data Flow:

A - III
B - 000
C - 001
D - 010

A
6 f-----j----,c

o E

E - all
H 100
L 101

Timmg: I M cycle; 4 T states; 2 usec @ 2 MHz

Addressmg Mode: Implicit.

Byte Codes:
A

6

C

o
E
H

l

(des!.)

A6CDEHL

7F 78 79 7A 76 7C 70

47 40 41 42 43 44 45

4F 48 49 4A 48 4C 40

57 50 51 52 53 54 55

5F 58 59 5A 58 5C 50

67 60 61 62 63 64 65

6F 68 69 6A 68 6C 60

(source)

Flags: S Z H PlY N C

ITIJIIIIJ (no effect).
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Example: LD H, A

Before: After:

OBJECT CODE

•

298

AI 8C

HI 80

AI 8C

H.~S.



LD (BC), A

FlIllcllOll:

Format:

DescriptIOn:

Dala Flail':

Timlllg:

A

S

D

H

THE zao INSTRUCTION SET

Load mdirectly addressed memory locatIOn (BC)
from the accumulator.

(BC) ~ A

The contents of the accumulator are loaded IOta

the memory location addressed by the contents of
the BC register paiL

cLr1~
~ ~
~

2 M cycles; 7 T states; 3.5 usee @ 2 MHz

Addressmg Mode: Indirect.

Flags: s z H PIV N C

(no effect).

Example: LD (BC), A

Before: After:

AS 1-...:::"--::-'.:::----
.__-----".:.:'09"---_------'1C

~ ""~
OBJECT CODE

AS 1__':::-'_-'- -,

L.__---'-41"'09---'-_-----'1 C

4109 ~3F~
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LD (DE),A

Function:

Formal:

Description:

Data Flow:

Timmg:

Addressmg Mode:

Load indirectly addressed memory locatIon (DE)
from the accumulator.

(DE) - A

~12

The contents of the accumulator are loaded into
the memory location addressed by the contents of
the DE register pair.

2 M cycles; 7 T states; 3.5 usee @ 2 MHz

Indirect.

Flags: s z H P/V N C

ITIIIIIJJ (no effect)

Example: LD (DE), A

Before: After:

AI ED AI ED

01 0392 IE o[ 0392 IE

~ "'~ =8
OBJECT CODE
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LD(HL), n

FunctiOn:

Format:

DescriptIOn:

DOlo Flow:

THE zao INSTRUCTION SET

Load Immediate data n mto the mdirectly ad­
dressed memory location (HLJ.

(HLl - n

[~[o[T~J:OIIEI~ byte I: 36

f2- --! -1----7;--r----.---r-:J byte 2: immediate
L-L__L _..J..--l-..J ! ! data

The contents of the memory location Immediately
following the opcode are loaded into the memory
locatIon indirectly addressed by the HL data
pointer

Timmg: 3 M cycles; 10 T states; 5 usec @ 2 MHz

Addressmg Mode: Immediate/indirect.

Flags: S Z H PIV N C

DIIIIIIJ (no effect).
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Example: LD (HL). SA

Before:

H,LI__---'-A:::3="'-_---lI'

After:

Hil.__...:A=3:::4:c2__...]I,

OBJECT CODE

302



LD(HL), r

FunctIOn;

Formal:

DescnpllOl1:

THE zao INSTRUCTION SET

Load indirectly addressed memory location (HL)
from register r.

(HL) - r

~I-:'+-I

The contents of the specified regIster are loaded
into the memory location addressed by the HL
regIster pair. r may be anyone of:

Dala Flow:
A

B
D

H

A - 111
BODO
C - 001
D - 010

I

E - 011
H 100
L - 101

Timmg:

Addressmg Mode:

Byle Codes:

2 M cycles; 7 T states; 3.5 usec @ 2 MHz

Indirect.

.-: ABC 0 E H l

~
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Flags:

Example:

5 Z H P/V N C

ITJIITIIJ
LD (HLj. B

(no effect).

Before: After:

B '--=-_...J B L.I_c..B'_...J

H 1 CS_Ol__---'ll H LI CS=o''---_--lll

DBlEO CODE

304
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LD r. (IX + d) Load register r mdirect from indexed memory
locatIon (IX + d)

FunCllon: r - (IX + d)

Formal:

DescnptIOn:

~ bytel:DD

B-~'-:-~ byte 2

~ byte 3: offset value

The contents of the memory location addressed by
the IX mdex register plus the given offset value,
are loaded mto the specified register. r may be any
one of:

A - III
B - 000
C - 001
D - 010

E - all
H 100
L - 101

Dala Flow:
A

8

o
H

IX

~

~_ll
1<,,-c J ,~

E Iv
L t- LD

I '--- d

c.-

Timlllg: 5 M cycles; 19 T states; 9.5 usee @ 2 MHz

Addressing Mode: Indexed.

Byte Codes: r:ABCDEHl

DD.~-d
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Flags:

Example:

5 Z H PIV N C

LUIIIITI

LD E. (IX + 5)

(no effect).

Before: After:

03 IE _j'~.E

Ixl 3020 Ixl 3020

DO 3020 2A 3020 2A

5'
05

3025 15 3025 15

DBJEO CODE

306



THE zao INSTRUCTION SET

LD r. (IY + d) Load register r indirect from mdexed memory
location (lY + d)

FunCllon: r - (IY + d)

Formal:

Deser/pllon:

~bytel:FD

ill->-:-~ byte2

I : : : ~ : : : I byte 3: offset value

The contents of the memory location addressed by
the IY index regIster plus the given offset value.
are loaded into the specified regIster. r may be any
one of:

A - III
B - 000
COOl
0-010

E - 011
H 100
L 101

DATA
Dala Flow:

A

B c
D E
H L + LD

IY d

Timing: 5 M cycles. 19 T states; 9.5 usee @ 2 MHz

Addressing Mode: Indexed.
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PROGRAMMING THE lao

Byte Codes:

Flags:

Example:

r;ABCDEHl

FD-~-d

5 Z H P/V N C

c:cITID:TI (no effect).

LD A, (IY + 2)

'D
7E
02

OBJECT CODE

308

Before:

IY LI__-'B..:.00"'5__--'

BOOS 1--=6..:.'--1

'9B0071-__--I

After:

IYIL-__::.BOO=5__-J

BOOS 1-_6::.:'_-1

B007 1----"-.:.9_-1



THE zao INSTRUCTION SET

LD (IX + d): n Load mdexed addressed memory location (IX +
d) with immediate data n.

FunctIOn: (IX + d) - n

Format:
~bytel:DD

~byte2:36

1-: : 1 I byte 3: offset value

1 : : 7 Ibyte 4: Immediate
data

DeSCriptIOn: The contents of the memory locatIon Immediately
following the offset are transferred into the
memory locatIon addressed by the contents of the
index register plus the given offset value.

Data Flow:
AJ-__+ __----,
61-__-!-__--I
01--__+-__-1
HL-__---'--__--'

IX IL.. ----.J LD

d

n

Tinllng: 5 M cycles: 19 T states: 9.5 usee @ 2 MHz

Addressmg Mode: Indexed/immediate.

Flags: 5 Z H PIV N C

o=r=::c:=c::crJ (no effect).
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PROGRAMMING THE zao

Example: LD (IX + 4), FF

Before:

IxIL-__..:c8,,'09"---__..J

After:

IX 1__--=-81..:..09'--__

DO 8109 I>J 6109 I>J

36

04

FF 8100 4' 8100

OBJECT COOf

310
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LD (IY + d), n Load indexed addressed memory location (lY +
d) with immediate data n.

Function: (lY + d) - n

Format:

Description:

Data Flow:

~bytel:FD

~byte2:36

byte 3: offset value

byte 4: immediate
data

The contents of the memory location immediately
following the offset are transferred into the me­
mory location addressed by the contents of lhe
index register plus the given offset value.

A I to
B C

0 I E

I ' 1
d

H
0

Ivl
+

~
Timing: 5 M cycles; 19 T states; 9.5 usee @ 2 MHz

Addressing Mode: Indexed/immediate.
~

Flags: 5 Z H PN N C

~ :<noeffecl).

311



PROGRAMMING THE zao

Example: LD (IY + 3), BA

Before:

IY LI__---"O'-"oo'-_--..J

After:

IY LI__----'-0'''-00'-_---'

FD 0100 D2 0100

36 62

03 OF

BA 0103 04 0103

OBJECT CODE

312



LD(IX + d>,r

Function:

Format:

DescriptiOn:

THE zao INSTRUCTION SET

Load indexed addressed memory location (IX +
d) from register r.

(IX + dl-r

~ bytel:DD

~-:,+-I byte2

I : : :d: : : : I byte 3: offset value

The contents of specified regIster are loaded mto
the memory locatIon addressed by the contents of
the mdex regIster plus the given offset value. r may
be anyone of:

A - III
B - 000
C - 001
D - 010

Data Flow:
A

c )B

0 E :

H l I
IX

E - 011
H 100
L 101

Timmg: 5 M cycles; 19 T states; 9.5 usee @ 2 MHz
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Addressmg Mode: Indexed.

Byte Codes:

Flags:

Example:

r: ABC D E H l

DD-~-d

S Z H PlY N C

c::rrn:::r=co
LD (IX + Il, C

(no effect).

DD
71

OJ

OBJECT CODE

314

Before:

,---=6.::..B_I e

IX 1 --'44.::6::.2 _

"62 h=J
4463~

After:

,---=6.::..B_Ie
IX 1,--__--,"=62=-__

4462 90
4463 _6~ ¥;1h%i



THE laO INSTRUCTION SET

LD (lY + d), r Load mdexed addressed memory locatIOn (IY +
d) from register r.

FIIIlC/IOIl: (IY + d) ~ r

Formal:

DescnpllOll:

~ bytel:FD

~-:,-+-I byte 2

I : : : 1 : : : I byte 3: offset value

The contents of the specified register are loaded
mto the memory location addressed by the con­
tents of the mdex register plus the given offset
value. r may be anyone of:

A - III
B - 000
C - 001
D - 010

E - all
H - 100
L - 101

Dala Flow:
A

B C

0 E
+

H l LD

IY d

Timlllg:

Addressmg Mode:

5 M cycles; 19 T states; 9.5 usee @ 2 MHz

Indexed.

Byte Codes: r;ABCDEHL

FD-~-d
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PROGRAMMING THE ZSO

Flags: S Z H PlY N C

o=c=:c::r:::cIT (no effect).

Example: LD (IY + 3), A

Before: After:

ALI_"'3E'-----J

lYIL __.....:::5A:.:B::'__..-J 'yLI__-.:5::A::;B'=-_..-J

5AB41--,2c.'_-I

("---.

2'

7 5A

I~

5AB

5AB4

n
03

FD

OBJECT CODE

316



THE zao INSTRUCTION SET

LDA, (nn) Load accumulator from the memory location
(nn).

FunctIOn: A ~ (nn)

Format:

I: 7 :
byte 1: 3A

byte 2: address, low
order byte
byte 3: address, hIgh
order byte

DescflptlOn: The contents of the memory location addressed by
the contents of the 2 memory locatIons immediate­
ly following the opcode are loaded into the ac­
cumulator. The low byte of the address occurs im­
mediately after the opcode.

< lb@jc
E

l

lO
n

n

A

B f----j----i
01---+-----1
H '--__-' --'

Data Flow:

Timing: 4 M cycles; 13 T states; 6.5 usec @ 2 MHz

Addressing Mode: Direct.

317



PROGRAMMING THE zao

Flags:

Ewmple:

s Z H PlY N C

O=ItITIJ (no effect).

LD A, (33011

Before:

OA ]

After:A_.
3A

01

33

OBJECT CODE

318



LD (nn),A

FUllclioll:

THE zao INSTRUCTION SET

Load directly addressed memory location (nn;
from accumulator.

(nn; - A

Formal:

~
7 : I
~ : I

byte j: 32
byte 2: address. low
order
byte 3: address. hIgh
order

DeSCrIption: The contents of the accumulator are loaded into
the memory locatIon addressed by the contents of
the memory locations Immediately following the
opcode. The low byte of the address Immediately
follows the opcode.

Dala Flow:
A

B

D

H

C

E

l

LD

q

p

Timll1g: 4 M cycles; 13 T states; 6.5 usee @ 2 MHz

AddresslI1g Mode: Direct.
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Flags:

Example:

5 Z H PIV N C

~ (noeffectl

LD (0321), A

Before: After:

32

21

03

OBJECT CODE

320



LD (nn), dd

Function:

Format:

THE zao INSTRUCTION SET

Load memory locatIons addressed by nn from
register paIr rr.

(nn) ~ddlow; (nn + 1) ~ddhigh

~Bbytej:ED

~byte2

E:=;=;=::~:..f::::;:=:~ byte 3: address,
L ......._l........m~ L.........- ........=:t::=J low order

: ~
byte 4: address,
high order

DescnptlOns: The contents of the low order of the specified
register pair are loaded into the memory location
addressed by the memory locations Immediately
following the opcode. The contents of the high
order of the register pair are loaded into the
memory location Immediately followmg the one
loaded from the low order. The low order of the
nn address occurs immediately after the opcode.dd
may be anyone of:

Data Flow:

Be - 00
DE 01

A!-__t-__,
B C

o E
H L

HL
SP

LO

dd

n

n

10
11

SPLI --'

~

II II

321
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Timlllg: 6 M cycles; 20 T states; 10 usee @ 2 MHz

Addresslllg Mode: Direct.

Byte Codes:

Flogs:

Example:

dd: Be DE HL SP

ED-~

5 Z H PlY N Co:::=r::r:::r=: (no effecll.

LD (040B), Be

Before: After:

BLI__-,o~22",__---,le BL!__---.:;02:::''-'__---.Jle

ED

43

OB

04

OBJECT
CODE

322

040Brd

040e~

0408

o,oe pWiwziEMwz"1



LD (nn), HL

FunctIOn:

Formal:

DescnptiOn:

Dala Flow:

THE zao INSTRUCTION SET

Load the memory locatIOns addressed by nn from
HL.

(nn) - L; (nn + 1) - H

CiliI ' I 0 I 0 I0 CEJ byte I: 22
1_' , -,--,---, '~l byte 2: address,
Cl...-.........L_..L...-~._I__1 _W=LJ (ow order

E=~~=~ ;_~_J ~r:~ ~:r~:rdress,

The contents of the L register are loaded into the
memory location addressed by the memory loca­
tions Immediately followmg the opcode. The con­
tents of the H register are loaded into the memory
locatIOn Immediately following the locatIOn
loaded from the L register. The low order of the
n-1] address occurs Immediately after the opcode.

LD
n

A1-__-1-__---,
B C

o E
H l

n

Timmg: 5 M cycles; 16 T states; 8 usee @ 2 MHz

Addressmg Mode: Direct.
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PROGRAMMING THE zao

Flags:

Example:

5 Z H PlY N C

co:=r=r~ (no effect).

LD (40B9). HL

Before: After:

22

B9

'0

OBJECT
CODE

324

'OB9W

'OBA~
40B9~
'OBA~



LD (nn), IX

Function:

Formal:

DeSCriptIOn:

Data Flow:

THE l80 INSTRUCTION SET

Load memory locations addressed by nn from IX.

(nn) ~ IXlow; (nn + l) ~ IXhIgh

~bytel:DD

~o 10 13 byte 2: 22

E~=::==::='=::='~n~'=.:'=':=':=:11 byte 3: address,
~'--L-~' . low order

r:=:E=~~==E~:=J1byte 4: address.[ . . high order

The contents of the low order of the IX regIster
are loaded Into the memory location addressed by
the contents of the memory location immediately
following the opcode. The contents of the hIgh
order of the IX register are loaded into the
memory location immediately following the one
loaded from the low order. The low order of the
nn address occurs immediately after the op code.

LO

A 1------:---:---,
B C
o E

H'-__-' -'

n

n

Timing: 6 M cycles; 20 T states; 10 usee @ 2 MHz

Addressmg Mode: Direct.
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PROGRAMMING THE zao

Flags:

Example:

5 Z H PlY N C

CIIIIITIJ

LD (OI2B), IX

(no effect).

Before:

IX C_= 0 406: _

After:

IX LI__-'0:.:4:::06-'_---'

326

DO
22

2B

01

OBJECT
CODE

012BR1

012C~
012B~
012C~



LD (nn).IY

FunctIOn:

Format:

DeSCriptIOn:

Data FloI\':

THE zao INSTRUCTION SET

Load memory locatlOns addressed by nn from IY.

~oJ~ byte 2: 22

7 :~ =:3 ~~~e ::d~~dress,

~ :: I byte 4: address,
. .. high order

The contents of the low order of the IY register are
loaded mto the memory localion addressed by the
contents of the memory localions Immediately
following the opcode. The contents of the high
order of the IY register are loaded Into the
memory localion Immediately following the one
loaded from the low order. The low order of the
nn address occurs Immediately after the opcode.

LD

A 1----+__--
B C
D E
HL__-' -.J

n
n

Til/ling: 6 M cycles; 20 T states; 10 usee @ 2 MHz

AddresslIlg Mode: Direct.
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PROGRAMMING THE ZSO

Flags:

Example:

,-:S"-r-=Z~~.:.:H~--;.:.PIV-,- N C

LI---,-----,--I---'---'--'----.JIIJ (no effect)

LD (BD04), IY

FD

22

04

BD

OBJECT CODE

328

Before:

IY IL D::2':04=-_--.J

BD04~
BD05~

After:

IY LI__...:D::.:20::4~_......J

BD04~
BD05~



LDA. (Be)

FU/1Clfon:

Format:

DescnpllOn:

Dala Flow:

THE zao INSTRUCTION SET

Load accumulator from the memory location in­
directly addressed by the BC register pair.

A - (BC)

The contents of the memory location addressed
by the contents of the BC reglstl'f pair are loaded
mto the accumulator.

Timlllg: 2 M cycles; 7 T states; 3.5 usee @ 2 MHz

Addresslllg Mode: Indirect.

Flags:

Example:

S Z H P/V N C

CO I I I I I I

LD A, (BC)

(no effect).

Before:

Asl AB
. 3201

OBJECT CODE

After:

A~_

Ie IeB 32D1

w,~

329



PROGRAMMING THE zao

LD A. (DE)

FunctIOn;

Formal:

DescriptIOn:

DOlO Flow:

Load the accumulator from the memory location
mdirectly addressed by the DE regIster pair.

A - (DE)

The contents 0 f the memory location addressed by
the contents of the DE register pair are loaded mto
the accumulator.

Timlllg: 2 M cycles; 7 T states; 3.5 usee @ 2 MHz

Addresslllg Mode: Indirect.

Flags: s z

[I
H P/V N Cm I I (No effect).

Example: LD A, (DE)

Before:

A I D2

D ,-I 60_5_1 1 E

After:

A.C9R
D1__---=-60"'5.;..1__-,I E

f2g 6051Rg

OBJECT CODE

330

6051~



LD A.I

FunctIOn:

Format:

DescnptlOn:

Daw Flaw:

Tilllmg:

A ddresslllg Mode:

Flags:

Example:

A

8

D

H

THE zao INSTRUCTION SET

Load accumulator from Interrupt vector register l.

A -I

CEriIo]~~FEJ byte I: ED

~I~EFI~FJ~IT;J byte 2: 57

The contents of the interrupt vector register are
loaded Into the accumulator.

~ --
\------- ________ c

f------- ----- E

C

I I [

2 M cycles; 9 T states; 4.5 usee @ 2 MHz

Implicit .

5 Z H P/v N Cr.TiIlOlTXTOfl i set to the contents
~ ofIFF2

LD A, I

w
~
OBJECT CODE

Before:

ILl__'8__

After:

AB!!_ II '8
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PROGRAMMING THE ZSO

LD I.A

FunctiOn:

Formal:

DeScriptIOn:

Load Interrupt Vector regIster I from the ac­
cumulator.

~bytel:ED
~byte2:47

The contents of the accumulator are loaded into
the Interrupt Vector register.

Data Flow: A

B

o
H

C

E

l

I--~

Timlflg: 2 M cycles; 9 T states; 4.5 usee @ 2 MHz

Addressmg Mode: Implicit.

Flags:

Example:

S Z H PIV N Co:=c:r::r=c::r: (no effect)

LD l, A

w
~
OBJECT CODE

332

Before:

AI 06

After:



LD A,R

Function:

Formal:

DescriptIOn:

THE zao INSTRUCTION SET

Load accumulator from Memory Refresh register
R.

~bYleI:Eo.

~byte2:5F

The contents of the Memory Refresh regIster are
loaded mto the accumulator.

Data Flow:

Timl/lg:

AddresslIlg Mode:

Flags:

Example:

A

B

o
H

~I<
c
E

L

'I L

2 M cycles; 9 T states; 4.5 usec @ 2 MHz

ImplicIt.

s Z H PIV N C

~
L- set to contents of IFF2

LD A, R

Before:

w
~
OBJECT CODE

Ai 62 . ',-I__4_A_~

After:

333



PROGRAMMING THE zao

LD HL. (nn)

FunctIOn:

Format:

Load HL regIster from memory locations addres­
sed by nn.

L - (nn); H - (nn + 1)

~bytel:2A

: ~
byte 2: address, low
order

byte 3: address, high
order

DescnpllOll: The contents of the memory locatIon addressed by
the memory locatIons Immediately after the op­
code are loaded mta the L register. The contents
of the memory locatIOn after the one loaded into
the L regISter are loaded into the H register. The
low byte of the nn address occurs Immediately
after the opcode.

Dala Flow: lD

A n

B C n

D E

H l

,
y

Tilll/llg: 5 M cycles, 16 T states; 8 usee @ 2 MHz

Address/Ilg Mode: Direct.

Flags:

334

s Z H PlY N C

ITJIlIIIJ (no effecl)



Example: LD HL, (0024)

Before:

THE laO INSTRUCTION SET

After:

OBJECT CODE

335



PROGRAMMING THE zao

LD IX, nn

FunctiOn:

Format:

Description:

Data Flow:

Load IX register wIth immediate data nn.

IX - nn

~bYtel:DD

~bYte2:21

: 7 I byte 3: immediate
. . . data, low order

: ? I byte 4: Immediate
. . . data, high order

The contents of the memory locatIons immediate­
ly follOWIng the opcode are loaded into the IX
regIster. The low order byte occurs Immediately
after the opcode.

Af-__+-__,
B c

0f---+-----1'
H l

lO

Timlllg: 4 M cycles; 14 T states; 7 usec @ 2 MHz

AddresslIlg Mode: Immediate.

Flags:

336

S Z H PlY N Ccr:=c:cr::::c:o (no effect)



Example:

DO
21

Bl

BO

OBJECT CODE

LD IX, BOB 1

Before:

[xlL__-::3D::;:6F'--_---.J

THE ZeD INSTRUCTION SET

After:

337



PROGRAMMING THE Z80

LD IX, (nn)

FUllcrlOn:

Formar:

DeSCriptIOns:

Data Flow:

Load IX register from memory locatIOns ad­
dressed by nn.

IXlow - (nn); IXhlgh - (nn + l)

['EEI~EEl-o:Bbyte I: DO

GI~0--;-1~1~ byte 2: 2A

t=:'=':::;:3-==:==al byte 3: address,L.---.L.... ._! L...~ I . low order

The contents of the memory Iocalion addressed by
the memory loealions immediately followmg the
opcode are loaded Inlo the low order of the IX
register. The contents of the memory location Im­
mediately following the one loaded Into the low
order are loaded into the high order of the IX reg­
Ister. The low order of the nn address Immediately
follows the opcode.

n

lO

n

n

,
y

Ti/lllllg: 6 M cycles; 20 T states; 10 usee @ 2 MHz

AddresslIlg Mode: Direct.

338



Flags:

Example:

THE zao INSTRUCTION SET

5 Z H PN N C

CD-=r=r=r=r::JJ (no effect).

LD IX, (OIOB)

DO

2A

OB
01

OBJECT CODE

Before:

IX I
L! __-'-":.:':::.B__---'

OlDBW

OlOC~

After:

OlOBW

OlOC~

339



PROGRAMMING THE zao

LD IY. nn
FunctiOn:

Formal:

Descnpllon:

Load IY register with tmmediate data nn.

IY - nn

~byteI;FD

E=====~=:l~===al byte 3: Immediate
. . . data, low order

~~~~:~;====~:J byte 4: Immediate
t: . data, high order

The contents of the memory localions Immediate­
ly follOWing the opcode are loaded Into the IY
regIster. The low order byte occurs Immediately
after the opcode.

Till/mg: 4 M cycles; 14 T states; 7 usec @ 2 MHz

Addressmg lv/ode: Immediate.

340



Flags:

Example:

THE zao INSTRUCTION SET

S Z H P/V N C

~ (noeffectJ

LD IY,21

FD

21

21

00

OBJEO CODE

Before:

IY LI__-'0:=69:.:::8'-_--'

After:

341



PROGRAMMING THE zao

LD IY, (nn)

FUllctIOn:

Format:

DescriptIOn:

Data F1o\V:

Load register IY from memory locations addressed
by nn.

lYlow - (nn); lYhigh - (nn + I)

LEEEELEEJ'bytel: FD

~:EJ~ byte 2: 2A

, , byte 3: address.
~ lloworder

n Ibyte 4: address,
, high order

The contents of the memory location addressed by
the memory locations Immediately following the
opcode are loaded mto the low order of the IY
register. The contents of the memory locatIon im­
mediately followmg the one loaded into the low
order are loaded mto the high order of the IY
register. The low order of the nn address Im­
mediately follows the opcode.

LD

342

Aj-__+ __---,
B C

D E
H l

n

n

,
y



THE ZSO INSTRUCTION SET

Timmg: 6 M cycles; 20 T states; 10 usee @ 2 MHz

Addressmg Mode: Direct.

Flags:

Example:

5 Z H PIV N Cn=r=ccr=m (no effect).

LD IY. (500D)

Before: After:

IY LI__-=600=2__-,lly~:i;'M'.

Fa
2A

00
so

OBJECT
CODE

soooW

500E~
SOOOW
500E~

343



PROGRAMMING THE lao

LD R.A Load Memory Refresh regIster R from the ac­
cumulator.

Function:

Formal: ~ bytel:ED

~ byte2:4F

Description: The contents of the accumulator are loaded Into
the Memory Refresh register.

C

E
H l

RW'~<=-

A

B

o

Data Flaw:

Timing: 2 M cycles: 9 T states: 4.5 usec @ 2 MHz

Addressing Mode: ImplicIt.

Flags: S Z H PlY N Ccrr::r:::cco:J (no effect)

Example: LD R. A

Before: After:

Qj
~

A ....1_,,-0'_-,1 R1__4~0_-,1 A iOF--1

OBJECT CODE

344



LD SP.HL

FUllctiOn:

Format:

DescnptlOn:

DolO Flow:

Til/WIg:

THE zao INSTRUCTION SET

Load stack pomter from HL.

SP - HL

The contents of the HL regIster pair are loaded m­
to the stack pointer.

A
B }-----j-----, C

o E

H L==]"l
sp~¢=:::J

I M cydes; 6 T states; 3 usee @ 2 MHz

AddresslIIg Mode: Implicit.

Flags:

Example:

S Z H PIV N C

[L-LI-.L.-lIIII1J (no effect)

LD SP, HL

Before: After:

OBJECT
CODE

H[__.......::.06::.A::.'__~]c HLl__-'o::.6A::.,__--.J1 L

345



PROGRAMMING THE zao

LD SP. IX

Function:

Formal:

DescnptlOtl:

DOlo Flow:

Timmg:

Load stack pointer from IX register.

SP - IX

~bytel:DD

The contents of the IX register are loaded mto the
stack pointer.

r---~

A

B C

0 E

H
1---

l

2 M cycles; 10 T states; 5 usee @ 2 MHz

AddresslIlg Mode: ImpliCIt.

Flags:

Example:

s Z H PlY N C

LLLI r:TI]] (noeffeetl

LD SP, IX

hrl
~

OBJECT
CODE

346

Before:

IX 1 09_D_2 ~

splL__-"-S4c-A,,O _

After:

IX L 09D2

SP~99D2~



LD SP.IY

FUnC(I011:

Formal:

Descrlpl/on:

Data Flaw:

Timing:

THE ZSO INSTRUCTION SET

Load stack pointer from IY register.

SP -IY

[]__J~B~ byte 2: F9

The contents of the IY regISter are loaded into the
stack pomter.

A
6 1----+--- c

o E
H l

IY L .J--,

2 M cycles; 10 T states; 5 usee @ 2 MHz

Addresslllg Mode: lmplictt.

Flags:

Example:

s Z H P/V N C

~ (no effect)

LD SP,IY

w
~
OBJECT CODE

Before:

IY [ 09_A_6__~

After:

IY i 09AS

347
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LDD

Function:

Formal:

DescrlpllOn:

Block load with decrement.

(DE) - (HL); DE - DE - 1; HL - HL - 1;

BC - BC I

~ byteI:ED

~ byte2:A8

The contents of the memory location addressed by
HL are loaded mto the memory locatIon address­
ed by DE. Then BC, DE, and HL are all
decremented.

Data Flow:

DATA

Timmg: 4 M cycles; 16 T states; 8 usee @ 2 MHz

Addressing Modes: Indirect.

Flogs:

348

5 Z H PlY N C

ITIJ:Q[EIQD
L- Reset if BC = 0 after

executlOn, set otherwise.



Example: LDD

Before:

THE zao INSTRUCTION SET

After:

B1-__---=OB::O:::.4__-IC
D 6211 E

H 843B L

C

E

l

~ 621lRg 621l~
A8

OBJECT CODE

843B§j 643B~

349
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LDDR

FunctiOn:

Formal:

DeSCriptIOn:

Data Flow:
A

B

D

H 0

Til71111g:

Addressmg Mode:

Flags:

350

Repeatmg block load with decrement.

(DEl ~ (HL); DE ~ DE - I; HL ~ HL - I;
BC ~ BC - I; Repeat until BC = 0

~ byte!:ED

~ byte2:B8

The contents of the memory location addressed by
HL are loaded mto the memory location address­
ed by DE. Then DE, HL, and BC arc all
decremented. If BC *0, then the program counter
IS decremented by 2 and the mstructlon re­
executed.

-------..,
c.:-.:-.:-.:-..;--' :
___ ., 1 r :

I 1 I 1
I I I 1
I [ : 1
I I 1 I
1 I I I
1 I I I
1 I I 1
1 I I 1

~ t...l :
j ~3-1

--'
2

BC * 0: 5 M cycles; 21 T states; 10.5 usee @ 2
MHz.
BC = 0: 4 M cycles; 16 T states; 8 usee @ 2 MHz

Indirect.

5 Z H PlY N C

o::IJ2IJQIQI]



Example: LDDR

Before:

THE laO INSTRUCTION SET

After:

~
OMF B1 OMF

06BO 04 0680

06B1 DF 0681

06B2 36 06B2
OBJECT CODE

9032 92 9032 92

9033 DE 9033 DE

9034 E1 9034 E1

9035 BF 9035 BF
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LDI

Function:

Formal:

Description:

DOlO Flow:

Timing:

A

B

D

H

Block load with increment.

(DE) - (HL); DE - DE + I; HL - HL + I;
BC-BC-I

~bytel:ED

~byte2:AO

The contents of the memory location addressed by
Hl are loaded into the memory location addressed
by DE. Then both DE and HL are incremented,
and the register pair BC is decremented.

~
ATA

"-c/ 4

E

DATA

4 M cycles; 16 T states; 8 usec @ 2 MHz

Addressing Mode: Indirect.

Flags:

352

s Z H PIV N C

~Reset if BC = 0 after
t:xecution, set otherwise.



THE l80 INSTRUCTION SET

After:

c"B,- 0005"
*'-"$/_3482 E

I{ffi:d~?~z,@,{~$1? l

8

o
H

Example: LDI

Before:

~I
0006

I~3481

3902

OBJECT CODE

3481~

353
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LDIR

Function:

Formal:

DescnpllOn:

Dala Flow:

Timing:

A

B

D

H

Repeatmg block load with mcrement.

(DE) - (HL); DE - DE + 1; HL - HL + 1;
BC - BC - 1; Repeat until BC = 0

~ bytel:ED

~ byte2:BO

The contents of the memory location addressed by
HL are loaded into the memory location ad­
dressed by DE. Then both DE and HL are in­
cremented. BC is decremented. If BC '" 0 ,then
the program counter is decremented by 2 and the
mstructlOn is re-executed.

2-,
.:1 ~_J_l

-~ i-I I
1 I I I
I I I i
I I I I
I \ I I
\ I I Illill--c-. DATA Ill:
I I I I
I I I I

I 2 I----~:_::_::_::_=__J I I, I
1---'- I
I J =-:======_...1 i1__- ~

For BC '" 0: 5M cycles; 21 T states; 10.5 usee @ 2
MHz.
For BC = 0: 4 M cycles; 16 T states: 8 usec @ 2
MHz

Addressmg Mode: Indirect.

354
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Flags: s z H PlY N C

D 101 K5]oD

Example: LDIR

Before: After:

~I
0002

I~4A03

962A

~
4A03 12 4A03

60 4A04 F4 4A04

<lAOS AA 4AOS

OBJECT CODE

962A1---,,3:c6_-I
9626 1----"9:cO_-I
962C 1-....:o6E:'------l

962A 3B

962B 90
962C r-'6-'-E--I

355
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LD r, (HL)

Function:

Format:

Description:

Load register r indirect from memory location
(HL).

r - (HL)

The contents of the memory location addressed by
HL are loaded into the specified register. r
may be anyone of:

Data Flow:

A - III
B - 000
C - 001
D - 010

I

E - 011
H 100
L - 101

Timing:

Addressing Mode:

Byte Codes:

356

2 M cycles; 7 T slales; 3.5 usee @ 2 MHz

Indirect.

r: ABC 0 E H l

~



Flags:

Example:

THE ZSO INSTRUCTION SET

5 Z H PN N Crr:r::::c:r:=c: (no effect).

LD D, (HL)

Before:

E§ OC32Eg
OBJECT CODE

After:

o -t.I----::::--,HCOC . 32 Il

OC32Eg

3S7



PROGRAMMING THE zao

NEG Negate accumulator.

FunCIion: A-O-A

Formal:
~ bytel:ED

~byte2:44

Description: The contents of the accumulator are subtracted
from zero (two's complement) and the result is
stored back in the accumulator.

11S¥7
II 31

."'?#ii16<
C

E AlU

l

A

B

D

H

DOlo Flow:

Timing: 2 M cycles; 8 T stales; 4 usee @ 2 MHz

Addressing Mode: Implicit.

Flags: 5 Z H ~N N C

~
C will be set if A was 0 before the instruction.
P will be set if A was 80H.

Example: NEG

~
OBJECT
CODE

Before: After:

358
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NOP No operation.

FUllction: Delay.

Formal:

~oo

Description: NOlhing is done for I M cycle.

No actio

E

l

A 0

B C

o
H

Dala Flow:

Timing: I M cycle; 4 T slates; 2 usee @ 2 MHz

Addressing Mode: Implicit

Flogs: S Z H P/v N C

~ (00 effect).

359

























OUTI

FUllction:

Formal:

DescriptIOn:

THE zao INSTRUCTION SET

Output wIth Increment.

(C) - (HL); B - B-1, HL - HL + I

~ bytel:ED

~ byle2:A3

The contents of the memory location addressed by
the HL register pair are output to the penpheral
device addressed by the C register. The B register
is decremented and the HL register pair IS incre­
mented.

C supplies bits AO to A7 of the address bus.
B (after decrementation) supplies bits A8 to A1S.

Timing: 4 M cycles; 16 T states; 8 usee @ 2 MHz

AddresslIlg Mode: External.

Flags:
S Z H P/v N C

CECLI=-EGTI Ill- I
Set if B = 0 after execution,
reset otherwise.

371
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Example: OUT!

Before: After:

OBJECT CODE

372

Of9A~
.~



POPqq

FunCILOI1:

Format:

DescnplLOIl:

THE zao INSTRUCTION SET

Pop regIster paIr qq from stack.

qq low - (SP); qqhlgh- (SP + I); SP- SP + 2

The contents of the memory locatIon addressed by
the stack pOInter are loaded into the low order of
the specified register paIr and then the stack
pointer is incremented. The contents of the
memory location now addressed by the stack
pOInter are loaded Into the high order of the
register pair, and the stack pOInter IS agaIn In­
cremented. qq may be anyone of:

Data Flow:

Be - 00
DE 01

A 1----1----1
B C

D E

H l

HL
AF

IO
II

Timmg: 3 M cycles; 10 T states; 5 usee @ 2 MHz

Addressmg Mode: Indirect.

Byte Codes: qq; Be DE Hl Af

~

373
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Flags:

Example:

374

s Z H PIV N C

[T]_~I]]-III (no effect).

POP Be

After:

015B OA

015C 42

0150 03



POP IX

FUIlC!IOI1 :

rormal:

DescnpllOI1:

Dura Flo 1\':

THE Z80 INSTRUCTION SET

POP IX register rrom stack.

IX low - (SP); IX high - (SP + I); SP - SP + 2

mol ' I ' I ' I0 LJ byte I: DD

i ' I ' i ' i 0 I 0 i 0 i 0 I ' i byte 2: EI

The contents of the memory location addressed by
the stack POl!lter are loaded loto the iaw order of
the IX register, and the stack pointer IS 10­

cremenlcd. The contents of the memory locatlon
now addressed by the stack pointer are loaded IO­

ta the high order or the IX register, and the stack
pOinter IS again lOcremented.

TiJ1llllg: 4 M cycles; 14 T states; 7 usee @ 2 MHz

AddressJ1Ig iV/ode: Indirect.

375
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Flags:

Example:

S Z

[]

POP IX

Before:

H PN N C

After:

IX Il-_---.:OO:.:O:.:'__--.J

SPLI__.-:09O=B'--_---'

~
090B 36 090B 36

El 090C 04 Q90C 04
O9OD B2 090D B2

OBJECT CODE

376



POPIY

FunctIOn:

Formal:

DeSCnpflOl1:

Dala Flow:

Timlllg:

THE zao INSTRUCTION SET

POP IY register from stack.

IY I - (SP); IY h h - (SP + I); SP - SP + 2
ow 19

~bYte2:EI

The contents of the memory localion addressed by
the stack pomter are loaded mto the low order of
the IY regIster, and then the stack pomter IS mcre­
mented. The contents of the memory location now
addressed by the stack pomter are loaded mto the
hIgh order of the IY register, and the stack pomter
is again incremented.

4 M cycles; 14 T states; 2 usec @ 2 MHz

Addressmg Mode: Indirect.

Flags: 5 Z H PlY N C

LI:::ITJ:JI[] (no effect).
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Emmple:

OBJECT CODE

378

POP IY

Before:

IvlL__-'O-'-32-'-A'----__

5PI =30:.;:O::-'---

3004 61

30051-~40::---I

3006 39
1----1

After:

3004 61
3005 I-~'O::---I

3006f---C39__



PUSH qq

FunctIon:

Formal:

DescriptIOn:

THE Z80 INSTRUCTION SET

Push register paJr onto stack.

(SP - l) ~qqhlgh; (SP - 2) -qqlow;
SP -SP - 2

The stack pOinter IS decremented and the contents
of the high order of the specified regISter pair are
then loaded lOla the memory location addressed
by the stack pointer. The stack pointer IS agalO
decremented and the contents of the low order of
the register pair are loaded into the memory loca­
tion currently addressed by the stack pomter. qq
may be anyone of:

Dow Flow:

Be 00
DE - 01

HL
AF

10
11

Til1JlIlg: 3 M cycles; liT slales; 6.5 usee @ 2 MHz

AddresslIlg lv/ode: Indirect.

Byle Codes: qq: Be DE Hl Af

~

379
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Flags: 5 Z H PlY N C

CIJIIC[J (no effect).

Example: PUSH DE

Before:

DI OA03 I E

SP 1 0081

~ OOAF B6

DCBO 9A

DCBl OF
OBJECT CODE

380

After:

DI DA03 IE

sp~69:H~

DCAF

DCBO

DCB1 1--"'----1



PUSH IX

rlil1CllOU:

Format:

Description:

THE zao INSTRUCTION SET

Push IX onto stack.

(SP - I) - IXhlgh, (SP - 2) - IXlow;
SP - SP - 2

CEI~]~I]~]~ byte 1: DD

~byte2:E5

The stack pomter IS decremented, and the contents
of the hIgh order of the IX register are loaded mto
the memory location addressed by the stack
pomter. The stack pomter IS agam decremented
and then the contents of the low order of the IX
regtster are loaded tnto the memory location ad­
dressed by the stack pomter.

Data Flow:
A

B

o
H

- ---

--
I- --

C

E

Timll1g:

IX~_II J

sp~lffH~I---- ]

4 M cycles; 15 T states; 7.5 usee @ 2 MHz

AddresslI1g Mode' Indirect.

Flags: S Z H P/V N C[n-=:-r 1 r [T] (no effect)
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Example:

Before:

PUSH IX

Afler:

04A2IX [ O_'A_' _

SP LI__-,009"",,-6__--'

009' f---.::"=---I
00<5 f---:9,-'-i
0096 f---.::O'=---I

OBJEG CODE

382

,xl
'--,------

SP~

009'
0095

0096 f---==--I



PUSH IV

FunCTIOn:

Format:

Descnpl/Oll:

Duw F/o\l':

THE zao INSTRUCTION SET

Push IY onto stack.

(SP - I) - IY h,eh; (SP - 2) - IYlo,,;
sp - Sp - 2 ~

[;:EEI,T, ['EJ~ byte j: FD

L
1 _,-,\_,-t1_i_L!_O-,'L0--,;_'_"-_O-'-L'--,'" byte 2: E5Ii. i I! ..

The stack pOinter IS decremented and the contents
or the high order of the IY regIster are loaded Into

the memory location addressed by the stack
pomler. The stack nOllllcr IS agul!l decremented
and the contents of the low order of the IY regIster
are loaded Into I he memory locatlon addressed by
I he stack pOlOler.

sp 1/"/:;:/0/?;;;?7/~;i?Wh
@~:z::/p,j20~.:;~~~_:.'/ /. I

~------'

Tillllllg: 3 M cycles; 15 T slales; 7.5 usee @ 2 MHz

/lddresslIlg A4ode: Indirect.

Flags: 5 Z H P/V N C-,..-,-,o=LID (no effecl)
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Example: PUSH IY

Before:

IVI 90BF

SP 1 0086

~
0084 FF

OOBS BS
OOB6 9D

OBJECT CODE

384

After:

IY 1 908F I

sp~%f,M~

0084

008S

0086 f---':":C---j



RES b. s

FunctIOn:

THE zao INSTRUCTION SET

Reset bIt b of operand s.

sb - a
Format: s:

r

(HLj

(IX + d)

(IY + d)

~ bytel:CB

ilil-:b-:1-;' -:1byte 2

~ bytel:CB

~byte2

~ bytel:DD

~byte2:CB

I : : : 1 : : : I byte 3: offset value

Gij->-:-I~ byte 4

~bytel:FD

~byte2:CB

I : : : 1 : : : I byte 3: offset value

o 0 1-:+-~ byte 4

b may be anyone of:

a - 000
1 - 001
2 - 010
3 01 I

r may be anyone of:

A - II I
B - 000
C - 001
D 010

4 - 100
5 - 101
6 - 110
7 - III

E - all
H - 100
L - 101
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DescrlpllOn: The specified bIt of the location determined by s is
reset. s is defined in the description of the Similar
BIT instructions.

Dala Flow'
A
Bf------j---j--- C

o E
H l

Timing: usee
s: M cycles: T slales: @2MHz:

r 2 8 4
(HL) 4 IS 7.5
(IX + d) 6 23 II.s
(lY + d) 6 23 II.S

Addressmg ·Mode: r: implicit: (HL): indirect; (IX + d), (IY + d): in­

dexed.

B7 BD Bl B2 B3 B4 85

BF B8 89 8A 88 8e 80

97 90 91 92 93 94 95

9F 9B 99 9A 9B 9C 90

A7 AD Al A2 A3 A4 AS

AF AB A9 AA A8 AC AD

B7 BO Bl B2 B3 B4 B5

BF B8 B9 BA BB Be BD

2

3

6

s

4

7

b: f" ABC 0 E H l

CB- 0

RES b, rByle Codes:

RES b, (HL)
b: 0 ! 2 3 4 5 6 7

CB-~

386



RES b. (IX + d)
RES r/ (HL)
RES b. (IY + d)

Flags:

DDCB ­

CB

FDCB -

s z

[ I I

THE ZSO INSTRUCTION SET

b:012J456 7

~

H PIV N C

[I] D(Noeffect)

Examples:

M
~
OBJECT CODE

RES 1. H

Before:

HLI_~42'---1

After:

387
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RET

FunctiOn:

Format:

Description:

Data Flow:

Return from subroutine

PCIow - (SP); PChlgh - (SP + I); SP - SP + 2

~C9

The program counter is popped off the stack as
described for the POP instructions. The next in­
struction fetched is from the location pomted to
byPC.

A
Bf----!-----,c

D E

H l

PC

SP

STACK

PCl
PCH

Timmg: 3 M cycles; 10 T states; 5 usee @ 2 MHz

Addressmg Mode: Indirect.

Flags:

388

S Z H PlY N C

o==cDIrn (noeffeCI)



Example:

eg
OBJECT CODE

RET

Before:

PC I__-,-08",8-,-1__--'

SP 1 __-'-33-'-10'--_---'

3310M

331l~

THE zao INSTRUCTION SET

After:

PC \"$il&J11J.,.
sp~~m'"

3310M

33"~

389
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RETcc Return from subroutme on condition.

FUllction: If cc true: Pqow - (SP); PChIgh - (SP + 1);
SP-SP + 2

Format:

DeSCriptIOn: If the conditlOn IS met, the contents of the pro­
gram counter are popped off the stack as described
for the POP mstructions. The next mstruction IS
fetched from the address in PC. If the condition IS
not met, instruction execution continues in
sequence.

I
F

C

E

I
CONTROL

:_~
lOGIC

IT lY sTAa
- - - --

PCl1----- PCH
- - - - -

v---

A

B

o
H

PC

SP~j----_J

Data Flow:

cc may be anyone of:

NZ 000
Z - 001

NC - 010
C - all

PO
PE

P
M

100
101
110
111

Timmg: Condition met: 3 M cycies; 11 T states; 6.5 usec @

2 MHz.
Condition not met: 1 M cycle; 5 T states; 2.5 usee
@2MHz

Addressmg Mode: Indirect.

390



Byte Codes:

Flogs:

Example:

THE zao INSTRUCTION SET

CC.NZZ Nee POPE PM

~

~-r-~LLLLLLLLJ (no effect)

RET NC

~
OBJECT CODE

Before:

00 IF

PC IL__---"0'''-'''-_--'

sp LI__-,,-as::.,:...,__---'

aSIl~
as'2~

After:

00 If

pc~(f~

SP -':~K!%DiJ.II

a5"~
a5'2~
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RETI

Function:

Format:

DeSCription:

Return from interrupt.

Pqow - (SP); PChigh - (SP + I); SP - SP + 2

liJiLJ 0 I' " B byte I: ED

~byte2:4D

The program counter IS popped off the stack as
described for the POP instructions. ThIs instruc­
tion is recognIzed by Zilog peripheral devIces as
the end of a peripheral service routme so as to
allow proper control of nested priority Interrupts.
An EI instruction must be executed prior to RET!
in order to fe-enable interrupts.

Data Flow:
A

B C

D E

H l

PC

STACK

PCl

PCH

SP

TimIng: 4 M cycles: 14 T states; 7 usee @ 2 MHz

Addressmg Modes: Indirect.

Flags:

392

5 Z H PIV N Cc:IJ:I::CIID (no effect).



Example: RET!

Before:

pel 84El

spl 8982

§§ ~'~'D 8983 81

OBJECT CODE

THE zao INSTRUCTION SET

After:

pe~iiTA;{~
dmWH

8982M

8983~

393
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PROGRAMMING THE ZSO

RETN

Function:

Return from non-maskable interrupt.

Pqow - (SP); PChigh - (SP + I); SP - SP +
2; IFFI - IFF2

Format:
byte I: ED

byte 2: 45

Description:

Data Flow:

The program counter is popped off the stack as
described for the POP instructIOns. Then the con­
tents of the IFF2 (storage flip-flop) is copied back
into the IFFl to restore the state of the interrupt
flag before the non-maskabie interrupt.

A
Bf----l------. c

D E

H l

STACK

PCl
PCH

Timmg: 4 M cycles; 14 T states; 7 usec @ 2 MHz

Addressing Mode: Indirect.

394



Flags:

Example:

THE zao INSTRUCTION SET

5 Z H P/V N Co=c::r:=c:r::r: (no effect).

RETN

h=1
~
OBJECT CODE

Before:

PC Ll__---'-'AS::.'.:..' _

SP LI__----"SB::.:4.:.C _

BB4Ch==i

SB4D~

After:

pcW'''~Ai'i\••

SP••B!'."iJJJJBl

BB4C~
BB4D~

395
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RL s

Function:

Format:

Rotate left through carry operand s.

S:
r~bytel:CB

I~ 0 I 0 I, I~-;' -;Ibyte 2

(HLJ~ byte 1: CB

~bYte2:16

(IX + d)~ byte 1: DD

~byte2:CB

I :: 1 : : : Ibyte 3: offset value

~byte4:16

(IY + d)~ byte 1: FD

~o I:,] 0 Li.EJ byte 2: CB

1 : : : 1 : : : I byte 3: offset value

[0 I0I0I '/oI~1 [0] byte 4: 16

r may be anyone of:

A - 111
B - 000
C - 001
D - 010

E 011
H 100
L - 101

DeSCriptIOn:

396

The contents of the locatIon of the specific
operand are shifted left one bit place. The con­
tents of the carry flag are moved to bit 0 and the
contents of bit 7 are moved to the carry flag. The
final result is stored back In the original location. s
IS defined In the deSCrIption of the similar RLC in­
structIOns.



THE zao INSTRUCTION SET

DOlO Flow:

A i{;"- F

B C
D1----+------1

E

H
L-_--'-_---1

Timmg: usee
s: M cycles: T slales: @2MHz:

r 2 8 4
(HL) 4 15 7.5
(IX + d) 6 23 11.5
(IY + d) 6 23 11.5

Addressmg Mode: r: implicIt: (HL): indirect: (IX + d), (lY + d): In­

dexed.

Byle Codes: RL r r: A seD E H L

CB~

Flags:

Example:

~
e=3
OBJECT CODE

SZ H @YvNC

~
C is set by bit 7 of source.

RL E

Before: After:

41 If .~_f

6E IE _q:6'.E

397
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RLA

FunctIOn:

Format:

DeSCTipllon:

Rotate accumulator left through· carry flag.

~17

The contents of the accumulator are shifted left
one bit pOSItIOn. The contents of the carry flag are
moved mto bit 0 and the original contents of bit 7
are moved into the carry flag. (9 bit rotation.)

Data Flow:

A

B

o
H

Timing: I M cycle: 4 T states: 2 usec @ 2 MHz

Addressmg Mode: ImplicIt.

Flags:

Example:

S Z H PlY N C

~
C is set by bit 7 of A.

RLA

OBJECT CODE

398

Before:

AIL_",0'_-,-_",01,---,1,

After:



RLCA

FunctIOn:

Format:

Description:

Data Flow:

Timmg:

Addressing Mode:

Flags:

Example:

THE zao INSTRUCTION SET

Rotate accumulator left with br,anch carry.

~07

The contents of the accumulator are rotated left
one bIt position. The original contents of bit 7 IS
moved to the carry flag as well as to bit O.

B C
D E

H

j M cycle; 4 T states; 2 usee @ 2 MHz

Implicit.

S Z H PIV N C

~
C is set by bit 7 of A.

RLCA

Before: After:

~
OBJECT CODE

ALI_-,6~B_.~__Ol_-,IF

Note: This instruction is identical to RLC A, ex­
cept for the flags. It is provided for compat­
ibility with the 8080.

399
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RLC r

Function:

Format:

Description:

Rotate register r left with branch carry.

~bytel:CB

~iJ·-+'--:-1byte 2

The contents of the specified register are rotated
left. The original contents of bit 7 are moved to
the carry flag as wei! as bit o. r may be anyone of:

Data Flow:

A - III
B - 000
C - 001
D - 010

o E

H l

E - all
H - 100
L - 101

Timmg: 2 M cycles; 8 T states; 4 usec @ 2 MHz

Addressmg Mode: Implicit.

Byte Codes:

400

r: ABC D E H L

CB-~



Flags:

Example:

THE zao INSTRUCTION SET

sz H ®,VNC

~
C is set by bit 7 of source regIster.

RLC B

OBJECT CODE

Before:

B I 62 I I 56 IF

After:

401



PROGRAMMING THE zao

RLe (HL) Rotate left with branch carry memory location
(HL).

Function:

Format:
~ bytel:CB

~ byte2:06

Descrtplion: The contents of the memory location addressed by
the contents of the HL register pair are rotated left
one bit position and the result is stored back at
that location. The contents of bit 7 are moved to
the carry flag as well as to bit O.

~." F

C

:l \
AlU ~Ailii!

l- DATA

A
81---+---"""'1

DI-__+ __--/
HL-__L-_-----'

Data Flow:

Timing: 4 M cycles; 15 T states; 7.5 usec @ 2 MHz

Addressing Mode: Indirect.

Flags: S2 H ®'vNC

~
C is set by bit 7 of the memory location.

402



Example: RLC (HLl

Before:

D3 IF

H Ll__-.:6::.":::4__......Jll

THE ZSO INSTRUCTION SET

After:

F

HLl__-:6c.."c:4__---Jll

~ ''''~
OBJECT CODE

6114~

403
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RLC (IX + d) Rotate left with branch carry memory location (IX
+ d)

Function:

Format:
~bytel:DD

~byte2:CB

~=EE11~=Eal byte 3: offset value

~byte4:06

DescriptIOn: The contents of the memory location addressed by
the contents of the IX register plus the given offset
value are rotated left and the result is stored back
at that location. The contents of bit 7 are moved
to the carry flag as well as to bit O.

IXC===}-i

Data Flow:

+

C

E

L

I I CS?
I
I
I

A

B

D

H

RLC

d

404



Timing:

THE zao INSTRUCTION SET

6 M cycles; 23 T states; ll.5 usec @ 2 MHz

Addressing Mode: Indexed.

Flags:

Example:

sz H <eYVNC

~
C is set by bit 7 of memory location.

RLC (IX + 1)

DO
CB

OJ

06

OBJECT CODE

Before;

'2 IF

IxIL-__..:-O'...:B_'__--'

o4BIM
0'

B2t:==l

After:

IxIL__--'O...:'B..:-'__--'

o'BIM
0'B2~

405
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RLC (IY + d) Rotate left with carry memory locatIon (lY + d).

Function:

Format:

DeScriptIOn:

Data Flow:

O.ljE7~~o~
c IIY+dl

~bytel:FD

~byte2:CB

EE==:J:1~~E===jlbyte 3: offset value

~byte4:06

The contents of the memory locatiOn addressed by
the contents of the IY register plus the given offset
value are rotated left and the result is stored back
at the location. The contents of bit 7 are moved to
the carry flag as well as bit O.

406

A
B 1-----j---"4 c

D E

H l

+

~1%'~A
DATA

RlC

d



Timlllg:

Addressmg Mode:

Flags:

Example:

THE Z80 INSTRUCTION SET

6 M cycles; 23 T states; 11.5 usec @ 2 MHz

indexed.

sz H ®'VNC

~
C IS set by bIt 7 of memory ioeation.

RLC (iY + 2)

Before:

L-_c=-4_....J1 F

After:

r--

FD

CB

02

06

r--
OBJECT CODE

IY LI__----'00,,2:.:'__--'

0021 I---;oDS,---I
0022 61

-
00231-__A2=--I

IY LI__----'00::.;20.:.'__--'

0021 1--:0.0.5_..,
0022 B\
0023 rzlil1-,,;;',~"''Iil1WIil1101

407
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RLD

FunctIOn:

Format:

DescnptlOn:

Rotate left decImal.

~ bytel:ED

~ byte2:6F

The 4 low order bits of the memory locatIOn ad­
dressed by the contents of HL are moved to the
high order bit positions of that same location. The
4 hIgh order bits are moved to the 4 low order bits
of the accumulator. The low order of the ac­
cumulator is moved to the 4 low order bIts of the
memory locatIOn onginally specified. All of these
operations occur simultaneously.

Dala Flow:

B C
o f-----f-----j E

H l

Til/ling: 5 M cycles; 18 T states; 9 usee @ 2 MHz

Addressmg Mode: Indirect.

408



Flags: s Z H

00--1 101

THE ZSO INSTRUCTION SET

@Yv N C

1_101 I

Examples: RLD

Before: After:

OBJECT CODE

H LI__--=-"4::.:'2=--_--'1'

409
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RR s

Function:

Formal:

r

(HLl

(IX + d)

(IY + d)

Rotate right s through carry.

byte I: CB

byte 2

byte I: CB

byte 2: IE

byte 1: DD

byte 2: CB

byte 3: offset value

byte 4: IE

byte 1: FD

byte 2: CB

.:-1 byte 3: offset value

~ byte4:1E

r may be anyone of:

A - I II
B - 000
C - 001
D - 010

E - all
H 100
L - 101

DeSCriptiOn:

410

The contents of the location determined by the
specific operand are shifted right. The contents of
the carry flag are moved to bit 7 and the contents
of bit a are moved to the carry flag. The final
result is stored back in the original location. s IS

d.efined in the descnptlOn of the Similar RLC in­
structions.



THE laO INSTRUCTION SET

Timll1g: usee
s: !vi cycles: T slales: @ 2 MHz:

r 2 8 4
(HLi 4 15 7.5
(IX + d) 6 23 11.5
(IY + d) 6 23 11.5

Addressll1g Mode: r; Implicit; (HU: Indirect; (IX + d), (IY + d): in­

dexed.

Byle Codes: RR r: r: ABC 0 E H L

CB'~

Flags:

Example:

5 Z H PlY N C

~
C is set by bIt 0 of source data.

RR H

hrl
b29
OBJECT CODE

Before:

HI 68 I I 41

After:

4II
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Rotate accumulator right through carry.

FunctIOn:

Formal:

Description:

DOlo Flow:

Timmg:

~lF

The contents of the accumulator are shifted right­
one bit position. The contents of the carry flag
are moved to bit 7 and the contents of bit 0 are
moved to the carry flag (9-bit rotation).

I M cycle; 4 T states; 2 usee @ MHz

AddreSSing Mode: Implicit.

Flags:

Example:

S Z H PIV N C

~
C is set by bit 0 of A.

RRA

Before: After;

OBJECT CODE

412

ALI_..:.F::.'_ L-_9c;s__1F

Note: This instruction IS almost identical to RR A. It
IS provided for 8080 compatibility.



RRC s

THE zao INSTRUCTION SET

Rotate right with branch carry s.

FunclIon: q,-oHJ
s c

Format: s: s is any of r. (HL), (IX + d), (IY + d).

r ErnJOJ I 10 1J I!J byte I: CB

~-+-i-I byte 2

(HLJ~ byte I: CB

~byte2:0E

(IX + d) [J , I 0 [J I I i 10 [J byte J: 00

ErnJOJ J I0 liE] byte 2: CB

I·: : 4 : ; : ·1 byte3: offset value

~byte4:0E

(IY + d) [] , I ' I J~ byte I: FO

I ,I '10 I 0 I ' I 0 I ' I ' I byte 2: CB

1-: : : 1 : : : ·1 byte3: offset value

~byte4:0E

r may be anyone of:

A - III
B 000
C - 001
0-010

E - OIl
H 100
L - 101

Description: The contents of the location determined by the
specified operand are rotated right and the result
is stored back in the onginal location. The con­
tents of bit 0 are moved to the carry flag as well as
to bit 7. s is defined in the description of the
similar RLC instructions.
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Data Flow:

A IS'
6 c
01----1----1,

H l

Ti11llltg: ls: I M cvcles:
\ usee

T slales: i @ 2 ivlHz:

r 2 8 I 4
(HLi 4 15 7.5 ,
(IX + d) 1 6

I
23 11.5

1(lY + d) 6 23 I 11.5

Addressmg Mode: r: Implicit; (HL): mdirect; (IX + d), (lY + d): m­
dexed.

Byte codes:

Flags:

Example:

M
~
OBJECT CODE

414

RRC r r" ABC 0 E H l

CB{~~] 081 09T?~~EEJ

SZ H (!)/vNC

'-I-ilolli[ol-J
C is set by bit 0 of source data.

RRC (HLJ

Before: After:

61 I'
HI 3FF2 I' HI 3FF2 :'

3f'2~



RRCA

FunctiOn:

Formal:

DescnptlOn:

Dala Flow:

Timing:

THE zao INSTRUCTION SET

Rotate accumulator right with branch carry.

~OF

The contents of the accumulator are rotated right
one bIt posItion. The contents of bit a are moved
to the carry nag as well as to bIt 7.

A

B

°HI

I M cycle; 4 T states; 2 usec @ 2 MHz

Addressmg Mode: ImplicIt.

Flags: 5 Z H

IT] 101
P/V N C

I~

Example:

OBJECT CODE

C is set by bIt aof A.

RRCA

Before:

A IL_c:0-.:.'_-,--_::.:Sl_-,1 F

After:

415
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RRD Rotate fight decimal.

FUIlCllOll:

Formal: I i I I I ' LoJ ' I ' I0 I ,1 byte I: ED

~byte2:67

DescriptIOn: The 4 high order bils of the memory location ad­
dressed by the contents of the HL register pair are
moved to the low order 4 bits of that localion. The
4 low order bilS are moved to the 4 low order bils
of the accumulator. The low order bits of the ac­
cumulator are moved to the 4 high order bn pOSI­
lions of the memory localion origmally specified.
All of the above operalions occur simultaneously.

II /' ..~ {~ {7
~" \ ~/B c

E ~ r--
1

II ~
DATA

- -.........

A

o
H

Data FlolV

Timmg: 5 M cycles; 18 T states; 9 usec @ 2 MHz

Addressmg Mode: Indirect.

416



Flags:

Example:

THE zao INSTRUCTION SET

SZ H ®,VNC

~

RRD

hrl
~
OBJECT CODE

Before:

HLI__-,-"::6:.:..' 11

FE6'~

After:

A__

HLI__-,-F::E6:.:..'__---'11

FE6'~

417
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\'"I

'RST P Restart at p.

FUtlctlO/1: (SP - I) - PChlgh; (SP - 2) - PClow; SP - SP
- 2; PChlgh - 0; PClow - p

Format:

DescriptIOn: The contents of the program counter are pushed
onto the stack as described for the PUSH Instruc­
tions. The specified value for p IS then loaded Into
the PC and the next instruction IS fetched from
thIS new address. p may be anyone of:

DOH - 000
08H - 001
10H - DID
18H Oil

20H - 100
28H - 101
30H 110
38H III

ThIS Instruction performs a jump to any of eight
starting addresses in low memory and requires only
a single byte. It may be used as a fast response to
an interrupt.

Dow Flow:
A f----I---"1
B C

o E

H l

p

o

SP~,- _

418



Ti/lll/1g:

THE zao INSTRUCTION SET

3 M cycles; II T states; 5.5 usee @ 2 MHz

AddresslI1g Mode: Indirect.

Byte Codes:

Flags:

Example:

p: 00 08 10 18 20 28 30 38

~71 CFID7~

5 Z H P/V N C

C::=O=l:T1 I I ] (no effect).

RST 38H

Before:

PC LI "c.lc.A _

SP LI c.02::6c.B _

Arter:

R3 0269 51 0269

026A BF 026A

OBJECi CODE 0268 03 0268 03
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SHeA, S

FunC/lol1:

Formal:

r

Subtract with borrow accumulator and specified
operand.

A-A-s-C

s: may be r, n, (HL), (IX + d), or (IY + d)

n~ byteI:DE

:< byte 2; Immediate

data

(HL)~ bytel;9E

(IX+d) L::E.EJi1' I,~ byte I; DO

~9E

d byte 3; offset value

(IY + d)~ bytel:FD

~ byte2:9E

: d : byte 3; offset value

r may be anyone of:

A
B
C
o

III
000
001
010

E
H
L

01 t
100
101

DeSCriptIOn:

420

The specified operand s, summed with the con­
tents of the carry nag, is subtracted from the con­
tents of the accumulator, and the result IS placed
In the accumulator. s IS defined In the descriptlon
of the sImilar ADD Instructlons.



THE ZBO INSTRUCTION SET

Data Flow:

f-__-+__-jc
I---+---j'
'--__'--_---'l

~J

s

Til1llllg:

AddresslIlg Mode:

Byle Codes:

Flags:

Example:

IM cycles:
usee i

s: T slates: @2MHZ:[

r

I
1 4 2

In 2 7 3.5
(HL) 2 7 3.5

,
i

I(lX + d)

I
5 19 9.5

. (IY + d) 5 19 9.5 I

r: Implicit; n: Immediate; (HL): IOdirec!; (IX +
d), (IY + d): indexed.

SBC A, r "A 8 CD' H l

~

5 Z H pA2) N C

~

SBC A, (HU

Before: After:

ALI_8_'_-'---_5_'_IF A_~.F

HLI 36_00__----'ll HI'---__3;:.:6.:cOO'---_-.Jll

OBJECT CODE
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SBe HL, SS

FUlle/lOll:

Formal:

DescrIption:

Subtract wIth borrow HL and register pair ss.

HL - HL - ss - C

~bytel:ED

G ' Is: s~ byte 2

The contents of the specified register pair plus the
contents of the carry flag are subtracled from the
contents of the HL register pair and the result is
stored back In HL. sS may be anyone of:

Dala Flail':

BC - 00
DE - 01

Ie

E

SPI
L

--'

HL 10
SP - II

Timlllg: 4 M cycles; 15 T states; 7.5 usee @ 2 MHz

Addressmg Mode: Implicit.

Byte Codes:

422

55: Be DE Hl SP

EOu 142 i52 i62 i72 1



Flags:

Example:

THE ZSO INSTRUCTION SET

S Z H P,@ N C

~
H is set if borrow from bit 12.
C is set if borrow.

SBC HL, DE

D
H

1-_---;0:;-68:;:9 I', D~06B9~E
3142 . H~~l

~
E9

OBJECT
CODE

Before:

66 I'

After:_.'

423
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SCF

FUllctlOll:

Formal:

DescnpllOll:

Set carry flag.

C -1

The carry flag IS set.

37

Til1ung:

AddresslIlg Mode:

Flags:

424

1 M cycle; 4 T states; 2 usee @ 2 MHz

ImplicIt.

5 Z H PlY N C

~



THE zao INSTRUCTION SET

SET b. S Set bit b of operand s

Function: sb - I

Format: s:

r

(HL)

(IX + d)

(IY + d)

byte J: CB

byte 2

byte 1: CB

byte 2

byte 1: DD

byte 2: CB

byte 3: offset value

byte 4

byte 1: FD

byte 2: CB

I: : 1: : I byte 3: offset value

EI->-:-~ byte 4

r may be anyone of:

A - 111
B - 000
C - 001
D - 010

b may be anyone of:

o - 000
1 - 001
2 - 010
3 - 011

E - Oil
H - 100
L - 101

4 - 100
5 - 101
6 - 110
7 - 111

DeSCription: The specified bIt of the location determined by s IS
set. s IS defined in the description of the similar
BIT Instructions.
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Data F,'-Io:::..:.:w,-:_-,
AI-__-+-__~
B C
o ,
H l

Til/ling: usee
s: M cycles: T states: @2MHz:

r 2 8 4
(HLl 4 15 7.5
(IX + d) 6

I
23 11.5

(lY + d) 6 23 11.5

AddresslIlg Mode: r: ImplicIt; (HL): indirect; (IX + d), (lY + d): In­

dexed.

Byte Codes: SET b, r

C1 co \ (1 C2 CJ C4 C5
I-

CF ~iC9 CA CB CC CO

07 00-101 02 03 04 05,
OF DBID9 DA DB DC DO

1-1--1
E7 I EO IE1 '2 E3 E4 '5

EF 'B IE9 EA~ 'C ED

F7 FO 1 Fl F21 F3 F4 F5

Fe FB IF9 FA IFB FC Fe

2

7

6

5

4

J

b: r· ABC D E H l

CB- 0

SET b, (HL)

SET b, (IX + dl
b:01234567

Ic61 c,l D6 1o'I'6~

SET b, (lY + d)

426



Flags:

Example:

THE zao INSTRUCTION SET

5 Z H P/V N C

0IIrc0=J (no effect)

SET 7, A

hrl
~
OBJECT CODE

Before:

A LI_-=6 ' _

Arter:

A-,

427
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SLA s

FunctIOn:

Format: S:

Arithmetic shift left operand s.

D----17_0 I--- 0
c s

byte 1: CB

byte 2

byte 1: CB

byte 2: 26

byte I: DD

byte 2: CB

byte 3: offset value

byte 4: 26

byte 1: FD

byte 2: CB

byte 3: offset value

byte 4: 26

r may be anyone of:

A - III
B - 000
C - 001
D - 010

E - Oil
H - 100
L - 101

Descrlplton:

428

The contents of the location determmed by the
specific operand are arithmetically shifted left with
the contents of bit 7 being moved to the carry flag
and a 0 being forced into bit O. The final result is
stored back in the original location. s is defined in
the description of the similar RLC instructions.



THE Z80 INSTRUCT/ON SET

Tim/llg:

I
usee

s: li1 cvdes: T slales: @ 2 iVllIz:

r
, 8 4, "

(HLI 4 /5 7.5
(IX + dl 6 23 1i.5
(lY + dl 6 23 /1.5

Addressmg Al()de: r: Implicit; (HLI: Indirect; (IX + d), (IY + d): In­

dexed.

Byte Codes: SLA

Flags:

EWlllple:

sz H (fYVNC

~OQL~
C IS set by bit 7 of source data.

SLA (HLJ

Before: After:

10 IF .§~.F

HI OFF2 IL HI OFF2 I'

OBJECT CODE

OFF2% ~E2_
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SRA s

FunctIOn:

Shift nght anthmetic s.

.-I7-0f-[J
L..:::i s c

Format: s:
r~bytel:CB

G::I 0 I i I0 I' I~+ ,+·1 byte 2

(HL) ~I 01 0 01 0 W byte 1: CB

[01 0~ IG~ byte 2: 2E

(IX + d)~ byte 1: DD

~ I0 I, l'J byte 2: CB

E8 : 1 : : : ·1 byte 3: offset value

~T~]'1i I, I0 I byte 4: 2E

(lY +d)~ byte 1: FD

111'lo~ byte2:CB

I~~:~-i--+++-f-+·I byte 3: offset value

~byte4:2E

r may be anyone of:

A III
B - 000
C - 001
D - 010

E - all
H 100
L - 101

DeSCrIption:

430

The contents of the location determIned by the
specific operand are anthmetlcally shifted nght.
The conlents of bit 0 are moved to the carry flag
and the contents of bit 7 remain unchanged. The
final result is stored at the original location. s is
defined In the descnptlOn of the Similar RLC In­
structions.



THE zao INSTRUCTION SET

Timlflg: usee
s: Modes: T stales: @ 2 iVlHz:

r 2 8 4
(HLI 4 15 7.5

I
(IX + dl 6 23 I 1.5
(lY + d) 6 23 11.5

Addresslllg iVloele:

Byte Codes:

Flags:

Example:

r: ImpliclI; (HLI; Indirect; (IX + d), (lY + d); In­
dexed.

SRA r r: ABC D E H !.

C8·1 2F 12~l~~l2A 1-;;;-12CJ2~

sz H @'\/NC

I-lei ]O[]~~
C is set by bIt 0 of source data.

SRA A

M
~
OBJECT CODE

Before:

ALI_..::8=..8_"--"O=..4_I F

After:
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SRL s LogIcal shift right s.

FunctIOn:
0--1 7 - 0 1-[]

c

Format: s:
r U,I00Uol'I' byte I: CB

lilil~EI~}-:'f-I byte 2

(HLl~ byte I: CB

~I' II 1I 1'1 0 I byte 2: 3E

(IX + d)~ byte I: 00

~ byte 2: CB

I, :
, ,

·1 byte 3: offset valued
I ,

~ byte 4: 3E

(IY + d)~ byle I: FD

~ byte 2: CB

E: 1 :., byte 3: offset value

~ byte 4: 3E

, may be anyone of:

A - III
B - 000
C - 001
0-010

E - 011
H 100
L - 101

DescnpilOll:

432

The contents of the location determined by the
specific operand are logIcally shifted nght. A zero
is moved into bIt 7 and the contents of bit 0 are
moved mto the carry flag. The final result IS stored
back m the ongmal locatIOn.



THE ZSO INSTRUCTION SET

Tillllllg: usee
s: !vi Cl'c/es: T stales: @ 2 I'vlHz:

r 2 8 4
(HLi I 4 15 7.5

(IX + d)J 6 23 I i.5
(IV + d) 6 23 11.5

L ____""_
"--

AddresslIlg l'vlode: r: Implici!; (HLi: indirect; (IX + d), (IV + d): in­
dexed.

BYle Codes: SRL r A8CDEHl

C8~

Flags:

Example:

~
~
OBJECT CODE

sz H @YVNC

~
C is set by btt 0 of source data.

SRL E

Before: After:

01 IF _Ooi;~F

02 I' $01.'

433
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PROGRAMMING THE Z80

SUB S Subtract operand s from accumulator.

Function: A - A - s

Format: s: may be r, n, (HL), (IX + d) or (IY + d)

n~ bytel:D6

byte 2: Immediate
data

(HL)~ 96

(IX + d)~ byte I: DD

~ byte 2: 96

9 byte 3: offset value

(IY + d)~ byte 1: FD

~ byte 2: 96

: ~ byte 3: offset value

r may be anyone of:

A-Ill
B - 000
C - 001
D - 010

E - 011
H 100
L - 101

DeSCriptIOn:

434

The specified operand s IS subtracted from the ac­
cumulator and the result is stored in the ac­
cumulator. The operand s is defined in the
description of the SImilar ADD instructions.



THE zao INSTRUCTION SET

f--_-+-__---1c
1-__-+__---1'

'----'-----Jl~j

DOlo Flow:

Timmg: usee
s: M cycles: T slales: @2MHz.

r I 4
,
~

n 2 7 3.5
(HL) , 7 3.5~

(IX + d) 5 19

I
9.5

(IX + d) 5 19 9.5

Addressmg Mode: r: implicit; n: immediate; (HL): mdirect; (IX +
d), (IY + d); indexed

Byle Codes: SUB r ABCDEHl

~

Flags: 5 Z H

~
P,@ N c
1_\,\_\

Example: SUB B

Before: After:

Acso-=J
Br=:=cl

A.4F.
B 31

OBJECT CODE
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XOR s

Function:

FOrmal:

ExcluSIve or accumulator and s.

A - A-V-s

~: may be r, n, (HL), (IX + d), or (IY + d)

r ~I-;'-:I
n~ bytel:EE

7 :
byte 2: Immediate
data

(HU

(IX + d)

(IY + d)

~AE

~ byte2:AE

~ byte 3: offset value

~ bytel:FD

~ byte2:AE

1 byte 3: offset value

r may be anyone of:

A - III
B - 000
C - 001
D - 010

E - 011
H - 100
L - 101

DescrIption:
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The accumulator and the specified operand s are
exciusIve 'or'ed, and the result IS stored In the ac­
cumulator. S IS defined In the deSCrIptIOn of the
sImilar ADD instructlons.
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Date Flow:

I-----j------ic

I-----j------i'

'-----'-----------J'L~J

s

Timmg: usee
s: M cycles: T states: @2MHz:

r 1 4 2
n 2 7 3.5
(HL) 2 7 3.5
(IX + dl 5 19 9.5
(IY + dl 5 19 9.5

Addressmg Modes: r: implicit; n: immediate; (HL): indirect; (IX +
dl, (lY + dl: indexed

Byte Codes: XOR r r: ABC 0 E H l

~

Flags:

Example:

5Z H ®'VNC

~

XOR BIH

hrl
~
QBJECTCQDE

Before:

AI 36

After:

A__
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5

ADDRESSING TECHNIQUES

INTRODUCTION

ThIS chapter will present the general theory of addressIng and the
various techniques which have been developed to facilitate the retrieval
of data. In a second seclion, the specific addressIng modes available In
the Z80 will be reviewed. along with their advantages and limitations.
Finally, in order to familiarize the reader with the vanous trade-ofrs
possible, an applicatIons seclion will demonstrate possible trade-oils
between the vaflQUS addressing techniques by studymg specific applica­
lion programs.

Because the Z80 has several 16-bH registers, 111 addilIOI1 to the pro­
gram counter. which can be used to specify an address, It is Important
that the Z80 user understand the various addressll1g modes, and In par­
licular, the use of the Index registers. Complex retneval modes may be
omitted at the begInnIng stage. However, all the addressIng modes are
useful In developmg programs for thIs mIcroprocessor. Let us now
study the vanous alternatives available.

POSSIBLE ADDRESSING MODES

Addressmg refers to the specification, wlthm an instruction, of the
locatJon of the operand on which the instruction will operate. The maIO
addressIng methods will now be examIned. They are all illustrated In
Figure 5.1.

Implicit Addressing (or "Implied," or "Register")

InstructlOns which operate exclUSively on registers normally use IIl/­

plicil addresslIlg. ThIS IS illustrated In Figure 5.1. An Implicil Instruc-
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tlon derives Its name from the fact that It does not specifically contain
the address of the operand on which it operates. Instead, its opcode
specifies one or more registers, usually the accumulator, or else any
other re~lster(s). Since internal registers are usually few in number
(commo'lly eight), this will reqUire a small number of bits. As an exam­
ple, three bits Within the Instruction will point to one out of eight inter­
nal registers. Such instructions can, therefore, normally be encoded
Within eight bits. This IS an Important advantage, since an eight-bit In­
slfuctlon normally executes faster than any two- or three-byte Instruc­
tJon.

An example of an Implicit instruction IS;

LD A, B

which specifies "transfer the contents of B IntoA" (Load A from B.)

Immediate Addressing

Immediate addressing is illustrated In Figure 5.1. The eight-bit op­
code IS followed by an 8- or 16-bit literal (a constant). This type of
InstruClion IS needed, for example, to load an eight-bit value In an
eight-bit register. Since the microprocessor IS eqUipped With 16-bit reg­
Isters, II may also be necessary to load 16-blt literals. An example of an
Immediate instruction IS:

ADD A, OH

The second word of this Instructlon contains the literal "0", which IS
added to the accumulator.

Absolute Addressing

Absolute addressing usually refers to the way In which data IS retneved
from or placed in memory, in which an opcode IS followed by a 16-bit
address. Absolute addressing, therefore, requires three-byte instruc­
tions. An example of absolute addressing IS;

LD (1234H), A

It specifies that the contents of the accumulator are to be stored at
memory location "1234" hexadecimal.

The disadvantage of absolute addressing IS to reqUire a three-byte in­
structiOn. In order to Improve the efficiency of the microprocessor,
another addreSSing mode may be made available, whereby only one
word IS used for the address: direct addreSSing.
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IMPLICITIIMPLIED

IMMEDIATE

7

OPCODEA

OPCODE

LITERAL

a

EXTENDEDIABSOLUTE

DIRECTISHORT

I -I
1 LITERAL IL J

OPCODE

FULL 16·BIT

-
ADDRESS

OPCODE

SHORT ADDRESS

r----------,
1 OPCODE I
•

INDEXED OPcaDE IX REG

DISPLACEMENT

I OR ADDRESS I
L. J

Fig. S.\: Basic Addressing Modes
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Direct Addressing (or "Shorr." or "Relative")

In thIs addressIng mode, the opcode IS followed by an eIght-bit ad­
dress. ThIs IS also illustrated In Figure 5.1. The advantage of thIs ap­
proach IS to require only two bytes Instead of three for absolute ad­
dressIng. The disadvantage IS to limit all addressIng withIn thIS mode to
addresses 0 to 255 or else - 128 to + 127. When USIng 0 to 255 ("page
zero"), thIS IS also called short addressIng, or O-page addressIng. When­
ever short addressIng IS available, absolute addressIng IS often called ex­
fellded addresslIIg by contrast. The range - 128 to + 127 IS used wIlh
branch instructions. This IS called relative addressmg.

Relative Addressing

Normal Jump or branch instructions rcquIre eIght bits for the op­
code, plus the 16-bIt address to whIch the program has to Jump. Just as
10 the preceding example, thIS mode has the disadvantage of reqUIrIng
three words, I.e., three memory cycles. To provide more efficient
branchmg, relalive addresslIIg uses only a two-word format. The first
word IS the branch specificatIon, usually along with the test It IS Imple­
menting. The second word IS a displacement. Since the displacement
must be positIve or negative, a relative branching mstructIon allows a
branch forward to 127 locatIons (seven-bIts) or a branch backwards to
128 locatIons (usually + 129 or -126, smce PC will have been mcre­
cremented by 2). Because most loops tend to be short, relative branch­
109 can be used most of the time and results in SIgnificantly Improved
performance for such short routines. As an example, we have already
used the lOstructIOn JR NC, WhICh specifies a "jump if no carry" to a
location wIthin 127 words of the branch instruction (more preCIsely
+ 129 to - 126).

The two advantages of relative addreSSIng are Improved performance
(fewer bytes used) and program relocatability (independence from ab­
solute addresses).

Indexed Addressing

Indexed addressing IS a techmque used to access the elements of a
block or of a table succeSSIvely. ThIS will be illustrated by examples
later in thIS chapter. The principle of indexed addressmg IS that the in­
struction specifies both an mdex regIster and an address. The contents
of the register are added to the address to provide the final address. In
thIS way, the address could be the begInnmg of a table in the memory.
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The index regIster would then be used to access all the elements of a
table successIvely In an efficIent way. (ThIS reqUIres the availability of
increment/decrement instructions for the index register). In practice,
restfIctions often exist WhICh may limIt the SIze of the Index regIster, or
the SIze of the address or displacement field.

apcaDE INDEX REGISTER

DISPLACEMENT
j----*

BASE,
I
I
I
I

BASE - _I

1
TABLE +

dlsplacemenl
;///- /j
DATA
~ final address

MEMORy

Fig, 5.2: Addressing (Pre-indexing)

Pre-Indexing and Post-Indexing

Two modes of indexing may be distmguished. Pre-indexing IS the
usual IndexIng mode In WhICh the final address IS the sum of a displace­
ment or address and of the contents of the Index register. It IS shown In
Figure 5.2, assumIng an 8-blt displacement field and a 16-blt Index
regIster.

Post-indexing treats the contents of the displacement field like the
address of the actual displacement, rather than the displacement Itself.
ThIS is illustrated In Figure 5.3. In post-IndeXIng, the final address IS the
sum of the contents of the mdex regIster plus the contents of the mem­
ory word deslgnaled by Ihe displacelllenl field. ThIS feature utilizes, in
fact, a combinatIon of Indirect addressIng and pre-mdexing. But we
have not defined Indirect addreSSIng yet. Let us do that.
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y lind:;:e:;:x,-!__~MEMORY

Ltopcooe

AOO~E;.s

~ POIN!fl< - +-

MfMQl!Y

-
FINAl
M!!IT

AOOR£SS

PQINl!R=oIMSE - OATAN

Fig. 5.3: Indirect Indexed Addressing (Post-Indexing)

Indirect Addressing

We have already seen that two subroutines may wISh to exchange a
large quantity of data stored in the memory. More generally, several
programs. or several subroutInes, may need to access a common block
of InformatIOn. To preserve the generality of the program, it IS deSIra­
ble not to keep such a block at a fixed memory location. In particular,
the size of this block might grow or shrink dynamically, and It may
have to reside in vanous areas of the memory, depending on its size. It
would. therefore. be impractical to try to access this block USIng abso­
lute addresses, that IS without rewnting the program every time.

The solutIOn to this problem lies In depositing the starting address of
the block at a fixed memory location. This is analogous to a situation in
which several persons need to get Into a house, and only one key exists.
By conventIOn. the key to the house will be hidden under the mat. Every
user will then know where to look (under the mat) to find the key to the
house (or, perhaps, to find the address of the scheduled meeting, to
propose a stricter analogy). Indirect addressing, therefore, normally
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uses an opcode followed by a 16-bit address. This address is used to
retrieve a word from the memory. Usually, it will be a 16-bit word (in
our case, two bytes) within the memory since it is an address. This is il­
lustrated by Figure 5.4. The two bytes at the specified address Al con­
tain "A2" . A2 is then interpreted as the actual address of the data that
one wishes to access.

INSTRUCTION MEMORY

OPCODE

INDIRECT IA,) FINAL

I-
ADDRESSADDRESS A, (Al)

A, DATA ~

Fig. 5.4: Indirect Addressing

Indirect addressmg IS particularly useful any tIme that pointers are
used. Various areas of the program can then refer to these pointers to
access a word or a block of data convenIently and elegantly. The final
address may also be obtamed by pomtmg wIthm the lOStruction to a
16-blt register in whIch it IS contamed. ThiS is called "register mdirect."

Combinations of Modes

The above addressmg modes may be combined. In partIcular, it
should be possible 10 a completely general addressmg scheme to use
many levels of mdirectlon. The address A2 could be mterpreted as an
mdirect address agam, and so on.

Indexed address109 can also be combmed With indirect access. ThiS
allows the effictent access to word n of a b.Iock of data, proVIded one
knows where the pomter to the starting address is (see figure 5.2).
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We have now become familiar with all usual address109 modes that
can be provided 10 a system. Most microprocessor systems, because of
the limitation on the complexity of an MPU, which must be realized
wlthm a smgle Chip, do not provtde all possible modes but only a small
subset of these. The Z80 prOVides a good subset of possibilities. Let us
examine them now.

Z80 ADDRESSING MODES

Implied Addressing (Z80)

Implied address109 IS essentially used by smgle-byte mstructions
which operate on mternal registers. Whenever implicit instructIOns
operate exclusively on internal registers, they require only one machine
cycle to execute,

Examples of mstructions usmg Implied (or "register") addressmg
are: LD r,r'; ADD A,r; ADC A,s; SUB s; SBC A,s; AND s; OR s;
XOR s; CPs; INC r.

Zilog further distmguishes between llreglster addressmg ll and "im­
plied addressmg." Implied address109 IS then limited, 10 that defimtion,
to instructIOns that do not have a specific field to point to an Internal
register. This Introduces one more addressmg mode. ThIS IS one reason
why the number of addressmg modes IS insuffiCient to charactenze the
capabilities of a microprocessor.

Immediate Addressing (Z80)

Since the Z80 has both smgle-Iength registers (eight bits), and double­
length register pairs (16 bils), It provides two types of Immediate ad­
dressmg, both with 8-bit and 16- bil literals. Instructions are then
either two or three bytes long. The second (and sometimes the third)
byte contains the opcode, followed by the constant, or literal, to be
loaded in a register or used for an operatton. ExceptIOns are LD IX and
LD IY, which require I6-blt opcodes,

Examples of instructions USing the Immediate addreSSing mode are:

LD r,n (two bytes)
LD dd,nn (three bytes!

and
ADD A,n (two bytes)

When the literal IS two bytes long, the mode IS called "immediate ex·
tended," in the case of the Z80.

445



PROGRAMMING THE ZSO

Absolute or "Extended" Addressing (ZSO)

By defimtion, absolute addressing reqlllres three bytes. The first byte
IS the opcode and the next two bytes are the 16-bit address specifymg
the memory location (the Habsolute address"),

By contrast wIth "short addressmg" (eIght-bIt address), this mode IS
also called "extended addressing."

Examples of mstructlOns using extended addressmg are:

LD HL, (nn) and JP nn

where nn represents the 16-bit memory address, and (nn) represents the
contents of the specified location.

Modified Zero-Page Addressing (ZSO>

Zero-page addressmg IS not available m the Z80, except through the
RST instruction. The special addressing mode used by this instruction
is called "modified zero-page addresing."

The RST instruction contains a 3-bit field in bit position b, b, b, us­
ed to pint to one of 8 locations in page a memory. The effective
address IS bsb4bJOOO and IS loaded into Pc. Since it requires only a
single byte, this instruction executes rapidly, and IS easily generated m
hardware. It was generally used to respond to multiple interrupts (up to
8.) Its disadvantage is either to limit the execution sequence to 8 loca­
tions, or to require a jump eliminating the speed advantage. This is
because each of the 8 branch addresses are 8-bytes apart.

Relative Addressing (ZSO)

By definition, relative addressing requires two bytes. The first one IS

the "jump relative" opcode, whereas the second one specifies the dis·
placement and Its sIgn.

In order to differentiate thIS mode from the absolute Jump mstruc­
tlOn, it is labeled "JR"

From a timing standpoint, this Instruction should be exammed WIth
caution. Whenever a test fails, I.e., whenever there 15 no branch, this 10-
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slructlon requires only seven "T cycles." This IS because the next
Instruction to De executed IS already pOinted to by the program counter.

However, when the test succeeds, I.e., whenever the jump takes
place, this Instruction reqUires 12 "T-states"; a new effectlve address
must be computed and loaded into the program counter.

When computmg the duratIOn of the executIOn of a program seg­
ment, caulJon must be exercised. Whenever one IS not sure whether or
not the jump will succeed. onc must take into consideration the fact
that sometimes the Jump will reqUIre 12 T-states, (conditIOn met),
sometlmes 7 (conditIOn not mel).

When designing a loop, executIOn will, therefore, be faster using a
JR(Jump Relative) testIng a conditIon usually 110t met, such as a non­
zero conditIon for the counter.

When JR's are used outside of loops, and the conditIon under test IS
unknown, an average tlming value IS often used for the duration
of JR.

This tIming problem does not appty to the unconditIonaljump JR e. It
does not test any conditIon, and always lasts 12 T-states.

Indexed Addressing (Z801

TIllS addreSSing mode did not eXist In the 8080, and was added to the
Z80 (as well as the two Index registers). As a result, It became necessary
to add an extra byte to the opcode, making It a 16-blt opcode In the Z80
instructIon set (LDlR is another example of a 16-bit opcode). The
structure of an indexed Instruction is shown on Figure 5.5.

OPCODE BYTE 1

apcaDE BYTE 2

DISPLACEMENT BYTE;)

I
I LITERAL I BYTE 4L J

Fig. 5,5: Indexed Addressing Has 2-byte Opcode
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InstructIOns allowmg mdexed addressing are:

LD, ADD, INC, RLC, BIT, SET, CP, and others.

This mode wiII be used extenSively in the programs operatmg on
blocks of data, tables or lists.

Indirect AddressIng (Z80)

The Z80 provides a limited indirect address109 capability called
"Register Indirect Addressing." In this mode, each of the 16-blt regIs­
ter paIrS BC, DE, HL may be used as a memory address.

Whenever they pomt to 16-bit data, they pomt to the lower part. The
higher part resides at the next (higheri sequential address.

Combinations of Modes

CombinatIOns of modes are essentially non-eXistent, except that 10­

structions referring to two operands may use a different type of ad­
dress109 for each.

Thus, a load or an arithmetlc instruction may access one operand in
the immediate mode, and the other one through an indexed access.

Also, the bit addressing mechanism may access the eight-bit byte
through one of the three addressing modes, as explamed in the follow­
ing paragraph. The specific addressing modes available for each in­
structIOn are indicated 10 the tables of the preceding chapter.

Bit AddressIng

Bit addressing IS generally not considered an address109 mode if ad­
dressmg IS defined as accessing a byte. However, whether defined as a
mode or a group of instructions, it IS a valuable facility. Since It IS de­
fined as an "addressing mode" 10 Zilog nomenclature, It will be so de­
scribed here. It IS specific to the Z80 and was not provided on the 8080.

Bit addressing refers to the access mechamsm to specified bits. The
Z80 IS equipped with special mstructIOns for settmg, resetting and test­
109 specified bits 10 a memory location or a register. The specified byte
may be accessed through one of three addressmg modes: register, regis­
ter-indirect, and indexed. Three bits are used wlthm the opcode to select
one of eight bItS.
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USING THE Z80 ADDRESSING MODES

Long and Short Addressing

We have already used relatIve Jump instructIOns m vanous programs
that we have developed. They are self-explanatory. One mterestmg
question IS: What can we do if the permIssible range for branching IS
not sufficient for our needs? On many microprocessors. the solution is
to use a so called long Jump. This is simply a jump to a location which
contains an absolute or "long" jump specification:

JRNC. $ + 3

JP FAR

BRANCH TO CURRENT ADDRESS
+3 IF C CLEAR
OTHERWISE JUMP TO FAR

(NEXT INSTRUCTION)

The two-line program above will result in branching to location FAR
whenever the carry is set. In the case of the Z80. JP may be used instead
of JR to test all conditions and removes this problem.

Use of Indexing for Sequential Block Accesses

Indexing is pnmarily used to address successIve locations withm a
table. The restnctIOn IS that the maximum length must be less than 256
so that the displacement can reSIde m an eight-bit mdex register.

We have learned to check for a character. Now we will search a table
of 100 elements for the presence of a"'. The startmg address for thIs
table IS called BASE. The table has only 100 elements. The program ap­
pears below: (see flowchart on Figure 5.6):

SEARCH LD IX. BASE
LD A, ,*,

LD B. COUNT
TEST CP (IX)

JR Z. FOUND
INC IX
DEC B
JR NZ. TEST

NOTFND

An Improved program will be presented below in the sectIon on
Block Transfer. using DJ NZ.
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f-- -'Y"ES.. STARRJUND

NO

NO

NOT FOUND

Fig. 5.6: Character Search Flowchart

A Block Transfer Routine for Fewer Than 256 Elements

We will call "COUNT" the number of elements in the block to be
moved. The number IS assumed to be less than 256. FROM is the base
address of the block. TO is the base of the memory area where it should
be moved. The algonthm is qUIte sImple: we will move a word at a time,
keepIng track of whIch word we are moving by stonng ItS posItion In
the counter C. The program appears below:

BLKMOV LD IX, FROM
LD IY, TO
LD BC,COUNT

NEXT LD A, (IX) GET WORD
LD (lY), A
INC IX
INC IY
DEC C
JR NZ,NEXT

Let us examme it:

BLKMOV LD IX, FROM
LD IY,TO
LD C,COUNT

These three instructions Initializeregisters IX, IY, and C respectively, as

450



ADDRESSING TECHNIQUES

i IMEMORY

cl COUNT

IY [I=::::QD~ESiITI~N~A!jTIS20D:N==J---i~I--UI0}Y"'.':L:~>'
'X~':~";·' {~:;_ -.i/'/.;:,x;;.-: TO

Fig. 5.7: Block Transfer: Initializing the Register

illustrated in Figure 5.7. Index register IX is used as the source pomter,
and will be incremented regularly. Index register IY is used as the desti­
nation pointer, and would be mcremented regularly, Register C is load­
ed with the maXimum number of elements to be transferred (limited to
256 since this is an eight-bit register) and will be decremented regularly.
Whenever C decrements to zero. all elements have been transferred.
The next two instructions:

NEXT LD A, (IX)
LD (IYJ, A

load the contents of the memory location pOloted to by IX mto the ac­
cumulator, then transfer it into the memory location pointed to by reg­
ister IY. In other words, these two instructions transfer an element of
the source block into the destination block. The two mdex registers are
then incremented:

INC IX
INC IY

And the counter register is decremented:

DEC C

Finally, as long as the counter is not 0, the program loops back to the
label NEXT,

JR NZ, NEXT
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This IS an example of the possible utilization of index registers. How­
ever. let us compare it to the same program wntlen for another micro­
processor, the MOS Technology 6502, which IS also equipped with an
indeXing capability, but uses different conventIons (i.e., has different
limItations on a general-purpose indeXing facility).The program appears
below:

LOX IINUMBER
NEXT LOA FROM, X

STA TO, X
OEX
BNE NEXT

Without gOing Into the details of the above program, the reader will
Immediately notice how much shorter It IS than the prevIous one. ThIS is
because the Index register X IS used as a vanable displacement, whereas
FROM and TO are used as the fixed source and destination addresses.

ThIS example should POint out that although In theory indexing IS a
powerful facility, It does not necessarily lead to efficient coding, due to
the addressing limitations Imposed on It In the case of vanous micro­
processors. Truly general-purpose indexing reqUires the possibility of a
16-bit displacement or address field as well as a 16-blt Index register.

However, It should be noted that this specific problem IS solved, In
the Z80 by the presence of specialized instructions. A general-purpose
block transfer will now be described whIch can be Implemented In Just
four instructions. However, to be faIr to the Z80, let us suggest addi­
tJonal exercises for the reader:

Exereise 5./: Wrue Ihe block lronsjer program jar IlIe Z80 m Ihe slyle
oj Ihe above program jar Ihe 6502. I.e.. assummg Ihal Ihe mdex reglSler
COlllmllS a displacement. Assume [!lat the source and fhe destlllGl101l

block are localed III page O. I.e.• al addresses 0 10 256. Nalurolly. II will
be assumed t!lol the number of elements Wltllin each block is small
enough Ilwl Ihey do nol overlap.

Exereise 5.2: Assume now Ihal Ihe source and Ihe deSlmallOn blocks are

localed anywhere III Ihe lIIelllory, excepl Ihal IlIey are bolll wllhlll IlIe
same page. Rewrile Ihe above progrom in Ihat case. (Is there a dif­
ference, I.e., does page zero play any role jar the Z80?)

Generalized Bloek Transfer Routine (More Than 256 Elemenls)

The register allocation and the memory map are shown In Figure 5.8.
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The program is shown below:

LD BC, COUNT
LD DE, TO
LD HL, FROM
LDlR

NUMBER OF BYTES
DESTINATION ADDRESS
START ADDRESS
TRANSFER ALL BYTES

Memory used: II bytes
Timll1g: 21 cycles/byte transferred

The first instructIOn IS:

LD BC, COUNT

It loads the number of elements to be transferred (a I6-bIl value) lI1to

the register paIr BC. The next two instructions initialize the register paIr
DE and the register paIr HL respectively:

LD DE, TO
LD HL, FROM

Finally the fourth instruction:

LDlR

performs the compiete transfer.
LDIR is an automated block-transfer instruction. Its power should

be ObVIOUS from this example. LDlR results 111 the followll1g sequence:
The contents of the memory locatIOn pOInted to by Hand L are trans­
ferred into the memory location pOll1ted to by DE: (DE) = (HLl. Next,
DE is incremented: DE = DE + I. Then, HL is incremented: HL
HL + 1. Next, BC IS decremented: BC = BC -1. If BC becomes 0, the
instructIon IS terminated. Otherwise, the instruction is repeated.

REGISTeRS

B

D

H

COUNTER

DESTINATION ~

SOURCE I-

MEMORY

Fig. 5.8: A Block Transfer-Memory Map
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The value and power of the LDIR mstructlOn should be apparent at
this pomt without further comments. Similarly, our search for the char­
acter "star"can be improved by the use of an automated instruction,
CPIR, special to the Z80. The corresponding program appears below:

STAR

NOSTAR

LDA. '....
LD BC, COUNT
LD HL, STRING
CPIR
JR Z, STAR

The first mstrucllon loads the accumulator with the code for the
character star. Next, the register pair BC IS imtlalized to the count of
the number of words to be searched wlthm the block:

LD BC, COUNT

The register pair Hand L is set to the startmg address of the block to
be searched (STRING). The automated mstructlon IS then executed:

LD HL, STRING
CPIR

The CPIR mstructlOn IS an automated compare mstructlOn. The con­
tents of the memory iocation specified by the address contained in H
and L IS compared to the contents of the accumulator. If the compari­
son succeeds, then Z of the flags register will be set to I. Then, the reg­
ister pair Hand L is incremented and the register pair BC is
decremented. The instruction is repeated until either the pair BC goes to
o or else the comparison succeeds, After the instruction CPIR is ex­
ecuted, it is therefore necessary to test the Z flag to determine whether
the comparison has succeeded (the CPIR might have looped through
64K words without success in the extreme case), This is the purpose of
the last instruction of the program:

JR Z, STAR

Exercise 5,3: Rewnte the above program so that a search proceeds
backwards. (Hint: Use the CPDR Instruction) Continue the block
transfer until '.' IS found.

Let us now develop a program combmmg the features of the two pre­
vious ones. We will tmplement the block transfer from location FROM
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to location TO, which shall stop automatically whenever an escape
character, "star". IS found. The program appears below:

LD BC, COUNT
LD HL, FROM
LD DE, TO
LD A,''''' DELIMITER (ESCAPE CHAR)

TEST CP (HL) COMPARE WITH MEMORY
CHARACTER

JR Z, END END IF SUCCESS
LDI TRANSFER CHARACTER AND

UPDATE POINTERS AND
COUNT

JP PE, TEST KEEP TESTING UNLESS DONE
P/V INDICATES WHETHER BC =0

The first three Instrucllons of the program perform the usuallnJtlali­
zatlon, setting up the counter registers and the source and destinatlon
pOinters:

LD BC, COUNT
LD HL, FROM
LD DE, TO

The slar character is deposited. Has usual" into the accumulator, so
that it can be compared to the character read from a memory locallon.

LD A,'"

This tS exactly what IS done by the next instructton:

TEST CP (HL)

The success or failure of the companson IS determined by testing the Z
bit. The Z bit will have been set if the companson has succeeded. This IS
performed by the next Instruction:

JR Z. END

The next instruction IS an automated transfer Instruction:

LDI

This instruction transfers the character, and updates the pOinters and
the counl In a Single Instruction. LDI transfers the contents pointed to
by Hand L Into the memory locallon pOinted to by D and E: (DEl =
(HLl. It Increments DE and HL

DE = DE + I
HL = HL + j
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Finally, It decrements BC BC becomes BC - j. The particularity of
this instruction is that the P IV flag is cleared if Be decrements to "0"
and set otherwise. This will be explicitly tested by the Jast instruction in
the program to determine whether exit should occur:

JP PE, TEST

Adding Two Blocks

A program will be developed here to add eiement' by' element two
blocks startmg respectively at addresses BLK!, and BLK2, and havmg
equal numbers of elements, COUNT. The program IS shown below:

BLKADD

LOOP

LD
LD
LD
XOR
LD
ADC
LD
DEC
DEC
DEC
JR

IX, BLK!
IY, BLK2
B, COUNT
A
A, (IX + 0)
A, (IY + 0)
(IX), A
IX
IY
B
NZ, LOOP

B I COUNTER

IX~===~B~lK~i===~r--l
IY BLK 2

'------:-:c:'...".,.,.,.----'
REGISTERS

Fig. 5.9: Adding Two Blocks: BLKl = ELKl + BLK2
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The memory layout is shown 10 Figure 5.9. The program IS straIghtfor­
ward. The number of elements to be added IS loaded mto the counter
register B. and the two Index registers IX and IYare Initialized to theIr
values BLK I and BLK2:

BLK ADD LD IX. BLKI
LD IY, BLK2
LD B, COUNT

The carry bit IS then cleared 10 anticipation of the first addition:

XOR A

The first element IS loaded mto the accumulator:

LOOP LD A, (IX + 0)

The corresponding element of BLK2 is then added to It:

ADC A, (IY +0)

and finally saved IOtO the element of BLK I:

LD (IX), A

The two pOInter registers X and Yare decremented:

DEC IX
DEC IY

as well as the counter register:

DEC B

As long as the counter regISter IS not 0, the addition loop IS executed:

JR NZ, LOOP

Exercise 5.4: Call you use Ihe above program 10 perform a 32-ba addi­
lion?

Exercise 5.5: Call you use fhe above program 10 perform a 64-bit addi­
tiOn?

Exercise 5.6: Modify Ihe above program so Ihallhe resull IS slored III a
separale block slarllllg al address BLK3.

Exercise 5.7: Modify Ihe above program 10 perform a sublraellOlI
ralher liwn all addillOlI.
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Exercise 5.8: Modify {he ongll1al program above so rhat BLKI alld
BLK2 are allhe top ofeach block rather Ihan Ihe bOllom (see Fig.5.IO).

fROM_

COUNT _ N ~ SOURCE StOCK

TRANSfER

elEMENT

A

COUNTER

,

Fig.5.10: Memory Organization for Block Transfer

SUMMARY

A complete descriptIOn of addreSSIng modes has been presented. [t.

has been shown that the Z80 offers many possible mechanisms. and the
specific addressing modes available on the Z80 have been analyzed.
Finally, several application programs have been presented to demon­
strate the value of the various addressing mechanisms. Programming
the Z80 efficiently requires an understanding of these mechanisms.
They will be llsed throughout the programs In the remaInder of this
book.

EXERCISES

5.9: Wme a program 10 add the firsl 10 byles ofa !able slored alloca­
lIOn "BASE". The result will have 16 bils. (ThiS IS a checksum com­
pulatlOil).
5./0: Can you solve the sattle problem without uSlllg the mdexmg
mode?
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5.//: Reverse lite order of lite /0 byles of II1IS lable. Siore lite resulr
01 address "REVER ".

5.12: Search (he same table jar lis fargesl element. Store II af memory
address "LARGE",

5.13: Add logellter lite corresponding elemenls of Iltree lables. wltose
bases are BASE/. BASE2. BASE3. Tlte lengllt of Ihese lables IS slored
01 address "LENGTH"
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INPUT/OUTPUT TECHNIQUES

INTRODUCTION

We have learned so far how to exchange mformatlOn between the
memory and the various registers of the processor. We have learned to
manage the reglsters and to use a variety of instructions to manipulate
the data. We must now learn to commumcate with the external world.
This IS called mput/output.

Input refers to the capture of data from outside penpherals (key­
board, disk, or physical sensor). Output refers to the transfer of data
from the microprocessor or the memory to external devices such as a
pnnter, a CRT. a disk, or actual sensors and relays.

We will proceed in two steps. First, we will learn to perform the mput /
output operations reqUIred by common deVices. Secondly. we will
learn to manage several mput/output devices simultaneously, I.e., to
schedule them. This second part will cover, in particular, polling vs. in­
terrupts.

INPUT/OUTPUT

In this section we will learn to sense or to generate simple signals,
such as pulses. Then we will study techmques for enforcing or measur­
mg correct tlmmg. We will then be ready for more complex types of in­
put/output, such as high-speed senal and parallel transfers.

The Z80 Input/Output Instructions

The 280 IS equipped with a special set of mput and output instruc­
tions. Most eight-bit microprocessors are not eqUipped with a special
set of input and output mstructlOns, and use the general mstructlon set
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on input/output devices. The 280, like the 8080, is equipped with basic
input and output instructions. However. the 280 is also equipped with
additional I/O instructions. These will be described in more detail here
in order to facilitate understanding of the programs that will be pre­
sented throughout this section.

The basic input and output instructions are respectIvely: IN A, (nl
and OUT (n),A. These two instructIOns are inherited from the 8080.
They will respectively read or write one byte between the selected port
and the accumulator. The actual addressing process is such that the 1,0
device address "n" is gated on lines AO through A7 of the address bus.
while the contents of the accumulator appear on address lines A8 through
A15. When only 256 devices are addressed, it may be necessary to zero
the contents of the accumulator explicitly if any of the address lines A8
throughAI5 may be decoded by an I/O device. In the simple examples
that follow, we will assume that fewer than 256 devices are present and
that they are not connected to addresses A8 through AI5, so that it will
not be necessary to zero the contents of the accumulator explicitly, for
example prior to using the IN instruction.

A special input instructIOn: IN r. (C), allows USIng the contents of
register C as the I/O device~address.When USIng this instruction, the
contents of register B automatically provide the top part of the address
(A8 through AI5). The specified register r is loaded from the specified
address. "r" may be any of the usual seven general-purpose registers.

Generate a Signal

In the simplest case, an output device will be turned off (or on) from
the computer. In order to change the state of the output device, the pro­
grammer will merely change a level from a logical "0" to a logical" I" ,
or from 1'1 J' to 110' J. Let us assume that an external relay is connected
to bit "0" of a register called "OUTI" _ In order to turn it on, we will
simply write a" I" Into the appropriate bit position of the register. We
assume here that OUTI represents the address of this output register
within our system. A program which will turn the relay on is:

TURNON LD A, OooOOOOIB
OUT (OUTI), A

LOAD PATTERN INTO A
OUTPUT IT TO DEVICE

where OUT is the output Instruction.
We have assumed that the state of the other seven bIts of the register

OUTI is irrelevant. However, this is often not the case. These bits
might be connected to other relays. Let us, therefore, improve this sim­
ple program. We want to turn the relay on, without changIng the state
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of any other bit wlthm this register. We will assume that It IS possible to

read and wnte the contents of this register. Our Improved program now
becomes:

TURNON IN
OR
OUT

A, (OUTll
OOOOOOOIB
(OUTI), A

READ CONTENTS OF OUTI
FORCE BIT "0" TO "I" IN A

The program first reads the contents of localion OUTI, then per­
forms an mc!uslve OR on its contents. ThiS only changes bit positIOn 0
to "I". and leaves the rest of the register mtact. (For more details on
the OR operation, refer to Chapter 4.1 ThiS IS illustrated by Figure 6.1.

O"-lA BUS

SHORf

°

AFTER

OUII

-DON
Fig. 6.1: Turning on a Relay

Pulses
Generating a pulse IS accomplished exactly as m the case of the level

above. An output bit IS first turned on, then later turned off. This re­
sults in a pulse. ThiS IS illustrated m Figure 6.2. ThiS time, however, an
additional problem must be solved: one must generate the pulse for the
correct length of time. Let us, therefore. study the generation of a com­
puted delay.

''" OUT~UTPORT

RfG'SlfR
SIGNAl

---1'
_ NUSEC_

THE PROGRM\' SUo" OUTPUT POI/I
tOADOUH'UT pooH IlEG'Sl£l1 V/IIHFA.rTtIlN
WAIT lIOOPfOIlNUSfC)
lOAD OU!PU! ~Rl W!1H Z£IIC
IIfIU~N

Fig. 6,2: A Programmed Pulse
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Delay Generation and Measurement

A delay may be generated by software or by hardware methods. We
will here study the way to perform It by program, and later show how it
can also be accomplished wIth a hardware counter, called a program­
mable interval timer (PIT).

Programmed delays are achieved by countIng. A counter regIster IS
loaded with a value, then is decremented. The program loops on itself
and keeps decrementing until the counter reaches the value "Oil The
total length of tIme used by this process will Implement the requIred
delay. As an example, let us generate a delay of 82 clock cycles:

DELAY
NEXT

LD
DEC
JR

A,5
A
NZ,NEXT

A IS COUNTER
DECREMENT
NEXT TEST

This program loads A WIth the value 5. The next InstructIon decre­
ments A and the folloWIng instruction will cause a branch to NEXT to
occur as long as A does not decrement to "0" When A finally decre­
ments to zero, the program wiII exit from this loop and execute what­
ever InstructIOn follows. The logic of the program IS Simple and appears
in the flowchart of Figure 6.3.

Let us now compute the effective delay which will be implemented by
the program. In Chapter 4 of the book, we will look up the number of
cycles required by each of these instructions:

LD in the immediate mode requires seven clock cycles. DEC will use
four cycles. Finally, JR will use 12 cycles except during the last itera­
tion, where it will use 7 cycles. When looking up the number of cycles
for JR in the table, verify that two possibilities exist: if the branch does
not occur, JR will only require seven cycles. If the branch does succeed,
which will usually be the case during the loop, then 12 cycles are re­
quired.

The timing is, therefore. seven cycles for the first instruction, plus 11
cycles for the next two, multiplied by the number of times the loop will
be executed, mInUS an extra five-cycle delay for the last unsuccessful JR:

Delay = 7 + 16 x 5 - 5 = 82 cycles.

AssumIng a .5 microsecond cycle, this programmIng delay will be 41
mtcroseconds.
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COUNTER = VALUE

DECREMENT COUNTER

NO O?

YES

OUT

Fig. 6.3: Basic Delay Flowchart

The delay loop which has been described IS used by most mput/output
programs. It should be well understood. Try to do the followmg exercises:

Exercise 6./: ff/hat Gre the fllaXlf1llll11 and the I11Ill/mum delays which
call be Implemented H'llh these lhree lIlslrUClIO/ls?

ExerCise 6.2: Modify Ihe program 10 oblam a delay o/aboll/ 100/luero­
seconds.

If one wishes to implement a longer delay, a Simple solution is to add
extra instructions in the program, before DEC. The simplest way to do
so is to add NOP mstruction. (The NOP does nothmg for four cycles.)

Longer Delays

Generatmg longer delays by software can be achieved through usmg
a wider counter. A register pair can be used to hold a I6-bit count. To
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sImplify, let us assume that the lower count is "0", The lower byte
will be loaded with "0", the maximum count, then go through a
decrementation loop. Since the first decrementation results in OO-'FF
and does not affect the Z flag whenever it is decremented to "0", the
upper byte of the counter will be decremented by J. Whenever the up­
per byte is decremented to the value "0", the program terminates. Jf
more precisIon is reqUIred in the delay generation, the lower count can
have a non-nuB value. In this case, we would wnte the program jusi as
explained and add at the end the three-line delay generation program,
which has been described above.

A 24-bit delay program appears below:
DEL24 LD B, COUNTH COUNTER HIGH (8 BITS)
DELl6 LD DE, - 1
LOOPA LD HL,COUNTL COUNTER LOW
LOOPB ADD HL,DE DECREMENT IT

JR C, LOOPS GO ON UNTIL NULL
DJNZ LOOPA DECREMENT B AND JUMP

Note Ihat DE IS loaded wIth" - I". and used to decrement the 16-blt
counter HL.

Naturally, stiB longer delays could be generated by USIng more than
three words. ThiS IS analogous to the wayan odometer works on a car.
When the nght-most wheel goes from "9" to "0", the next wheel to the
left is Incremented by 1. This IS the general pnnciple when counting
WIth multIple discrete umts.

However, the maIn disadvantage of thiS method IS that when one IS
counting delays, the mIcroprocessor will be dOIng nothIng else for hun­
dreds of milliseconds or even seconds. If the computer has nothIng else
to do, thIS IS perfectly acceptable. However, In general the microcom­
puter should be available for other tasks, so that longer delays are nor­
mally not Implemented by software. In fact, even short delays may be
objectIOnable In a system if II IS to prOVIde some guaranteed response
lIme In gIven sItualIons. Hardware delays must then be used. In addi­
tion. if interrupts are used. timmg accuracy may be lost if the counting
loop can be Interrupted.

Exercise 6.3: Wrlle a program fa l171pleme71f a 100 ms delay (fyplcal oja
Telefype).

Hardware Delays

Hardware delays are Implemented by USIng a programmable interval
timer or "tImer" in ShOft. A register of the timer lS loaded with a value.
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The difference is that the tImer will automatically decrement the
counter penodically. The penod can usually be adjusted or selected by
the programmer. Whenever the timer has decremented to "0", it will
normally send an interrupt 10 the microprocessor. It may also sct a
status bit which can be sensed periodically by the computer. The use of
mterrupts will be explamed later In thiS chapter.

Other timer operatIng modes may Include starting from "0" and
counting the duration of the signal, or, counting the number of pulses
received. When functIOning as an Interval tImer, the timer IS said to
operate in a one-shot mode. When countmg pulses. it IS said to operate
10 a pulse counting mode. Some timer devices may even include mul­
tiple registers and a number of optional facilities which the programmer
can select.

Sensing Pulses

The problem with sensll1g pulses IS the reverse of that of generatIng
pulses, and Includes onc more difficulty: whereas an output pulse is
generated under program control, mput pulses occur asynchronously

wIth the program. In order to detect a pulse, two methods may be used:
polling and nllerrupls. Interrupts will be discussed later In thiS chapter.

Let us now conSider the polling technique. USing thiS technique, the
program reads the value of a given InPut register continuously, testing a
bit pOSItIon, perhaps bit O. It will be assumed thai bit 0 is onglnally
"0". Whenever a pulse IS received, thiS bit will take the value" I" The
program contmuously monitors bit 0 until it rakes the value'" I". When
a "I" is found, the pulse has been delected. The program appears
below:

POLL
ON

IN
BIT
JR

A, (INPUT;
0, A
Z, POLL

READ INPUT REGISTER
TEST FORO
KEEP POLLING IF 0

Conversely, let us assume that the mpulline IS normally "1" and thai
we wish to detect a "0" . TI1lS IS the usual case for detecllng a START
bit, when mOnItoring a line connected to a Teletype. The program ap­
pears below:

POLL

START
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JR

A, (INPUT)
0, A
NZ, POLL

READ INPUT REGISTER
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Monitoring the Duration

Monitonng the duratIOn of the pulse may be accomplished in the
same way as computmg the duratIOn of an output pulse. Either a hard­
ware or a software technique may be used. When momtoring a pulse by
software, a counter is regularly incremented by 1, then the presence of
the pulse is verified. If the pulse is still present, the program loops upon
itself. Whenever the pulse disappears, the count contained in the
counter register is used to compute the effectIve duratIOn of the pulse.
The program appears below:

DURTN LD B,O CLEAR COUNTER
AGAIN IN A, (INPUT) READ INPUT

BIT 0, A MONITOR BIT 0
JR Z, AGAIN WAIT FOR A "I"

LONGER INC B INCREMENT COUNTER
IN A, (INPUT) CHECK BIT 0
BIT 0, A
JR NZ, LONGER WAIT FOR A "0"

Naturally, we assume that the maximum duration of the pulse will
not cause register B to overflow. If this were the case, the program
would have to be changed to take that into account (or else it would be a
programming error!).

Since we now know how to sense and generate pulses. let us capture
or transfer larger amounts of data. Two cases will be distInguished:
senal data and parallel data. Then we will apply this knowledge to ac­
tual input/output devices,

PARALLEL WORD TRANSFER

It IS assumed here that eight bits of transfer data are available in par­
allel at address "INPUT" (see Fig. 6.4). The microprocessor must read
the data word at this location whenever a status word Indicates that it is
valid. The status information will be assumed to be con tamed m bIt 7 of
address "STATUS". We will here wnte a program which will read and
automatIcally save each word of data as It comes in. To simplify, we
will assume that the number of words to be read IS known m advance
and is contained in locatIon "COUNT", If this mformation were not
available, we would test for a so-called break character, such as a
rubollt, or perhaps the character "*". We have learned to do this al­
ready.
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7 o

Fig. 6.4: Parallel Word Transfer - The Memory

The flowchart appears In Figure 6.5. It IS quite straIghtforward. We
test the status informatIOn until it becomes" I" l indicating that a word
IS ready. When the word IS ready, we read It and save It at an approprI­
ate memory location. We then decrement the counter and test whether
It has decremented to "0" If so, we are finished; if not, we read the
next word. A sImple program which implements thIs algorithm appears
below;

7, A
Z. WATCH
A, (INPUT)
AF

PARAL LD
LD

WATCH IN

BIT
JR
IN
PUSH
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A, (COUNT) READ COUNT INTO A
B, A B IS COUNTER
A, (STATUS) LOOK FOR 'DATA READY'

TRUE
BIT 7 IS "i" iF DATA READY
DATA VALID?
READ DATA
SAVE DATA INTO STACK
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DEC B DECREMENT COUNT
JR NZ. WATCH DO IT UNTIL ZERO

It IS assumed that the "data ready" flag IS automatically cleared when
STATUS is read.

The first two instructIOns imtlalize the counter register B:

PARAL LD A. (COUNT)
LD B. A

Note that there IS no easy way to load B only from memory. One must
either load A. then transfer lis contents to B. or load Band C
simultaneously.

POLLING OR SERVICE REQUEST

NO

TRANSFER
WORD

DECREMENT

COUNTER

NO
COUNT=Q?

... YES

OUT

Fig. 6.5: Parallel Word Transfer: Flowchart
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The next three mstructions of the program read the status mforma­
tlOn and cause a loop to occur as long as bit seven of the status register
IS "0" (It IS the sign bit, I.e., bIt N.)

IN A, (STATUS)
BIT 7, A "IN" DOES NOT SET THE FLAGS
JR Z, WATCH

When JP fails, data IS valid and we can read It:

IN A, (iNPUT)

The word has now been read from address INPUT where It was, and
must be saved. Assummg that a sufficient stack area IS available, we
can use:

PUSH AF

whIch saves A (and F) in the stack. If the stack IS full, or the number of
words to be transferred IS large, we could not push them on the stack
and we would have to transfer them to a designated memory area, us­
109, for example, an indexed instruction. However, this would require
an extra instruction to increment or decrement the index register.
PUSH is faster (only II clock cycles).

The word of data has now been read and saved. We will sImply decre­
ment the word counter and test whether we are finished:

DEC B

JR NZ,WATCH

This nine-instruction program can be called a benchmark, A benchmark
program is a carefully optimized program designed to test the capabilities
of a given processor in a specific situation, Parallel transfers are one such
typical situation. This program has been designed for maximum speed and
efficiency, Let us now compute the maximum transfer speed of this pro­
gram, We will assume that COUNT is contained in memory, The duration
of every instruction is determined by inspecting the tables in Chapter Four
and is found to be the following:

PARAL LD A, (COUNT) 13
LD B,A 4

WATCH IN A, (STATUS) II
BIT 7, A 8
JR Z, WATCH 7/12
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PUSH
DEC
JR

A, (INPUTi
AF
B
NZ, WATCH
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II
II
4
7/12

The minimum execution time 15 obtamed by assuming that data IS

available every time that we sample STATUS. In other words, the first
lP will be assumed 10 fail every (Ime. Timing IS then:

13 + 4 + (II + 8 + 7 + II + 4 + 12)· COUNT

Neglectmg the first 17 cycles necessary to initialize the counter regis­
ter, the time used to transfer one word is 64 clock cycles or 32
microseconds with a 2 MHz clock.

The maXimum data transfer rate IS, therefore:

= 31 K bytes per second

ErerClse 6.4: Assume thaI the numher oj ~vords 10 he Irlll1sjerred IS
greater than 256. /\I!odij)' the program accordingly and determ1l1e the
Impact un the maXf/71um claw transfer rale.

Exercise 6.5: /l,l/odi/.y ,IllS program IfI order 10 "T!(J IIllprove Ifs speed:
!-IISlIIg JR Illslead oj JP
2-lIslIIg DJNZ
3-usmg INI or IND

}+,,(/S fhe above program truly uplfma/?

We have now learned to perform high-speed parallel transfers. Let us
consider a more complex case.

BIT SERIAL TRANSFER

A sCflalmput IS one In which the bits of information (0'5 or I 'SI come
in successively on a line. These bits may come In at regular Intervals.
ThiS IS normally called synchronous transmiSSion. Or. they may come
as bursts of data at random Intervals. ThiS IS called asynchronous trans­
mlSS10n. We will develop a program whIch can work In both cases. The
pnnclple of the capture of sequential data IS SImple: we will watch an
Input line, which will be assumed to be line O. When a b11 of data IS de­
tected on thiS line, we will read the b11 In, and shift 11 Into a holding reg­
1ster. Whenever eight bits have been assembled, we will preserve the
bYle of dala Into the memory and assemble the next one. In order to
SImplify, we will assume that the number of bytes to be receIved IS
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known In advance. Otherwise, we might, for example, have to watch
for a special break character, and stop the blt-senal transfer at this
point. We have learned to do that. The flowchart for this program ap­
pears In Figure 6.6. The program appears below:

SERIAL

LOOP

LD
LD
LD
IN
BIT
JR
SRL
RL
JR

C,O
A, (COUNT)
B,A
A, (INPUT)
7, A
Z,LOOP
A
C
NC,LOOP

CLEAR INPUT WORD
LOAD B WITH BYTE COUNT

READ PORT
BIT 7 IS STATUS, BIT 0 IS DATA
WAIT FOR A "I"
SHIFT DATA BIT INTO CARRY
SAVE INPUT B INTO C
CONTINUE UNTIL 8 BITS IN

POlLING OR SERVICE REQUEST

STORE BIT
iNCREMENT COUNTER

STORE WORD
RESET BIT COUNTER

DECREMENT WORD COUNT

YES

DONE

NO

NO
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PUSH BC SAVE WORD IN STACK
LD C,OIH RESET MARKER BIT
DEC B DECREMENT BYTE COUNTER
JR NZ, LOOP ASSEMBLE NEXT WORD

This program has been designed for efficiency and will lise new tech­
mques which we will explam (see Fig. 6.7).

The conventions are the followmg: memory location COUNT IS as­
sumed to contam a count of the number of words to be transferred.
Register C will be used to assemble eight consecutive blls coming In.

Address INPUT refers to an mput register. It IS assumed that bit pOSI­
tion 7 of this register IS a status nag, or a ciock bit. When J( IS "0", data
IS not valid. When It IS "I". the dala IS valid. The data Itself will be as­
sumed to appear in bH position 0 or this same address. In many in­

stances, the status information will appear on a different register than
the data register. It should be a simple task, then, to modify this pro­
gram accordingly. in addition, we will assume that the first bit of data
to be received by thiS program IS guaranteed to be a "I", It indicates
that the real data follows. If this were not the case, we will later see an
obvIOUS modification to take care of it. The program corresponds ex­
actly to the Oowchart of Fig. 6.6. The first few lines of the program im­
plement a waItmg ioop which tests whether a bit IS ready. To determine
whethcr a bit IS ready, we rcad the mput register, then test the zero bit
(Z). As long as thiS bit IS "0". the mstruction JR will succeed, and we
will branch back to the loop. Whenever the status (or clock) bit
becomes true (" I"), then J R will fail and the next instruction will be
executed.

This millal sequence of Instructions corresponds to arrow j in Fig.
6.7.

At thiS pOUlt, the accumulator contams a "t'· In bit position 7 and
the actual data bit II1 bll positIOn O. Thc first data bit to arrive IS gOlI1g
to be a "t" However, the follOWing bits may be either "0" or "'" We
now wish to prcscrve the data bit which has been collected II1 position O.
The Instruction:

SRL A

shirts the contents of the accumulator right by one posItion. ThiS causes
the righi-most bit of A, which IS our data bit, to fall II1to the carry bit.
We will now preserve thiS data bit Into register C (thiS process IS illus­
trated by arrows 2 and 3 In Fig. 6.7):

RL C
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S,ATUS

1-------1 0'
CLOCK

r----r'
L------'Q)~---r'::j0"_;;'i7_:1SERIAl

'. I X DATA
L--------;;:;;;;;-1-"~J!i.;.c.l.!.<.L_'__1 ''"

INPUT ,

Fig. 6.7: Serial-to-Parallel: The Registers

o

The effect of this mstructlon IS to read the carry bit mto the nght-most
blt positIOn of C. At the same time, the left-most blt of C falls mto the
carry bit. (If you have any doubts about the rotation operatIon, refer to
Chapter 41)

It is important to remember that a rotation with carry operation will
both save the carry bit, here into the fight-most bit position. and also
recondition the carry bit with the value of bit 7 (or bit 0).

Here, a "0" will fall mto the carry. The next mstructlon:

JR NC, LOOP

tests the carry and branches back 10 address LOOP as long as the carry

474



INPUT/OUTPUT TECHNIQUES

IS "0" _This IS OUf automatic ba counter. It can readily be seen that, as a
resuiJ of Ihe firsl RL, C will conlam "00000001". Eighl shirts laler, Ihe
"I" will finally fall 1010 Ihe carry bll and SlOp Ihe branch mg. This IS an
ingenIOUs way to lmplement an automatic loop counter without haVing
to waste an instructIOn to decrement the contents of an mdex register.
ThiS technique IS used In order to shorten the program and Improve Its
performance.

When JR NC finally fails, 8 blls will have been assembled 1010 C.
TIllS value should be preserved 10 Ihc memory. ThIS IS accomplished by
Ihe next msl ruCllon (arrow 4 on Fig. 6.7):

PUSH BC

We arc here savmg the contents of Band C into the stack. Savmg mlo
Ihe slack IS possible only if Ihere IS enough room 10 Ihe slack. PrOVided
that thiS conditlOo IS met, It IS usually the fastest way to preserve a word
10 Ihe memory, even Ihough we save an unnecessary reglsler (Bl. The
slack pomler IS updaled aUlomallcally. If we were not push109 a word
In the slack, we would have to use one more instructIOn to update a
memory pOlf1ler. We could cqUivalcmly perform an mdexed addressmg
operation, but that would also Involve decrementing or incrementing
the mdex, USing extra time.

Afler Ihe firsl word of dala has been saved, Ihere IS no longer any
guaranlee Ihal Ihe firsl dala bl! 10 come 10 will be a" I". 11 can be any­
Ihmg. We musI, Iherefore, resel Ihe comenls to "00000001" so Ihal we
can keep llSll1g it as a bit counter. This is performed by the next instruc­
[Jon:

LD C,OIH

Finally, we will decrement the word counter, since a word has been
assembled, and lesl whelher we have reached Ihe end of Ihe Iransfer.
ThiS IS accomplished by the next two instructions:

DEC B
JR NZ, LOOP

The above program has been deSigned for speed, so thaI one may
capture a fast Input stream of data bits. Once the program terminafes,
il is nalurally advlsabie 10 Immediately read away from the stack Ihe
words Ihal have been saved Ihere and lransfer Ihem eisewhere lOlo the
memory. We have already learned 10 perform such a block Iransfer in
Chapler 2.

475



PROGRAMMING THE zao

Exercise 6.6: Compute the l1IaXlIllUI1l speed (II w/uell {Ius program will
be able 10 read senal blls. Look lip (he nlill/ber oj ,ycles reqlllred by
every /lls'rUC!lOIl/lllhe fable {[( fhe end oft}1/s book. then compUle the
!lllle which will elapse dunng execullol1 of ,Ius program. To compute
(he leng(h of IIll/e \l'llich \l'il/ be IIsed by a loop. SIll/ply Il/llll1ply (he
(oral dura{f(J!t oj thiS loop, expressed 1I1 microseconds. by the l1umber
of!lines Ii will be execllled. A Iso, when cOIll/Jullllg ! he l1laXIIJ1111ll speed,
assume ,!lUI ada'" bu will be ready eve,)' !l111e thai the mpHI !O('(JlIOIlIS

sensed.

ThiS program IS more difficult to understand than the previous ones.
Let us look at it agam (refer to Fig. 6.6) in more detail, examining some
trade-offs.

A bl! of data comes mto bl! position 0 of "INPUT" from lime to
time. There might be, for example, three "Is" in succession. We must,
therefore, differenll{fle belweell lire SlIcceSSlve blls commg m. ThiS is
the function of the "clock" signaL

The elock (or STATUS) slgnallells us that Ihe mput bit IS now valid.
Before reading a bit, we will therefore first test the status bit. If the
slalUs 15 "0", we must walt. If it IS "I", then the data bit IS good.

We assume here that the status signal IS connected to bit 7 of register
INPUT.

Ere}'cise 6.7: Call yOIl explmll why bli 7 IS IIsedior SWillS. alld bll 0for
data? Does II matter?

Once we have captured a data bit, we want to preserve It In a safe
locallon, then shift it left, so that we can get the next bit.

Unfortunately, the accumulator IS used to read and test both data
and status in thiS program. If we were to accumulate data in the accu­
mulator, bit posJllon 7 would be erased by the statliS bll.

Ere}'cise 6.8: Can yOIl sligges( ([ \I'([V 10 lesl SlalliS wl/lrolll eraslIIg lire
COIl(I!Il(S oj {he acculllulator (a specw! fl/SlrllcllOll)? ~r thiS call be done,

could we use Ihe accumulator 10 accwll11lale fhe successive ints comlllg
III? Can you Improve speed by uSlIlg Gil "automated Jump "?

/',:xercise 6.9: ReWrite the program, USing the accwllu/afOr to store the
bl/s comlllg 111. Compare II to the prevIOus one 111 terms of speed and
number (~l "ls/rllctlOns.

Let us address two more possible variatIOns.
We have assumed that, m our parlicular example, the very first biltO

come In would be a speCial signal, guaranteed to be "," However, In
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general, It may be anYlhlng.

/:'xercfse 6.10: AIodU:v rhe program a!Jove, asslIl1llJlg fhal fhe vefY.lirs!
IJI! to come 111 IS valid cia/([ (nol to be discarded), and call be "0" or
"/" Hillt: OUI' "Jut ('oull/er" should stillll'ork correctly, ~/YOlllll/l/([{­

I:;e If wilh Ihe ('orrect \'{tlue.

Finally, we have been savlIlg the assembled word III the stack, to gam
time. \Ve could naturally save It III a specified memory area.

l:.:.rercise 6.//: i\1()dU~1' {!Ie program aho\'{!, (illd sal'C! fhe assembled word
III fhe mell1()fT area starlll/g at BASt:.

j·.'xercise 6.12: /\1od(fy fhe program a!JoI'f! so fhal the fran'>/e,- lI'iII SlojJ
when {he ChUrl/Cler "S" IS delec/ed III {he lllfJUl slrealll.

The Hardware Altcrnalivc

As usual for most standard lIlj1ut/OUtf)ut algonthms. It IS possible to
Implement thIS procedure by hardwarc. The chip IS called a UART It
will aUlomallcally accumulate the bits. However, when one wIshes to
reduce the compolH:lll count, thl .... program, or a varlatlon of it, will be
llsed illS! cad.

Etercise 6. [3: 1'd(Jrlijy Ihe prograill. a.l.luiIIlug l/tal riala 1.1 al'ai/a!J/e 111 /JII

posilion 0oj local ion INPUT, while fhe slafus IIIJofllla/tolils available
iI1 bl/ pasi/101l 0a/address INPUT + I.

BASIC 110 SUMMARY

\\le have now learned [0 perform elementary mput!outpUl opera­
tions as well as to manage a stream of parallel data or scnal bits. We arc
now rcady 10 commUI1Jcalc with real Input/output deVices.

COMMUNICATING WITH INPUT/OUTPUT DEVICES

In order to exchange data with lOput/output deVIces, we will first
have to asccnam whether data IS available, if we want to read it; or
whether the deVice IS ready 1O accept data, if we want to send It. Two
procedures may be used: handshakll1g and Interrupts. Let us study

handshaking first.

HandshaklOg

HandshaklOg IS generally used to commUnicate between any two
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,.,."".
1'1;.0 o"MO;"1"'"&1 .!G'SIlR

Y!~,'.jO OUTPUT

MPU DATA DEViCE

00"0' 0
~!G,~ll~

'·01."'"

Fig. 6.8: Handshaking (Outpull

asynchronous devices, i.e., between any two devices which are not syn­
chronized. For example, if we want to send a word to a parallel pnnter,
we must first make sure that the Input buffer of thIS pnnter IS available.
We will. therefore, ask the pnnter: Are you ready? The pnnter will say
"yes" or "no." If it is not ready we will walt. If it IS ready, we will send
the data (see Fig. 6.8\.

DATA

I A

"""0i<iGt51HI
I"

INPUT

MPU DEVICE
(H;'~,'cr!~

D"""'.r;.o"
"'(G1SIUI

'IYI<O

Fig. 6.8a: Handshaking (Inpull

Conversely, before reading data from an mput deVice, we will verify
whether the dma IS valid. We will ask: "Is data valid?" And the device
willlell us "yes" or "no." The "yes or no" may be indicated by status
blls, or by other means (see Fig. 6.8a).

As an analogy, whenever you wish to exchange mformation with
someone who IS mdependent and mighl be domg somellllng else al the
lime. you should ascertain that he IS ready to commUnicate wuh YOU.
The usual rule of courtesy IS to shake hiS hand. Data exchange may then
follow. ThlS IS the procedure normally used In eommuI1lcatlng with m-
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put/output devices.
Let us now illustrate thIS procedure wIth a sImple example.

Sending a Character To The Printer

The characler will be assumed 10 be contained 10 memory location
CHAR. The program to prInt J[ appears below:

WAIT IN

BIT
JR
LD
OUT
JR

A, (STATUS;
7, A
Z, WAIT
A, (CHAR)
(PRNTD), A
WAIT

TEST IF READY
OTHERWISE WAIT
GET CHARACTER
PRINT IT
GO FOR NEXT

The print program IS straightforward and uses the handshakmg pro­
cedure WhICh has been described above. The data paths are shown In

Figure 6.9.

CHA

STATUS

Aj~
I

:>R DATA l= l
, ;:0- PRNTD

, ':7 PRINTER

C I DATA I

MEMORY zao

Fig, 6,9: Printer-Data Paths

The character (called DATAl IS located at memory localion CHAR.
First, the status of the prInter IS checked. Whenever bit 7 of the status
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register becomes I. it indicates that the printer ready for input. 1.e.• Its
input buffer is available. At this point. the character is loaded into
the accumulator, 1!11.?J1 otllpui 10 the printer, vIa the accumulator. As
long as {he status bll rCl11a1l1~ 0, the program will rcmall1 111 a loop,
called WAIT III Ihc program.

Exercise 6.14: How many Instructions would be saved in the above pro­
gram by loading data directly mto register C as well as outputing the con­
tents of register C directly?

Eterchie 6./5: tYhen USfllg an aClual prmter, If IS usually neCeSSGIT to
send a siaN order Defore IISll1g Ihe deVice. Modit)' Ihls program 10 gen­
erate such all order, aSSUf11mg thaI the slar' command IS obla/l1ed by
wflllng a I 111 bil pOSll101l aoj the STA TUS reg ISler. whIch IS assumed
to be bfdirecllOl1al.

Exercise 6.16: U Ihe BIT Inslrucllon were nol available. could yOIl lise
another instruction instead, m line 2 of the program? If so, explain the
advantage of using the BIT instruction. if any.

l::xercise 6./7: tWodify the program above (() prm/ a slrlllg of tl charac­
fers, where 11 will be assumed 10 be less ,!Ian 255.

Eterdse 6./8: /vlodify the above program to pnl1l a sIring oIcharacters
until a "carnage-return" code IS encollntered.

Let us now complicate the output procedure by reqUlrmg a code con­
versIOn and by Outputtlng to several devices at a time:

QUlPUI To • Seven-Segmenl LED

A tradilIOnal seven-segmenl lighl-cnlllll11g diode (LED) may display
the digits "0" through "9", or even "0" through "FlO hexadecimal by
lightlllg combinations or its 7 segments. A seven-segment LED IS shown
In Figure 6.10. The characters that may be generated WIth thiS LED
appear ID Figure 6.11.

The segments of an LED are labeied "a" through "g" ID Figure 6.10.
For example, "0" wiil be displayed by lightIDg the segments abcdef.

Let us assume, now, that bit "0" oran output pon IS connected to seg­
ment "a", that "1" IS connected to segment lib", and so on. Bit 7 is
nOI used. The bIDary code reqUired 10 light up fedcba (to display "0")
IS, therefore. "0111 J J I" In hexadectmallhls IS "3F" DC' the follow­
Ing exercise.
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A

Fig. 6.10: Seven-Segmenl LED

"

! / I I / I /
I I- I / I-'I I- I 1_/ I 1 I I
/ / I I_I -I /_1

I 1 1 1 I I I
I-I / I 1- / I /- 1-

Fig. 6.11: Hexadecimal Charaelers Generaled
wilh a Seven-Segmenl LED
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Exercise 6.19: Compute the seven-segment eqUivalent for the hexadecI­
mal digits "0" through "F", Fill out the table below:

Hex LED code Hex LED code Hex LED code Hex LED code
0 3F 4 8 C
1 5 9 D
2 6 A E
3 7 B F

Let us now dispiay hexadecimal values on several LED's.

Driving Multiple LED's

An LED has no memory. It will display the data only as long as Its
segment lines are actIve. In order to keep the cost of an LED display
low. the microprocessor will display information on each of the LED's
in turn. The rotatIon between the LED's must be fast enough so that
there is no apparent blinkmg. This implies that the tIme spent from one
LED to the next is less than 100 milliseconds. Let us design a program
which will accomplish thiS. Register C will be used to point to the LED
on which we want to display a digit. The accumulator is assumed to
contam the hexadecimal value to be displayed on the LED. Our first
concern IS to convert the hexadecimal value into ItS seven-segment rep­
resentation. In the preceding section. we have built the equivalence
table. Since we are accessing a table, we will use the indexed addressing
mode. where the displacement mdex will be provided by the hexadeci­
mal value. ThiS means that the seven-segment code for hexadecimal
digit "3" is obtamed by looking up the third element of the table after
the base. The address of the base will be called SEGBAS. The program
appears below:

LEDS LD
LD
LD
ADD
LD
LD

DELAY OUT
DEC
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E.A
D.O
HL. SEGBAS
HL. DE
A. (HLJ
B.50H

(C), A
B

A CONTAINS HEX DIGIT
USE "DE" AS DISPLACEMENT
USE "HL" AS INDEX
TABLE ADDRESS
READ CODE FROM TABLE
DELAY VALUE = ANY
LARGE NBR
OUTPUT FOR SET DURATION
DELAY COUNTER



OUT

JR
LD
DEC
CP
JR
LD
RET

NZ, DELAY
A,C
C
MINLED
NZ, OUT
BC, (MAXLED)

INPUT/OUTPUT TECHNIQUES

KEEP LOOPING
C IS PORT NUMBER

DONE FOR LAST LED?

IF SO, RESET C TO TOP LED

The program assumes that regISter C contains the address of the LED
to be illumInated next, and that the accumulator A contams the digit to
be displayed.

The program first looks up the seven-segment code corresponding to
the hexadecImal value contained m the accumulator. Registers D and E
are used as a displacement field, and registers Hand L are used as a
16-bit index register. The hexadecimal digIt is added to the base address
of the table:

LEDS LD
LD
LD
ADD

E,A
D,O
HL, SEGBAS
HL,DE

7-SEGMENT CODE

A delay loop IS then implemented, so that the code obtaIned from the
table is displayed for an approprIate duration. Here the constant "50"
hexadecImal has been arbItrarily chosen:

LD
LD

A, (HL)
B, 50H

READ CODE FROM TABLE
DELAY VALUE

The delay IS accomplished usmg a classic delay loop. The first instruc­
tIon:

DELAY OUT (C), A

outputs the contents of the accumulator at the I/O port pointed to by
register C (the LED number). The next two mstructions implement the
delay loop:

DEC B
JR NZ, DELAY

Once the delay has been implemented, we must simply decrement the
LED pomter, and make sure that we loop around to the hIghest LED
address if the smallest LED address has been reached:

LD A,C

483



PROGRAMMING THE zao

OUT

DEC
CP
JR
LD
RET

C
MIN LED
NZ,OUT
Be, (MAXLED)

It is assumed here that the above program has been written as a sub­
routme, and the last instruction IS then RET:" return from subroutine"

Exercise 6.20: It IS usually necessary to turn oj! the segment dnvers/or
Ihe LED prior 10 displaylllg Ihe digll. Modify Ihe above program by
adding the necessary lI1SlrllCllOllS (output "00" as the charaCfer code
prior 10 ouipulllllg Ihe character).

E.tercise 6,21: Whal would happen 10 Ihe display if Ihe DELA Y label
were moved up by Olle line positIOn? Would thIS change the [mung?
Would lIus change Ihe appearance oj Ihe display?

Exercise 6,22: You will nOllce Ihollhe jirsl jour IIlSlrllCllOnS oj Ihe pro­
gram are, III jact, perjomllng a 16-blt IIldexed memory access. How­
ever, /1 seems'c!ulllsy. WIthout USlllg [he mdexing mecholllsm. Assume
that the SEGBAS address IS known m advance. Call SEGBSH Ihe
fllgh-order pari oj IlllS address, and SEGBSL the low part oj thiS ad­
dress. SlOre SEGBSH III Ihe fllgh-order pari oj Ihe IX reglsler. Now
Write the above program. usmg !he Z80 Index-addressing mechamsm,
and uSlllg SEGBSL as Ihe displacemenl jield oj Ihe mslruclOn. Whal
are Ihe advanlages and disadvalllages oj Ihls approach?

E.rercise 6.23: ASSUllllllg that the above program /s a subroulllle, you
will nOllce Ifwi II uses reglslers B, D, E, Hand L IIltemally, and modi­
fies their contents. If the subroutine may freely lise the memory area
deslgnaled by address n, T2, T3, T4, n, couldyou add IIlSlruCIIOllS al
the begllllllllg and at the end of thIS program which will guarantee that.
when the subroutllle returns, the contents of registers B. D. E. Hand L.
will be the same as when the subroutine was entered?

Exercise 6.24: Same exerCIse as above. bur assume that the memory
area n, elc.. IS 1101 available 10 Ihe subroulllle. (Hilll: relllember Ihal
Iliere IS a built-Ill lIlechal1lslll III evelY cOlllputerjor preservIllg lIl/orllla­
tIOn III a chronologIcal order.)

We have now solved common mput/output prOblems. Let us con­
Sider the case of a common penpheral: the Teletype.
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Teletype Input-Output

The Teletype IS a senal devIce. It both sends and receIves words of in­
formauon 10 a senal format. Each character is encoded 10 an 8-blt
ASCII format (the ASCII table appears at the end of this book!. In ad­
dition, every character is preceded by a "start" bIt, and terminated by
two "stop" bIts. In the so-called 20-milliamp current loop interface.
whIch IS most frequently used. the state of the line IS normally a "1".
ThIs IS used to mdicate to the processor that the line has not been cut. A
start IS a "1 "-to-"O" transition. It Indicates to the receiving device that
data bIts follow. The standard Teletype IS a ID-characlers-per-second
devIce. We have Just established that each character requIres I I bits.
This means that the Teletype will transmit lID bIts per second. It IS said
to be a lID-baud device. We will design a program to senalize bIts out
to the Teletype at the correct speed.

2 STOP PULSES

---"'­
STOP 1 STOP 2

MARK - --- .....-...,

SPACE - - - - - '-J---'--'_l-J---'--'_l--'
I
I

9.09M5 -'1---1
I
I

Fig. 6.12: Format of a Teletype Word

Q 10

One-hundred-and-ten bits per second Implies that bits are separated
by 9.09 milliseconds. ThIs will have to be the duration of the delay loop
to be Implemented between successIve bits. The format of a Teletype
word appears 10 Figure 6.12. The Ilowchart for bit mput appears in
Figure 6. I3. The program follows:

TTYIN

NEXT

IN
BIT
JR
CALL
IN
OUT
CALL
LD
IN
OUT
SRL

A. (STATUS)
7. A
Z. TTYIN
DELAY I
A. (TTYBIT)
(TTYBITj, A
DELAY9
B. 08H
A. (TTYBIT)
(TTYBIT). A
A

DATA READY"
OTHERWISE WAIT
CENTER OF PULSE
START BIT
ECHO IT
NEXT PULSE (9 MS)
BIT COUNT
READ DATA BIT
ECHO IT
SAVE IT IN CARRY
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TIYIN
I

..J-
NO

START BiT?

YES

WAIT 4.5ms

ECHO START BIT

,
WAIT9.09ms

SHIFT IN DATA BIT

ECHO IT

NO CHARACTER
ASSEMBLED?

YES

WAIT9.09ms

OUTPUT STOP BiT

WAIT 13.59ms

Fig. 6.13: TTY Input with Echo
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RR
CALL
DEC
JR
IN
OUT
CALL
RET

C
DELAY9
B
NZ,NEXT
A, (TTYBITi
(TTY BIT), A
DELAY9

INPUT/OUTPUT TECHNIQUES

PRESERVE IT INTO C
NEXT PULSE (9 MS)
DECREMENT BIT COUNT

READ STOP BIT
ECHO IT
SKIP SECOND STOP

Fig, 6.14: Teletype Program

Let us examine the program In detail. First, the status of the Teletype
must be tested to determine if a character is available:

TTYIN IN A, (STATUS)
BIT 7. A
JR Z, TTYIN

The "BIT" InstructIon is a useful Z80 facility which allows testIng
any bit in any data regIster. It does not modify the contents of the regis­
ter under test. The Z nag IS set if the specified bit is 0, and reset other­
WIse.

This program will, therefore, loop until the status finally becomes
"I", It IS a classic polling loop.

Note also that, since the STATUS does not need to be preserved, we
could advantageously use

AND 10000000B
Instead of

BIT 7, A

However, using the AND instruction destroys the contents of A
(acceptable here).

When optimizing a program, remember that each new instruction
may Introduce sIde-effects.

Next. a 4.5 ms delay is Implemented in order to sense the start bit In
the middle of the pulse.

CALL DELAY I

where DELAY I IS the delay subroutine implementIng the required
delay. The first bit to come IS the start bIt. It should be echoed to the
Teletype, but otherwIse ignored. This is done by the next lllSlructions:

TTYIN IN
OUT

A. (TTYBITi
(TTYBIT), A
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We must then waIt for the first data bit. The necessary delay IS equal to
9.09 milliseconds and IS tmplemented by a subroutme:

CALL DELAY9
Regtster B IS used as a counter and IS loaded with the value 8 m order to
capture the 8 data bits:

LD B,08H

Next, each data bit will be read In turn Into the accumulator, then
echoed. It IS assumed to amve in bIt posItion 0 of the accumulator. The
data bit will then be preserved IOta register C, where It will be shifted m.
The transfer from A to C IS performed through the carry bIt:
NEXT IN A, (TTYBIT)

OUT (TTY BIT), A
SRL A
RR C

This sequence is illustrated in Figure 6.15.

A

x

TELETYPE

DATA

1/0 SPACE

nYBlTI CB

,-CO_U_N_T_ER---JI yr--x-----.
Fig. 6.15: Teletype Input

Next, the usual 9 millisecond delay IS Implemented, the bit-counter IS dec­
remented, and the loop IS entered agam as long as the eight bits have
not been captured:

CALL DELAY9
DEC B
JR NZ, NEXT

Finally, the STOP bit is captured, and echoed. 11 tS usually suffiCient to
send a smgle STOP bIt, however both could be sent back usmg two
more instructions:

IN
OUT
CALL
RET

A, (TTYBITj
(TTYBIT), A
DELAY9
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The program should be examined with attention. The logic IS qUIte
simple. The new fact is that whenever a bit is read from the Teletype (at
address TTYBIT), it is echoed back to the Teletype. This is a standard
feature of the Teletype. Whenever a user presses a key, the mformation
is transmitted to the processor and then back to the pnnting mechanism
of the Teletype. This verifies that the transmission lines are working
and that the processor is operatmg when a character IS, mdeed, printmg
correctly on the paper.

I ENTER I
t

SEND START
BIT

.-
SEND DATA

BITS

v
SEND STOP IBIT

.-
I EXIT I

~
SET BfT

COUNTER TO
ELEVEN

Fig. 6.16: Teletype Output

ExerCise 6.25: Wrlle the delay rOlltllle which resllits III the 9.09 millisec­
olld delay. (DELA Y sllbrolltme)

Exercise 6.26: USlllg the example a/the program developed above,
wl'lle a PRINTC program which will Prlllt all the Teletype the colllellls
0/ memory 10catlOII CHAR (see Fig. 6.15).

The answer appears below:

PRINTC LD
LD
OR
RLA

B, II
A, (CHAR)
A

COUNTER = II BITS
GET CHARACTER
CLEAR CARRY = START BIT
CARRY INTO A
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NEXT OUT (TTY BIT), A OUTPUT
CALL DELAY
RRA NEXT BIT
SCF CARRY = 1 (STOP BIT)
DEC B BIT COUNT
JR NZ,NEXT
RET

RegIster B IS used as a bit counter for the transmIssion. The contents
of bIt 0 of A will be sent to the Teletype line ("TTYBIT"l. Note how
the carry is used to provide a mnth bIt (the START bit). Also, note that
the carry is cleared by:

OR A

At the end of the program. the carry IS set to one by:

SCF

in order to generate a stop bIt.

ExerCise 6.27: MOdify Ihe program so Ihal I! wai/sfor a STAR T bl! 1/1­

mad of a STATUS bl!.

Printing a SIring of Characlers

We will assume that the PRINTC roulme (see Exercise 6.26) takes
care of pnntmg a character on our pnnter, or displaY,or any output de­
vice. We will here print the contents of memory localions (STARTlto
(START + N).

The program IS straightforward (see Figure 6.17):

PSTRING LD B,NBR LENGTH OF STRING
LD HL, START BASE ADDRESS

NEXT LD A, (HLJ GET CHARACTER
CALL PRINTC PRINT IT
INC HL NEXT ELEMENT
DEC B
JR NZ,NEXT DO IT AGAIN
RET
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MEMORY

B

COUNTER

A

START +N

OUTPUT REGiSTER

Fig. 6.17: Printing a Memory Block

TO PRINTER

PERIPHERAL SUMMARY

We have now described the basic programming techniques used to
communicate with typical mput/output devices. In additIOn to the data
transfer. it will be necessary to condition one or more control registers
wlthm each I/O device in order to condition the transfer speeds, the 10­

terrupt mechanism, and the various other oplions correctly. The man­
ual for each device should be consulted. (For more details on the spe­
cific algorithms for exchanging information with all the usual penpher­
als, the reader IS referred to our book, C207, Microprocessor Inlelfac­
mg Techmques.)

We have now learned to manage single deVices. However, in a real
system, all peripherals are connected to the buses, and may request
service simultaneously. How are we gomg to schedule the processor's
time?

INPUT/OUTPUT SCHEDULING

Since mput/output requests may occur simultaneously, a scheduling
mechamsm must be implemented in every system to determine in which
order service will be granted. Three basic input/output techniques are
used, which can be combined with each other. They are: polling, mter­
rupt, DMA. Polling and Interrupts will be described here. DMA IS
purely a hardware techmque, and as such will not be described here. (It
IS covered 10 the reference books C201 and C207.)
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Polling

Conceptually, polling IS the simplest method for managmg muluple
penpherals. With this strategy, the processor mterrogates the devices
connected to the buses in turn. If a device requests serVIce, the servIce
IS granted. If It does not request serVice, the next penpheral IS exam­
med. Polling IS used not Just for the devices, but for any deVice service
rOlllllle.

As an example, if the system IS equipped wIth a Teletype, a tape re­
corder, and a CRT display, the polling roUUne would mterrogate the
Teletype: "Do you have a character to transmit?" It would interrogate
the Teletype OUlPIiI rOlilme, askmg: "Do you have a character to
send?" Then, assuming that the answers are negative so far, It would
mterrogate the tape-recorder routines, and finally the CRT display. If
only one device IS connected to a system, polling will be used as well to
determine whether It needs service. As an example. the flowcharts for
reading a paper-tape reader and for pnnttng on a pnnter appear tn Fig­
ures 6.20 and 6.21.

[~~:J<::=====~==~~D~A~T~A~B~U~S~~=:::)MPU POLLING

,
I.- ~--

~------------------I

[~~Jr=====~::~~;I=~:;:;I=~INTERRUPT
INTI

HOLD

DMA

Fig. 6.18: Three Methods of I/O Control
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Example: a polling loop for devices l, 2, 3, 4 (see Fig, 6,19):

POLL4 IN
BIT
CALL
IN
BIT
CALL
IN
BIT
CALL
IN
BIT
CALL
JR

A, (STATUS I)
7, A
NZ,ONE
A, (STATUS2)
7, A
NZ, TWO
A, (STATUS3)
7, A
NZ, THREE
A, (STATUS4)
7, A
NZ, FOUR
POLL4

GET STATUS OF DEVICE I
SERVICE REQUESr
BIT 7 = I"
DEVICE 2

DEVICE 3

DEVICE 4

NO REQUEST, TRY AGAIN

Bit 7 of the status register for each deVice IS "I" when it wants serv­
Ice. When a request IS sensed, this program branches to the deVice
handler, at address ONE for deVice I, TWO for device 2, etc.

A fine point IS worth notmg here. For each Instruction, it is impor­
tant to verify carefully the way in which It affects the conditIon codes,
It should be noted that the IN A instruction does not change the flags,
If an IN r instruction has been used instead of an IN A instruction, bit 7
of the input would automatically be reflected as the SIGN bit in the
flags register, The special instruction "BIT 7,A" would become un­
necessary. However, because the IN A instruction does not change the
flags, this extra test must be included in the program,

In some hardware implementations, input/output devices may be
treated as memory devices for purposes of addressing. ThIS is called
memory-mapped Input/output. In thIS case, the IN Instruction would
be replaced by an LD Instruction and the rest of the program would be
as above, since LD does not affect the flags.

The advantages of polling are obvious: It IS simple, does not reqUire
any hardware assistance, and keeps all input/output synchronous with
the program operation. Its disadvantage is Just as ObVIOUS: most of the
processor's time is wasted Jooking at devices that do not need service.
In additIOn, by wastmg so much time, the processor might give service
to a device too latc.

Another mechamsm is, therefore, deSlfabie in order to guarantee that
the processor's time can be used to perform useful computatlons rather
than polling deVIces needlessly all the tIme. However, let us stress that
polling is used extensIvely whenever a microprocessor has nothing bet-
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YES

SERVICE ROUTINE
fOR DEVICE;\

SERVICE ROUTINE
NO FOR DEVICE B

Si:RVICE ROUTINE

NO FOR DEVICE C

Fig. 6.19: Polling Loop Flowchart

SET READER
ENA8LE ON

Fig. 6.20: Reading from a Paper-Tape Reader
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READY

YES

INPUT/OUTPUT TECHNIQUES

NO

LOAD PUNCH
OR PRINTER

BUFFER

TRANSMIT
DATA

Fig. 6.21: Printing on a Punch or Printer

ter to do, as It keeps the overall organIzatIon simple. Let us examine the
essential alternatIve to polling: interrupts.

Interrupts

The concept of interrupts IS illustrated In Figure 6. I8. A specIal hard­
ware line, the Interrupt line, is connected to a specialized Pin of the mi­
croprocessor. MultIple Input/output devices may be connected to thiS
Interrupt line. When anyone of them needs service, it sends a level or a
pulse on thiS line. An interrupt signal IS the service request from an in­
put/output deVice to the processor. Let us examine the response of the
processor to this interrupt.

In any case, the processor completes the instruction that it was cur­
rently executing; otherwise, this would create chaos inside the micro­
processor. Next. the microprocessor should branch to an interrupt-han­
dling routine which will process the Interrupt. Branching to such a sub­
routme implies that the contents of the program counter must be saved
on the slack. An 1Illerrupt must, there/ore, cause the aulomailC preser­
vatlOlI of the program COl/liter all the stack. In addition, the !lag regis­
ter F should be also preserved automatIcally, as ItS contents will be
altered by any subsequent instructIOn. Finally, if the interrupt-handling
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routlne should modify any Internal registers, these Internal regIsters

should also be preserved on the stack (see Figures 6.22 and 6.23).

SP ----llll'iI>-ll- :
C

_
C

H

_
l
__I

Fig. 6.22: Z80 Stack After Interruption

E
o
c
B

F

A

Fig. 6.23: Saving Some Working Registers

After all these regIsters have been preserved, one can branch to the
appropnate interrupt-handling address. At the end of thIs routme, all
the registers should be restored, and a spectal interrupt return should be
executed so that the mam program will resume execution. Let us exam­
me m more detail the mterrupt lines of the Z80.

Z80 Interrupts

An interrupt IS a signal sent to the mIcroprocessor. which may re­
Quest service at any time and is asynchronous to the program. When­
ever a program branches to a subroutine. such branching IS synchron­
ous to program execution. i.e .. scheduled by the program. An inter­
rupt, however, may occur at any time. and will generally suspend the
execution of the current program (Without the program knowing It).
Because it may happen at any time relatIve to program executIOn, It IS
called asynchronous.

Three interruptIOn mechanisms are provided on the Z80: the bus re­
quest (BUSRQ), the non-maskable interrupt (NMIl and the usual inter­
rupt (lNT).

Let us examine these three types.
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The Bus Request

The bus request is the highest priority mterrupt mechanism on the
Z80. The interrupt sequence for the Z80 IS shown in Figure 6.24. As a
general rule. no mterrupt will be sensed by the Z80 until the current
machme cyde IS compleled. The NMI and INT mterrupts will not be
taken into account until the current instruction is finished. However.
the BUSRQ will be handled at the end of the current machme cycle.
without necessarily waiting for the end of the mstruction. It is used for

L~\:

)'~H <..-,
""("'.,

c,·;.:

.'
, ';l!

Fig. 6.24: Interrupt Sequence
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a direct memory access (DMA), and will cause the Z80 to go into DMA
mode (see ref. C201 for an explanation of the DMA mechanism). If the
end of an instruction has been reached. and if any NMI or INT were
pending, they would be-memorized internally in the Z80 by settmg spe­
cIalized flip-flops: the NMI flip-flop. and the INT flip-flop. In DMA
mode. the Z80 suspends operation and releases its data-bus and
address-bus in the high-Impedance state. This mode is normally used by
a DMA controller to perform transfers between a high-speed input­
output device and the memory, using the microprocessor data-bus and
address-bus. The end of a DMA operation is indicated to the Z80 by
BUSRQ changing levels. At this pomt. the Z80 will resume normal
operation. In particular. it will first check whether its internal NMI or
INT flip-flops had been set and. if so, execute the corresponding mter­
rupts.

The DMA should normally not be of concern to the programmer. un­
less tlmmg is important. If a DMA controller IS present in the system,
the programmer must understand that the DMA may delay the
response to an NMI or an INT.

The NOll-Maskable lllterrupt

ThIs type of interrupt cannot be inhibited by the programmer. It is
therefore said to be lIoll-lI1askable. hence its name. It will always be ac­
cepted by the Z80 upon completion of the current instruction. assuming
no bus request was received. (If an NMI is received during a BUSRQ,
it will set the mternal NMI flip-flop, and will be processed at the end of
the instruction following the end of the BUSRQ.)

The NMI will cause an automatic push of the program counter into
the stack and branch to address 0066H: the two bytes representing the
address 0066H will be installed in the program counter. They represent
the start address of the handling routine for the NMI (see figure 6.25).

This interrupt mechanism has been designed for speed, as it IS used in
case of "emergencIes". Therefore. It does not offer the flexibility of the
maskable interrupt mode. described below.

Note also that an interrupt routine must have been loaded at address
0066H pnor to using the NMI.

NMI will first cause:
SP -SP - j

(SP) - PCH push PC
SP -SP - I

(SP) -PCL
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MEMORY

IFFI IFF2

0---0 --0 0066

NMI
0066 HANDLER

CD ,
I ,

PC 8 ~7
- PC slack

Fig. 6.25: NMI Forces Automatic Vectoring

Then. NMI causes an automatic restart at location 0066H. The com-
plete sequence of events is the fonowing:

PC STACK (preserve program counter I

IFF! " IFF2 (preserve IFF)
o IFFI (reset IFF)
JUMP TO 0066H (execute Jnterrupt handlen

Also. the status ofinterrupt-mask-bit flip-flop (IFF!) at the time that
NMI was received is preserved automatlcaUy into IFF2. Then. IFF! is re­
set in order to prevent any further interrupts. ThiS feature is Important to
prevent the loss of lower-priority INT's and simplifies the external hard­
ware: the status of a pending INT is preserved internany in the 280.

The NMI interrupt is normany used for high priority events such as a
real-time clock or a power failure.

The return from an NMI is accomplished by a special instruction. RETN:
"return from non-maskable interrupt." The contents of IFFI are restored
from 1m. and the contents of the program counter PC are restored from
their location in the stack. Since IFF! had been reset during execution
of the NMI. no external INT's could be accepted during the NMI
(unless the programmer uses an EI instruction within the NMI routine):
there has been no loss of information.
Upon termination of the interrupt handler. the sequence is:

IFF2 IFFI (restore IFF)
STACK PC {restore program counten

Note that. once IFF! is restored. maskable interrupt enable status is
restored.
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Interrupt

The ordinary, maskable"interrupt INT may operate in one of three
modes. They are specific to the Z80, as the 8080 is eqUIpped with only a
single interrupt mode. The ordinary interrupt INT may also be masked
selectively by the programmer. Settmg the interrupt flip-flops IFF! and
IFF2 to a "!" will authorize interruptions. Setting them to a "0"
(masking them) will prevent detectIon of INT. The EI instructIOn is
used to set them, and the DI instruction is used to reset them. IFFI and
IFF2 are set or reset simultaneously. Durmg execution of the EI and DI
instructions, INT's are disabled III order to prevent any loss of informa­
tion.

Let us now examine the three interrupt modes:

Interrupt Mode 0

This mode is identical to the 8080 interrupt mode. The Z80 will
operate in mterrupt mode 0 eIther when initially started (when the RE­
SET signal has been applied) or else when an IMO instruction has been
executed. Once mode 0 has been set, an mterrupt will be recognized if
the interrupt enable flip-flop IFFI is set to !, provided no bus-request
or non-maskable interrupt occurs at the same time. The interrupt will
be detected only at the end of an mstruction. EssentiallY, the Z80 will
respond to the interrupt by generating an IORQ (and an MI signal),
and then do nothing, except wait.

It is the responsibility of an external deVIce to recogmze the IORQ
and MI (this is called an mlerrupl acknowledge or INTA) and to place
an instructIOn on the data-bus. The Z80 expects an instruction to be
placed on its data bus by the external device withm the next cycle. TYPI­
cally, an RST or a CALL instruction IS placed on the bus. Both of these
instructions automatIcally preserve the program-counter in the stack,
and cause branching to a specific address. The advantage of the RST in­
struction is that it resides within a smgle byte, i.e.. it executes rapidly.
Its disadvantage is to branch to only one of eight possible locations in
page zero (addresses 0 through 255). The advantage of the CALL in­
structIOn is that It is a general-purpose branch instruction which speci­
fies a fulll6-bIt address. However. it requires three bytes and therefore
executes less rapidly.

Note that once the interrupt processing starts, all further mterrupts
are disabled. IFF! and IFF2 are automatically set to "0". It is then the
responsibility of the programmer to insert an EI instruction (Enable In-
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terrupts) at the appropriate location within his program if he wIshes to
enable Interrupts, and, in any case, before returning from the interrupt.

The detailed sequence corresponding to the mode 0 interrupt IS
shown in Figure 6.26.

MODE'

JUMP TO NEW lOCATION
STA~T INl1RRUI'T
5tllVlCE ROUTINE

<I (ENABle IN1ERRUMSj

'"5TACK......PC

Fig. 6.26: Interrupt Modes

The return from the Interrupt is accomplished by an RETI mstruc­
tlOn. Let us remind the programmer at this point that he/she tS usually
responsible for explicltly clearing the interrupt which has been serVIced
on the lIO device, and always for restoring the mterruptdisable flag 10­

side the Z80. However, the penpheral controller may use the INTA sig­
nal to clear the INT request, thus freeIng the programmer of thiS chore.

In addition, should the mterrupt-handling routme modify the con­
tents of any of the internal regIsters, the programmer IS specifically re­
sponsible for preservmg these regIsters in the stack prior to executing
the mterrupt-handling routme. OtherWIse, the contents of these regis­
ters will be destroyed, and when the interrupted program resumes exe-
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cution, it will fail. For example, assuming that regIsters A, B, C, D, E,
Hand L will be used wlthm the mterrupt handler, they will have to be
saved (see Figure 6.27).

s l

H

E

D

C

B

F

A

PCl

PCH

DECREASING
ADDRESSES

POP HL
POP DE
POP BC
POP AF
EI

STACK

Fig, 6,27: Saving the Registers

The corresponding program is:

SAVREG PUSH AF
PUSH BC
PUSH DE
PUSH HL

Upon completion of the interrupt-handling routine, these regIsters must
be restored. The interrupt handler will terminate with the following se­
quence of instructions:

(unless EI was used earlier in
the routine)

Additionally, if registers IX and IY are used by the routine they must
also be preserved, then restored.

502



INPUT/OUTPUT TECHNIQUES

IllIerrupl Mode I

This interrupt mode is set by executmg the 1M I instruction. It is an
automated mterrupt handler which causes an automauc branch to loca­
tion 0038H. It is therefore essentially analogous to the NMI interrupt
mechanism except that it may be masked. The Z80 automatically pre­
serves the contents of PC into the stack (see Figure 6.28).

IMI INT
0,-----,

PROGRAM

_c:o~uc:'o,"mc:o,"",-'_.-
r 38 >-------J INTERRUPT

vectOring 1- -1 ROUTINE

SP f---::-:::----I

[:::2~::=~J::b~o~u~,o~m~o~,,~,==~:j~:jt LOCATION OFPC 00 38 i INTERRUPTION
preserve

l
0038

(automotlc)

STACK

MEMORY

Fig. 6.28: Mode 1 Interrupt

ThIS automated interrupt response, which Hvectors" all interrupts to
memory location 38H, stems from the early 8080's requirement to
minimize the amount of external hardward necessary for using inter­
rupts. Its possible disadvantage is to cause a branch to a smgle memory
location. In case severa! devices are connected to the INT line, the pro­
gram starting at location 38H will be responsible for determining which
device requested service. This problem will be addressed below.

One precaution must be taken With respect to the timmg of this mter­
rupt: when performmg programmed mputioutput transfers, the Z80
will ignore any data that may be present m the data bus during the cycle
which follows the interrupt (the Interrupt acknowledge cycle).
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111Ierrupt Mode 2 (Vectored Interrupts)

ThIS mode IS set by executIng an 1M2 Instruction. It IS a powerful
mode which allows automatic vectormg of interrupts. The interrupt
vector IS an address supplied by the permheral device whIch generated
the Interrupt, and used as a memory pOInter to the start address of the
interrupt-handling routine. The addresssIng mechanism provided by
the Z80 In mode 2 IS Indirect, rather than direct. Each perIpheral sup­
plies a seven-bit branchIng address whIch IS appended to the 8-bIt ad­
dress contaIned in the specIal 1regIster In the Z80. The right-most bIt of
the final 16-bit address bit 0 is set to "0". ThIS resultIng address points
to an entry In a table anywhere In the memory. ThIS table may contaIn
up to 128 double-word entries. Each of these double words is the ad­
dress of the interrupt handler for the corresponding device. This is il­
lustrated in Figures 6,29 and 6.30.

--INT

2X

7 BIT VECTOR 0--

~
START

ADDRESS ~

Ir-v
I I

DEViCE -HANDLER

VECTOR

MEMORY

Fig. 6.29: Mode 2 Interrupt

The interrupt table may have up to 128 double-word entries.
In thiS mode, the Z80 also automatIcally pushes the contents of the

program counter mto the stack. This IS obVIOusly necessary, since PC
will be reloaded WIth the contents of the Interrupt table entry corre­
sponding to the vector prOVIded by the deVIce.

111Ierrupt Overhead

For a graphic companson of the polling process vs. the Interrupt
process, refer to Figure 6.18, where the polling process is illustrated on
the top, and the interrupt process underneath. It can be seen that In the
polling techmque the program wastes a lot of time waiting.
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0152

os

PC IL O_'__--' 5_2__...J

5P 1 '°__--'=__°_°__-'

BEFORE

DEVICE n

CONTROLLER

PC 1 2°__--' °_4 _

SP 1,-__0_9__-::,:::::-__98 _

AFTER

VECTOR -... 0500
TABLE

0504

_04H

MEMORY

Fig. 6.30: Mode 2,- A Practical Example

Using mterrupts. the program lS interrupted, the mterrupt lS servJCed,
then the program resumes. However. the obvIOUS disadvantage of an
mterrupt lS to introduce several additJOnal mstructJOns at the beginnmg
and at the end, resultmg in a delay before the first mstruetJon of the de­
Vlce handler can be executed. Th,s lS addiUonal overhead.

Exercise 6.28:Using the tables indicating the number of cycles per in­
struction, in Chapter 4, compute how much time will be lost to save and
then restore registers A, B, D, H.

Having clarified the operatIOn of the interrupt lines, let us now con­
sider two Important remaining problems:

I-How do we resolve the problem of mulUple devlces tnggenng an
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Interrupt at the same tIme?
2-How do we resolve the problem of an Interrupt occurnng while

another interrupt is being servIced?

Multiple Devices Connected to a Single Interrupt Line

Whenever an mterrupt occurs, the processor branches to a specified
address. Before it can do any effectIve proceSSIng, the Interrupt han­
dling routine must determIne whIch device triggered the interrupt. Two
methods are available to Identify the device, as usual: a software
method and a hardware method.

In the software method, polling is used: the mIcroprocessor interro­
gates each of the devIces In turn and asks them, HDid you tngger the in­
terrupt?" If the answer is negative. it interrogates the next one. This
process IS illustrated In Figure 6.31. A sample program IS:

POLINT IN
BIT
JP
IN
BIT
JP
etc.

A, (STATUS!)
7, A
NZ, ONE
A, (STATUS2)
7, A
NZ, TWO

READ STATUS
DID DEVICE REQUEST INT~

HANDLE IT IF SO

The hardward method provides the address of the interrupting device
simultaneously with the interrupt request.

VECTOREDlIlTERRUPT=

SERVICE
ROUTWE P

rOLL! fiG 3
ROUTINE

SERVICE
ROUTltlE

SERVICE
ROUTlIIE II

Inr 1 POLLlIiG

L
WHICH 2
DEVICE?

Fig. 6.31: Polled vs. Vectored Interrupt
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To be more precise, when operating in mode 0, the peripheral device
controller will supply a one-byte RST or a three-byte CALL on the data
bus in response to the interrupt acknowledge, thus automating the in­
terrupt vectoring, and minimizing the overhead,

Note that a subroutine call Instruction IS reqUired as the Z80 does not
save the PC when operating In mode O.

In most cases, the speed of reaction to an interrupt IS not crucial. and
a polling approach IS used. I f response time IS a primary consideration,
a hardware approach must be used.

Simultaneous Interrupts

The next problem which may occur is that a new mterrupt can be trig­
gered dUring the executIOn of an Interrupt-handling rout me. Let us
examine what happens and how the stack is used to solve the problem.
We have Indicated m Chapter 2 that this was another essential role of
the stack, and the time has come now to demonstrate Its use. We will
refer to Figure 6.33 to illustrate multiple Interrupts. Time elapses from
left to right in the illustratIOn. The contents of the stack are shown at
the bottom of the illustration. Lookmg at the left, at time TO, program
P IS in execution. MOVIng to the right, at time Tl, interrupt II occurs.
We will assume that the mterrupt mask was enabled, authorizing II.
Program P will be suspended. This is shown at the bottom of the illus­
tration. The stack will contaIn the program counter and the status reg­
Ister of program P, at least, plus any optional registers that might be
saved by the Interrupt handler or II Itself.

I/O I/O
MPU

INTERFACE ... INTERFAC
INT I "
1 I "T • lilT II

Fig. 6.32: Several Devices May Use the Same Interrupt Line

At time TI, Interrupt II starts executmg until time T2. At time T2, In­
terrupt 12 occurs. We will assume that Interrupt 12 has a higher Priority
than Interrupt II. If it had a lower PriOrity, lt would be ignored untilll
had been completed. At time T2, the registers for II are stacked, and
thiS appears at the bottom of the illustration. Again, the contents of the
program counter and AF are pushed into the stack. In additIOn, the
routIne for 12 might decide to save an additional few registers. 12 will
now execute to completion at time T3.
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When 12 terminates (with an RETI), the contents of the stack are
automatically popped back into the Z80. and this is illustrated at the
bottom of Figure 6.33. Thus. automatically 11 resumes execution. Un­
fortunately, at time T4. an interrupt 13 of higher priority occurs again.
We can see at the bottom of the illustration that again the registers for
11 are pushed into the stack. Interrupt 13 executes from T4 to T5 and

~------,
TIME

PROGRAM?

r. r. r. r. r. r.
-~

INTERRUPT 1,

INTERRUPT 1,

INTERRUPT 1,

,~--- - - - - • ->-1---;1- - - - .. _

,
I, I I ,

I

B
,

m, , ,
STACK

~ l2J []
T, r, r, r. r,

Fig. 6.33: Stack Contents During Multiple Interrupts

terminates at T5. At that time, the contents of the stack are popped into
Z80, and interrupt 11 resumes execution. This time it runs to comple­
tion and terminates at T6. At T6. the remaining registers that have been
saved in the stack are popped into Z80, and progam P may resume ex­
ecution. The reader will verify that the stack is empty at this point. In
fact. the number of dashed lines indicating program suspension in­
dicates at the same time how many levels there are in the stack.

E.rercise 6.29: Assume Ihal Ihe area available 10 Ihe Slack IS linwed 10
300 locations in a specific program. Assume thaI aI/lite registers must
always be saved and Ihalthe programmer allows 111Ierrupts to be nest­
ed, I.e., 10 lfllerrup' each other. Which /s fhe maXIIlWI11 Ilurnber of

Simultaneous mterrupts ! hal can be handled? Will any other factor con­
Iribll/e to still reduce further the nwxlmllmnumber ofsmlllitaneous m­
terrupfS?

It must be stressed, however. that, m practice. microprocessor sys­
tems are normally connected to a small number of devices uSing inter­
rupts. it is, therefore, unlikely that a high number of Simultaneous in­
terrupts will occur in such a system.

We have now solved all the problems usually associated with inter­
rupts. TheIr use IS. in fact. simple and they should be employed to ad­
vantage even by the novice programmer.
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SUMMARY

In this chapter we have presented the range of techOlques used to
communicate with the outsIde world. From elementary input/output
routines to more complex programs for communication with actual
peripherals, we have learned to develop all the usual programs and have
even examined the efficiency of benchmark programs in the case of a
parallel transfer and a paraBel-to-serial converSIOn. Finally, we have
learned to schedule the operation of multiple perIpherals by USIng poB­
Ing and interrupts. Naturally, many other exotic Input/output deVIces
mIght be connected to a system. With the array of technIques WhICh
have been presented so far, and WIth an understanding of the perIpher­
als involved, it should be possible to solve most common problems.

In the next chapter, we will examIne the actual characteristIcs of the
input/output interface chips usually connected to a Z80. Then, we will
consider the basic data structures that the programmer may use.

Exercise 6.30: Compute Ihe overhead when operalll1g m mode 0, as­
suming that all registers are saved. and that an RST is received III re­
sponse 10 Ihe II1lerrupl acknowledge. The overhead IS defined as Ihe
lotal delay /llcurred, exclUSive of the ins/ructIOns reqUIred to Implement
Ihe II1lerrupl processlIlg proper

Exercise 6.31: A 7-segmenl LED display can also display diglls olher
Ihan Ihe hex alphabel. Compute Ihe codes for: H. I. J. L. O. P, S. U.
Y. g, h. I. J, I. n. o. P. r. I. u. y.

Exercise 6.32: TheflolVchari for II1lerrupl managemenl appears 111 Fig­
ure 6.34 Answer the jolfowmg questIOns:

a- Whalls done by hardware. lVhal IS done by sofllvare?
b- Whalls Ihe use of Ihe mask?
c-How many registers should be preserved?
d-HoH-' IS the 1Illerrupling deVice Identified?
e- Whal does Ihe RETl II1slrucl/On do? How does II differ froll1 a

subroutllle return?
f-Suggesl a way 10 handle a Slack overflow slluallon.
g-Whalls Ihe overhead l"loslll/ne") II1lroduced by Ihe InlemllJl

mechanism?
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YES

SET MAS"

RETURN

Fig. 6.34: Interrupt Logic
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INPUT/OUTPUT DEVICES

INTRODUCTION

We have learned how to program the Z80 microprocessor in most
usual sItuations. However, we should make a special mention of the
input/output chips normally connected to the microprocessor. Be­
cause of the progress m LSI integration, new chips have been intro­
duced which did not exist before. As a result, programming a system
requires, naturally, first to program a microprocessor itself, and then
to program the Input/output chips. In fact, it is often more difficult
to remember how to program the vanous control options of an input/
output chip than to program the mIcroprocessor itself! This is not be­
cause the programmmg in Itself is more difficult, but because each of
these devices has its own idiosyncrasies. We are going to examme here
first the most general input/output device, the programmable input/
output chip (in short a "Pia"), then some Zilog I/O devices.

The "Standard PIO"

There is no "standard Pia". However, each Piadevice is essentially
analogous in function to all similar Pia's produced by other
manufacturers for the same purpose. The purpose of a Pia IS to
provide a multiport connection for input/output devices. (A "port" IS
simply a set of 8 input/output lines.) Each Pia provides at least
two sets of 8-bit lines for I/O deVIces. Each I/O device needs a data
buffer in order to stabilize the contents of the data bus on output at
least. Our Pia will, therefore, be equipped at a mimmum with a
buffer for each port.

In addition. we have established that the microcomputer will use
a handshaking procedure. or else Interrupts to commumcate with the

511



PROGRAMMING THE zao

I/O device. The PIO will also use a similar procedure to communicate
wIth the penpheral. Each PIO must. therefore, be equipped with at
least two control lines per port to implement the handshaking
function.

The microprocessor will also need to be able to read the status of
each port. Each port must be equipped with one or more status bits.
Finally, a number of options will exist within each PIO to configure its
resources. The programmer must be able to access a special register
withm the PIO to specify the programming options. ThIS is the
control-register. In some cases the status information is part of the
control regIster.

CRA DDRA PDRA CAl

r-CA2

"'~
~

'" n '" m

(;)1° m",o mo'"

92ti~ Gl ;t>:;j
DATA BL'~ c:n ~ ~>i:t

PORT A
~ '" *1 5>-
~ :;2 m '""'z '" I':

CRB DDRB :lORB

0
Il II B
0_

REGISTER I ---;RS0
cz PORTS
~~

~c
SELECT I RSI S~

IRQA CB2

IRQB CBI

Fig. 7.1: Typical PIO

One essential faculty of the PIO is the fact that each line may be
configured as either an input or an output line. The diagram of
a PIO appears in illustration 7. j. The programmer may specify
whether any line will be input or output. In order to program the
direction of the lines, a data-direction register is provided for each
port. On many PIO's, "0" in a bit position of the data-direction
register specifies an input. A "I" specifies an output. Zilog uses the
reverse convention.

It may be surprising to see that a "0" is used for input and a "1"
for output when really "0" should correspond to output and" 1" to
input. This is quite deliberate: whenever power is applied to the
system, It is of great importance that all the I/O lines be configured as
input. Otherwise. if the microcomputer is connected to some
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dangerous peripheral, it might activate it by accident. When a reset is
applied, all regIsters are normally zeroed and tnat will result In con­
figuring all input lines of tne PIO as inputs. Tne connection to tne
microprocessor appears on the len of tne illustration. The PIO
naturally connects to tne 8-bit data bus, the microprocessor address
bus, and the microprocessor control-bus. Tne programmer will simply
specify the address of any register that it wishes to access within the
PIO.

The Internal Control Register

The Control RegIster of tne PIO provides a number of options for
generatIng or sensing interrupts, or for implementing automatic nand­
snake functions. The complete descnption of tne facilities provided is
not necessary nere. Simply, tne user of any practical system wnicn uses
a PIO wilt nave to refer to tne data-sheet showing the effect of setting
tne various bIts of tne control register. Wnenever tne system is
initIalized, tne programmer wilt have to load the control register of tne
PIO witn tne correct contents for tne expected application.
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DATA
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CONTROL
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Fig. 7.2: Using a PIO-Load Control Register
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CB I
CB2

PB0-PB7

PA0-PA7

CA I
CA2

DDRB)

CONTROL

DATA
DIRECTION

(DDRAI
DATA

DIRE¢rioN

PERIPHERAL
INTERFACE B

PERIPHERAL
INTERFACE A

(OlllROl

(CHIP SElECT

IREGISTER
SELECT

{CRBI

·i===============~'N~'~ .. gJIRQB STATUS

EN
RESET-

·~==============~G'~N;~DlRQA STATUS

(CRA)

CONTROL00-07

Fig. 7.3: Using a PIO-Load Data Direction
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Fig. 7.4: Using a PIO-Read Status
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Fig. 7.5: Using a PIO Read INPUT

Programming a PIO

A typical sequence. when using a PIO channel. is the following (as­
suming an input):

Load the control register
This IS accomplished by a programmed transfer between a Z8G re­

gister (usually the accumulator) and the PIO control register. ThiS sets
the options and operating mode of the PIO (see Figure 7.2). It is nor­
mally done only once at the begmning of a program.

Load the directIOn register
This specifies the direction in which the I/O lines will be used. (See

Figure 7.3.)

Read the status
The status register indicates whether a valid byte is available on in­

put. (See Figure 7.4),

Read the port
The byte IS read into the Z8G. (See Figure 7.5).
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Fig. 7.6: Z80 PIO pinout

The Zilog ZSO PIO

The 280 PlO is a two-port PlO whose architecture is essentially
compatible with the standard model we have described. The actual
pinout is shown in Figure 7. 6, and a block diagram is shown m Figure
7.7.

Each PIO port has six registers: an 8-bit input register, an 8-bit out­
put register, a 2-bit mode-control register. an 8-bit mask register. an
8-bit input/output select (direction register), and a 2-bit mask-control
register. The last three registers are used only when the port is program­
med to operate in the bit mode.

Each port may operate in one of four modes. as selected by the con­
tents of the mode-control registers (2 bits). They are: byte output, byte
input, byte bidirectional bus, and bit mode.

The two bits of the mask control regIster are loaded by the program­
mer, and specify the high or low state of a peripheral device which is to
be monitored, and conditions for which an interrupt can be generated.
generated.

The 8-bit input/output select register allows any pin to be eIther an
input or an output when operating in the bit mode.
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Fig. 7.7: Z80 PIO Block Diagram

517



PROGRAMMING THE zao

Programming the Zilog PIO

A typical sequence for usmg a PIO, say in bit mode, would be the
followmg:

Load the mode control register to specify the bit mode.
Load the input/output select register of port A to specify that

lines 0-5 are inputs and lines 6 and 7 are outputs.
Then a word would be read by ceading the contents of the input

buffer.
Additionally, the mask register could be used to specify the status

conditions.
For a detailed description of the operation of the PIO, the reader is

referred to the companion volume m this series, the Z80 Applications
Book.

TheZ80SIO

The SIO(Serial Input/Output) is a dual-channel penpheral ChIp de­
signed to facilitate asynchronous communications in serial form. It in­
cludes a UART, i.e.. a UnIversal asynchronous receiver-transmitter.
Its essential function is serial-ta-parallel and parallel-to-serial conver­
sion. However, this ChIp is eqUIpped with sophisticated capabilities,
like automatIc handling of complex byte-oriented protocols, such as
IBM bisync as well as HOLC and SOLC, two bit-oriented protocols.

Additionally, it can operate in synchronous mode like a USRT, and
generate and check eRC codes. It offers a choice of polling, interrupt,
and block-transfer modes. The complete description of this device is
beyond the scope of this introductory book and appears in the Z80 Ap­
plications Book.

Other I/O Chips

Because the Z80 IS commonly used as a replacement for the 8080, it
has been designed so that it can be associated wIth almost any of the
usual 8080 input/output chips, as well as the specific I/O chips manu­
factured by Zilog. All the 8080 input/output chips may be considered
for use in a Z80 system.
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SUMMARY

In order to make effective use of mput/output components It is
necessary to understand In detail the function of every bll, or group of bits,
wlthm the vanous control registers. These complex new chips automate a
number of procedures Ihat had to be carned out by software or specml
logiC before. In particular. a good deal of the handshakmg procedu res are
automated \\'lthm components such as an SIO. Also, mterrupt handling
and detection may be mternaL With the mformatlon that has been pre­
sented 10 the preceding chapter. the reader should be able to understand
what the functions of the baSiC Signals and regISters are. Naturally. still
newer components are gomg to be Introduced which will offer a hardware
Implementation of still more complex algOrithms.
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APPLICATION EXAMPLES

INTRODUCTION

This chapter IS designed to test your new programmmg skills by pre­
sentmg a collection of utility programs. These programs or "routmes"
are frequently encountered m applicatIOns, and are generally called
"utility routmes." They will require a synthesIs of the knowledge and
technIques presented so far.

We are gomg to fetch characters from an I/O device and process
them in various ways. BUl first, let us clear an area of the memory (this
may not be necessary-each of these programs IS only presented as a
programmmg examplel.

CLEARING A SECTION OF MEMORY

We want to clear (zero I the contents of the memory from address
BASE to address BASE ± LENGTH, where LENGTH is Jess than 256.

The program is:

ZEROM

CLEAR

LD
LD
LD
LD
INC
DEC
JR
RET

B, LENGTH
A,a
HL, BASE
(HL), A
HL
B
NZ,CLEAR

LOAD B WITH LENGTH
CLEAR A
POJNT TO BASE
CLEAR A LOCAnON
POINT TO NEXT
DECREMENT COUNTER
END OF SECTION?

In the above program, the length of the seClIon of memory IS as­
sumed to be equal to LENGTH. The register pair HL is used as a point­
er to the current word which will be cleared. Register B IS used, as
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usual, as a counter.
The accumulalor A IS loaded only once wilh Ihe value 0 (all zeros),

then copied Into the successive memory locations.
In a memory lesl program, for example, Ihls ulility routine could be

used 10 zero Ihe contents of a block. Then Ihe memory lest program
would usually verify Ihal Its contents remamed O.

The above was a straight forward ImplemenlatlOn of a clearing rou­
tine. Let us improve on It.

The Improved program appears below.

ZEROM

LOOP

LD
LD
LD
INC
DJNZ
RET

B, LENGTH
HL, BASE
(HL), 0
HL
LOOP

The IwO Improvements were oblamed by elimmatlng Ihe LD A. 0 m­
structIOn and loading a "zero" directly mlO the location pointed to by H
and L, and also by usmg the special Z80 instrucllon DJNZ.

This Improvement example should demonstrate that every tune a
program IS wnuen. even though It may be correct. if can usually be irn­
proved by examining it carefully. Familiarity with the complete instruc­
tion set is essential for bringing about such improvements. These im­
provements are not just cosmetic. They improve the execution time of
the program, require fewer instructions and therefore less memory
space, and also generaUy improve the readability of the program and,
therefore. its chances of being correct.

E.terclse 8./: Wnte a memory lest program which zeroes a 256-word
block. Ihen verifies Ihal each locallOn IS O. Then. II w(lIwrlle aliI's and
verify Ihe conlenls of Ihe block. Then II willwrlle 01010101 and verify
Ihe cOlllenls. Finally. II willwrlle 10101010. and verify Ihe COlllenls.

I:.:tercise 8.2: Modify Ihe above program so Ihat II will fill the memory
secllon wllh alternatmg O's and I's (all O's. then all 1's).

LeI us now poll our I/O deVices 10 find which one needs service.

POLLING I/O DEVICES

We will assume Ihat Ihose I/O deVices are connecled to our sys­
tem. Their status registers are located at addresses STATUSL
STATUS2, STATUS3. The program is:
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IN A, (STATUS!) READ 10 STATUS I
BIT 7, A TEST "READY" BIT (BIT 7)
JP NZ, FOUND! JUMP TO HANDLER I
IN A, (STATUS2) SAME FOR DEVICE 2
BIT 7, A
JP NZ, FOUND2
IN A, (STATUS3) SAME FOR DEVICE 3
BIT 7, A
JP NZ, FOUND3
(failure eXIt)

The MASK will contam, for example, "10000000" if we test bIt posi­
tion 7. As a result of the BIT mstruction, the Z bit of the status flags
wiII be set to I if "MASK AND STATUS" is zero, i.e., if the cor­
responding bit of STATUS matches the one in MASK. The JP NZ in­
struction Uump if non-equal to zero) wiII then result in a branch to the
appropriate FOUND routine.

GETTING CHARACTERS IN

Assume we have Just found that a character is ready at the keyboard.
Let us accumulate characters in a memoryarea called BUFFER until we
encounter a special character called SPC, whose code has been previ­
ously defined.

The subroutine GETCHAR will fetch one character from the key­
board (see Chapter 6 for more details) and leave it in the accumulator.
We assume that 256 characters maxImum will be fetched before an SPC
character IS found.

STRING LD
NEXT CALL

CP
JR
LD
INC
JR

OUT RET

HL, BUFFER
GETCHAR
SPC
Z, OUT
(HL), A
HL
NEXT

POINT TO BUFFER
GET A CHARACTER
CHECK FOR SPECIAL CHAR
FOUND IT7
STORE CHAR IN BUFFER
NEXT BUFFER LOCATION
GET NEXT CHAR

Exercise 8.3: Let us Improve thiS basIc rouline:
a-Echo the characler back to the device (for a Teletype, for example).
b-Check that the mpur string IS no longer than 256 characters.

We now have a stnng of characters in a memory buffer. Let us proc-
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ess them in various ways.

TESTING A CHARACTER

Let us determine if the character at memory location LOC is equal to
0, 1, or 2:

ZOT LD A, (LOC) GET CHARACTER
CP 00 IS IT A ZERO?
JP Z,ZERO JUMP TO ROUTINE
CP OJ A ONE?
JP Z, ONE
CP 02 A TWO?
JP Z, TWO
JP NOTFND FAILURE

We s.mply read the character, then use the CP mstructJon to check Its
value.

Let us run a different test now.

BRACKET TESTING

Let us determine if the ASCII character at memory location LaC is a
digit between 0 and 9:

BRACK LD
AND
CP
JR
CP
JR
CP

OUT RET

A, (LOC)
7FH
30H
C,OUT
39H
NC,OUT
A
EXIT

GET CHARACTER
MASK OUT PARITY BIT
ASCII 0
CHAR TOO LOW?
ASCII 9
CHAR TOO HIGH?
FORCE ZERO FLAG

ASCII "0" is represented in hexadecimal by "30" or by "BO",
depending upon whether the parity bit is used or not. Similarly, ASCII
"9" is represented in hexadecimal by "39" or by "B9" >

The purpose of the second mstructJon of the program .s to delete blt
7, the panty blt, m case It was used, so that the program IS applicable to
both cases. The value of the character tS then compared to the ASCII
values for "0" and "9", When uSing a comparIson instruction. the Z
flag IS set if the companson succeeds. The carry bit IS set m the case of
borrow, and reset otherw.se. In other words, when usmg the CP m­
structlon, the carry blt will be set if the value of the literal that appears
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in the instructlOn is greater than the value contained in the accumu­
lator. It will be reset ("0") if less than or equal.

The last instruction. CP A. forces a "I" into the Z flag. The Z flag is
used to indicate to the calling routine that the character in CHAR was
indeed in the interval (0. 9). Other conventions can be used, such as
loading a digit in the accumulator in order to indicate the result of the
test.

Exercise 8.4: Is the jollowing program eqUivalent to the olle above?:

LD A. (CHAR)
SUB 30H
lP M. OUT
SUB 10
lP p. OUT
ADD 10

Exercise 8.5: Determine ifall ASCII character contamed m the accumu­
lator IS a letter oj the alphabet.

When using an ASCll table. you will notice that parity IS often used.
For example. the ASCll for "0" is "0110000", a 7-bit code. However,
if we use odd panty, for example. we guarantee that the total number
of ones in a word is odd; then the code becomes: "10110000". An extra
"1" is added to the left. This is "BO" in hexadecimal. Let us therefore
develop a program to generate parity.

PARITY GENERATION

This program will generate an even parity with bit position 7:

PARITY LD
AND
lP

OR
OUT LD

A, (CHAR)
7FH
PE. OUT

80H
(LOC) , A

GET CHARACTER
CLEAR PARITY BIT
CHECK IF PARITY
ALREADY EVEN
SET PARITY BIT
STORE RESULT

The program uses the internal panty detection circuit available in the
Z80.

The third instruction: lP PE. OUT checks whether parity of the
word in the accumulator is already even. This instruction will succeed if
the parity is even, "PE". and will exit.

If the parity IS not even, i.e .. if the jump instruction failed, then the
parity is odd, and a "I" must be written in bit position 7. ThiS is the
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purpose of the fourth mstruction:

OR SOH

Finally, the resulting value IS saved in memory location LOC.

Exercise 8.6: The above problem was loa simple to solve. uSlI1g [he 1Il­

lernal panly deleellOll elreullry. As all exerCise, you are requesled 10
solve the same problem Wllhou! usmg tIllS ClrcUlt/y. Shift {he contents
of Ihe aeeumulalor, alld eoulli Ihe Ilumber of I 's m order 10 delermme
WhICh bJl should be Written mlo the panty posilJon.

Exercise 8.7: USlIlg the above program as Gil example. verify the panty
oja word. You must compule the correct panty, [hell compare II to 1l1e
olle expeeled.

CODE CONVERSION: ASCII TO BCD

Converting ASCII to BCD is very sImple. We will observe that the
hexadecimal representatIOn of ASCII characters 0 to 9 is 30 to 39 or BO
to B9, depending on parity. The BCD representatIon is sImply obtamed
by droppmg the "3" or the "B". I.e., maskmg off the left nibble (4
bits):

ASCBCD CALL
lP
AND
LD

BRACK CHECK THAT CHAR IS 0 TO 9
NZ, ILLEGAL EXIT IF ILLEGAL CHAR
OFH MASK HIGH NIBBLE
(BCDCHAR), A STORE RESULT

Exercise 8,8: Wflle a program 10 cOllver! BCD 10 ASCII.

Exercise 8.9: Wrlle a program 10 cOllver! BCD 10 bmary (more diffl­
cull).
Hint:N, N,N, No In BCDIS«(N, x 10) + N,) x to + N,) x to + No In

binary.
To multiply by 10, use a left shift (= x 2), another left shift (= x 4),

an ADC (= x 5), another left shift (= x 10),
In full BCD notation, the first word may contam the count of BCD

digItS, the next nibble contain the sign, and every successive nibble con­
tain a BCD digit (we assume no decimal pomt). The last nibble of the
block may be unused.

CONVERT HEX TO ASCII

''A' contams one hexadecimal digit. We sImply need to add a "3" (or a

525



PROGRAMMING THE zao

"B") mto the left nibble:

AND
ADD
CP
JP
ADD

OFH
A,30H
A,3AH
M,OUT
A,7

ZERO LEFT NIBBLE (optIOnal)
ASCII
CORRECTION NECESSARY?

CORRECTION FOR A TO F

Exercise 8, 10: Convert HEX [0 ASCII, aSSlIlIIlIIg a packed forllla[ ([\1'0

hex digils III A).

FINDING THE LARGEST ELEMENT OF A TABLE

The beginning address of the table is contained at memory address
BASE. The first entry of the table is the number of bytes It contains,
This program will search for the largest element of the table. Its value
will be left in A, and its position will be stored m memory location IN­
DEX.

This program uses registers A, F, B, Hand L, and will use indirect
addressing, so that It can search a table anywhere in the memory (see
Figure 8.1).

MAX LD HL, BASE TABLE ADDRESS
LD B, (HL) NBR OF BYTES IN TABLE
LD A.O CLEAR MAXIMUM VALUE
INC HL INITIALIZE INDEX
LD (INDEX), HL NEXT ENTRY

LOOP CP (HLl COMPARE ENTRY
JR NC, NOSWlTCH JUMP IF LESS THAN MAX
LD A, (HLl LOAD NEW MAX VALUE
LD (INDEX), HL LOAD NEW MAX VALUE

NOSWITCH INC HL POINT TO NEXT ENTRY
DEC B DECREMENT COUNTER
JR NZ, LOOP KEEP GOING IF NOT ZERO
RET

This program tests the nth entry first. If it IS greater than O. the entry
goes m A, and ItS location IS remembered mto INDEX. The (n-I)st en­
try IS then tested, etc.

ThiS program works for positive integers.

Exercise 8,11: Modify [he progralll so that II \l'orks also for negallve
numbers 1I1 two's complement.

Exercise 8,12: Will this program also \l'ork for ASCII characters?

Exercise 8.13: Wnte a program which will sort n numbers Ul ascending
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Fig. 8.1: Largest Element in a Table

order.

Exercise 8.14: Wnte a program which will sort n names (3 characters
each) In alphabellcal order.

SUM OF N ELEMENTS

This program will compute the 16-bit sum of N positive entries of a
table. The starting address of the table is contained at memory address
BASE. The first entry of the table contains the number of elements N.
The 16-bit sum will be left in memoy locations SUMLO and SUMHI. If
the sum should require more than 16 bits, only the lower 16 will be
kept. (The high order bits are said to be truncated.)

This program will modify registers A, F, B, H, I., IX. It assumes 256
elements maximum (see Figure 8.2).

SUMN

SUMIG

LD HL, BASE
LD B, (HI.)

INC HI.
LD IX, SUMLO

POINT TO TABLE BASE
READ LENGTH INTO
COUNTER
POINT TO FIRST ENTRY
POINT TO RESULT, LOW
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ADLOOP

NOCARRY

LD

LD
LD
ADD
LD
JR
INC
INC
DEC
JR
RET

(IX + 0), 0 CLEAR RESULT LOW
(IX + 1),0 AND HIGH
A, (HL) GET TABLE ENTRY
A, (IX +0) COMPUTE PARTIAL SUM
(IX +0), A STORE IT AWAY
NC, NOCARRY CHECK FOR CARRY
(IX + 1) ADD CARRY TO HIGH BYTE
HL POINT TO NEXT ENTRY
B DECREMENT BYTE COUNT
NZ, ADLOOP KEEP ADDING TILL END

SUMLO

BASE

A

/ COUNT I~

1 lENGTH=N

I B~SE ELEMENT 1

•I : ~ ••
ELEMENT N

l

IX

B

HL

SUMHI

FIg. 8.2: Sum of N Elements

This program IS straightforward and should be self-explanatory.

Exercise 8.15: Modify this program to:
a-compute a 24-bit sum
b-compute a 32-ba sum
c-detect allY overflow.

A CHECKSUM COMPUTATION

A checksum is a digit Or set of digits computed from a block of suc­
cessive characters. The checksum IS computed at the time the data is
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stored and put at the end. In order to verify the Integrity of the data. the
data is read, then the checksum IS recomputed and compared agaInst
the stored value. A discrepancy indicates an error or a failure.

Several algorithms are used. Here, we will exclusive-OR all bytes in a
table of N elements, and leave the result In the accumulator. As usual,
the base of the table is stored at address BASE. The first entry of the
table is its number of elements N. The program modifies A, F, B, H, L.
N must be less than 256

LD HL, BASE LOAD ADDRESS OF TABLE
INTO HL

LD B, (HLI GET N = LENGTH
XOR A CLEAR CHECKSUM
INC HL POINT TO FIRST ELEMENT
XOR (HLi COMPUTE CHECKSUM
INC HL POINT TO NEXT ELEMENT
DEC B DECREMENT COUNTER
JR NZ, CHLOOP DO IT AGAIN IF NOT END
LD (CHECKSUMJ,A PRESERVE CHECKSUM
RET

COUNT THE ZEROES

This program will count the number of zeroes In our usual table, and
leave it in location TOTAL. It modifies A, B, C, H, L, F.

ZEROS LD HL,BASE POINT TO TABLE
LD B, (HLi READ LENGTH INTO COUNTER
LD CO ZERO TOTAL
INC HL POINT TO FIRST ENTRY

ZLOOP LD A, (HL) GET ELEMENT
OR 0 SET ZERO FLAG
JR NZ,NOTZ IS IT A ZERO?
INC C IF SO, INCREMENT ZERO COUNT

NOTZ INC HL POINT TO NEXT ENTRY
DEC B DECREMENT LENGTH COUNTER
JR NZ,ZLOOP
LD A,C
LD (TOTAL), A SAVE IT

Exercise 8.16: /vlodijy this program /0 cowll
a-Ihe /lumber oj slars (Ihe charaCler "*")
b-Ihe /lumber oj lellers oj Ihe alphabel
c-the /lumber of digas between "0" and "9"
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BLOCK TRANSFER

Let us pIck up every third entry in the source block at address FROM
and store It mto a block at address TO:

FER3 LD
LD
LD

LOOP LDl
INC
INC
lP

HL, FROM
DE, TO
BC, SIZE

HL
HL
PE,LOOP

SET UP POINTERS

AUTOMATED TRANSFER

SKIP 2 ENTRIES

BCD BLOCK TRANSFER

We will push up BCD digIts m the memory, I.e, shift 4-bit nibbles
(see Figure 8.3). The program appears below:

AI I
81 ICOUNT

H BLOCK

COUNT

Fig. 8,3: BCD Block Transfer-The Memory

DMOV

LOOP
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LD
LD
XOR
RLD
DEC
DJNZ

B, COUNT
HL, BLOCK
A

HL
LOOP

A = 0

POINT TO NEXT BYTE
DEC COUNT LOOP UNTIL ZERO
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The program uses the RLD instruction, whIch we have not used yet.
RLD rotates a BCD digit left between A and (HLl. (HLl or M designate
the contents of the memory location pOInted to by Hand L.

M LOW goes Into M HIGH
M HIGH goes Into A LOW
A LOW goes into M LOW

Here, "low" and "high" refer to a 4-blt nibble.
In order to use the powerful DJNZ Instruction, register B is used as

the digIt counter. HL IS set to point to the beginntng of the block.
A IS used to store the left digIt displaced by each rotation between

two succeSsIve accesses to the block.
By conventIon, "0" will be entered at the bottom of the block.

COMPARE TWO SIGNED 16-BIT NUMBERS

IX POInts to the first number Nl.
IY points to N2 (see Figure 8.4).

BOTH SIGNS NEG

N2 IS NEG

SIGNS ARE BOTH POS

SIGN BIT INTO CY
SIGNS DIFFERENTC

A, B
(IY + 1)

NZ
A, (IX)
(IY)

The program sets the carry bit ifNI< N2, and the Z bIt if NI ~ N2.
COMP LD B, (IX + I) GET SIGN OF NI

LD A,B
AND 80H TEST SIGN, CLEAR CY
JR NZ, NEGMI NI IS NEG
BIT 7, (IY + 1)

RET NZ
LD A,B
CP (IY + I)

RET NZ
LD A, (IX)
CP (IY)
RET

NEGMI XOR (IY + I)

RLA
RET
LD
CP
RET
LD
CP
RET

The program first tests the signs of NI and N2. If NI is negative, a
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Jump occurs to NEGMI. Otherwise, the top of the program IS executed.

MEMORY

Nl, lOW

NJ. HIGH

IX

1HIGH AODRESSES
IY

N2. lOW

N2, HIGH

Fig. 8.4: Comparing Two Signed Nnmbers

Note that the BIT Instruction IS used In the 5th line to test directly the
SIgn bit of N2 In the memory:

BIT 7, (IY + I)

The same could have been done for N I, except that we will need the
value of N I shortly, It IS therefore sImpler to read N I from memory
and preserve It Into B:

COMP LD B. (IX + I)

It IS necessary to preserve N I into B because the AND may destroy the
contents of A:

LD A, B
AND SOH

Note also that a conditional return is used (line 6):

RET NZ
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This IS a powerful feature of the Z80 which simplifies programming.
Note that the comparison instructIOn executes directly on the con­

tents of memory, in mdexed mode:

CP (IY + I)

When comparing the two numbers, the most significant byte IS com­
pared first, the least significant one second.

Note the extensive use of the mdexing mechanism in this program,
which results m efficient code.

BUBBLE-SORT

Bubble-sort IS a sorting technique used to arrange the elements of a
table m ascending or descending order. The bubble-sort technique de­
nves ItS name from the fact that the smallest element "bubbles uP" to
the top of the table. Every time It "collides" with a "heavier" element,
It Jumps over it.

A practical example of a bubble-son IS shown on Figure 8.5 The list
to be sorted contams: (10, 5, 0, 2, 100), and must be sorted m descend­
mg order ("0" on top). The algonthm IS simple, and the flowchart IS
shown on Figure 8.7

The top two (or else bottom two)elements are compared. If the lower
one IS less ("lighter") than the top one, they are exchanged. Otherwise
not. For practical purposes, the exchange, if it occurs, will be remem­
bered in a flag called "EXCHANGED" 0 The process IS then repeated
on the next pair of elements, etc., until all elements have been com­
pared two by two.

This first pass is illustrated by steps i, 2, 3, 4, 5, 6 on Figure 8.5, go­
Ing from the bottom up. (EqUIvalently we could go from the top down.;

If no elements have been exchanged, the sort IS complete. If an ex­
change has occurred. we start all over again.

Lookmg at Figure 8.6, It can be seen that four passes are necessary m
this example.

The process is slffiple, and is Widely used.
One additional complicatIOn resides m the actual mechanism of the

exchange.
When exchangmg A and B, one may not wnte

A ~ B
B~A

as this would result in the loss of the prevIous value of A (try It on an
example;.
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m i= 1=5

: I =J

5 I'" '2

0 ~ ..- 1""3

2 1=4 '2 1'-4

100 1=5 HlO 100

100>2: 2>0 0< 5
NO CHANGE NO CHANGE EXCHANGE'

0 0) 0)

§r §f' m=o "'-1='2

5,
100 100 100

EXCHANGED 0< 10 EXCHANGE 0
EXCHANGEl END OF PASS 1

0) 0 0)
END Of PASS I

I I ~
10 10

5 5 ....... 1=3

'2 '-\=<1 '2 .-. !=<l

100 '--1=5 100 100

100>2: 2< 5· EXCHANGED
NO CHANGE EXCHANGE!

0 0 0

§=~' ~ m='~''2 "'-1:=-'2

'2 1=3 10
5 5

100 100 100

2<10:
EXCHANGED 2>0:

EXCHANGE NO CHANGE

@ @ @
END OF PASS '2

Fig. 8.5: Bubble-Sort Example: Phases 1 to 12
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2
.--

10

5 ~
100 -

1(X) 5
NO CHANGE

@

I ,

I 5

0

2

10 I--
5 -

100

5,~ 10
EXCHANGE!

e

1=3

1=4

APPLICATION EXAMPLES

0

2

5

~10

100

EXCHANGED

0

, -
5 I--
10

100

5.:..-2'
NO CHANGE

G

0

2

5 --10 -
100

10>5:
NO CHANGE

I=J

1-;:,4

0 r--
2 ~

5

10

100

2>0:
NO CHANGE

(0
END OF PASS J

0

2 -
5 --
10

100

5) 2:
NO CHANGE

!= I

1=2

0

2

5

10 -
100 r--

100> 10:
NO CHANGE

@

0 I--
2 --5

10

100

2>0:
NO CHANGE

@
END

!=4

1=5

1:1

1=2

Fig. 8.6: Bubble-Sorl Example: Phases 13 1021

The correct solution is to use a temporary variable or location to pre­
serve the value of A:

TEMP
A
B

=A
=B
= TEMP

It works (Iry il on an example). This is called a circular permulation.
This is the way all programs Implement the exchange. This techmque

is illustrated on the flowchart of Figure 8.7.
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GET NUMBER OF
elEMENTS N

I=N

1=07
YES YES

-::::~__-;_:: EXCHANGED "" I? --::>-_...1

536
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Ell) > E'II)

NO

EXCHANGE E AND E':
TEMP = E(I)
Ell) = "III

E'(I) = TEMP

Fig. 8.7: Bubble-Sort Flowchart
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EXCHANGE/NOT

AI cbFLAGINHI
B I PTR II COUNT IC TEMP

UST

DI NEXT II CURRENT IE

LIST

H

COUNT
IX

Fig. 8.8: Bubble- Sort

The register and memory assignments are shown on Figure 8.8, and
the program IS;

BUBBLE LD (TEMP), HL TEMP = (HL)
AGAIN LD IX, (TEMP) IX = (HL)

RES FLAG. H EXCHANGED FLAG=O
LD B,C
DEC B

NEXT LD A, (IX)
LD D,A D=CURRENT ENTRY
LD E, (IX + 1) E=NEXT ENTRY
CP E COMPARE
JR NC, NOSWITCH GO TO NOSWITCH IF

CURRENT;;;' NEXT
XCHANGE LD (IX), E STORE NEXT INTO

CURRENT
LD (IX + I), D STORE CURRENT INTO

NEXT
SET FLAG, H EXCHANGED FLAG = I
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NOSWITCH INC IX
DJNZ NEXT

BIT FLAG. H
JR NZ, AGAIN
RET

SUMMARY

NEXT ENTRY
DEC B. CONTINUE UNTIL
ZERO
EXCHANGED = I?
RESTART IF FLAG =1

Common utility routmes have been presented in this chapter which
use combinations of the techniques we have described m the previous
chapters. They should allow you to start designing your own programs
now. Many of these routines have used a special data structure. the
table. Other possibilities exist for structuring data. and will now be re­
viewed.
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DATA STRUCTURES

PART I - THEORY

INTRODUCTION

The design of a good program mvolves two tasks: algonthm design
and data structures design. In most sImple programs, no significant
data structures are mvolved, so the main objectIVe 10 learning program­
ming IS deslgnmg algonthms and coding them efficiently 10 a given
machme language. This IS what we have accomplished here. However,
design109 more complex programs also requires an understanding of
data structures. Two data structures have already been used through­
out the book: the table and the stack. The purpose of thIs chapter IS to
present other, more general, data structures that you may want
to use. ThIs chapter IS completely mdependent of the mIcroprocessor,
or even the computer, selected. It is theoretJcal and mvolves the logical
organizatIOn of data 10 the system. SpecIalized books eXIst on the tOPiC
of data structures, just as specialized books exist on the subject of
efficient multJplicatJon. divIsion or other usual algorithms. This
chapter, therefore, will be limited to essentials only. It does not claim
to be complete. The most common data structures will now be reviewed.

POINTERS

A pointer IS a number whIch IS used to desIgnate the location of the
actual data. Every pointer IS an address. However, every address IS not
necessarily called a pointer. An address is a pomter only if it POintS at
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some type of data or at structured information. We have already en­
countered a typical pointer: the stack pointer. whIch points to the top
of the stack (or usually Just over the top of the stack). We will see that
the stack IS a common data structure, called an LIFO structure.

As another example, when uSing indirect addreSSing, the indirect ad­
dress is always a pointer to the data that one wIshes to ret neve.

Exercise 9./: Examllle Fig. 9./. AI address /5 III Ihe lIlemory. Ihere IS a
pOllller 10 Table T Table T srarls al address 500. Whal are Ihe aClual
cOlllelllS of Ihe pOllller 10 T?

15

16

500

!- POINTER TO T

TABLE T

Fig. 9.1: An Indirection Pointer

LISTS

Almost all data structures are organized as lists of various kinds.

Sequential Lists

A sequential list, or table, or block, IS probably the simplest data
structure, and is one that we have already used. Tables are normally
ordered In functIon of a specific cntenon, such as alohabetIcal ordenng
or numencal ordering. It is then easy to retrieve an element in a table,
USing, for example, Indexed addressing, as we have done. A block nor­
mally refers to a group of data whIch has defimte limits but whose con­
tents are not ordered. It may contain a string of characters; it may
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be a sector on a disk: or It may be some lOgICal area (called segment) of
the memory. In such cases, It may not be easy to access a random ele­
ment of the block.

In order to facilitate the retneval of blocks of information, directo­
nes are used.

Directories

A directory IS a list of tables or blocks. For example, the file system
will normally use a directory structure. As a SImple example, the master
directory of the system may include a list of the users' names. This IS il­
lustrated In Figure 9.2. The entry for user" John" POInts to John's file
directory. The file directory IS a table WhICh contaIns the names of all of
John's files and their locatIOn. ThIs IS, agaIn, a table of pointers. In thIS
case, we have Just desIgned a two-level directory. A flexible directory
system will allow the InclUSIOn of additional Intermediate directones, as
may be found convenient by the user.

JOHN":'
FilE O'R,C1OPY

""" JOHN"" fill:

AlPHA

A,PHA

"'GMA - OAlA

S'GMA

'--

Fig. 9.2: A Directory Structure

Linked List

In a system there are often blocks of InformatIon whIch represent
data, events, or other structures which cannot be moved around eas-
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ily. If they could, we would probably assemble them in a table In order
to sort or structure them. The problem now IS that we wish to leave
them where they are and still establish an ordering among them such as
first, second, third, fourth. A linked list will be used to solve this prob­
lem. The concept of a linked list IS illustrated by Figure 9.3. On the il­
lustration, we see that a list pOinter, called FIRSTBLOCK, points to the
begmnmg of the first block. A dedicated location wlthm Block I such
as, perhaps, the first or the last word m it, contains a pomter to Block
2, called PTRI. The process IS then repeated for Block 2 and Block 3.
Since Block 3 IS the iast entry m the list, PTR3, by convention, either
containS a specIal "nil" vaiue, or points to itself. so that the end of the
list can be detected. This structure IS economical, as It reqUires only a
few pomters (one per block) and frees the user from havmg to phYSI­
cally move the blocks m the memory.

:~~,1__BI_oc_'_'__l!H BLOC'2 l!Hl.-_B_IOC_K3--J~
Fig. 9.3: A Linked List

Let us examme, for example, how a new block will be mserted. ThiS
IS illustrated by Figure 9.4. Let us assume that the new block IS at ad­
dress NEW BLOCK, and IS to be mserted between Block I and Block 2.
Pomter PTRI IS simply changed to the value NEW BLOCK, so that It

now points to Block X. PTRX will cOnlam the former value of PTRI,
I.e., it will point to Block 2. The other pomters m the structure are left
unchanged. We can see that the msertion of a new block has simply re­
qUIred updating two pointers in the structure. This is clearly effiCient.

Exercise 9.2: Draw a diagram shoH'/flg hoH' Block 2 would be removed
from this SfrUC(Ul'e.

BLOCK 1
FIRST
BLOCK '- ..I:::J

BlO(KX

BlO(K2
,-__Bl_O_C'_J_--,~

Fig. 9.4: Inserting a New Block
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Several types of lists have been developed to facilitate specific types
of access. insertIOns. and deletions to and from the list. Let us examine
some of the most frequently used types of linked lists.

Queue

A queue IS formally called a FIFO. or first-m-first-out list. A queue
IS illustrated In Figure 9.5. To clarify the diagram, we can assume, for
example, that the block on the left is a service routine for an output
deVice, such as a pnnter. The blocks appeanng on the nght are the re­
quest blocks from various programs or routines, to print characters.
The order m which they will be serviced IS the order established by the
waiting queue. It can be seen that the first event which will obtain serv­
Ice is Block I, the next one IS Block 2, and the followmg one is Block 3.
In a queue, the convention IS that any new event arnving in the queue
will be mserted at the end. Here It will be inserted after PTR3. ThiS
guarantees that the first block to be inserted m the queue will be the
first one to be serviced. It 15 quite common in a computer system to
have queues for a number of events whenever they must watt for a
scarce resource, such as the processor or some input/output device.

SERV'CE ROUTINE i~ BlOC>::l

NEXT I'll! 1

-
8lOCKJ

[
FtRJ

I

-
SlOCK :.>

PH!:.> -

Fig, 9.5: A Queue
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Stack

The stack structure has already been studied In detail throughout the
book. It IS a last-in-first-out structure (LIFO). The last element depos­
Ited on top is the first one to be removed. A stack may either be Im­
plemented as a sorted block, or It may be Implemented as a list. Because
most stacks m mIcroprocessors are used for high-speed events, such as
subroutines and mterrupts, a contmuous block is usually allocated to
the stack instead of USIng a linked list.

Linked List vs. Block

Similarly, the queue could be implemented as a block of reserved
locations. The advantage of using a contmuous block is fast retneval
and the eliminatIOn of the pointers. The disadvantage is that it is usu­
ally necessary to dedicate a fairly large block to accommodate the
worst-case sIze of the structure. Also. it makes it difficult or Impractical
to insert or remove elements from withm the block. Since memory is
traditionally a scarce resource, blocks have usually been reserved for
fixed-size structures or structures reqUIrmg the maximum speed of re­
tneval, such as the stack.

Circular List

U Round robin II is a common name for a circular list. A circular list is
a linked list m which the last entry points back to the first one. ThIS IS il­
lustrated in Figure 9.6. In the case of a circular list, a current-block
pomter IS often kept. In the case of events, or programs, waiting for
service, the current-event pomter will be moved by one positIOn to the
left or to the right every time. A round robin usually corresponds to a
structure in which all blocks are assumed to have the same priority.
However. a Circular list may also be used as a subcase of other struc­
tures simply to facilitate the retneval of the first block after the last
one, when performmg a search.

As an example of a circular list, a polling program usually goes m a
round robm fashIOn, interrogating all penpherals and then coming
back to the first one.

Trees

Whenever a logical relationship exists among all elements of a struc­
ture (thiS IS usually called a syntax), a tree structure may be used. A sim­
ple example of a tree structure is a descendant, or genealogIcal, tree.
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CURRENT EVENT

Fig. 9.6: Round Robin is Circular List

This IS illustrated in Figure 9.7. It can be seen that Smith has two chil­
dren: a son, Robert. and a daughter, Jane. Jane. in turn. has three
children: Liz, Tom and Phil. Tom, in turn, has two more children: Max
and Chris. However, Raben, on the left of the illustratIOn, has no de­
scendants.

This IS a structured tree. We have, In fact, already encountered an ex­
ample of a simple tree In Figure 9.2. The directory structure is a two­
level tree. Trees are used to advantage whenever elements may be classI­
fied according to a fixed structure. This facilitates msertion and re­
trieval. In addition, they may establish groups of information m a
structured way which may be required for later processmg, such as in a
compiler or mterpreter design.

SMITH

ROBERT

Fig. 9,7: Genealogical Tree

Doubly-Linked Lists

Additional links may be established between elements of a list. The
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simplest example IS the doubly-linked list. This IS illustrated in Figure
9.8. We can see that we have the usual sequence of links from left to
right, plus another sequence of links from rIght to left. The goal IS to
allow easy retrieval of the element Just before the one which IS being
processed, as well as Just after It. This costs an extra pomter per block.

BlOCK I ~=0 BlOCK' ~ BlOCK'

Fig. 9.8: Doubly-Linked List

SEARCHING AND SORTING

Searchmg and sortmg elements of a list depends directly on the type
of structure which has been used for the list. Many searching algo­
rIthms have been developed for the most frequently used data struc­
tures. We have already used mdexed addressmg. This is possible when­
ever the elements of a table are ordered m function of a known
CrIterIon. Such elements may then be retrieved by thelf numbers,

Sequentwl searchlllg refers to the linear scanning of an entire block.
This IS cieariy mefficlent but may have to be used when no better tech­
nique is available, for lack of orderIng of the elements.

Binary, or logal'lth/lllc. searchlllg attempts to find an element m a
sorted list by dividing the search tnterval m half at every step. Assum­
mg that we are searching an alphabetical list, one might start, for exam­
ple, in the middle of a table and determtne if the name we are lookmg
for is before or after this point. If it is after this POint. we will eliminate
the first half of the table and look at the middle element of the second
half. We compare this entry agam to the one we are looking for, and we
restrict OUf search to one of the two halves, and so 00. The maximum
length of a search IS then guaranteed to be log,n, where n is the number
of elements m the table.

Many other search techniques eXIst.

SECTION SUMMARY

ThiS section was mtended as only a brief presentation of usual data
structures which may be used by a programmer. Although most com-
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mon data structures have been organized in types and given a name, the
overall organizatIOn of data 10 a complex system may use any combina­
tion or them. or require the programmer to invent more appropnate
structures. The array of possibilities IS only limited by the imaginalion
of the programmer. Similarly, a number of well-known sorting and
search10g techniques have been developed for cop1Og With the usual
data structures. A comprehensive description IS beyond the scope of
thiS book. The contents of thiS section were intended to stress the Im­
portance of design10g appropriate section structures for the data to be
manipulated and to prOVide the baSIC tools to that effect.

Actual programming examples wiII now be presented 10 detail.
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PART II - DESIGN EXAMPLES

INTRODUCTION

Actual design examples will be presented here for typical data struc­
tures: table, sorted list, linked list. Practical searching and insertion and
deletion algOrIthms will be programmed for these structures.

The reader interested in these advanced programming techniques is
encouraged to analyze in detail the programs presented in this section.

However, the begmmng programmer may skip this section initially,
and come back to it when he feels ready for it.

A good understanding of the concepts presented in the first part of
thiS chapter is necessary to follow the design examples. Also, the pro­
grams will use all of the addressing modes of the Z80, and integrate
many of the concepts and techmques presented in the prevIous chapters.

Three structures will now be mtroduced: a simple list, an alphabetical
list and a linked-list plus directory. For each structure, three programs
will be developed: search, enter and delete.

DATA REPRESENTATION FOR THE LIST

Both the simple list and the alphabetic list will use a common repre­
sentatIOn for each list element:

c c C D D [? il D D

-- ~ ----- --.........
3-byte label Data
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ENTRY

ENTER NEW ElEMENT

F ENTRIES

YTES

M: lENGTH OF

N: NUMBER 0

~ -
;...... LABEL -

M'
DATA

Vvvvv •

ENYlEN

fABlEN

TABBA"l
ENTRY

Fig. 9.9: The Table Structure

ENTlEN

ENTlEN

LABEL

I
LABEL

I

I
DATA

c

c
c

0

.v"v"V A"y

v"'Vvv'''V v v

\0

c Ic

c \
0

~ ~/'v'VV

0

\
ELEMENT

I (

ELEMENT \

,/CCJ~"
Fig 9.10: Typical List Entries in the Memory
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Each eiement, or "entry", Includes a 3-byte label, and an n-byte block
of data, with n between I and 253. Thus, at most, each entry uses one
page (256 bytes). Within each list, all elements have the same length (see
Figure 9.101. The programs operatIng on these two sImple lists use some
common variable conventions:

ENTLEN is the length of an element. For example, if each element
has 10 bytes of data, ENTLEN = 3 + 10 = 13

TABASE is the base of the list or table in the memory
POINTR is a runmng pOInter to the current element
OBJECT is the current entry to be located, inserted Or deleted
TABLEN IS the number of entries.

All labels are assumed to be distinct. Changing thIS convention would
require a mInor change in the programs.

tlENGlH -
(NTlfN

PO'Nll/

fllff$....C!

OllJlCT
10 ~f 'N:.£RTEO

Fig, 9,11: The Simple List
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A SIMPLE LIST

The simple list is organized as a table of n elements. The elements are
not sorted (see Figure 9.11). When searching, one must scan through
the list until an entry IS found or the end of the table is reached. When
inserting, new entries are appended to the existing ones. When an entry
is deleted, the entries m higher memory locations, if any, will be shifted
up to keep the table continuous.

Searching

A serial search techmque is used. Each entry's label field IS compared
in turn to the OBJECT's label, letter by letter.

The runnmg pomter POINTR is initialized to the value of TABASE.

SEARCH

MATCH?

'" FAilURE EXIT

Fig. 9.12: Table Search Flowchart
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The search proceeds in the obvIOus way, and the corresponding Oow­
chart IS shown on Figure 9.12. The program appears on Figure 9.16
at the end of this section (program "SEARCH"). A sample run of the
program is shown in Figure 9.17.

Inserting

When mserting a new element, Ihe first available memory block of
(ENTLEN) bytes at the end of the list is used (see Figure 9.11).

The program first checks that the new entry IS not already in the list
(all labels are assumed to be distinct m thIs example). If not, it incre­
ments the list length TABLEN, and moves the OBJECT to the end of
the list. The corresponding Oowchart is shown m Figure 9.13.

The program is shown m Figure 9.16. It is called "NEW" and resides
at memory locations 0135to 015E.

The mdex regIster IY pomts to the source. HL and DE are destma­
tlan pointers.

15 OBJECT IN?

INSERT OBJECT

+
'NO

>--"""-'--., EXIT

Fig. 9.13: Table Insertion Flowchart

552



DATA STRUCTURES

Deleting

In order to delete an element from the list. the elements followmg It
10 the list at higher addresses are merdy moved up by one element POSI­
lion. The length of the list is decremented. This is illustrated on Figure
9.14.

The corresponding program is straightforward and appears on Fig­
ure 9.16. It is called "DELETE". and reSides at memory addresses
015Fto 0187. The flowchart IS shown 10 Figure 9.15.

Memory localion TEMPTR is used as a temporary pomter pomtmg
to the element to be moved up.

DUring the transfer. POINTR always pomts to the "hole" 10 the list.
I.e .. the destmalion of the next block transfer.

The Z flag is used to Indicate a successful deletion upon exit.
Note how the LDIR instruction IS used for effiCient automated block

transfer (refer to address 017810 Figure 9. 16).

NEW BLOC
LD
LD
LDIR
DEC
lP

A.B
BC. (ENTLENJ

A
NZ. NEWBLOC

BLOCK COUNTER
BLOCK LENGTH

DElETE

TEMPTR

BEFORE

0)

0
0

- 0)

$- 0
0

Fig. 9.14: Deleting an Entry (Simple List)
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FINO ENTRY

NO
FOUND?

YES

DECREMENT TABLE LENGTH

FIND NBR OF ENTRIES
AFTER OBJECT IN TABLE

YES
O?

DECREASE COUNT OF
ENTRIES REMAINING
AFTER THE ONE SHIFTED

NO
COUNT = O?

Fig. 9.15: Table Deletion Flowcbart
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0000 oe' 0100H
(OtB?) DillEN DC ENDER
COHl91 TAllLEtl DC EllflER+:!
(OlaAl TAlJASE DL ENDER+3
<DISCl TEMP DC ENDER+S

0100 1600 SEARCH " D,O ;CLEAR 0
010:! 3A8901 " 1'\,(TADLEUl ,CHECK FOR A ZERO TABLE LEI/GTH
0105 " f\lHl A ;SET FLIlGS
0106 " Rn z
0107 " " A.A ;STORE TABLE LENGTH
0100 D[l:?A8AOI " IX, (TABASEI ;PUT BI'lSE ADDR. HI IX
Oloe DD7EOO LOOP " I'\,(IX+Ol 'CHECK FIRST LETTER OF EIHRY
OIOF n'BEoo GP (lYtOl
au:! C:':'701 'P NZ,IIEXTOIIE
0115 DD7E01 " IldIX+U ;CHECK :!/w LETTER
0118 FDBeOI " ( n+1J
011£< C:':'701 " IIZ.NEXTONE
01lE (,r'7EO:' " I'\d!Xt:':1 'CHECK '"' LETTER
01:'1 FDaEO:? " (H+::!)
OJ=:!4 C1\3:':01 ". Z.FOu/1il H:xn IF lil.t. LETTERS HATCH
01:!7 " IIEXTOIlE DEC , ; DECREMENT TA&LE LENGTH COUNTER
0128 C, en z ;EXIT IF AT END OF TABLE
01:'9 EDSflB701 " DE.<EIITLEN) ;5ET t x TO NEXT ENTRY AODR.
0120 D[l19 ADD IXdJE
012F C30COI " LOOP ; TRY AGI'\!N
013:: 16FF FOUND CD D.OFFH ;5ET D TO SHOW IX CONTAINS M'DR.
0134 C, nET ••• OF ENTRY HI Tl'lflLE

0\35 CDOODI IlEW CI'lLL SEARCH ;SEE IF OBJECT IS THERE
0138 " '"C "0139 CI'l5EOl " Z.OUTE iIF n \JAS FF. EXIT
013C 31'l8901 CD A.tT(\BLEIIl
013F " CD E.A ;LO(\D E WITH TABLE LENGTH
0140 'C '"C A
0141 328901 CD <TABLENJ,(\ ; INCREMENT TAfl\.E LENGTH
0144 1600 CD [1.0
0146 :!(\8(\01 CD HL.(Tt'\II(\SE)
0149 ED4fl8701 CD BC. (ENTLEN) ,SET fl TO LEI/GTH OF (\N ENTRY
014D " CD D.C
014E " \.OOPE At'I' HL.DE
014F 10FD tlJNZ LOOPE iA[1[! HL TO (E/HLEtl ,T(\DLENJ
0151 ED4B8701 " flC.(ENTLENI
0155 FDE5 PUSH n ,MOVE !Y TO DE
0157 " '"' "0158 " E> DE.HL
0159 ENIO LDIR iMOVE MEMORY FROM OBJECT TO END
015B OlFTFF ", BC,OFFFFH j •• OF TABLE
015E " DUTE m

O\:'iF cnOOOI !'ELETE CALL SEARCH iFIND ENTRY TO BE DELETED
0162 " '"C n ;SEE IF IT \JAS FOUND
0163 C28601 OP NZ.OUT
0166 3A890\ CD A.(TADLENJ ;DECREHEIIT TArILE LENGTH
0169 3D DEC ,
016A 328901 CD (TADLEI/J.A
016[1 " DEC , al NOW"" OF E/ITRIES LEFT IN TABLE
016E CA6301 " Z.EXIT ; •• AFTER ONE TO BE DELETED
0171 r'DES PUSH " iMOVE IX TO [IE
0173 " '", DE
0174 2A8701 CD HL. (ENTLEN) iSET HL ONE ENTRY AHEAD OF nE
0177 " ADP KL.DE
0178 " cn Ad' ; SET BLOC/\ COUNTER
0179 E[l4 ..8701 IIEWf'LOC CD BC. (ENTLE/I) ;SET !'l.OCK LENGTH COUNTER
017D EDBa \.['1'" iSHIFT , ENTHY OF TABLE
Ol7F ,n "CC A
0180 C:'7901 " NZ.NEW!JLOC ,SHIFT ANOTHER BLOCK
0183 01FFFF EXIT " DC.OFFFFH iSHOW THAT IT WAS DONE
0186 C, ou; An

0187 (0000) EN!'Ef{ END

Fig. 9.16: Simple List-The Programs

555



PROGRAMMING THE Z80

SYMBOL TABLE

lJELETE 01::iF ENtlER 0187 EtUl.EN 0187 EXIT OlB3 FOUND 0132

LOOP Oloe l.OOPE 014£ No" 0135 NEWBLO 0179 NEXTOtI 0127

OUT 0186 OUTE 015E SEARCH 0100 TABflSE OIBA TABLEt! 0189
TEMP GIBC

Fig. 9.16: Simple List- The Programs (cont.)

Display Memory Listing of Objects
,..llh their loclliions
In memory

-[11'1300
0300 53 " " 31 " 31 31 31-31 31 31 31 31 00 00 00 SONIIII11111! .. ,

0310 " <l " " " " " 3:.'-3:.' " " " " 00 00 00 ['AU:.!:.!::':.!:.!:.!:.!::!:!::!, ••
0320 " " " 33 33 33 33 33-33 33 33 33 33 00 00 00 1'10/'1333"3333333 •••
0330 55 " " " " " 3< 34-34 " " 3< " 00 00 00 Ulle444444444'! •••

0340 <l " " 35 35 35 35 35-35 35 35 35 35 00 00 00 (HITS555555555 •••
0350 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ................
0360 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ................
0370 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 , . , .............
-;<

Set IY to 0300H (pointer to OBJECT)y",OOOO 300

-ti193/196

P"'0196 0196 ' Run 'INSERT'
TllbleconfigurlIlion

-011400
afler program run

0400 53 " " " 31 " 31 31-31 " 31 31 31 00 00 00 Sma!1111l111 •••
0410 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ......... , ......
0420 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 , , , , , , , , , , , "" ,
0430 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ................
0440 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ................
0450 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ...... "., ......
0460 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 .............. "
0470 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 , .... , ........ "

-;<
Set IY to 0310H (next OBJECnY",0300 m

-G193/196

P",0196 0196' Run'INSERT'

Tllble ~onnguflltlon

lIfler second Insert
-(IM400
0400 53 " " 31 31 31 31 31-31 31 31 31 31 " " " SONI111111111DAD
0410 " " 32 " 32 " 32 32-32 32 00 00 00 00 00 00 2222222222 ••••••
0420 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ....... "." ....
0430 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ................
0440 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ., ..............
0450 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ." .............
0460 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 , , ..............
0470 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 , ...............

(More inserlionsl Table configuralion

-DM400
lifter severatlnnrl'

0400 " " <E 31 31 'I " :'11-31 31 " 'I 31 ." " " SON1111111111DAD
0410 " " " " " " " 32-32 " 55 " " 3< " " 222:?2:;:;:;:;2UNC444
0420 3< " " " " " " 4!:l-4F " " " " " " " 4444444HOH333333
0430 33 " 33 33 " " " 35-35 35 35 35 35 35 35 35 3333ANT555555555
0440 35 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 5 •••••••••••••••
0450 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ......, , ....., , .
0460 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ................
0470 00 00 00 00 "> 00 00 00-00 00 00 00 00 00 00 00 ................

Fig. 9.17: Simple List-A Sample Run
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-S>
'1''''0340 3~O

-GI90/193

f'~OI93 0193' Run 'SEARCH'

r Reg D shows Ihat Object was found

neW'.er """Hnls
f\"'4r, ['C"'O.:!FF DE=FFOD HL"034t1 ,,"'DIDO P~0193 0193' CflLL 0135

A'=OO !<'"OOOO [1''''0000 H'=OOOO X"04~7 '1''''03:'0 (~OO 10135' \

LAddrcss or Object

-G196/199

P"O!?9 0199' Run 'DELETE' Tllbk cunfil:urliliun

~[lH400
un"r dd"lioll

0400 53 ·w " " " " " 31-31 :H " 31 " " " " SONllllllllllh"'"
0410 " '" '" 3:'. " '" '" 3:'.-3:'- :;2 s" " " " " " :'.:'.:'.:'.:'.:'.:'.:'.:'.:'.UNC4 4 4
04:'.0 " " " " " " " 41-4E " 3~ " '" " :;5 " 44444441'l/H555555
0430 " 35 " " 4l " " 35-35 " " " 35 " " " SS5~,r,NT5555555S5

0440 " 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 5., •••••••...•.•
0450 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ............ ,.,.
0460 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ............... ,
0470 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 .. , ........... "

-SY 1'1''''0:'40 340
-G196/1'/9 Delete fast entry in tuble NUle; no IIpPllrent

f''''0199 0199' chllllile in lltbl"

-DH400
c"nfi~Urlllloll

01\00 53 4F " 31 31 31 " 31-31 " 31 31 31 " " " SO/It UIIIIII HIMl
0410 " " '" '" 32 32 " 32~32 32 55 <E " " " " 2:?:?:?:'2::::2::'UNCI\41\
0420 " " 3< 3< " " " 1\1-4£ "' 3$ 3S 55 35 " " 4441\4441'1NT555555
0430 35 35 35 55 " <E 5< 35-35 55 35 35 35 35 55 35 5555MIT555555555
0440 35 00 00 " " " 00 00-00 00 00 00 0" " " " 5 ........•••••••
01\50 00 00 00 00 00 " " 00-00 00 00 00 " 00 00 0' ................
0460 00 00 00 00 00 00 00 00-00 00 00 " 00 " 00 00 ................
0470 00 00 '" 00 " 00 00 00-00 00 00 00 00 00 00 00 ................

-DtHO'l51

~~nO/~~3-- Memory location 'TARLEN' - shows true length of table

P"'OI'i'J 0193' Run 'SEARCH' for deleted Object

-DR
, N

~DShOWS that Object was not found

1\"'5;; ['C"'OOFF [1("'000[1 ltL"'Ol\l\l 5"'0100 P"'0193 0193' CI\LL 0135
{\'",OO B'"OOOO !J''''oooo 11''''0000 X,,04]{\ Y'-'OJ40 (=00 ((}135' 1

Fig. 9.17: Simple List- A Sample Run (cont.)
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ALPHABETIC LIST

The alphabetic list, or "table," unlike the previous one, keeps all
its elements sorted m alphabetic order. This allows the use of fast­
er search techniques than the linear one. A bmary search is used here.

Searching
The search algonthm is a classic bmary search. Let us recall that

the technique IS essentially analogous to the one used to find a name in
a telephone book. One usually starts somewhere in the middle of the
book, and then, depending on the entries found there, goes either back­
wards or forward to find the desired entry. This method IS fast and
reasonably simple to implement.

The bmary seach flowchart is shown in Fig. 9.18, and the program is
shown in Fig. 9.23.

This list keeps the entries in alphabetical order and retrieves them by
using a bmary or "logarithmic" search. An example is shown m Figure
9.19. The search is somewhat complicated by the need to keep track of
several conditions. The major problem to be avoided is searching for an
object that is not there. In such a case, the entnes with immediately
higher and lower alphabetic values could be alternately tested forever.
To avoid this. a flag is maintained in the program to preserve the value
of the carry flag after an unsuccessful comparison. When the INCMNT
value, which shows by how much the pointer will next be incremented
reaches a value of "I", another flag called "CLOSENOW", which we
will abbreviate to "CLOSE", is set to the value of the COMPRES
flag Thus, smce all further increments will be "I", if the pointer goes
past the point where the object should be, COMPRES will no longer
equal CLOSE and the search will terminate. ThIS feature also enables
the NEW routine to determine where the logical and physical pointers
are located, relative to where the object will go.

Thus, if the OBJECT searched for is not m the table, and the running
pOInter IS mcremented by one, the CLOSE flag will be set. On the next
pass of the routme, the result of the comparISon will be opposite to the
preVIOUS one. The two flags will no longer match, and the program will
exit indicating "not found".
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O?
::::__'~E~S_.. NOT FOUND

L-----T ---,::==!.- (ENTRY)

lNCREMfNTVALUE:: INCREMENTVALUEI2

MATCH? ;;>----<~ FOUND

IS !NCR~MENr

VALUE ONt?

NO

(NEXT TEST) (LAST ONE)

Fig. 9.18: Binary Search Flowchart
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{NEXT TEST}

,"

NO

NOT fOUND
NO

SUB If , ,no

AI !NO
Of IABIE> NO'

FOUND

NO'
FOUND

IENIIlYI

Yf5 Witt INCREMENT, --C=< GO PASI <NO

QFIAlltP

"IlOnQM Of
TAlltE>

560

Fig. 9.18: Binary Search Flowchart (cont.)
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The other major problem that must be dealt wIth is the possibility of
runmng off one end of the table when adding or subtractmg the incre­
ment value. ThIS is solved by performing a test "add" or "subtract"
using the logical pointer and length value which record the actual num­
ber of entnes. not the physIcal positions in memory used by the physical
pomters.

In summary. two flags are used by the program to memonze mfor-

(0121) LD A, C
SRL A
ADC 0

LD C. A

o~ ""YB"

TABASE

AAA

BAC

'~ 1<-
''l ff5

lfS m

m

FIRST TRY
SEARCH INTHlVAL '" 5

SECOND TRY
SEARCH INTERVAL'" 2

Fig. 9.19: A Binary Search
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mation: COMPRES and CLOSE. The COMPRES flag is used to preserve
the fact that the carry was either "0" or "I" after the most recent com­
parison. This determines if the element under test was larger or smaller
than the one with which it was compared. The C indicates the relation.
Whenever the carry C was" I", and the element was smaller than the
object COMPRES is set to "I". Whenever the carry C was "0", indi­
cating that the element was greater than the object, COMPRES will be
set to "FF".

The second flag used by the program IS CLOSE. ThIs flag is set equal
to COMPRESS when the search increment INCMNT becomes equal to
"I". It will detect the fact that the element has not been found if
COMPRES is not equal to CLOSE the next time around.

Other vanables used by the program are:

LOGPOS which indicates the logIcal position in the table
(element number)

INCMNT which represents the value by whIch the running
pointer will be incremented or decremented if
the next companson fails

TABLEN represents as usual the total length of the list.

LOGPOS and INCMNT will be compared to TABLEN in order to
assure that the limits of the list are not exceeded.

The program called "SEARCH" is shown on Figure 9.23. It resides
at memory locations 0100 to OICF, and deserves to be studied with care,
as It is much more complex than In the case of a linear search.

An additional complication is due to the fact that the search Interval
may at times be either even or odd. When it IS odd, a correction must
be introduced. (It cannot, for instance, point to the middle element of a
four-element list.) When it is odd, a "tnck" is used to point to the
middle element: the division by 2 IS accomplished by a right shift. The
bIt "falling off" into the carry after the SRL instruction will be "I" if
the Interval was odd. It is merely added to the pOInter.

The OBJECT IS then matched against the entry In the middle of the
new search Interval. If the companson succeeds, the program eXits.
Otherwise ("NOGOOD"J, the carry IS set to "0" if the OBJECT is less
than the entry. Whenever the INCMNT becomes" I" , the CLOSE flag
(which had been InItialized to "0") IS then checked to see if it was set. If
it was not, it gets set. If it was set, a check is run to determine whether we
passed the location where the OBJECT should have been but IS not.
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Also note that when the carry was" I" , the runmng pomter will pomt
to the entry below the OBJECT.

Element Insertion

In order to insert a new element. a binary search is conducted. If the
element IS found in the table, it does not need to be mserted. (We
assume here that all elements are distinct). If the element was not found
in the table. it must be inserted immediately before or immediately after
the last element to WhICh it was compared. The value of the COMPRES
flag after the search indicates whether It should be inserted Immediately
before or immediately afterwards. All the elements followmg the new
locatIon where it is gomg to be placed are moved down by one block
pOSItion. and the new element IS inserted.

BEFORE AFTER

~NEW

elEMENT

AAA

ABC

BAC

BAT

TAR

ZAP

AAA

ABC

BAT

TAR .
ZAP

TABASE-

~
OBJECT-l,-__B_A_C__!MOVE DOWN

Fig. 9.20: Insert: "BAC"
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The insertion process is illustrated In Figure 9.20, and the corre­
sponding program appears In Figure 9.23.

The program is called NEW, and starts at memory location DIDO.
Note that the automatedZ80 instructions LDDR and LDIR are used for
efficient block transfers.

Element Deletion

Similarly, a binary search is conducted to find the object. If the
search fails, It does not need to be deleted. If the search succeeds, the
element IS deleted, and all the fOllowing elements are moved up by one
block position. A corresponding example IS shown In Figure 9.21, and
the program appears in Figure 9.23. The flowchart IS shown in Fig.
9.22.

The program is called "DELETE" and resides at address 0221.
A sample run of the above programs IS shown in Fig. 9.24.

MO
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BEFORE

AAA

VE UP
ABC

BAC i-

BAT

0...- TAR

ZAP

DElETE

Fig. 9.21: Delete "HAC"

AFTER

AAA

ABC

BAT

TAR

ZAP
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DElEit

NO

COUNT HOW MANY
HEMENTS FOUOW TH~

ONE TO aE DElETED

0'

RESULT "" COUNTER
(lOGPOS)

POINT TO NEXT ENTRY
POINTER eo TEMP ISOuRCE

TRANSFER IT UP ONe alOCK

POINT TO NEXT EN!RY
POINTER = POINTER IOESTINATION,

DECREMENT lOGPOS

NO
0'

'TS

Fig. 9.22: Deletion Flowchart (Alphahetic List)
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0000 ()fil; 010011
(O:'~1'l ) CtOSnmw ,,' nil'Ell
(O:~4r, ) ClJHf-'''E~i ,,' EIll'Fll\ 1
(O~'lC) Tf\l!1 [II '" r~lfEn'I;o

(0:''1'') lrtl'flf;[ ,,' EtW[Ill-J
{O:"1Fl ElHl-F11 '" 1:/IflEI'15

(lIDO 3£00 >iF/WCll ", n.ll
010:::' J:'4i\O:' 1.1' ICI.rJ!;EIWl./l.(; 110m FU,I:; U1Cflfllltl!i

010" 3:'4!'0:- U' {COHf'f;'ES/.(\
0\08 ::.:' U' 1"1'1
0109 :'1'14.'0::' 1.1' HL.(lf\l,/\S!:1 ; HHTlI'\LllF. HL
OIOe 3A4CO:' !II (l. I TI'\I't. EN'
OIOF C!l3F :if\! , ; (, rVlt'[ "J ,
0111 CEOO M,e 0 ;r.!I!, 1, '5 r" r !l(lCh '"DiLl " 1.1' C" lSlOf,E (\5 TllCREHnn VI'lLlJ!'
0114 " Lt' I',A ;~;T(Jf'F fl5 I.maCI'lL f'O~i!T TOIl ~'{\LlJE

011;' CI'IDr\Ol ,W Z,NoTrmmh lCHEC1,

" LEtWTli 15 ZEfitl
Olill ,. Ll' !O.fl JMllL 111"1.'1 (E-Il"r;IlTl.EN
Oll9 '" hEI: ,
0\111 et'tlllOl I:f\LI HIH.T

011(1 " firm HI..I'E 15£1 "'. TO HT!lflLE 0' 1M'LE
Oil E " [lIn<'!' PUSH '" ;!,l)M' "' TNHT "OIIF r'VE 1 POF" "01:'/ " l,n fl,C ; ll!Vrr,E tIlCl<F.HENt WH.UE '" '"Ol~~ ClJ3F SRl ,
01:'4 CEOO I'l!'C 0
(11:'6 " U' C d\
01~7 B[l71OOO U' A. (IXIO) ;COHPI'<RE FIRST lEnn:
Ol::'i'l F!'flEOO " (TY+O)
01::'1' C::'4:'01 .w III .lII)GOO1'
0130 ilil7E01 1.11 f\,(IXtl) lCOHb"lRE :'IlI' IEnER
0133 FroI'EOI C~· (lYtl )
0136 C::'I\::'OI ",. III,NOGnOil
0139 nI<7EO~ LI' f\d IXt:') ;CQl1f·i'lRE 3r", LETTER
013C FDI'EO~ cr· I!Vt:')
OJ:lF Cfl l.lCO I . If" z.Fntnw
014:' 3EO\ tIOGOO\l u' I'<,i ;51'1 COHPflRE I,ESUll FLI'lG "0144 ['A4901 .w C.TESTS , , .RESIlt. I " COHf'fIr,E (1.1'1')

0147 .:lEFT u' 1\,0n"H
0149 3~41'0::' TESTS U' (C[JHf"RES) • {\
01·1t " U' /1.c ; IS INCREHEU1 VI'lLIlE U
0141' " hEr. ,
014E C::,6901 .If" 1l7.NF.XTESI
0151 31\41\0:- Lt' 11, (CUJsENlIIJ I ;YES. <S CLOSE FLl\fj SET"'
01:';4 " I'lNrl 0
0155 Cl\630J "' z, rlOrCL08E
0158 " U' ll,l'< nES,SEE " fH'lVE !'>"<SSEll 1J1lI:I<E
0159 31'\1\1'0::' U' A, (COMPRES> ; •• ENTRY SHOllLl' f'E I'UT ISwt
OISC " SUI' "015[1 CA6901 .w Z,rlEXlESl
1)160 C3lJAOl "P IlOtFOUNIi
0163 3A4flO:' NOTCl.nSE t[, A. (COHpm'!;) l!iEl CLOSE FLAG PO l'lREClIOII OC
0100 3~41\0~ !.I' \f;LOBENOIJ) , fl ••• SEARCH PO f·HEV1ONl REPETITlllN
016? tltlE" IIEXTEST r-USH " ;f"REPARE ." 1'ltH! DE '" Al.I\.I IJR
0161' " POf' HI. I •• ~)ljf' ." t/1G,'EM£IIT VI'\UlE
016C " U' E.C
0161' C['£11101 CAI.I. HULl
0170 3A4!JO:: Lt' ('I, (COMPHES) nEST H' WA/IT PO 1\1I11 OR SUI'
0173 " I", 0
OI74 C:'9601 .Jf' IIZ.AI'l'll
0177 '" " .,,<.1I ;rEST TO SEE " SIJ1' Wl!.L [IUN
0178 " SUl! C I, .Off I.'OITOM " TMJl.E
0179 Cl\8501 .Jf· z. TOOUIW
017C r'1\8501 ",. CtTOOLOW
017F " u· -:,,1\ ,SET NEW LOGICAL f·051T ION VflLUE
0180 E:[I5~ Sl'C llL,I'E ;CHAIIGE M'['RE~i!i tTSf.LF
01S:: C31£01 ",. EIITRY
0185 7G roOLOW u' Adl ;SEE " f·OSITTO/j "01S6 31' DEC 0
0187 CflIJAOI "' l,N01FOUND ;IF 50. EXIT
0101\ EI'SI<I\FO:' l[' l>E.<E!ITLEN> 'JUST SUB , ENTRY !-'llSITIllN
018E " se'
OlaF " cr.,"
0190 ([15::' ST'C HL,DE
019:: 05 [lEC t. ;CHANGE LOGICAL POsITrUU
0193 C3f1FOI "' REflLCLI.lS

Fig. 9.23: Binary Search Program

566



DATA STRUCTURES

0196 3M CO:' M'I'11 Ll' r.,(TM,tL/') , I t ~i! '" SEl ;c CUfiRE/1l I'flS 11 lUI.
0199 " ~,lfl' ; • .f"LIJ!; lllr.HFl'lrNI WILl Ii!) HISI
0191'1 '" sm, ,. ,.,.HUI '" 1m T<'l"lr
019£' r'{\fl~,Ol .J!' c. T!lWlf[iH
Ol?f " M'I' IILtN- ;1,; [Jh. CHMllif l\r:fUtll tlllhf,[S';
Ol9F " U' (It" ;I:HMlr>r LlJf;IUIl f'ns. 'JflLlW
011\0 " f11'1' "OIAI " U, 1',(\
011l:' CllEO I .lI' Diller
01A5 '" rOlllllfif! I'll'l' , J'aT " r-I)!;1111111 Hi " llW Of
011'16 CAl'flOI "' /,IWll"lJUI/I' ••• 1M'I!: ('itlHF f\~; Tf'll'LFU-!,j
01f!9 n'Sl'<lFO:' u' l'E.(t/HlFlil ;tll'l> [lllfn 1'!1~;11 HlIJ
OIM' " (\J'l' HI. .l'f
orr.F. " 1m: ; lNr.fiU1HIl ! HlitUI! ['!lSll Hili
OIM !HoD I kff\t CUIS Ll' C. i ; "F I IW:H1Ml"II! '" ,
o Ii'! 3f\·n,o:, tt, (\. (CllMI·-r'F!i) ; ~;F; CU)!;F nMi '" CfIMI-('jf'f
Olf'4 3::.'41\0:' tIl It:! fJ"ElmWl.n ••• !;f:SIJI.'
!)II<7 r.:, J [Ol _W Flltf'Y
OIl'''' loFf ImlIDl.lIIl' ", l"oFTIJ
01 for: " HHIIII' hT'

(>If't' )-:, 1'Itl!.1 j'lniH '" 'MIl! llr'! l! '; ,,' (f 1111 fll).
fJj "~ C~ I 'Will I'e ' •• 'JI1IIW '" ,,' m! ["XII
OII'F 1600 U' ",0
ole 1 :'10000 1.1' '" .I)OO!)
OH>l ( l"I!J4fO:' u' I,r;.( rill I I In
olen <11 u, 1'.1:
01C9 " 1\1'1'11'1 M'I' Hl.lor
OlCI\ lon, l'.Il1l !\fq,1'1'I
01CC r1 J'Of' Il!"
01 n, Ff' fX lor,HI
01eF " I'IH' '"Olef C'I 1'1:1

011'0 r:,'OOOI IIfW 1.:1'Il1 ~;fl\~'CII i<;fl " 01'.11 ': I I'; f\1 1'1 f,)'Y lHU'1
OH',I " !/If:
01,'11 c:';'oo:' " 11/ .IUJ I
011'7 JI\4r:O;' 1.1' 11. {11\1'1 HI) iCfU'Ch 1m " ll\l'll
Olt'l\ " (\/11' "Ol['ll Cl\on):, .If' /.1!lstrn
Olt,F. Jl\lIt'O:' U' ", (elIMl'l,r!i)
01£ ~ JC I Ill: "I) IE:' Cflf:I,Ol ,If' ". HI!,I "I
'll [;'; U'~;J,4.():' ", l,r.(r!lIlllll ; UJMI'f,'!.~; ,j • ';F I '" f\!<f1Vl IJfJrFl
Olf''> " 1\1'1' HL,I,I , •• IlI<.lFI:1 slim!!. I! liB
Olfl"< C.lrEOI .If' "f llJ1
flJE" 0:; HI'ill'F f'fr. " ,f:[]Nf'lI'F,,'-O, Sf. i " 1'01,' ';IJl'Tr'I\CI
1)IEr IA4CO:' ';r IlJf' ", Aollf1lH.JIIl ;<;1:1" HOW HMIY nlif'!'.'; M.:l I rr I
01l-j " ',!II' "OJ.:' CI\OCO:'. .If' 1.1""LI,]
01F~ ~r 1.1' ,,0 ;!;f i HL '" l.f'l!;1 FllSI I IllN '" IJ,,, I
IJlF6 cr'/<I'OI f:I\U MilL 1 ,.,HHI,Y
011'9 " M'I' lH_.flf
011'11 :'1' n[c "'OJF!, '" EX l<F >Ill :!;f.f Ill" UHf'Y M'llvr "'01 Fl- :'1\41'.0:' 1.1' HL.(ENllUIJ
OJFr " AI'I' HI, .1'[
0:'00 U' U 1'1' .HI
0:'01 F,'~f,4FO:' HllVEH I.f' f,r;.IFNTU/J) ,sHI r 1 Ill' [HIF E/ITfn m' I'I[MOHY
o:'o~ n",{j Lt",,,.
0:'07 Jr' l'Er: 0
o:'oa t:2[]IO:' " Ill.1'10Vl'H ,f,:!:F'Ff\1 " IIFCCr.s~;,WY

O:'Of' :.':1 wr: '" nil 1 ~; nimH OF NOW [Mf'l Y SI'I\CE
0:'0.. F!l£::~, II/sun f>lISH n ,LaM' or'.JfeT IIHO EMF'TY Sf'fIf;(
O:'Of r" ['(JF' IOE
0:'0, ft. EX 1,r.,IfL
0:'10 F.['41,4FO:' L!' I,e. ([/111 HIl
O:'I~ FM'O U,U,
(J:'16 31"<4CO:' L,' (1. (InJ'LEII) ; I i'lCliFI'IF.lIT 1""1.1: LEIIl,HI
0:'19 3f INC 0
O:'lfl J:'IICO::' til { II'lIlLFNJ.(1

0:'1" OfFrrE
L "

I'C.orrFrll ;"HOW fl-11"<T " WI\!i I<HNE
0:':'0 " OIH '"

Fig. 9.23: Binary Search Program (cont.)
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O~~l CflOOOI DELETE CALL SEARCH IOET ADDRESS OF OBJECT
0:;24 " W, , ,SEE IF OBJECT IS THERE
0:;:;5 CA490:? " Z.QUTE
0:':.'8 EDS!'4FO:' " tIE. (ENTLEII)
O::!::!C " £' DE,HL
0:':'0 " M'D HL.DE ; hE IS LOC. OF OBJECT, ee IS

0:>:'>£ 3MCO::'. " A,(ThHLENJ ••• ONE ENTRY OBOVE
0::'.31 " 50' I' 'SEE HOW NANY ENTRIES ARE LEFT
0:;3:; CA3FO:; "' ZlllOlJNTAB
0:.'35 ED4fl4FO::' SHIFTIN " DC, (ENTLEN)
0:!39 Eflno LDIR lSH1F1 DOWN 1 ENTRY LENGTH
0::'.38 3D DEC ,
O:!3C C:'3S0:.'! "P NZ.SilIFTIN
0:;3F JA<lCO:! ['OWNTAfl " A,(TABLENl JDECREHENT TABLE LENGTH
0:14;2 3D DEC ,
0:;43 :I:'4CO:; " I TnliLElH,A
0246 0IFf'FF LD BC.OFrFFH iSHOW THAT ACTlOtl WAS TAKEN
0::'.49 " OUTE 'EO

0241"\ (OOOOl ENDED Elln

SYMBOL TABLE

AOOEN 01C9 ADOlT 0196 CLOSEN 0:;41"\ COHPRE 0:.'4B DELETE 0:'21
DOI.HHA 0:'3F ENDEn 0:'4A EIHLEN 024F ENTRY 011E FOUND DISC

HISIDE DIED INSERT 020C HOVEH 0201 NULl OlDD "E" 01DO
NExTES 0169 NOGOOD 01'12 NOTCLO 0163 NOTFOU OlBA OUT 02::!0
OUTE 0249 REALCL OlAF SEARCH 0100 SETUP OlEE SHIFT! 0:'35
TABASE 02'1[1 TABLEN 0::!4C TESTS 0149 TOOHIG 01AS TlJOLOL.! 0185

Fig. 9.23: Binary Search Program (cont.)

LINKED LIST

The linked list is assumed to contam. as usual. the three alphanu­
merIc characters for the label. followed by one to 250 bytes of data. fol­
lowed by a two-byte pointer which contains the starting address of the
next entry, and lastly followed by a one-byte marker. Whenever this
one-byte marker is set to "I". it will prevent the insert-routine from
subslltuting a new entry in the place of the existing one.

Further, a directory contains a pomter to the first entry for each let­
ter of the alphabet. m order to facilitate retrieval. It is assumed m the
program that the labels are ASCll alphabetiC characters. All pomters at
the end of the list are set to a NIL value which has been chosen here to
be equal to the table base, as thiS value should never occur withm the
linked list.

The insertion and the deletion programs perform the obvious pointer
manipulations. They use the flag INDEXED to indicate if a pointer
pointing to an object came from a previous entry in the list or from the
directory table. The corresponding programs are shown in Figure 9.29.

The data structure is shown in Figure 9.25.
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-!'H400 lnitiullllhl\'
0400 00 '" 00 00 00 00 00 00-,00 00 00 00 " 00 00 00 ............ , ...
0410 " 00 " 00 '" 00 " 00-00 " 00 " 00 00 00 " " ..............
04~O " 00 00 " 00 00 " 00-00 00 " 00 00 " " " ·.. , ............
0·00 " 00 " 00 00 00 00 00-00 " " " " 00 " 00 ................
0440 00 '" 00 00 " " 00 00-00 00 '0 00 00 00 00 00 ................
04~,O 00 00 00 00 00 " 00 00-00 00 00 00 00 " 00 00 ................
0460 " 00 " 00 00 00 00 00-00 " " " 00 " " 00 .. " ............
0470 00 00 00 00 '" 00 00 00-·00 00 " 00 " 00 00 " ................

IJ,Unl:"rOhjech
llnd lh~lr lncuUuns

-1<11300
In m~mllty

0300 " " " " " " " :H--Jl " " " " 00 00 00 SONlll!111! 11 .••
l).11 () " " " J? " 3:' J:' 3:'.-3:' 3:' J? 3:- 3:' 00 00 00 l'Ar':':'::'??:'???? ••
03;'0 ", " 'I' " :13 3:1 :n ]3-::\:1 " 3:1 :13 Xl 00 00 00 HOH333:1333333 •••
0330 5S " ,n " " " " 34-34 " " " " " " 00 l)Nett"" 4444444 •••
0340 .. 'IE 5'1 35 3S :I~; :'1~i 35-35 3:; " 35 3:' 00 " 00 f\NT~i55SSSSS55•••
0350 00 " " " 00 " 00 00-00 00 '" 00 00 " " " .......... , .... ,
0360 " 00 00 00 '" 00 00 00-00 00 00 00 00 00 00 00 " ..............
037{) 00 00 00 00 00 {)O '" 00-00 00 00 00 00 00 " 00 " ... , ... , ......
-"
y~OOOO '" I-G:'63/?,'.t, Run 'INSERT'
f'-0:'06 0:'66'

-1'MIlO" Table after In,erllun
')4QO ", " '" 33 33 ~n " .13<Ll :.11 33 :'13 .-0 '" " " HOH333]]3]3]] •••
()410 " 00 " " " " .. 00-00 00 " '" " .. " 00 ·...............
04::'0 " .. " " 00 0' " OO~OO " 00 " " 00 00 00 ·........., .....
0430 00 " 00 00 00 " " OO~OO " 00 00 " 00 " " ·... , , ., .. , , , , , ,
0440 00 00 .. 00 00 00 00 00"00 00 00 00 00 .. 00 " , ...., , , , , ...., ,
Q450 00 00 00 00 00 00 00 00-00 " 00 00 " 00 00 00 .. " .. , ..... , ...
Q4bO 00 00 00 00 '" '" .. oo~oo 00 " 00 " 00 00 " ................
0470 " 00 " 00 0" " 00 OO~OO .. " 00 " 00 00 00 ........ , .. , ....
-" )'f~03::'0 '""G::'6:V::'66 j Run 'INSERT' on another Object
'-0:~,',6 0:!b6' U,tin~of table aller

lll'll'rtlun. Note: table

··I'M,IOO b kept alphllbeUc

0400 " .. " " 3::' ]:' 3::' ]::'-]:' 3::' " " " 00 " ", DnD::'::'::'::'::'::!::'::!::!:.!HOH
Q410 " 33 " " " 33 33 3;1-3J :n 00 00 .. " 00 " ]]]3333333 •••..•
04::'0 00 '" " " " 00 00 00-·00 " 00 00 " " " '" , ..., ....., ..., .
0430 " 00 .. '" 00 00 00 00-00 00 00 .. '" 00 " " ................
0440 00 " 00 "" '" " " 00-00 00 " 00 " " 00 " ·...............
0450 00 " " " " " .. 00-00 .. 00 00 00 " 00 " ................
04,',0 " " 00 "0 00 " 00 00-00 .. 00 .. 00 00 00 00 ................
Q4;'O 00 00 "" 00 " 0" "" 00-00 00 "" 0" 00 00 " " " ... "., .. , ....

> • {additional inserts! •

Fig. 9,24: Alphabetic List-A Sample Run
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Tllbletonrigulllllon
Ilflu 1I11 Objects

-[<11400 hllve been Inserled

0400 " 4E 54 35 35 35 35 35-35 35 35 3S 35 " 41 44 ANT555555555S!lAD
0410 " " " 32 32 " " 32-32 " " " or' 33 33 33 222222222211011333
0420 33 33 33 33 33 33 33 53-4F 4E 31 3> 3> 3> " 3> 3333333S0Nl11111
0430 31 31 31 31 55 4E 43 34-34 " 34 34 34 34 34 34 111lUNC44444<1444
0440 " " 00 00 00 00 00 00-00 00 00 00 00 00 00 00 4, ••• , ..........
0450 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ·...............
0460 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ................
0470 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ·........... , ...
-S< IY"'0340 300
-G260/:'63 Run 'SEARCH' for "SON" (at Ilddress 0300)
P"0263 0263'

-DR r--Found
z N A=4E aC"0401 or;Q6oo HL"0427 S"OIOO.P,,0263 0263' CALL 0100

A'''OO B'''OOOO 0'''0000 H'"OOOO X,,0427 Y"0300 1=00 (OIDO')

~Address of Object in table
(verify in Table above that it is "SON")

-0266/269

Run 'DELETE' on "SON"
P"'0269 0269'

-DI1'100
0400 " 4E 54 35 35 3S 35 35-35 35 35 35 35 " " "0410 " " " " " " " 32-32 " 4' 4F 4D 33 33 33
0420 33 33 33 33 33 33 33 5S-4E <3 34 34 " 3< " 3<
0430 3< 3< 3< 3< 55 " " 34-34 34 34 34 34 34 34 34
0440 34 " " " " " " 00-00 00 " " " 0' " '0
0450 00 " " " " " " 00-00 " " 00 0' 00 " "0460 '0 " " 00 00 00 00 00-00 00 " " " 00 00 "0470 00 " 00 " " 00 00 00-00 00 " 00 00 " " 00

-0:'60/:'63
Try run or "SEARCH" again (on "SON")

P"O::!63 021,3'

Table tonOgullltlon
after deletion, NOle:
mill UNc W1I5 shifted
up. The 11I5t UNC
entry musl be
disregarded
ANT5555555555DnD
22:':.!222222HOH333
3333333UNC444444
4444UNC444444444
4 •••••••••••••••

Currenllable
tonflgul1lUon.
Compare to the one

prior 10 the
DELETE

P"0263 0:'63' CALL 01DO
'1'''0300 1=00 (OlDO'l

~Notround

DE"'FFOD HL"'04:!7 5"'0100
D'''OOOO H'=OOOO X"04:'7

54 " " 35 35 35-35 35 35 35 35 " " " liNT5555555555DAD

" 32 32 32 32 32-3:' 32 4D 4F 4V 33 33 33 22222:'2222HOH333
33 33 33 33 33 53-4F " 31 31 31 31 31 31 333333350/1111111
31 31 55 " <3 34-34 34 34 34 34 3< 34 3< l111UNC444444444

" " " " 00 00-00 00 " " 00 " 00 " 4 ...............

" " 00 " 00 00-00 " " " " 00 " " ·., .., ., ., , , , , ..
00 " " 00 " 00-00 00 " 00 " " 00 " ................
" 00 " 00 00 00-00 " " 00 " " " 00 ·...............

,..e:- Shows that action was executed

{lC"FFFF OE=0434 HL=0300 5"0100 P"0:'66 0266' CI\LL 0221
9'''0000 0'''0000 H' "'0000 X"04:'7 Y"0300 I=OO (0:':'1' 1

1\"05
A '",o0

-r'l<
5 rI 1\"'1"£ flC"0401

1\' "'00 It' "0000
-G:!63/266

Re·insert Object ("SON")
P"'0:'66 0:'66'

-DH400
0400 41 'IE
0410 32 32
0420 33 33
0430 31 31
0440 34 00
0450 00 00
0460 00 00
0470 00 00

Fig. 9.24: Alphabetic List-A Sample Run (cont.)
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DIRECTORY

"A"

"R"

POINTER

A

4 --,
POINTER A

4-

~
Nil

POINTER

Fig. 9.25: Linked List Structure

An applicatIOn for thIs data structure would be a computenzed ad­
dress book, where each person lS represented by a unique three-letter
code (perhaps the usual Inltlals) and the data field contains a simplified
address, plus the telephone number (up to 250 characters). Let us exam­
ine the structure in more detail. The entry format is:

umque label
(ASCII)

data (I to 250 bytes)

As usual the conventlons are:

ENTLEN: total element length (in bytes)
TABASE: address of base of list

The address of the OBJECT is always assumed to reside in the IY register
prior to entenng the program. Here, REFBASE points to the base ad­
dress of the directoryJ or I 'reference table."

Each two-byte address within this directory points to the first occur­
rence of the Jetter to whIch it corresponds In the list. Thus, each group
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of entnes with an identical first letter In theIr labels actually forms asep­
arate list WIthIn the whole structure. ThIS feature facilitates searching
and IS analogous to an address book. Note that no data are moved dur­
Ing an insert or delete. Only pOInters are changed, as in every well­
behaved linked list structure.

If no entry starting with a specific letter is found, or if there is no en­
try alphabetically folloWIng an existing one, their pOInters will point to
the begInnIng of the table (= "NIL"). At the bottom of the table, by
convention a value is stored such that the absolute value of the differ­
ence between it and HZ" is greater than the difference between HA"
and "Z". This represents an End Of Table (EaT) marker. The EaT
value IS assumed here to occupy the same amount of memory as a nor­
mal entry but could be just one byte if desired. The letters are assumed
to be alphabetic letters In ASCII code. ChangIng this would re­
quire changIng the constant In the PRETAB routine.

The end-of-table marker IS set to the value of the beginnIng of the
table ("NIL").

By convention, the "NIL pOInters". found at the end of a string, or
withIn a directory location which does not point to a string, are set to
the value of the table base to provide a unique Identification. Another
convention could be used. In particular, a different marker for EaT
results In some space savings, as no NIL entries need be kept for non­
existing entries.

Insertion and deletion are performed In the usual way (see Part I of
thIS chapten by merely modifying the reqUIred pOInters. The
INDEXED flag tS used to indicate if the pointer to the object is in the
reference table or another stnng element.

Searching
The SEARCH program resides at memory locations 0100 to 0155

an uses subroutIne PRETAB at address OID2.
The search pnnclple IS stratghtforward:
I-Get the directory entry corresponding to the letter of the alphabet

In the first posItion of the OBJECT's label.
2-Get the pointer. Access the element. If NIL, the entry does not

eXISt.

3-If not NIL, match the element against the OBJECT. If a match is
found, the search has succeeded. If not, get the pointer to the next entry
down the list.

4-Go back to 2.
An example is shown In Figure 9.26.
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0-- A·POINTER

a·POINTER

06J£CT -1_--,A.='=c__

o
I

DATA STRUCTURES

l f QUNOl

Fig. 9.26: Linked List-A Search

Inserting

The Insertion IS essenlially a search followed by an insertIon once a
"NIL" has been found.

A block of storage for the new entry is allocated past the EOT
marker by looking for an occupancy marker set at "available".

The program is called "NEW" in Figure 9.29 and resides at ad­
dresses 0156 to IA3. An example is shown in Figure 9.27.

Fig. 9.27: Linked List: Example of Insertion
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Deleting

The element IS deleted by settmg Its occupancy marker to "available"
and adjusting the pomter to it from the directory or else the previous
element.

The program is called "DELETE", and resides at addresses 0lA4 to
01D1.

An example of a deletIOn IS shown in Figure 9.28.

,OHO~I'

",,
o

OAF POINI!:R

OHm

:1--,
01-

OOC POFNI£1I

r-------
I 0'" I------_.1

I
"". J
NIL I

Fig. 9.28: Example of Deletion (Linked List)
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OJ'_'O
'lIO;'
;J I 0,1
(llO,1
fJlf17

010"
010;'
')1 m:
"lOll
HIDE
OjOF
0110
011 ;'
<')11:-,

'111:'
011>\
o 1 lI'
Ilj ;'0

01:'_1
{,I ;'t,
Ol:",'
o I;'C
01 :'F
01J:'
OlY-;
OJ.111
"l:H'
01 JF
<) 14()

0141
OJ .14
I)) .1S
()I·1<',
01 ~}

ilj<lli

OJ 4<1
OI.I!'
'')1·1!,
01:;0
(lj:-,J

OJ:-,'-,

')1 ',,',
01":,,'1
015'"
')j~I'

')1 :,1
('1.',1
,n.',:'
'lU,·,
OlAf,

I)lb7
III hli
01t,"
"l ..,r,
()In,

01"'1

'.>1M
,) 1/<1

i) 1/:'

'i! 7 \
'll }/
Ill?'1
01/1<
'l!ll
'.J 171'
i) I 7F

fl! ?r
'J1HO

fl181

tOil "
'() IJ.H J

((lH"l

(ClIFT'

n-O(l

4:'

"I:'f- :'(}j

CI'I';'()l

"M'
t,
>;,

I't,r'
pp-noo
IT:''!"
t':'~~,()!

l'I,}! 00
rl<lOfor>
r'{\:'lFfl I
L"',~-,(JI

l'IOED1
Fl'l'f 01
l,rd1--01

1'1,1[ 0:'

FI'I,ro:,
Cfl~d()1

1';",',01

I'l'f."

'"~'M_COI
'"
":'J
'It,
C',

I'H-I

.1E.OO
\:'L /0 I

1:J J:_'O!
OM I
1:'.'

1;!'O(j(>!

0'\
Ct,flJO!

:'fll.iFll

",
;'r.!('J,
;'_1

'"
",
1.,~f,J'J1

L!

: l,e,
E;

U"l!'l"U'1
: l<E<O
r'I<r~,

u
fl'
n

IbOI

HI;!;

III ~,! I l' 1'1
IM,t, [ 1'1
iii 11' ',F HI
fllfl!l fEl

';fM-:ClI I j,

",
lIH

'"cr,1 I
I r,
",
1/11

",",
I-Will

fm-
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Fig. 9.30: Linked List- A Sample Run (cont.)

SUMMARY

The begmning programmer need not concern himself yet with the
details of data structures implementation and management. However,
efficient programming of non-trivial algorithms requires a good under­
standing of data structures, The actual examples presented In this
chapter should help the reader achIeve such an understanding and sotve
all the common problems encountered with reasonable data structures.
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PROGRAM DEVELOPMENT

INTRODUCTION

All the programs we have studied and developed so far have been
developed by hand without the aid of any software or hardware re­
source. The only improvement over straight bmary coding has been the
use of mnemomc symbols, those of the assembly ianguage. For effec­
tive software development, It is necessary to understand the range of
hardware and software development aids. It IS the purpose of thiS chap­
ter to present and evaluate these aids.

BASIC PROGRAMMING CHOICES

Three basic alternatives exist: writmg a program m bmary or hexa­
decimal, writing it in assembly-level language, or writmg It m a hlgh­
level language. Let us review these alternatives.

Hexadecimal Coding

The program will normally be wntten usmg assembly language mne­
momcs. However, most low-cost, one-board computer systems do not
prOVIde an assembler. The assembler is the program which will auto­
matically translate the mnemonics used for the program into the re­
quired bmary codes. When no assembler IS available, thiS translatIOn
from mnemonics into bmary must be performed by hand. Binary IS
1Illp/easani to use and error-prone, so that hexadecImal IS normally
used. It has been shown in Chapter I that one hexadecimal digit will
represent four bmary bits. Two hexadecimal digits will, therefore, be
used to represent the contents of every byte. As an example. the table
showing the hexadecimal equivalent of the 280 instructions appears m
the Appendix.
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In short, whenever the resources of the user are limited and no assem­
bler IS available, he will have to translate the program by hand into hex­
adecImal. ThIs can reasonably be done for a small number of mstruc­
tions, such as, perhaps, 10 to 100. For larger programs, thIS process IS
tedious and error-prone, so that It tends not to be used. However, near­
ly all smgle-board mIcrocomputers require the entry of programs 10

hexadecImal mode. They are not equIpped with an assembler and a full
alphanumeric keyboard, in order to limIt therr cost.

in summary. hexadeclmaI coding IS nol a desirable way to enter a
program in a computer. It IS simply an economical onc. The cost or an
assembler and the required alphanumenc keyboard IS traded-off
agamst Increased labor reqUlred to enter the program 10 the memory.
However, thiS does not change the way the program Itself is wntten.
The program /5 still wrtlfell 111 assembly-level language so that it can be
exammed by the human programmer and be meaningful.

Assembly Language Programming

Assembty-Ievet programmmg covers both programs that may be
entered 10 hexadecImal and those that may be entered In symbolic
assembly-level form in the system. Let us now examme the entry of a
program directly lO its assembly language representation. An assembler
program must be available. The assembler will read each of the mne­
monic mstructions of the program and translate it mto the reqUIred bit
pattern using 1 to 5 bytes, as specified by the encoding of the Instruc­
tIons. In additIOn, a good assembler will offer a number of addilional
facililies for wntmg the program. These will be revIewed 10 the sectIon
on the assembler below. In particular, direclIves are availabie which
will modify the value of symbols. Symbolic addressmg may be used and
a branch to a symbolic locatIon may be specified. Dunng the debuggmg
phase, when a user may remove or add Instructions, It will not be neces­
sary to reWrIte the enure program if an extra mstructlon IS inserted be­
tween a branch and the pornt to whIch II branches, as long as symbolic
labels are used. The assembler will take care of automalically adjusting
all the labels dunng the translatIon process. In additIOn, an assembler
allows the user to debug hIS program 10 symbolic form. A disassembler
may be used to examIne the contents of a memory location and recon­
struct the assembly-level mstructiOn that II represents. The vanous soft­
ware resources normally availabie on a system will be reviewed below.
Let us now examme the thIrd alternatlve.
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Fig. 10.1: Programming Levels

High-Level Language

A program may be wntten in a hIgh-level language such as BASIC,
APL, PASCAL, or others. Techmques for programmIng in these van­
ous languages are covered by specific books and will not be revIewed
here. We will, therefore, only bnefly review this mode of program­
ming. A high-level language offers powerful instructions WhICh make
programming much easier and faster. These Instructions must then be
translated by a complex program Into the final bInary representatIon
that a mIcrocomputer can execute. TYPIcally, each hIgh-level instruc­
tion will be translated into a large number of indivIdual bInary instruc­
tions. The program whIch performs thIS automatIc translation is called
a compiler or an m/erpre/er. A compiler will translate all the Instruc­
tIOns of a program in sequence Into object code. In a separate phase,
the resultIng code will then be executed. By contrast, an lOterpreter will
interpret a single instruction. then execute it, then "transiate" the next
one, then execute it. An interpreter offers the advantage of interactive
response, but results In low efficiency compared to a compiler. These
tOPICS will not be studied further here. Let us revert to the programming
of an actual microprocessor In the assembly-level language.
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SOFTWARE SUPPORT

We will review here the mam software facilities whIch are (or should
be) available In the compiete system for convement software develop­
ment. Some of the definitions have already been introduced. They will
be summarized here and the rest of the Important programs will be de­
fined before we proceed.

The assembler is the program which translates the mnemonic repre­
sentation of instructions into their binary eqUivalent. It normally trans­
lates one symbolic Instruction JnW one bmary Instruction (which may
occupy i, 2 or 3 bytes). The resulting binary code IS called objec{ code.
II IS directly executable by the microcomputer. As a Side effect, the
assembler will also produce a complete symbolic listing of the program,
as well as the equivalence tables to be used by the programmer and the
symbol occurrence list m the program. Examples will be presented later
m thiS chapter.

In addition, the assembler will list syntax errors such as instructions
misspelled or illegal, branching errors, duplicate labels or mlSsmg
labels.

It will not delete logical errors (thiS is YOllr problem).
A compiler IS the program which translates high-level language in­

structions mto their binary form.
An lllterpreler IS a program Similar to a compiler, whIch also trans­

lates high-level mstructions mto their binary form but does not keep the
mtermediate representatIOn and executes them Immediately. In fact, It
often does not even generate any Intermediate code, but rather executes
the high-level Instructions directly.

A mom/or IS the baSIC program which IS Indispensable for USing the
hardware resources of thiS system. It continuously mOOitors the input
deVIces for input and manages the rest of the devices. As an example. a
mInimal mOOltor for a single-board microcomputer, equipped with a
keyboard and With LED's, must contmuously scan the keyboard for a
user mput and display the specified contents on the light-emltllng
diodes. In addillon, It must be capable of understanding a number of
limited commands from the keyboard, such as START, STOP, CON­
TINUE, LOAD MEMORY, EXAMINE MEMORY, On a large sys­
tem. the mOOltor IS often qualified as the execlll/ve program, when
complex file management Or task scheduling IS also provtded. The over­
all set of facilitIes IS called an operallflg system. If files are reSiding on a

disk, the operaltng syslem is qualified as the disk operalmg syslem, or
DOS.
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An editor IS the program designed to facilitate the entry and the mod­
ificatIOn of text or progams. It allows the user to enter characters con­
veniently, append them, msert them, add lines, remove lines, search for
characters or strings. It is an important resource for convenient and ef­
fective text entry.

A debugger IS a facility necessary for debuggmg programs. When a
program does not work correctly, there may typically be no mdicatlon
whatsoever of the cause. The programmer, therefore, wishes to msert
breakpomts in hiS program m order to suspend the execution of the
program at specified addresses, and to be able to examine the contents
of registers or memory at this pomt. This is the primary function of a
debugger. The debugger allows for the possibility of suspending a pro­
gram, resummg execution, examining, displaying and modifymg the
contents of registers or memory. A good debugger will be eqUipped
with a number of additIOnal facilities, such as the ability to examine
data In symbolic form, hex, binary. or other usual representations, as
well as to enter data in this format.

A loader, or /inkmg loader. will place various biocks of object code
at specified positIOns in the memory and adjust their respective sym­
bolic pointers so that they can reference each other. It is used to relocate
programs or blocks in various memory areas. A sf/Nulator or an emu­
lator program is used to sImulate the operation of a device, usually the
microprocessor. In its absence, when developing a program on a simu­
lated processor pnor to placing It on the actual board. Using thiS ap­
proach, it becomes possible to suspend the program, modify it, and
keep it in RAM memory. The disadvantages of a simulator are that:

I-It usually simulates only the processor itself, not mput/output
devices

2-The executIOn speed is slow, and one operates in simulated time.
It IS therefore not possible to test real-time devices, and synchronization
problems may still occur even though the logic of the program may be
found correct.

An emulator is essentially a sImulator in real time. It uses one proces­
sor to simulate another one, and simulates it in complete detail.

Utility routmes are essentially all the routines which are necessary m
most applications and that the user wIshes the manufacturer had pro­
vided!

They may include multlplicalIon, diVision and other arithmetic oper­
atIOns, block move routmes, character tests, input/output deVice han­
dlers (or Hdrivers"), and more.
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THE PROGRAM DEVELOPMENT SEQUENCE

We will now examine a typical sequence for developmg an assembly­
level program. We will assume that all the usual software facilitIes are
available 10 order to demonstrate their value. If they should not be
available 10 a particular system, it will still be possible to develop pro­
grams, but the convenience will be decreased and, therefore, the
amount of time necessary to debug the program IS likely to be 10­

creased.
The normal approach IS to first design an algorithm and define the

data structures for the problem to be solved. Next, a comprehensive set
of flowcharts is developed which represents the program flow. Finally,
the flowcharts are translated mto the assembly-level language for the
microprocessor; this is the coding phase.

Next, the program has to be entered On the computer. We will exam­
me in the next sectIon the hardware optIons to be used in this phase.

The program IS entered 10 RAM memory of the system under the
control of the editor. Once a section of the program, such as one or
more subroutmes, has been entered, It will be tested.

First, the assembler will be used. If the assembler did not already
reside in the system, it would be loaded from an external memory, such
as a disk. Then, the program will be assembled, I.e., translated mto a
bmary code. This results 10 the object program, ready to be executed.

One does nOt normally expect a program to work correctly the first
time. To verify its correct operatIOn, a number of breakpoints will nor­
mally be set at cructallocatlons where It IS easy to test whether the inter­
mediate results are correct. The debugger will be used for thiS purpose.
Breakpoints will be specified at selected locatIOns. A "Go" command
will then be issued so that program execution IS started. The program
will automatically stop at each of the specified breakpoints. The pro­
grammer can then verify, by examming the contents of the registers, or
memory, that the data so far IS correct. I f it is correct, we proceed until
the next breakpomt. Whenever we find mcorrect data, an error 10 the
program has been detected. At thiS pomt, the programmer normally
refers to his program listmg and verifies whether his coding has been
correct. If no error can be found 10 the programmmg, the error might
be a logical one and one might refer to the t1owchart. We will assume
here that the flowcharts have been checked by hand and are assumed to
be reasonably correct. The errOr IS likely to come from the coding. It
will, therefore, be necessary to modify a section of the program. If the
symbolic representation of the program is still 10 the memory, we will
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sImply fe-enter the editor and modify the reqUIred lines, then go
through the preceding sequence agam. In some systems, the memory
available may not be large enough, so that it IS necessary to flush out
the symbolic representatIon of the program onto a disk or cassette pnor
to executing the object code. Naturally, In such a case, one would have
to reload the symbolic representatIon of the program from its support
medium pnor to entenng the editor agam.

The above procedure will be repeated as long as necessary until the
results of the program are correct. Let us stress that prevention IS much
more effectIve than cure. A correct design will typically result 10 a pro­
gram whIch runs correctly very soon after the usual typing mistakes or
ObVIOUS coding errors have been removed. However, sloppy deSIgn may
result In programs which will take an extremely long time to be de­
bugged. The debugging time IS generally conSidered to be much longer
than the actual design time. In short, It IS always worth investing more
time 10 the deSign in order to shorten the debuggmg phase.

However, using tillS approach, It IS possible to test the overall organi­
zation of the program, but not to test it 10 real tIme with mput/output
deVIces. If input/output devices are to be tested, the direct solution con­
sists of transferrIng the program onto EPROM's and Installing it on the
board and then watchIng whether it works.

There IS a better solution. It is the use of an Ill-cirellif emu/afOr. An
in-circuit emulator uses the Z80 microprocessor (or any other one) to
emulate a Z80 In (almost) real time. It emulates the Z80 physically. The
emulator is eqUIpped with a cable terminated by a 40-pin connector, ex­
actly identIcal to the pin-out of a Z80. ThiS connector can then be 10­

serted on the real application board that one is developIng. The Signals
generated by the emulator will be exactly those of the Z80, only perhaps
a little slower. The essentIal advantage is that the program under test
will still reSide in the RAM memory of the development system. It will
generate the real SIgnals which will commUOlcate with the real in­
put/output deVices that one WIshes to use. As a result, It becomes pOSSI­
ble to keep developing the program usmg all the resources of the devel­
opment system (editor, debugger, symbolic facilities, file system) while
testing input/output in real tIme.

In addition. a good emulator wiII provide special facilities. such as a
frace. A trace is a recording of the last instructIons or status of various
data busses 10 the system pnor to a breakpomt. In short, a trace pro­
vides the film of the events that occurred prior to the breakpomt or the
malfunction. It may even trIgger a scope at a specified address or upon
the occurrence of a specified combInation of bits. Such a facility IS of
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great value, smce when an error IS found It is usually too late. The in­
struction, Or the data, whIch caused the error has occurred pnor to the
detection. The availability of a trace allows the user to find whIch seg­
ment of the program caused the error to occur. I f the trace is not long
enough, we will SImply set an earlier breakpomt.
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Fig. 10.2: A Typical Memory Map

This completes our description of the usual sequence of events in­
volved in developIng a program. Let us now review the hardware alter­
natives available for develop109 programs.
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HARDWARE ALTERNATIVES

Single-Board Microcomputer

The single-board microcomputer offers the lowest cost approach to
program development. It IS normally equipped wIth a hexadecimal key­
board, plus some functIOn keys, plus 6 LED's which can display ad­
dress and data. Since it is equipped wIth a small amoun t of memory, an
assembler is not usually available. At best, it has a small monitor and
virtually no editing or debuggmg facilities, except for a very few com­
mands. All programs must, therefore, be entered m hexadecimal form.
They will also be displayed in hexadecimal form on the LED's. A sin­
gle-board microcomputer has, in theory, the same hardware power as
any other computer. Simply because of its restricted memory size and
keyboard, it does not support all the usual facilities of a larger system
and makes program development much longer. Because It is tedious to
develop programs in hexadecimal format, a single board microcom­
puter IS best sUited for educatIon and trammg where programs of lim­
Ited length have to be developed and their short length IS not an obstacle
to programming. Single-boards are probably the cheapest way to learn
programming by domg. However, they cannot be used for complex
program development unless additional memory boards are attached
and the usual software aids are made available.

The Development System

A development system is a microcomputer system eqUIpped With a
significant amount of RAM memory (32K, 48K) as well as the required
input/output devices, such as a CRT display, a pnnter, disks, and, usu­
ally, a PROM programmer, as well as, perhaps, an in-Circuit emulator.
A development system IS specifically deSigned to facilitate program
development in an industnal environment. It normally offers all, or
most, of the software facilities that we have mentioned m the preceding
section. In principle, it is the tdeal software development tool.

The limitation of a microcomputer development system IS that It may
not be capable of supporting a compiler or an mterpreter. This IS be­
cause a compiler typically requires a very large amount of memory,
often more than is available on the system. However, for developing
programs in assembly-level language, It offers all the required facilities.
But because development systems sell in relatively small numbers com­
pared to hobby computers, their cost is Significantly higher.
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Hobby-Type Microcomputers

The hobby-type microcomputer hardware IS naturally exactly analo­
gous to that of a development system. The maIO difference lies 10 the
fact that It IS normally not equipped with the sophisticated software
development aids which are available on an mdustnal development sys­
tem. As an example, many hobby-type microcomputers offer only ele­
mentary assemblers, mInimal editors. minimal file systems. no facilities
to attach a PROM programmer, no in-cIrcuit emulator, no powerful
debugger. They represent. therefore. an mtermediate step between the
slOgle-board microcomputer and the full microprocessor development
system. For a user who Wishes to develop programs of modest complex­
Ity, they are probably the best compromise, since they offer the advan­
tage of low cost and a reasonable arrayal' software development tools,
even though they are quite limited as to their convenience.

Time-Sharing System

It IS possible to rent terminals from several compames which will coo­
nect to tlme-shanng networks. These terminals share the time of the
larger computer and benefit from all the advantages of large installa­
tions. Cross assemblers are available for all microcomputers on V1r­
tually all commercial tlme-shanng systems. A cross assembler IS simply
an assembler for, say, a ZSO which resides, for example, 10 an IBM370.
Formally, a cross assembler is an assembler for microprocessor X,
which resides on processor Y_The nature of the compu ter being used IS

1rrelevant. The user still writes a program m ZSO assembly-level lan­
guage, and the cross assembler translates It IOtO the appropnate binary
pattern. The difference, however, IS that the program cannot be ex­
ecuted at th1S pomt. It can be executed by a Simulated processor, if one
is available, prOVided it does not use any Input/output resources. This
solution IS used, therefore, only In mdustnal enVIronments.

In-House Computer

Whenever a large m-house computer IS available, cross assemblers
may also be available to facilitate program development. II' such a com­
puter offers time-shared serVice, tillS option IS essenllally analogous to
the one above. I r it offers only batch serVice, thiS 15 probably one of the
most inconvenient methods of program development, smce submHtmg
programs in batch mode at the assembly level for a microprocessor re­
sults 10 a very long development tlme.
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Front Panel or No Front Panel?

The front panel is a hardware accessory often used to facilitate pro­
gram debuggmg. It has traditionally been a tool for conveniently dis­
playing the binary contents of a register or of memory. However, all the
functions of the control panel may be accomplished from a terminal,
and the dominance of CRT displays now offers a service almosi eqUiva­
lent to the control panel by displaymg the binary value of bits. The ad­
ditional advantage of usmg the CRT display is that one can switch at
will from binary representation to hexadecimal, to symbolic, to decimal
(if the appropnate converSiOn routmes are available, naturallyj. The
disadvantage of the CRT IS that one must hll several keys 10 obtain the
appropriate display rather than turn a knob. However, smce the cost of
providing a control panel is qUIte substantial, most recent mIcrocom­
puters have abandoned thiS debuggmg tool. The value of the control
panel is often considered more on the basIs of emotIonal arguments In­

fluenced by one's own past experience than by the use of reason. It is
not mdispensable.

Summary of Hardware Resources

Three broad cases may be distingUished. If you have only a mimmal
budget and if you wish to learn how to program, buy a smgle-board
microcomputer. Using It, you will be able to develop all the simple pro­
grams 10 this book and many more. Eventually, however, when you
want to develop programs of more than a few hundred instructions,
you will feel the limitations of thiS approach.

If you are an industnal user, you will need a full development system.
Any solution short of the full development system will cause a Signifi­
cantly longer development time. The trade-off is clear: hardware re­
sources vs. programmmg time. Naturally, if the programs to be devel­
oped are qUite Simple, a less expenSive approach may be used. How­
ever, if complex programs are 10 be developed, II is difficult to Justify
any hardware savings when buying a development system. since the
programming costs will be by far the dommant cost 0 f the project.

For a personal computerist, a hobby-type microcomputer will typi­
cally offer sufficient, although mimmal, facilities. Good development
software is still to come for many of the hobby computers. The user will
have to evaluate hiS system in view of the comments presented 10 this
chapter.

Let us now analyze in more detail the most mdispensable resource:
the assembler.
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THE ASSEMBLER

We have used assembly-level language throughout th,s book wlthout
presentmg the formal syntax or definltlon of assembly-level language.
The Ume has come to present tillS defimtlOn. An assembler is designed
to allow the convement symbolic representation of the user program,
and yet to make it simple for the assembler program to convert these
mnemonics Into their binary representation.

Assembler Fields

When typmg m a program for the assembler, we have seen that l'ields
are used. They are:

The label field, optional, which may contam a symbolic address for
the mstructlon that follows.

The f/lslrllcffOf1 field. which Includes the opcode and any operands.
(A separate operand field may be distmgUlshed.)

The commenl field. far to the fight, which 15 optional and IS Intended
to clarify the program.

These fields are shown on the programmmg form in Figure lO.3.

Once the program has been fed to the assembler, the assembler will
produce a {isling of it. When generating a listing, the assembler will
provlde three additional fields, usually on the left of the page. An ex­
ample appears on Figure lOA. On the far left lS the line number. Each
line whlch has been typed by the programmer lS aSSlgned a symbolic line
number.

The next field to the fight IS the actual address field. which shows In

hexadeclmal the value of the program counter which will pomt to that
Instruction.

MOVing still further [Q the fight, we find the hexadecJnlaI representa­
tion of the instruction.

ThIS shows one of the possible uses of an assembler. Even if we are
deSlgnmg programs for a smgle-board microcomputer whlch accepts
only hexadectmal, we should still WrHe the program m assembly-level
language, prOViding we have access to a system eqUlpped with an as­
sembler. We can then run the programs on the system, uSlOg the assem­
bler. The assembler will aUlOmatically generate the correct hexadeCImal
codes on our system. This shows, 10 a SImple example, the value of ad­
ditIOnal software resources.
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Fig. 10.3: Microprocessor Programming Form
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Tables

When the assembler translates the symbolic program into its bmary
representation, it performs two essential tasks:

I-It translates the mnemOnIc Instructions into their binary en­
coding.

2-It translates the symbols used for constants and addresses into
their binary representation.

In order to facilitate program debugging, the assembler shows at the
end of the listing the eqUIvalence between the symbol used and its hexa­
decimal value. ThIs is called the symbol table.

Some symbol tables will not only list the symbol and ItS value, but
also the line numbers where the symbol occurs, thereby providing an
additional facility.

Error Messages

During the assembly process, the assembler will detect syntax errors
and include them as part of the final listing. Typical diagnostics in­
clude: undefined symbols, label already defined, illegal opcode, illegal
address, illegal addressing mode. Many more detailed diagnostics are
naturally desIrable and are usually prOVided. They vary WIth each as­
sembler.

The Assembly Language

Opcodes have already been defined. We will here define the symbols,
constants and operators which may be used as part of the assembler
syntax.

Symbols

Symbols are used to represent numerical values, either data or ad­
dresses. Symbols may mclude up to six characters, and must start With
an alphabetical character. The characters are restricted to letters of the
alphabet and numbers. Also, the user may not choose names Identical
to the opcodes utilized by the Z80, the names of regISters such as A,B,
C,D,E,H,L, BC, DE, HL, AF, BC, DE, IX, IY, SP, as well as the
various short names used as pseudo-operators by the assembler. The
names of these assembler I'directives" are listed below in the corre­
sponding sections. Also, the abbreviatIons used to deSignate the flags
should not be used as symbols: C,Z,N,PE,NC,P,PO,NZ,M.
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Assigning a Value 10 a Symbol

Labels are special symbols whose values do not need to be defined by
the programmer. The value will automatically be defined by the assem­
bler program whenever It finds that labeL The label value thus auto­
matically corresponds to the address of the instruction generated at the
line where it appears. Special pseudo-instructions are available to force
a new starting value for labels, or to assign them a specific value.
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Fig. 10.4: Assembler Output-An Example
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However, other symbols used for constants or memory addresses
must be defined by the programmer prior to their use.

A special assembler directive may be used to assign a value to any
symbol. A directive IS essentially an instruction to the assembler which
will not be translated into an executable statement. For example, the
constant LOG will be defined as:

LOG OFW 3002H

This assigns the value 3002 hexadecimal to ihe variable LOG. The
assembler direcilves will be examined In detail in a later section.

Constants or Literals

Constants may tradiilonally be expressed either in decimal, in hexa­
deCimal, in octal, or In binary, or as alphanumeric strings. In order to
differentiate between the base used to represent the number, a symbol
must be used. To load "0" into the accumulator, we will simply write:

LO A,O

OptIOnally a "0" may be used at.the end of the constant.
A hexadecimal number will be terminated by the symbol "H", To

load the value "FF" into the accumulator, we will wflte:

LO A,OFFH

An octal symbol IS terminated by the symbol "0" or "Q". A binary
symbol is terminated by "B",

For example, In order to load the value" 1111 III I" into the accumu­
lator, we will write:

LO A, 1I111111B

Literal ASCII characters may also be used in the literal field. The
ASCII symbol must be enclosed In single quotes.

For example, in order to load the symbol "S" into the accumulator,
we will write:

LD A, IS'

Exercise 10.1: Will the JollowlIlg two IIlstructiolls load the same value
III the accumulator: LD A. '5', alld LD A. 5H?
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Note that In the Zilog convention, parentheses denote an address.
For example:

LD A, (10)

specifies that the accumulator IS loaded from the contents of memory
location 10 (dec,mal).

Operators

In order to further facilitate the writIng of symbolic programs, as­
semblers allow the use of operators. At a m'nlmum, they should allow
plus and minus so that one can specify, for example:

LD A, (ADDRESS)
LD A, (ADDRESS + I)

illS Important to understand that the expreSSlOn ADDRESS + I will
be computed by the assembler In order to determIne the actual memory
address which must be inserted as the binary eqUivalent. Il will be com­
puted al assembly £line. not at program-execution time.

In additlOn, more operators may be available, such as multiply and
diVide, a convenience when accessIng tables in memory. More special­
ized operators may be aiso available, such as greater than and less
than, wh'ch truncate a two-byte value respectJvely into llS high and low
byte.

Naturally, an expresslOn must evaluate to a posltJve value. NegatJve
numbers may normally not be used and should be expressed in a hexa­
deCimal formal.

Finally, a speciai symbol,s traditJonally used to represenl the current
value of the address of the line: "$". This symbol should be interpreted
as "current location" (value of PC).

Exercise 10.2: What is the dillerence between the following Instruc­
tions?

LD A, 10101OlOB
LD A, (1010101OB)

Exercise 10.3: What IS the effect of Ihe fo//owlIlg InSlrUCllOn?

JR NC, $ - 2

ExpreSSions

The Z80 assembler specifications allow a Wide range of expresSIOns
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wIth anthmetlc and logIcal operations. The assembler will evaluate the
expressions in a left-la-nght manner, usmg the priorities specified by
the table III Figure 10.5. Parentheses may be used to enforce a specific
order of evaluation. However, the outermost parentheses will denote
that the contents are to be treated as an address.

Assembler Directives

Directives are special orders gIven by the programmer to the assem­
bier, whIch result eIther III stonng values Illto symbols or Illto the mem­
ory, or in controlling the execution or pnntlllg modes of the assembler.
The set of commands whIch specifically controls the prInting modes of
the assembler IS also called "commands" and IS described in a separate
sectIOn.

To provide a specific example, let us review here the 11 assembler
directives available on the Zilog development system:

ORG nn

ThIS directive will set the assembler address counter to the value nn. In
other words, the first executable InstructIOn encountered after this
directive will reSIde at the value nn. It can be used to locate different
segments of a program at different memory locations.

EQU nn

This directIve is used to assign a value to a label.

DEFL nn

This directive also assigns a value nn to a label, but may be repeated
within the program with different values for the same label, whereas
EQU may be used only once.

DEFB'S'

This directIve assigns eight-bit contents to a byte residing at the current
reference counter.

DEFB'S'

assIgns the ASClI value of "S" to the byte.

DEFW nn

ThIs assIgns the value nn to the two-byte word residing at the current
reference counter and the following location.

596



PROGRAM DEVELOPMENT

OPERATOR FUNCTION PRIORITY

+ UNARY PLUS I
- UNARY MINUS I

.NOT. or \ LOGICAL NOT I

.RES. RESULT I.. EXPONENTIATION 2. MULTIPLICATION :J
I DIVISION 3

.MOD. MODULO 3

.SHR. LOGICAL SHIFT RIGHT 3

.SHL LOGICAL SHIFT LEFT 3

+ ADDlTlON 4

SUBTRACTION 4

.AND. or & LOGICAL AND 5

.OR. or I lOGICAL OR 6

.XOR. LOGICALXOR 6

.EO. or = EQUALS 7

.GT. or > GREATER THAN 7

.LT. or < LESS THAN 7

.UGT. UNSIGNED GREATER THAN 7

.ULT. UNSIGNED LESS THAN 7

Fig. 10.5: Operator Precedence

DEFS nn

reserves a block of memory size nn bytes. startmg at the current value
of the reference counter.

DEFM'S'

stores mto memory the string'S' starting at the current reference coun­
ter. It must be less than 63 in length.

MACRO PO PI ... Pn

IS used to define a label as a macro. and to define ,ts formal parameter
list. Macros are defined in another section below.

END

indicates the end of the program. Any other statements followmg It will
be ,gnored.

ENDM

is used to mark the end of a macro definition.
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Assembler Commands

Commands are used to modify the format of the listmg to control the
printing modes of the assembler. All commands start with a star 10 col­
umn one. Seven commands are provided by the Z80 assembler. Typical
examples are:

EJECT

whIch causes the listing to move to the top of the next page; and

LIST OFF

which causes the prmtmg to be suspended, effectIve with this com­
mand. The others are: "*HEADING S", "*LlST ON", "*MACLIST
ON", "*MACLIST OFF", "*INCLUDE FILENAME".

Macros

A macro IS SImply a name assigned to a group of instructions. It IS a
convemence to the programmer. If a group of Instructions IS used sev­
eral times In a program, we could define a macro to represent them, in­
stead of always havmg to write this group of mstrucllons.

As an example, we could wnte:

SAVREG MACRO
PUSH AF
PUSH BC
PUSH DE
PUSH HL
ENDM

then SImply wnte the name "SAVREG" instead of the above instruc­
tions. Any tIme that we wflte SA VREG, the five corresponding lines
will get substituted Instead of the name. An assembler equipped with a
macro facility is called a macro-assembler. When the macro assembler
encounters a SAVREG, It performs a mere phYSIcal substitullon of
equivalent lines.

IV/aero or Subrolltine?

At thIS pomt, a macro may seem to operate 10 a way analogous to a
subroutine. This IS not the casc. When the assembler 15 used to produce
the object code, any time that a macro name is encountered, It will be
replaced by the actual mstructIOns that it stands for. At execution time,
the group of instructIOns will appear as many times as the name of the
macro did.
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By contrast, a subroutIne is defined only once, and then It can be
used repeatedly; the program will Jump to the subroutIne address. A
macro is called an assembly-time facility. A subroutine is an executioll­
lillie facility. Their operation is quite different.

Macro Parameters

Each macro may be eqUIpped with a number of parameters. As an
example, tel us consider the following macro:

SWAP MACRO
LD
LD
LD
LD
LD
LD
END

1IM,#N,1fT
A, #M
1fT, A
A, #N
IIM,A
A, 1fT
#N, A
M

; M INTO A
; A INTO T (=M)
; N INTO A
; A INTO M (=N)
; T INTO A
; A INTO N (=T)

ThiS macro will result In swappIng (exchangIng) the contents of mem­
ory locations M and N. A swap between two registers, or two memory
locatIOns, IS an operation which IS not provided by the Z80. A macro
may be used to implement it. "T" in this instance is simply the name
for a temporary storage location reqUIred by the program. As an exam­
ple, let us swap the contents of memory locations ALPHA and BETA.
The Instruction which does this appears below:

SWAP (ALPHA), (BETA), (TEMP)

In this instruction, TEMP IS the name of some temporary storage
locatIOn, which we know to be available and which can be used by the
macro. The resultIng expansIOn of the macro appears below:

LD A, (ALPHA)
LD (TEMP), A
LD A, (BETAi
LD (ALPHA), A
LD A, (TEMP)
LD (BETAl, A

The value of a macro should now be apparent: it IS convenient for the
programmer to use pseudo-instructions, which have been defined With
macros. In thiS way, the apparent Instruction set of the Z80 can be ex­
panded at will. Unfortunately, one must bear In mInd that each macro
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directIve will expand Into whatever number of instructions were used. A
macro will, therefore, run more slowly than any sIngle instruction. Be­
cause of its convenience for the development of any long program, a
macro facility IS highly desIrable for such applications.

Addiriollal Macro Facilities

Many other directives and syntactIc facilities may be added to a SIm­
ple macro facility; macros may be nested. I.e., a macro call may appear
withIn a macro defimtion. Using thIS facility, a macro may modify It­
self WIth a nested defimtIOn! A first call will produce one expansion,
whereas subsequent calls will produce a modified expanSIon of the same
macro. This IS allowed by the Z80 assembler, but nested defimtlons are
not allowed.

CONDITIONAL ASSEMBLY

ConditIOnal assembly IS another facility provided In the Z80 assem­
bly. With a conditional assembly facility, the programmer can devise
programs for a variety of cases, and then conditIonally assemble the
segments of codes reqUIred by a specific applicatIOn. As an example, an
Industrial user mIght design programs to take care of any number of
traffic lights at an Intersection, for a vartety of control algorithms. He
will then receive the specifications from the local traffic engineer. who
specifies how many traffic lights there should be and whIch algorithms
should be used. The programmer will then sImply set parameters in his
program and assemble conditionally. The conditIOnal assembly will
result in a "customized" program which will retain only those routines
which are necessary for the solution to the problem.

Conditional assembly IS, therefore, of specific value to Industrial
program generation in an environment where many optIons exist and
where the programmer wishes to assemble porHons of programs quick­
ly and automaHcally In response to external parameters.

Only two conditional pseudo-OPs are provided in the standard
mIcro-assembler version supplied by Zilog. They are respectively:

COND NN and ENDC

where NN represents an expressIon. The pseudo-OP "COND NN" will
result in the evaluation of the expression NN. As long as the expression
evaluates to a true value (non-zero), the statement follOWIng the COND
will be assembled. However, if the expression should be false, i.e.. eval-
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uate to a zero value, the assembly of all subsequent statements will be
disabled up to the EN DC mstructlon.

ENDC 15 used to term mate a COND, so that the assembly of subse­
quent statements IS re-enabled. The COND pseudo-OP's cannot be
nested.

In theory, more powerful conditIonal assembly faeilitles could eXl5t,
WIth "IF" and "ELSE" specification. They may become available m
future versions of the assembier.

SUMMARY

This chapter has presented the techniques and the hardware and soft­
ware tools requlled to develop a program, along WIth the vanous trade­
oils and alternatives.

These range at the hardware level from the slOgIe-board microcom­
puter to the full development system; at the software level. from binary
coding to high-ievel programming.

You will have to select them on the baSIS of your goals and resources.
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CHAPTER 11

CONCLUSION

We have now covered all Important aspects of programming, from
definitions and basic concepts to the mternal mampulation of the Z80
regIsters, to the management of input/output devIces, as well as the
characteristics of software development aids. What IS the next step?
Two views can be offered, the first one relating to the development of
technology, the second one relating to the development of your own
knowledge and skill. Let us address these two pomts.

TECHNOLOGICAL DEVELOPMENT

The progress of mtegration in MOS technology makes It possible to
Implement more and more complex chips. The cost of implementing the
processor functIon itself IS constantly decreasing. The result is that
many of the mput!output chips or the penpheral-controller chips used
m a system now mcorporate a Simple processor. This means that most
LSI chips m the system are becoming programmable. An interesting
conceptual dilemma is now developing. In order to simplify the soft­
ware design task, as well as to reduce the component count. the new
110 chips now mcorporate sophisticated programmable capabilities:
many programmed algorithms are now integrated within the chip.
However, as a result, the development of programs IS complicated by
the fact that all these input!output chips are radically different and
need to be studied in detail by the programmer! Programmlllg [he
system IS no longer programming the microprocessor a/one, but also
programmlllg all [he o[her chips allached [0 11. The learning time for
every chip can be significant.

Naturally, this is only an apparent dilemma. If these chips were not
available, the complexity of the mterface to be realized, as well as of the
corresponding programs, would be still greater. The new complexity
that is introduced is the need to program more than just a processor.
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and to learn the vanous features of the different chips in a system. How­
ever, it is hoped that the technIques and concepts presented in this book
will make this a reasonably easy task.

THE NEXT STEP

You have now learned Ihe basic techniques required to program sim­
ple applications on paper. That was the goal of this book. The next step
IS actual practice for which there is no substitute. It is impossible to learn
programming completely on paper; experience is required. You should
now be in a position to start writing your own programs. It is hoped
that thiS journey will be a pleasant one.
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APPENDIX A
HEXADECIMAL CONVERSION TABLE

HEX °
, 2 J , 2 0 A B 0 E , 00 000

0 0 , 2 J , 5 6 7 e 9 " " " '3 " 15 ° 0

I " " " ,g 20 " 22 23 2.' 25 20 27 " 29 30 " 256 4096

2 32 33 3' 35 36 32 38 39 '0 " " " ." " " " 5<2 8192

J " " 50 5< 52 53 " 55 56 52 56 59 60 " 62 63 768 12266, ,., 65 66 67 68 69 20 " '2 7J ,., 75 70 27 76 29 102·1 16364

5 80 " 82 50 e·, 65 86 87 " 89 90 " 92 93 " 95 1280 20480

6 96 97 98 99 100 ,m 102 103 10.\ 105 105 107 ,oa 109 110 '" 1535 24576,
'" 113 114 115 '" !!7 118 119 120 121 122 123 12.\ 125 126 !27 1792 28672

e 128 129 130 !J' !J2 133 134 135 136 137 138 139 1·:0 141 0" \.13 2048 32768

9 144 J.l5 146 1,17 148 J.\9 150 151 152 153 154 155 155 157 156 159 2304 36864
A 160 161 "2 163 164 165 166 \67 168 169 170 171 172 173 174 "5 2560 40960

8 176 177 \76 179 180 181 13:: 183 184 185 166 187 186 169 ,go ,g, 2616 45056

C 192 193 19,\ 195 196 197 198 199 200 201 202 203 20A 205 206 207 J072 49152

0 208 209 210 211 212 213 21.\ 215 216 217 218 219 220 22\ 222 223 3328 53248

E ~4~m~7~2292W231mm~4~~m2E~9 3584 57344, 240 241 2<\2 2<\3 24<\ 2·1S 2,16 2-17 2016 2.\9 250 251 252 253 25-1 255 36.\0 61.140

5 4 3 2 I 0

HEXI DEC HEXI DEC HEXI DEC HEX I DEC HEXj DEC HEXI DEC

D 0 0 0 0 0 0 0 0 0 0 0
1 1,048,576 I 65,536 1 4,096 , 256 I 16 1 ,
2 2,097,152 2 131,072 2 8,192 2 512 2 32 2 2
3 3,145,728 3 196,608 3 12,288 3 768 3 48 3 3
4 4,194,304 4 262,144 4 16,384 4 1,024 4 64 4 4
5 5,242,880 5 327,680 5 20,480 5 1,280 5 80 5 5
6 6,291,456 6 393,216 6 24,576 6 1,536 6 96 6 6
7 7.340.032 7 458.752 7 28,672 7 1,792 7 112 7 7

8 8.388.608 8 524,288 8 32,768 8 2,048 8 128 8 8
Q 9,437,184 Q 589,824 Q 36.864 Q 2,304 Q 144 Q Q

A 10,485,760 A 655,360 A 40,960 A 2.560 A 160 A 10
B 11,534,336 B 720.896 B 45.056 B 2,816 B 176 B 11
C 12,582,912 C 786,432 C 49,152 C 3,072 C 192 C 12
D 13,631,488 D 851,968 D 53,248 D 3.328 D 208 D 13
E 14,680,064 E 917.504 E 57.344 E 3,584 E 224 E 14
F 15.728,640 F 983.040 F 61,440 F 3.840 F 240 f 15
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APPENDIXB
ASCII CONVERSION TABLE

HEX MSD a 1 2 a 4 5 6 7
LSD BITS I 000 001 010 all 100 101 110 111
a 0000 I NUL OLE SPACE a @ P P
1 0001 j SOH DCl I 1 A Q a q
2 0010 STX DC2 " 2 B A b r
a 0011 ETX Dca # a C S c s
4 0100 EaT DC4 $ 4 0 T d t
5 0101 ENQ NAK % 5 E U e u
6 0110 ACK SYN & 6 F V f v
7 0111 BEL ETB

, 7 G W 9 w
8 1000 BS CAN ( 8 H X h x
9 1001 HT EM I 9 I Y I Y
A 1010 LF SUB . J Z I z
B 1011 VT ESC + K [ k {
C 1100 FF FS . < L \ I --
0 1101 I CA GS - = M ] m f
E 1110 I SO AS > N II n ,...
F 1111 SI US I ? a <- 0 DEL

THE ASCII SYMBOLS

NUl -Null
SOH -Start of Heading
STX -Start of Text
ETX -End of Text
EDT -End of Transmission
ENG -Enquiry
ACK -Acknowledge
BEL -Bell
as -Backspace
HT - HorIzontal Tabulation
LF -Une Feed
VI - vertical Tabulatfon
FF -Fonn Feed
CR -Carriage Return
SO -Shill Out
51 -Shift In

OLE -Dala link Escape
DC -Device Conlrol
NAK -Negative Acknowledge
$YN -Svnchronous Idle
ETB -End of Transmission Block
CAN -Cancel
EM -End of Medium
SUB -SubsUMe
ESC -Escape
FS - File separator
GS -Group Separator
AS -Record Separator
US - Unit Separator
SP -Space (Blank)
DEL -Delete
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APPENDIXC
RELATIVE BRANCH TABLES

FORWARD RELATIVE BRANCH TABLE

~ 0 , , 3 , , 0 , , , A 8 C 0 ,
M5

0 0 , , 3 , , 6 , , , '0 11 12 13 " IS, 16 " " " 20 21 22 " " 25 20 " 28 29 " 21, J2 J3 " OS J6 " J8 " ·10 .J1 " 'J " .'5 " "3 '8 " 50 51 51 53 5~ 55 50 " 56 " 60 " " 6J,
" " M " 6' 60 70 n 72 n " " 70 77 " n

5 80 8J " 8J " 85 86 B7 86 " 90 " n " " "6 " " " " '00 10' 102 'OJ 10.1 105 '00 '" 'oe "" 11O '"7 "' 11J '" 115 '16 117 '" '" 12O 12' 122 123 '20 125 126 127

BACKWARD RELATIVE BRANCH TABLE

,~M5
0 , 2 J , 5 6 7 8 , A 8 C 0 ~ 1, 128 127 '26 US '" I2J 122 '21 120 '" "' '" 116 '" '" '13,

"' '" 110 '09 '0' 107 106 'OS '" 'OJ '02 10' '00 " " "A " " ,., " n " '0 " " B7 86 as " 8J " 8J

8 80 n 76 77 " " " n 72 n 70 69 60 " M "C " 6J 62 " 60 " 58 " 50 55 5' 5J 52 51 50 "0 " " " " .l~ " " " " J9 J8 J7 J6 OS J' "7 J2 21 20 " " " 26 25 " 23 22 21 20 " " 17

16 " " " 12 11 '0 , 8 7 6 5 , 3 , ,
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APPENDIXD
DECIMAL TO BCD CONVERSION

DECIMAL BCD I DEC BCD DEC BCD

0 0000 10 00010000 90 10010000

1 0001 11 00010001 91 10010001

2 0010 12 00010010 92 10010010

J 0011 1J 00010011 93 10010011

4 0100 14 00010100 94 10010100

5 0101 15 00010101 95 10010101

6 0110 16 00010110 96 10010110

7 0111 17 00010111 97 10010111

8 1000 18 00011000 98 10011000

9 1001 19 00011001 99 10011001
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APPENDIXE
Z80 INSTRUCTION CODES

(The literal d is shown as 05 in the object code. I

OBJ SOURCE
CODE STATEMENT

BE AOC A,lHU
OoSEOS ADC A,{lX+dl

FDBEQS ADC A,lIY+dl

BF ADC A,A

BB ADC A,B

B9 ADC A.C

BA AOC A,O
BB ADC A.E
BC AOC A.H

BO ADC A.L

CE20 AOC A.'
E04A ADC HL,BC
ED5A AOC HL,DE

E05A ADC HL.HL
E07A AOC HL,SP
B6 ADD A.!HLJ
008605 ADO A.UX+dl
FDB60S ADO A,lIY+d)
B7 ADO A.A
Bo ADD A.B
B1 ADD A.C
B2 ADD A,D
B3 ADD A,E
B4 ADD A,H
B5 ADD A.L
C620 ADD A,'

09 ADO HL.BC
19 ADO HL.DE

29 ADD HL,HL

39 ADD HL,SP
0009 ADD IX,Be
0019 ADD IX,DE

0029 ADD IX,IX

0039 ADD IX,SF
FOGg ADD IY,Be

Fat9 ADO lY,DE

FD29 ADD IV,IY
F039 ADD IY,SF

A6 AND {HL!
CDASOS AND llX+dl

FOA605 AND IIY+d}
A7 AND A

AD AND B
A1 AND C

A2 AND 0
A3 AND E
A4 AND H
A5 AND L
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OBJ SOURCE

CODE STATEMENT

E620 AND "Ce46 BIT O.!HLI
DOCB0546 BIT O,OX+d}
FDCB0546 BIT O.OY+dl
Ce47· BIT O,A
Ca40 BIT O,B

Ce41 BIT D,C
CH42 BIT 0,0
Ce43 BIT O,E
CB44 BIT O,H

Ce4S BIT O,L
CB4E BIT I (HU

DDCB054E BIT 1.IlX+d)

FDCB054E BIT 1.11Y+dl
CB4F BIT I,A

ce4S BIT I,.

Ce49 BIT I,C
Ca4A BIT I,D
Ce4S BIT l.E
Ca4e BIT I.H

ce40 BIT I,L

CBS6 BIT 2,lHU
DDCB0556 BIT 2,OX+dl

FDCB0556 BIT 2,{JY+d)
CBS7 BIT 2,A
CSSO BIT 2,B

CBS1 BIT 2,C

C652 BIT 2,0

CB53 BIT 2,E
C854 BIT 2,H
CBSS BIT 2.L
CSSE BIT 3,!HLI
DDCB055E BIT 3,llX+dl

FDCBOSSE BIT 3,lIY+dl
CBSF BIT 3,A
CBSB BIT 3,B

CB59 BIT 3,C
CBSA BIT 3,0

CaS8 BIT 3,E

C8SC BIT 3,H
C85D BIT 3,L
CB66 BIT 4,lHLl
DDCB0566 BIT 4,(lX+dJ

FDCB0566 BIT 4,tlY+dl
CB67 BIT 4,A

caBO BIT 4,B
CB6l BIT 4,C
ca62 BIT 4,0



OBJ SOURce
CODE STATEMENT

CB63 BIT 4.E
CB64 BIT 4.H
CBGS BIT 4,l
CSGE BIT 5,{HLl

DDce056E BIT 5,OX+dJ
FDCB056E BIT 5,([Y+dl

C86F BIT SA
CBSS BIT 5.B
CB69 BIT 5,C
CaGA BIT 5D
CB6S BIT 5.E
CB6e BIT 5.H
CB6D BIT S,L
ca76 BIT 6,(HLl
ODca0576 BIT 6,lIX+dJ
FDCB0576 BIT 6,IlY+dJ
ca77 BIT 6A
ca7D BIT 6,B
ca7l BIT 6,C
ca72 BIT 6,D

C873 BIT 6,E
CB74 BIT 6.H
Ga7S BIT 6,l
ca7E BIT 7,{HU

DDca057E BIT 7.(IX+dl
FaCB057E BIT 7,lIYl-d)

CB7F BIT 7.A
ce7S BIT 7,B
Ga79 BIT 7,C
Ca7A BIT 7,D
CB7S 6'T 7.E
CB7C BIT 7,H
ce7D BIT 7.l

neS40S CALL C.nn

FC8405 CALL M.nn

D48405 CALL NC,nn

C48405 CAll NZ.nn
F48405 CALL p.nn

ECB405 CALL PE,nn
E48405 CALL PO.nn
CCB405 CALL Z.1111

CD8405 CALL eo
3F CCF

BE CP (HU

DDBE05 CP OX+dl

FDBE05 CP ([Y·dl
BF CP A

BB CP B
B9 CP C
BA CP D
BB CP E
BC CP H
BD CP l
FE20 CP "EDAg CPD
EOB9 ePDR

APPENDIX

OBJ SOURCE
coDe STATEMENT

EDBl CPIA
EDAl CPI
2F CPl
27 DAA
35 DEC {HLI
003505 DEC llX+dl

F03505 DEC ltY+dJ
3D DEC A
05 DEC •
DB DEC BC
OD DEC C
15 DEC D
1B DEC DE
10 DEC E
25 DEC H
2B DEC Hl
0028 DEC IX
F02e DEC IV
2D DEC l
3B DEC 5P
F3 DI
t02E DJNZ

"F. "E3 EX (SPl.HL

DOE3 EX (SPI,IX
FDE3 EX lSPI,lY
DB EX AF,AF'

EB EX DE,Hl
09 EXX
76 HALT
ED46 1M 0
EOS6 1M ,
EOSE 11\" 2
E078 IN A.ICI
E040 IN B.ICI
E048 IN C,lCI
EDSo IN O,(CI
EOSB IN E,lCI
E060 IN HJC)
EOG8 IN L.ICI
34 'NC lHl]
003405 INC OX+dl
F03405 INC OY+dl
3C INC A
04 INC B
03 INC BC
DC INC C
14 INC D
13 INC DE
1C INC E
24 INC H

23 INC Hl
0023 INC IX
F023 INC IY

I
2C INC l

33 INC 5P
0820 IN A,lnl
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OBJ SOURCE

CODE STATEMENT

EDAA INo
EDBA lNDR
EOA2 INI
EOB2 INIR

C38405 JP ""
'9 JP (HLl

ODE9 JP {lXl

FDE9 JP {lY)

QA8405 JP C,nn

FAB405 JP M"nn
028405 JP NC,n"
C284Q5 JP NZ.nn

F284Q5 JP P ,nn

EA84Q5 JP PE,nll

E28405 JP PO,nn

CAS4QS JP Z,no
382E JR c.e
302E JR NC .•'

202E JR NZ.~

I 282E JR Z.,
182E JR "

'.Il.

02 Lo (tielA

12 Lo 1DEI.A
77 Lo !HU.A

70 Lo !HU,B

71 Lo IrlU,C

72 Lo {HU,n

73 Lo (HU,E

74 Lo IHU,H

75 LO IHLl.L
3620 Lo (HU,n

007705 Lo (lXtdJ,A

007005 Lo (IX+dl,B

007105 Lo !lX+dl,C

007205 Lo i1X+dl,D

D07305 LD {lXtrl!.E
007405 Lo UX+dl,H

007505 Lo UX+dJ,l

D0360520 Lo OX+dJ.n

FOnQS Lo llY+d},A

F07DOS Lo (IY+dl,B

FD71Q5 Lo llY+dl,C

F072QS Lo lIY+d!.D
F073QS Lo (lYtd!.E

FD7405 Lo llY+dl,H

F07SQ5 Lo (lY+dl,L
FD36Q520 Lo OY+dl.n
328405 Lo Inol.A
E0438405 Lo (nnl,Be

E0538405 Lo {onl,DE

228405 Lo (nn),HL

00228405 Lo {ool,IX
FD2284Q5 Lo InnUY
ED738405 Lo {ool.S?
OA Lo A,lBCl
'A Lo A.!DEI
7' Lo A,lHU
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OBJ SOURCE
CODE STATEMENT

007E05 Lo A.UXtdl

F07E05 Lo A,lIYtdl

3A8405 Lo A,!nnl
7F LD AA
78 LD A.8
79 LD A.C
7A Lo A.o
7B Lo A.E
7C Lo AH
ED57 LD A.I
70 Lo A.L
3E20 Lo A."
EDSF Lo A,R
'6 Lo B.lHLI
004605 Lo B.{lXtdJ
F04605 Lo B,llY+dJ

" Lo 8A
40 Lo B,B
41 Lo B.C
42 LD B,o
43 Lo 8.'
44 Lo B.H
45 Lo B.L
0620 Lo 8."
ED488405 Lo BC,lnnl
018405 Lo BC,nn
4E Lo C.!HU
D04E05 Lo C.lIX+dl
F04EQ5 Lo C,llY+dl

4' LD C,A
48 Lo C,B
49 Lo C.C
4A LD C,O
4B LD C.'
4C LQ C,H

40 LD C,L
OE2Q Lo C."
56 Lo D,lHU
005605 Lo D,ilXtdl
FD5605 Lo D,lIY-+dl
57 Lo oA
50 Lo 0,8
51 Lo O,C
52 Lo 0.0
53 Lo o.E
54 Lo o,H
55 LD o.L
1620 Lo 0,"
ED5BB405 Lo OE,lnnl
118405 Lo DE,nn
5E LD E,lHU
DOSE05 Lo E.lIX+dl
FD5E05 Lo E.llY-+dl
SF Lo E.A
58 Lo E,8
59 LD E.C
5A Lo '.0



APPENDIX

OB' sou ACE OB' SOURCE
CODE STATEMENT CODE STATEMENT

5B LD E,E EDB3 OTIR

5e LD E.H ED79 OUT (CIA
50 LD E.L ED41 OUT {el,S

lE20 LD E," ED49 OUT {CI,C

66 LD H,(HL} EDSl OUT ICI,D

006605 LD H,IIX+d) EOS9 OUT (Cl.E
FD6605 LD H.I1Y+dl EOSl OUT {Cl,H

67 LD H.A EOS9 OUT (eLL
60 LD H,B 0320 OUT Inl.A
61 LD H,e EDAB aUTO
62 LO H.O EDA3 DUTI
63 LD H.E F1 POP AF
6' LO HH e1 POP Be
65 LO H,L 01 POP DE
2620 LD H." E1 POP HL
2A8405 LD HL,lnnl ODEl POP IX
218405 La HL.nn FOEl POP IY
ED47 LO IA F5 PUSH AF
DD2A8405 LO IX,lnnl e5 PUSH Be
00218405 LD IX,nn 05 PUSH DE
FD2AB405 LO IY.!nn) E5 PUSH HL
FD218405 LO IY,nn DDE5 PUSH IX
6E LD L,(HL! FOES PUSH IY

COSEOS LD L,{IX+dJ CBBS AES O,IHL)

FD6EOS LO l,!IY+dl DDCBOS8S AES O,IIX+dl
6F LD LA FDCB0586 AES O,(IY+dl
6B LO L,B CBB7 AES O,A
69 LO L,e CBBO AES O,B
6A LD L.D CaBl AES o,e
6B LD L.E CBe2 AES 0,0
6e LD L,H CBB3 AES O,E
60 LD L,L CB84 AES O,H
2E20 LO L," CBBS AES O,L
ED4F LD A,A caSE RES UHLl
ED788405 LD SP,lnn} ODCB058E RES 1.!IX.,.dl
F9 LO SP,HL FDCB05BE RES 1,OV+dl
ODF9 LD SP.IX C88F RES I,A
FDF9 LD SP,IV CBBS RES I,B
318405 LD SP.nn CBB9 RES I.e
EDA8 LDD caBA RES 1.0
EOBS LODR CSBs RES I,E
EDAO LDI esse RES I.H
EOSO LOlA

CBBO RES I.L
E044 NEG
00 NOP CS96 RES 2,(HU

86 OR lHU 00CBOs96 RES 2,(lX+dl

00B60s OR (IX+d) FDCBOs96 RES 2.!IY+dl

FDB60s DR {lY+dJ CB97 RES 2A
B7 DR A CS90 AES 2,B

80 OR 8 CS91 RES 2,C

81 DA e CB92 RES 2,0

82 OR 0 CB93 RES 2,E

B3 OR E CB94 RES 2,H

B4 OR H CB9S RES 2,L

85 OR L CB9E RES 3,lHU

F620 OR "
DDCBOs9E RES 3.!lX+dJ

EOSB OToR FoCB059E RES 3.IIY+dl
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08' SOURCE

coDe STATEMENT

CB9F RES 3,A
CS9S RES 3,B
Cag9 RES 3,e
cagA RES 3,0
CS9S RES 3,E
csge RES 3.H
CagD RES 3,L

CBA6 RES 4,{HL!
DDCB05A6 RES 4,lIX+dl

FDCB05A6 RES 4,OY+dl
GSA7 RES 4,A
eBAD RES 4,B
CSA1 RES 4.e
CBA2 RES 4,0
CBA3 RES 4,E
caM RES 4.H

CBA5 RES 4,L
CBAE RES 5,{HL!
DDCB05AE RES 5,(IX+dl
FDC805AE RES 5,IlY+d}
CBAF RES SA
CBA8 RES 5,B
CBA9 RES 5.e
CBAA RES 5,0
CBAB RES 5.E
CBAC RES 5.H
eBAD RES 5.L
CBB6 RES 6,lHU
ODCB05B6 RES 6,llX+dJ
FOCB058S RES 6,OV+dl
CBB7 RES 6.A
CSBO RES 6.B
CBBl RES 6,e
CBB2 RES 6.0
CBB3 RES 6,E
CBB4 RES 6.H
CBBS RES 6.L
CSSE RES 7,(HLl
DDCB05BE RES 7JIX+dl
FDCB05BE RES 7,UY+dl I

CSSF RES 7A
cass RES 7.B
CBB9 RES 7.e
caBA RES 7.0
eBBS RES 7.E
esse RES 7,H
caso RES 7.L
e9 RET
DB RET e
F8 RET M
DO RET Ne
eo RET NZ
Fa RET P
EB RET PE
EO RET PO
e8 RET z
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08' SOURCE I
CODE STATEMENT

ED4D RETI
E045 RETN
CBlS RL (HLl

DDCB0516 RL OX+dl
FDCB0516 RL IIY+dl
CSl? RL A
calD RL 8
CBll RL e
CB12 RL 0

can RL E
CB14 RL H
C815 RL L
17 RLA
caos RLe {HLl

DDceOS06 RLe OX+dl
FOCB0506 RLe (lY+d)

CS07 RLe A

CBoa RLe 8
CSOl RLe e
CB02 RLe 0

CB03 RLe E

C804 RLe H
caos RLe L
07 RLCA
ED6F RLO
CBlE RR (HLl

ODCBQS1E RR IIX+dl

FacaD51 E RR {lY+dl
CB1F RR A

C818 RR 8

C819 RR e
CB1A RR 0

CBlB RR E
celC RR H

CB1D RR L
1F RRA
CBOE RRe (HU
DDceosOE RRe lIX+dl

I FDce050E RRC lIY+dJ
ceoF RRe A
ceoa RRe 8
CB09 RRe C
ceOA RRe 0
ceoe RRe E
ceoc RRe H
ceaD RRC L
OF AACA
ED67 RRO
e7 RST OOH
eF RST 08H
07 RST 10H
OF RST 'BH
E7 RST 20H
EF RST 28H
F7 RST 30H
FF RST 38H
DE20 SBe A."



OBJ SOURCE

CODE STATEMENT

BE SBe A.{HL!

D09E05 S8e A,IIX+dl
FD9EQ5 S8e A.\lY+d)
9F S8e AA
98 S8e A.8
99 S8e A.e
9A S8e A.D
98 SBe A.E
ge SBe A.H
9D SBe A.L
E042 SBe HL.BC IE052 SBe HL.DE
E062 S8e HL,Hl
EOn SBe Hl.SP
37 seF
C8C6 SET O.fHU
00C805e6 SET O.!lX+rll
FDCB05C6 SET O,OY+d)

C8C7 SET DA
CBeo SET D.B
CBel SET D.e
CBe2 SET D.D
C6C3 SET D.E
CBC4 SET D.H
caes SET D.L
CBeE SET I)HU
DDCB05CE SET l,(IX+d}
FQCBQ5CE SET 1,IIY+d}
CBCF SET iA
CBcB SET I.B
GBeg SET I.e
CSCA SET I.D
CBCB SET I.E
CBCC SET I.H
CBCD SET I.L
CBOG SET 2,lHLl
DDCB05D6 SET 2,OX+dl
FDCB05D6 SET 2.0Y+dJ
Ga07 SET 2A
CBOO SET 2,8
C801 SET 2.e
CS02 SET 2.D
CaDJ SET 2.E
CB04 SET 2,H

CaDs SET 2.L
CBDB SET 3.B
CBDE SET 3,!HU
DDCB05DE SET 3.0X+d)
FDCB05DE SET J.(JY+d)
CBDF SET 3.A
C8D9 SET 3.e
CBOA SET 3.D
CBOB SET 3.E
CSDC SET 3.H
esoD SET 3.L
CBEG SET 4,lHU

APPENDIX

OBJ SOURCE

CODe STATEMENT

00C805£6 SET 4.0X+dl
FDCB05E6 SET 4,llY+dl
C8E7 SET '.A
eBEQ SET '.B
CBEI SET 4.e
GBE2 SET 4.0
CBE3 SET 4.E
CBE4 SET '.H
CBES SET '.L
caEE SET 5,!HU
DDCBOSEE SET S,CIX+dJ
FDCB05EE SET 5,OY+rll
caEF SET 5A
GBES SET S.B
GBE9 SET 5.e
CBEA SET 5.0
CSES SET 5.E
CBEe SET 5.H
eBED SET 5.L
CaFG 5ET 6,lHL)

DOCBOSF6 SET 6,lIX+dl
FDCBOSF6 SET 6.(lY+dl
CBF7 SET 6A
CBFQ SET 6.B
caFl SET 6.e
CBF2 SET 6.0
CBF3 SET 6.E
CBF4 SET 6.H
CBF5 SET 6.L
caFE SET 7.IHLJ
DDCB05FE SET 7,(lXtd)

FDCBQ5FE SET 7,lIYt d}
CBFF SET 7,A
caF8 SET 7,8

CBF9 SET 7.e
CBFA SET 7.0
CBFe SET 7,E
CBFe SET 7.H
CBFD SET 7.l
CB26 SLA (HLJ

DDca0526 SLA (JX+dJ

FDCB0526 SLA OY+dl
CB27 SLA A
CB2D SLA 8
ca2l SLA e
ca22 SLA 0
CB23 SLA E
CB24 SLA H
ca2S SLA L
CB2E SRA (Hl!

ODCB052E SRA (IXtdl

FDCB052E SRA (IYtd)

CB2F SRA A
ea2a SRA B
CB29 SRA C
CB2A SRA D
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OB' SOURCe

CODE STATEMENT

CB2s SRA E
CB2C SRA H

CB2D SRA L
CB3E SRL IHU

ODCB053E SRL lIXtd!

FDCB053E SRL (lY+d)

CB3F SRL A

CB38 SRL B
CB39 SRL C

CB3A SRL D
CB36 SRL E
CB3C SRL H

CB30 SRL L
96 SUB {HU

009605 SUB !IX+dl
FD9605 SUB (I¥+dl

97 SUB A
90 SUB B
91 SUB C

92 SUB D
93 SUB E
94 SUB H

95 SUB L
0620 SUB "AE XOR IHU
ODAE05 XOR lIXtdl
FDAEOS XOR l1Y+d)

AF XOR A
AB XOR B

A9 XOR C
AA XOR D
A8 XOR E
AC XOR H

AD XOR L
EE20 XOR "

(Collrtes\' oj Z/{og fnc)
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APPENDIXF
Z80 10 8080 EQUIVALENCE

zao aoao zao aoao zao aoao
ADe A, (Ht) ADeM EX (SP). Hl XTHl ORo ORlle2)

AOCA 0 AOr82l HALT Hl' OR, ORAr
ADCA, APe, INA, (nj IN f621 OR (Hl) GRAM
AODA, (Hl) ADDM INCBC INX B OUT (n). A OUT [621

ADD A, 0 ADI f821 INC DE INXD POPAF POP P5W

ADD A, . ADD, lNCHl INXH POPSC POPS

ADOHl, BC DADS INC, lNRr POP DE POPD

ADDHl. DE DADO INCS? INXSP POPHl PO?H

ADDHL Hl DADH INC (Hl) INRM PUSH Af PUSH PSW

AOD Hl, Sf' DADS? jPC '''' JC fS2) [8J1 PUSH Be PUSHB

ANOn ANI f821 JPM, fln JM lB2JlB31 PUSH DE PUSHQ

ANO, ANA, Jf' NC, nn iNC fSl) [8J1 PUSH Hl PUSH H

ANO(Hl) ANAM if' nn JMP f82J [831 REl RET

CALL C, nn CC fS2] {531 Jf' NZ. nn JNZ IS21 [831 RETe RC

(AllM, nO eM !B2J [83] Jt' P, nn 1f' f62] [8J1 RUM RM

CAll NC, nn eNC [62] [631 Jf' PE. nn JPE IB2]{831 RUNe RNC

CAll 'Hl CALL if' PO, nn JPO rB2Jl831 RHNZ RNZ

CAll NZ. nn CNZ f62) [83J jP Z, nn Jl152] [831 RETP "
CAlLP fm CP IB2J [531 jP(Hl) PCHL RET PI; ReE
CAll PE. nn CPE IB2] [a3l LOA. (DE) WAX RET PO RPO

CALL PO, n" CPO fB2[ [B3) lOA. In,,) lOA IB21 (B3) RET Z RZ

CAll Z. 00 CZ (82J (B3) lD DE. nn lXID, 162J IB3) RlA RAt

CCf CMC lOS-P, nn lXI Sf', fa2] [B3[ RlCA RlC

CP, CMPf LD {aC}, A STAX6 RRA RAR

CP(Hl} CMPM lO(OE), A STAX 0 RRCA RRC

Cf' CMA lD(Hl}, ' MOVM. RSTP RST P

CPo CPlle2) LDlnn). A STA [82J [B3) S5CA, (Hq SBBM

OAA OAA lDlnn). HL SHlQ [62] [B3) sac A. n S51 [521

DECSC DCXB lDA, (BC) lQAxa sac A, ' SSB f

DEC DE OCXD lOBC. nn lXI8. [B21 [B3] SCf S1C

DEC Hl DCXH lOHl. inn) LHlP [621 [B31 SUBn SUlrS21

DEC, DCRf lDHl. nn LXI H IB2] (B3) SUBr sus r

DEC SP DCXSP lDf, (HC) MOV),M SUB{Hl) SUBM

DEC (HL) DCRM to f, n MVlf,IB2j XORn XRI (82)

0' " lDf, , MOVrl,r2 XORr XRAr

" " lD SP, Ht SPHl XOR (Hl) XRAM

EX DE Ht XCHG NOP NOP
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APPENDIXG
8080 to Z80 EQUIVALENCE

8080 Z80 8080 Z80 8080 Z80

ACI1621 ADe A. n IN [621 INA, (nr POPH POPHl

ADeM ADe A, (Hl) INRM INC (HL) PQPPSW PQPAF

ADe, ADCA, ' INRr INC, PUSHB PUSH Be

ADDM ADDA, (Hi) INXB INCaC PUSH 0 PUSH DE
ADD, ADDA, ' INXD INeDe PUSHH PUSH Hl

AD! [821 ADDA, n INXH lNCHl PUSH PSW PUSHAF

ANAM AND (Hl) lNXSP INCS? RAl RLA

ANA, AND, JC [52) [631 JPC, nn RAR RRA

ANlf52! AND n JM152] [631 JPM, nn 'C RfTC

CAll CAll nn JM? fa2] [53l JP nn '" '"CC fEl2) [631 CAlle. nn JNC la2] (53) JP NC, ml 'lC 'lCA

eM fS2] [831 CAltM. nn JNZ [52) [831 JP NZ, nn RM RETM

CMA Cel JP [52) [831 JP P, nn 'NC RET NC

CMC CCF JPE {52) [631 JP PE. nn RNZ RETNZ

CMPM CP(Hl) JPO IS2] [831 jP PO. nn RP RET?

CMP, CP, JZ fB21lBJl JP Z, nn RP' REIPE

eNC f52} [631 CALtNe. nn LOA fB2J [831 lOA, (nnl RPO 'ETPO

CNZ fa2) {S3] CAllNZ, rIO lOAX8 lOA, (BC) RRC RRCA

(PIEl2] [631 CAll p. nn LOAXD to A, (DE) RST RST P

CPE JB21 [B31 CALL PE, nn lH LO fB2] [B31 lDHl. {nnl RZ R!TZ

CPI fB21 CPo LXI B fB21 [B31 LD BC, nn SBBM SBCA, (Hl)

CPO fB21 [B31 CAll PO. nn LOID [B21 (B31 LD DE, nn SBB, SBCA, ,

CZ 1621 (531 CAll Z, nn LXI H f52] [B31 LDHL. nn S511521 S5CA, n

DM DAA LXI SP f52] {B3! LD Sf', nn SHLD f52] [531 to (nn). HL

DAD 5 ADDHL, BC MOVM" LD(HLJ, ' Sf'Hl LOSP, HL

DADO ADD HL DE MOVr,M LOr, (HL) STA fB21 [B31 LD(nn), A

DADH ADDHL, HL MOVfl.r2 LDf, ' STAXB to (BC), A

DADSP ADD Hl, SP MVIM LD(Hl}, n STAXD LO (DE), A

PCRM DEC (Hl) MVI,JB21 lD" n STC SCF

DCRf DEC. NOP NOP SUBM SUB (Hl)
DCX5 DECBC ORAM OR (Hl) SUB, SUBr

DCXD DEC DE ORAr OR, 5UlfBli iUBn
DCXH DECHt ORllSll
DCXSP

ORo XCHG EX DE, Ht
OEc SP OUT f821 OUT (n), A XRAM

D' D'
XOR (Hlj

"
PCHt jP(HlJ XRA, XOR,

"HAn
POP8 POPBC XRI152j XORn

HlT POPD POPDE XTHL EX (SP), Hl
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A
absolute addressmg 108,439,446
ACT 61
accumulator 439
ADC !OI
ADC, A. 5 190
ADC HL, 55 192
ADD 101
ADDA,(HLI 84,194

ADD A, (IX + d) 196
ADD A, (lY + dl 198
ADDA,n 67,200
ADD A, r 67,75,76,201
ADD HL, ss 203
ADD IX, rr 205
ADD IY. rr 207
addition 58,95. 100. 105
address bus 47
address registers 51
addressmg 438.442
addressmg modes 438,440,444,445
addressmg techmques 438
algorithm 15,16,114,539
alphabcllc list 558,565,569,570
alphanumeric data 39
ALU 46, 77, 85
AND 166,167
AND 5 209
application examples 520
arithmctic-Iogicalunlt 46,61
arithmclIc programs 94
arithmetic shift 119
ASCll 39,524,525
ASCII conversIOn table 40
assembler 96. 582, 590
assembler directives 596, 598
assembler fields 590
assembly-language 67. 580, 592
assigning a value 593
asynchronous 471. 496, 518
automated Z80

163,450,452
48

523
441
115
467

BIT b, (HLl
BIT b, (IX + d)

BIT b, (IY + dl
BIT b, r

bit
bll addressing
bit mampulatlon
bn senaltransfer
block
block transfer
block transfer

instructions
bootstrap
bracket testing
branch instructIOn
branching point
break character

B
B 62
banks of registers 62
BASIC 24
baSIC architecture 46
baSIC concepts 15
baSIC programming chOices 579
baSIC programming techniques 94
BCD 35,37, 525
BCD addition 107,110
BCD arithmetiC 107
BCD block transfers 530
BCD nags III
BCD represent allan 35
BCD subuactlon 110
BCD table 35
benchmark 470
binary 20,21,22,41,45
binarY code 19
bmarY digit 18
binary diVISion 133
binary logiC 18
binary representation 41
bmary search 546,558,559,560,

561,566,567,568
211
213
215
217

18,20,41
448

172,173
471,472

540,542,544
450,451,453.458, 530

142,453,455mstruCllons
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breakpoint
bubble-sorl
buffer reglslcr
buffered
buffcr,~

bus request
BUSRQ
byte

584,586
533,534,535,536,537

59,61
49
61

497
92,497

18,19.41.444

CPI
CPIR
CPL
CPU
critical race
CRT display

crystal
CU

231
233

165,235
46,187

60
44,587

47
46

62,74
109.236

511
47
51

512
155
164
469
548
539

154,158,160
583

18
20.21,22

238
240
242
243

71,86
56
49

164,442
596
596
597
597
596
463

464,483
553,565,574

548
67

587
596
244

439,441
19

515

D
o
DAA
data buffer
datu bus
datu counters
data direction register
data processing
data processmg mstrucllons
data rcady
data representatlon

data structures
data transfers
debugger
debuggmg
deCimal
DEem
DECrr
OECIX
DECIY
decode
decoding
decoding logiC
decrement
OEFB
DEFL
DEFM
DEFS
DEFW
delay gcnera!lon
delay loop
deleting
deSign examples
destinatIOn register

development systems
DFB
01
direct addressmg
direct bmary
direcuon regISter

C
C 28, 30, 31, 62, 73
CALL 145, 156,446,500
CALL CC, pq 219
CALL pq 222
CCF 224
CALL SUB 143, 144, 145
carry 22,23,26,28,30. 174
central·proccsslng umt 46
checksum computallon 528
circular list 544,545
classes of instructions 154
c1earmg memory 520
clock 47
dock cvcles 69
dock-synchronous logiC 86
code conversion 525
coding 16
combmalJon chips 48
commands 16
comment field 590
compare 531
compiler 545,581, 582
COND 600
conclUSion 602

conditional assembly 600
conditional instruclion 50
constants 439,445,594
control box 49

control bus 47

control instrucllons 157, 185
control registers 512.513,515
control Signals 91
control unit 46
count the zeroes 529
counter 463.465
CP 166
CP 5 225
CPD 227
CPDR 229
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51
522

62,176
176

92, 185,257
477,478,51 I

93
465

46

587,589
525

41,42,481
43,579

!O3
581

F
F 61
fetch 55,70,84
fetch-execute overlap 78
FIFO 543
file directory 541
flags 31, 50, 51,179,180
llags regISter 61
llip-llops 51
floating po lOt representallon 37, 38
llowchanmg 16,17,114,

450,464,469,494,559
front panel 45,589

G
general purpose registers
getting characters In

I
1 63
IFF! 499
IFF2 499
illegal code 107
IMO 258
IMI H9
1M 2 260
Immediate addressmg 108,159,439,445
Immediate operatlon 69
Implicit addressmg 438,445
Implied addressmg 438
Improved muluplicatlOn 126,128,129
IN r, (CI 261
IN A, (N) 263
In~ClrcUit emulator 585
INC (riLl 267

H
H
half<arrv flag (Hl
HALT

handshaking
hardware
hardware delays
hardware organization

hardware resources
HEX
hexadeCimal
hexadecimal coding
high byte
high level language

41,44
256

62
39

486
583
247

95
134,137

564
550,563

583
597
600
597
585
596
586
592
162
162

31
249

16
71

56,69,599
55

37,38
250
252
254

160,441,446

146,571,580,594
541,545
541,582

63
442
245

491,498
97

582
545,546

34
49

error
error messages
EXAF, AF'
exchange InstructIOns
Exclusive DRing
EX DE, HL
executable statements
execute
execution
execution cycle
exponent
EX (SP), HL
EX (SP), IX
EX(SPj,IY
extended addressmg
external representation

of informauon
EXX

E
E
EBCDIC
echo
editor
EI
8-blt addition
8~blt divIsion
element deletion
element msertlon
emulator
END
EN DC
ENDM
EPROM's
EQU

direcllves
directories
disk operatmg system
displacement
displacement field
DJNZe
DMA
documentmg
DOS
doubly-linked lists
double~preclslon format
drivers
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INCr 264 interrupt table 504
Increment 164,442 Interrupt vector 498
mcrementer 57 interrupts 495
INC rr 265 I/O control 92
INC (IX + dl 268 IORQ 92,500
INC(IY + dl 270 IR 55
INCIX 272 IX 53,63
INCIY 273 IY 63
IND 274
mdex register 53,63,441,442 J
mdexed addressmg 160,441,447,540 lP ee, pq 282
mdexmg 63 lP nn 89
mdirect addressmg 443,444,448,540 JP pq 284
mdirect mdexed addressing 443 JP (HLl 285
indirect memory access 499 JP (IXl 286
INDR 276 JP (lY) 287
informatIOn representation 18 JR CC, e 288
in-house computer 588 JRe 290
INI 278 JUMP 90, 172, 179,441
INIR 280 Jump Instruction 156,182
mput/output 157,460,518 Jump relative (JR) 446,447
input/output deVices 511,521
mput/output Instructions 183,460 K
IOput register 466 IK 24
Insertmg 552.573
Instructlon 96 L
instructIOn field 590 L 62
instructlon formats 66 label field 590
Instruction register 55,64 largest element 526,527
lOst ruction set 154 to At (0, oi 69,86
instruction types 112 LDD,C 72
INT 91 LDD 164
mternal control registers 51,513 LDDR 164
mleroal representation LDI 164

of information 18 LDIR 142,164
Interpreted 69 LD dd, (nn} 291
mterpretcr 545,581,582 LDdd. nn 293
mterrupt 466,496,497,500,505, LDr, n 295

508,509,511 LD r, r 66
mterrupt acknowledge 500 LDr, rl

297
mterrupt nug 187 LD(BC), A 299
mterrupt handler 502 LD(DE),A 300
mterrupt logiC 510 LD(HL), n 301
mterrupt~mask~bit 499 LD (HL), r 303
mterrupt mode 0 500 LDr, (HLl 356
interrupt mode I 503 LD r, (IX + dl 305
mterrupt mode 2 504 LDr,{IY + d) 307
interrupt overhead 504 LD(IX + d), n 309
interrupt-page addreSSing register 63 LD(IY + d), n 311
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LD(lX + d),r 313
LD(lY + d),r 315
LD (nnl, A 317
LD(nn),A 319
LD (nnJ, dd 321
LD (nn), HL 323
LD (nn), IX 325
LD (nn), IY 327
LD A, (BCI 329
LD A, (DEI 330
LDA, I 331
LD i, A 332
LD A, R 333
LD HL, (nn, 334
LD IX, nn 336
LD IX, (nnl 338
LD IY, (nnl 340
LO IY, nn 342
LD R, A 344
LD SP, HL 345
LD SP, IX 346
LDSP,IY 347
LDD 348
LDDR 350
LDI 352
LDIR 354
LED 41,480
LIFO structure 540, 544
light emitting diodes 41
linked list 542.544,568,571. 573.

574,577,578
linked loader 583
liSi 540,548,549,550,555,556,557
listing 590
list pOinter 542
literal 69,439,455,594
load 96, 106
loader 583
logarithmic searchmg 546.562
logical 166.558
logical errors 582
logical operations 141
logical shift 119
(ong addressing 449
longer delay 464

N
N
NEG

34
358

24,26,32
145

18,36
91,92,498

498
133
359
92
37
37

38
168,522

55
453,586

157
64
86

67,579
92

444
48,582

467
452

52,59
91
92

506
482

98
52,62

113,114, 115, 116,
124,151,152,153

52,62

41,42
465

25
466

66,86,439,444,446
100, 102,438,439

582
587

166,168
360

negative

nested calls
nibble
NMI
nonmaskable Interrupt
nonrestonng method
NOP
NOPs
normalize
normalized mantISsa

o
octal
odometer
one's complement
one-shot
opcode
operand
operatmg system
operator precedence
OR
OR,

mantissa
MASK
memory cycles
memory map

memory-mapped I/O
memory-refresh register
micro instructions

mnemOnic
MI

MUX

momtonng
MaS Technology 6502
MPU
MPUpmout
MREQ
multiple deVices
mUltiple LED's
multiple preCision
mUltiplexer
mUltiplicatIOn

modes
momtor

69
597,598,600

M
machme cycle
MACRO
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ORO 596 pulse 462,467
OTDR 362 pulse counting 466
OTIR 364 punch 495
OUT(C), r 366 PUSHqq 379
OUT (Nl.A 368 PUSH IX 381
OUTD 369 PUSHIY 383
OUTI 371 push 53.76. 154
output register 461
overdraw 133 Q
overflow 28.30.31,32 queue 543.544
overlap technique 79

P
packed BCD 36,107
packed BCD subtract 110, III
paper-tape readers 494
parallel input/output 48
parallel work transfer 467.468,469
panty bit 39,40
parity generation 524
panty/overflow (PlY) 175
PC 52
PIC 446.506
Pia 48.511.512.513.514.515.518
pointers 51, 62, 444, 539, 544, 550, 551
polling 466.469.492.521.544
polling loop 493.494
POP qq 373
POP (X 375
POP IY 377
pop 53.76. 154
port 511.515.516
positional notation 20
positive 24,26.32
posHndexmg 442,443
power failures 48
pre~mdcxmg 442
prmter 44,479,495
program 16, 48
program counter 52
program development 579,584
program loops 63, 121
programmable mput!outpul chip 511
programmable interval

timer (PIn 463,465
programmer's model 94
programmmg 15.16.515,518.602
programmIng language 16
pseudo-instruCtIons 98

622

R
R 64
RAM 48,75.584,587
random element 541
RLCA 385
RD 92
read operation 96,515
read*only memory 48
read-write memory 48.75
recursIon 148
reference table 571
register addressing 438
register mdirect addressmg 444.448
register-interrupt 184
regIster pairs 51
registers 31,51, 149,439.474
relative addressing 441.446
relative Jump 156
relays 461, 462
request blocks 543
RES b. 5 386
RESET 92
restoring method 133
RET 389
RETee 391
RETI 181.393.501
RETN 181,395,499
RETURN 144. 145
RFSH 93
RL 5 397
RLA 399
RLC r 103
RLC(HLl 402
RLC (IX + d) 404
RLC (IY + d) 406
RLD 408
ROM 48
rotation 120,155.170,171



INDEX

477,518
32

583

U
UART
underflow
utility routlnes

T
tables 526,539,540,551.554,592
technological development 602
teletype 466,485,487,488,489
temporary register 61
test 16,156.172
tesung a character 523
timer 465
time-sharing system 588
tlmmg 463
trace 585
transfers 52
trees 544, 545
truncatlng 34
truth table 167
two's complement 25,26, 27, 29
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shift 50,118, 120, 155. 156
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sign 178
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simultaneous mterrupts 507
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skip 157
SLAs 428
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623



PROGRAMMING THE ZSO

v
v
S
vcctonng of interrupts

w
W
WAIT
working registers
WR

624

28.30,31
137
504

87
92

496
92

X
XOR
XORs

Z
Z
Z80 registers
zero
zero page addressing
Zilog Z80 PIO
Zilog Z80 510

166,169
436

87, 177
95

177
441,446
516,517

518



The SYBEX Library
BASIC PROGRAMS FOR SCIENTISTS AND ENGINEERS
by Alan R. Miller 340 pp., 120 iIIustr., Ref. B240
This second book in the" Programs for SCientists and Engineers" series provides a
library of problem solving programs while deveioping proficiency in BASIC.

INSIDE BASIC GAMES
by Richard Mateosjan 350 pp., 240 lHustf" Ref. 8245
Teaches interactive BASIC programmmg through games. Games are written in
Microsoft BASIC and can run on the TRS-80, APPLE II and PETICBM.

FIFTY BASIC EXERCISES
by J.P. Lamoitier 240 pp., 195 IlIustr.• Ref. B250
Teaches BASIC by actual practice using graduated exercises drawn from everyday
applications. All programs wntten In Microsoft BASIC.

EXECUTIVE PLANNING WITH BASIC
by X.T. Bui 192 pp.. 19 iIIustr" Ref. B380
An important collection of business management decisIon models in BASIC,
mcluding Inventory Management (EOQ), Critical Path AnalysIs and PERT,
Financial Ratio Analysis, Portfolio Management, and much more.

BASIC FOR BUSINESS
by Douglas Hergert 250 pp., 15 ilIustr., Ref. B390
A logically organized, no-nonsense introductIon to BASIC programmmg for
bUSIness applications. Includes many fully explamed accounting programs, and
shows you how to wnte them.

YOUR FIRST COMPUTER
by Rodnay Zaks 260 pp., ISO Illustr., Ref. C200A
The most popular introduction to small computers and their peripherals: what
they do and how to buy one.

DON'T (or How to Care for Your Computer)
by Roduay Zaks 220 pp., 100 Illum., Ref. C400
The correct way to handle and care for all elements of a computer system Including
what to do when something doesn't work.

INTRODUCTION TO WORD PROCESSING
by Hal Glatzer 200 pp., 70 iIIustr., Ref. WIOI
Explains in plain language what a word processor can do, how it improves produc­
tivity. how to use a word processor and how to buy one wisely.

INTRODUCTION TO WORDSTAR
by Arthur Naiman 200 pp., 30 ilIustr" Ref. WllO
Makes It easy to learn how to use WordStar. a powerful word proceSSIng program
for persona! computers.

FROM CHIPS TO SYSTEMS: AN INTRODUCTION TO
MICROPROCESSORS
by Rodnay Zaks 560 pp., 255 ilIustr., Ref. C207A
A simple and comprehensIve introduction to microprocessors from both a hard­
ware and software standpoint: what they are, how they operate. how to assemble
them into a complete system.



MICROPROCESSOR INTERFACING TECHNIQUES
by Rodnay Zaks and Austin Lesea 460 pp., 400 lllustr.• Ref. C207
Complete hardware and software mterconnect techniques mcluding D to A con­
version. penpherals. standard buses and troubleshootmg.

PROGRAMMING THE 6502
by Rodnay Zaks 390 PP.. 160 Illustr., Ref. C202
Assembly language programmmg for the 6502, from basIc concepts to advanced
data structures.

6502 APPLICATIONS BOOK
by Rodnay Zaks 280 pp.. 205 Illustr.. Ref. D302
Real life applicatIOn techmques: the mputloutput book for the 6502,

6502 GAMES
by Rodnay Zaks 300 pp., 140 Illu'tr., Ref. G402
Third in the 6502 series. Teaches more advanced programmmg techniques, using
games as a framework for learning.

PROGRAMMING THE ZSO
by Rodnay Zaks 620 pp., 200 llIustr.. Ref. C2S0
A complete course 10 programming the Z80 microprocessor and a thorough intro­
ductton to assembly language.

PROGRAMMING THE ZSOOO
by Richard Mateosian 300 pp., 125 Illustr., Ref. C281
How to program the Z8000 16-blt microprocessor. Includes a description of the
architecture and functIOn of the 28000 and Its family of support ChIpS.

THE CP/M HANDBOOK (with MP/M)
by Rodnay Zaks 330 pp., 100 lIIustr.. Ref. C300
An indispensable reference and guide to CP1M-the most widely used operating
system for small computers.

INTRODUCTION TO PASCAL (Including UCSD PASCAL)
by Rodnay Zaks 420 pp., 130 lIlustr., Ref. P310

A step-by-step mtroduction for anyone wantmg to learn the Pascal language.
Describes UCSD and Standard Pascals. No technical background is assumed.

THE PASCAL HANDBOOK
by Jacques Tiberghien 490 pp., 350 lIlusrr., Ref. P320
A dictionary of the Pascal language. defimng every reserved word. operator. pro­
cedure and function found m all major versions of Pascal.

PASCAL PROGRAMS FOR SCIENTISTS AND ENGINEERS
by Alan Miller 400 pp., 80 lIIustr.. Ref. P340
A comprehensive collection of frequent!y used algorithms for scientific and
technical applications. programmed in Pascal. Inciudes such programs as curve­
fitting, mtegrals and statistIcal techmques.

APPLE PASCAL GAMES
b}' Douglas Hergert and Joseph T. Kalash 380 pp., 40 illustr., Ref. P360
A collectIOn of the most popular computer games m Pascal challenging the reader
not only to play but to investigate how games are Implemented on the computer.



INTRODUCTION TO UCSD PASCAL SYSTEMS
by Charles T. Grant and Jon Butah J()() pp.• 110 iIIustr., Ref. PJ70
A simple, clear introduction to the UCSD Pascal Operatmg System for begmners
through experienced programmers.

INTERNATIONAL MICROCOMPUTER DICTIONARY
140 pp.• Ref. Xl
All the definitions and acronyms of microcomputer Jargon defined In a handy
pocket-size editIon. Includes translations of the most popular terms into ten
languages,

MICROPROGRAMMED APL IMPLEMENTATION
by Rodnay Zaks J50 pp., Ref. ZIO
An expert-level text presenting the complete conceptual analysis and deSIgn of an
APL Interpreter. and actual listings of the microcode.

SELF STUDY COURSES
Recordedlive at seminarsgIven by recogmzedprofessIOnals In the Il11Croprocessor
field.

INTRODUCTOR Y SHORT COURSES:
Each mcludes two cassettes plus special coordinated workbook. (2V1 hours)

SIO-INTRODUCTION TO PERSONAL AND BUSINESS
COMPUTING
A comprehensive introduction to small computer systems for those planning to
use or buy one, including penpherals and pItfalls.

Sl-INTRODUCTION TO MICROPROCESSORS
How microprocessors work, including basic concepts, applications, advantages
and disadvantages.

S2-PROGRAMMING MICROPROCESSORS
The companion to St. How to program any standard microprocessor, and how It
operates internally. Requires a basic understanding of microprocessors.

S3-DESIGNING A MICROPROCESSOR SYSTEM
Learn how to interconnect a complete system, WIre by wire. Techniques discussed
are applicable to all standard mIcroprocessors.

INTRODUCTOR Y COMPREHENSIVE COURSES:
Each includes a 300-500 page semmar book and seven or eight e90 cassettes.
SB3-MICROPROCESSORS
This seminar teaches all aspects ofrrucroprocessors: from the operation of an MPU
to the complete interconnect of a system. The basic hardware course. (12 hourSi

SB2-MICROPROCESSOR PROGRAMMING
The basIC software course: step by step through all the important aspects ofmlcro~
computer programming. (10 hours)



ADVANCED COURSES:
Each includes a 31XJ-500 page workbook and three orJour C90 cassettes.
SB3-SEVERE ENVIRONMENT/MILITARY
MICROPROCESSOR SYSTEMS
Complete discussion of constramts. techniques and systems for severe environ­
mental applications. mcluding Hughes, Raytheon. Actron and other militarized
systems. (6 hours)

SBS-BIT-SLICE
Learn how to build a complete system with bit slices. Also examines innovative
applications of btt slice techniques. (6 hours)

SB6-INDUSTRIAL MICROPROCESSOR SYSTEMS
Semtnarexanunes actual industnal hardware and software techniques, components.
programs and cost. (4Y2 hours)

SB7-MICROPROCESSOR INTERFACING
ExplaIns how to assemble, interface and interconnect a system. (6 hours).
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PROGRAMMING THE ~80

has besn de:ilgned both as ..:U' educatIonal text and as a setf-co~lalned rererence book, As sue.>, ,t
cc.n be lI~'d as a compl~e introduclory book on programm'ng ranging Irom the bas.c concepts It:'
advallCed dala struct..:res manipulations.

It also contaJn~ a comprehensive description of all til zao inSlrUClIOns as well as Its imo nal
operahon, and srould provide a comprehensive reference for the reader who Is already f,JIT'llia"
with the pnr.::iples of programming, bul wishes to learn the zao

This i>ook is lhe result of extensive experience by lhe author in It',e field of ed~.;allon and
programming. As such, it has been designed 10 be clear and easy to read. All concapts afe
8xp'clined in simple yet precise terms, building progressively loward~ more comple)/' tec~niqu9s
T.,e reader will gain not only an understanding of programming in Ihe langua.ge of th3 zao "'ut also
a detailed understanding of the way a mlcroprOCdssor such as the zao ao:::tual1y e:k.et Jtes
Instrucll",ns, The reader Wilt follow the flow of eio.ecution between the 'wlanous registers and ak.'t~

the buses This IS Indlspensible for eHective programming at machine le'wlelln the world of
microprocessors Because programlning IS not just the skill of coding 1n algonthm inlo a
progril:mmmg language but also the aft of designing appropriate data Slructu,e~. an t <tensi'wlC
chapter on data structures IS prasenter which both Introduces the concepts and aetl'al application
programs. The reader Will fInd there lists. laoles. bInary trees. and the required algoro1 1ms

After reading thIs book. t"e reader should hav{" acquired allihe basic skills requir' d to
program not JUSI at the plemenlary level, but in mo...t practical cases

ABOUT THE AUTHOR

Or. Rodnay Zaks has beell Involved with the Industrial use of microprocessors since they first
appeared. He is the aulhor of a number of best-sell1ng books on all aspects at micropr~_ sors.
He has laughl mIcroprocessor courses to more than 5.000 people Inte,.,.,ationally. ranging "fom the
Introductory level to bit-slice microprogrammIng techntques He holds a Ph.D. :n Compute·­
8c.ence from the UOIverslty of California at Berkeley. and is a membet of ACM 2'nd IEEE
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