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NOTICE 

This apparatus complies with requirements of EEC directive 76/889/ EEC. 

This manual is applicable to the SA-551O BASIC interpreter used with the SHARP MZ-

80A Personal Computer. The MZ-80A general-purpose personal computer is supported by 

system software which is filed in software packs (cassette tapes or diskettes). 

All system software is subject to revision without prior notice, therefore, you are 

requested to pay special atten t ion to file version numbers. 

This manual has been carefully prepared and cflecked for comple teness , accuracy and 

clarity _ However , in the event th.u you should notice any errors or ambiguities, please feel 

(ree to con tact your local Sharp representative for clarification. 

All system software packs provided for the MZ-80A are original products, and all rights 

are reserved. No portion of any system software pack may be copied without approval of 

the Sharp Corporation. 



Preface 

This manual describes the Sharp MZ-80A personal computer. Read this manual thoroughly to 

become familiar with the operating procedures. BASIC language and precautions. This manual des

cribes the MZ·80A and associated software. 

Chapter I describes the features of the MZ-80A, general operating procedures- read these sections 

first. and language specifications and summary of the standard system software BASIC interpreter SA-

5510. BASIC (an abbreviation for "Beginner's All-purpose Symbolic Instruction Code") was devel

oped 3S an all purpose language to provide beginners with a means of easily programming computers 

to solve a diverse nnge of problems. Its simplicity and versatility make it well suited to personal pro

gramming applications. BASIC SA-55 10 is an extended BASIC interpreter which enables the MZ-80A 

computer to be used to its fullest capacity. 

Chapter 2 describes command and subroutines of the MONITOR SA· I 5 I O. 

Chapter 3 describes the hardware. This information will be helpful to you if you intend to expand 

system. 

• 
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Precautions 

The MZ-80A is one of the finest persorul computers in the world; its design incorporates all the 

technical knowledge accumulated by Sharp in its many years of experience in the electronics field. All 

units are thoroughly inspected prior 10 shipment so that each will operate nonnally when it is un

packed. However, be sure to check visuaUy for any damage caused during transportation. If any 

damage is found or any parts are missing, contact your dealer immediately. 

Observe the following guidelines to keep your set in optimum operating condition: 

• Do not place the MZ-80A in locations where the temperature is extremely high or low or where it 

varies to a great extent. Avoid exposing the unit to direct sunlight. vibration or dust. 

• Handle the power cable carefully to prevent it from being damaged. When removing it from the 

AC outlet. turn the power off first. then pull the plug (do not pull the cable). 

• If the power switch is turned off then immediately turned on again. initialization may not be per

fonned correctly. Allow a few moments after turning the power off before turning it on. 

• The personal computer MZ-80A contains 32K byte RAM as standard equipment. When you use 

system software that requires the disk drive access (DISK BASIC, FDOS, etc .), it is necessary to 

expand the existing RAM area to 48K bytes. 

For more detailed information, see Appendix 5. 

r---------------------IMPORTANT---------------------, 

For users in the United Kingdom: 

The wires in the mains lead of this apparatus are coloured in accordance with the 

following code: 

BLUE 

BROWN 

Neutral 

Live 

As the colours of the wires in the mains lead of this apparatus may not correspond 

with the coloured markings identifying the tenninals in your plug, proceed as follows: 

• The wire which is coloured BLVE must be connected to the terminal which is marked 

with the letter N or coloured BLACK. 

• The wire which is coloured BROWN must be connected to the tenninal which is mark

ed with the letter L or coloured RED. 
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Your MZ-80A and BASIC Programming Chapter 
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1.1 Profile of the MZ-BOA 

You must know the configuration of:1 computer to construct programs wruch can actually run on it. The more 

you know about the console, memory. processors. peripheral environment. and language processing programs. thr 

more efficient and elaborate your programs will be because you can create your programs taking full advantage of the 

computer facilities. You can. however. acquire detailed such detailed knowledge only by accumulating experience in 

designing and running programs on a computer you~lr. 
This first section presents 3 profUe of the SHARP MZ-80A personal computer to allow you 10 grasp 3n outline of 

lIS hardware configur3tion :md basic opernting procedures. In the next section, we will take ou r first steps In compute r 

programming . 

• Profile 

The MZ-80A is an integrated personal computer which made itS debut in the fall of 1981. 11 IS:1 completely new 

multi-purpose small computer designed With :1 wide range of future hardware and soitware applications in mind. Its 

gre:Hesl features are its high speed :1nd ease of operation. When il was inlroduced. the MZ-80A was widely acclaimed as 

a system whieh would open a new dimension in computer programming. 
Figure 1.1 is J. simplified illustration of the hardware configuration of the MZ.sOA. It consists of a storage unit 

(which stores programs and data), a central processing unit (which performs operations on data as directed by the pro

grams in the storage unit 3IId transfers the data to and from the storage unit). and several input/output units. ]'M 

storage unit is divided into main memory, monitor program, and video RAM sections. The MZ.sOA has 32 K bytes of 

RAM (read/ write memory) in its main memory section. The main memory sectioll can be expanded 10 48 K bytes by 

incorporating an additional 16 K bytes of RAM. The input units include a keyboard and :1 cassette tape unit. The 

output units include CRT display, cassette tape, and audio output units. 

Keyboard. 
cassette upe unit, [npul units 
input pon 

Storage unit 1---->1 

Main memory I 
and submcmory I 
(video RAM, ~-

t monitor ROM)' ~L--"-_, 
I • r 
L ___ } __ 

---, 

I ' __, _ ___ J 

I , 
I I , , 
L ______ J 

Central processin& unil (Z80 CPU) 

F igure 1.1 MZ-80A configuration 

CRT display UNt. 
cassette tape unit . 
audio output unit. 
output port 
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The centra] processing unit, which consists of control and arithmetic sections. performs active dynamically; it 

serves as the brain of the computer and controls it overall operation. lis operation. however. is made up of repetitions 

of the following simple operating sequence: 

1. A data item containing an instruction is read from stor~ 
2. The instruction is executed. ~ 

In other words, logically speaking it is 3 collection of data items in the storage unit give instructions that caust the 

computer 10 operate in a dynamic manner. This collection of data items is called a program. It is, therefore, necessary 

to prepare a program 10 indicate the steps of a job and store it in the storage unit to cause the computer to perform the 

job. 

Inside the computer. data and control signals are logically represented by binary numbers which are represented by 

the digits 0(0 and I. The number of digits of a binary number (i.e., 3 sequence of Os and Is) is counted in tenns of bits. 

For example, the 8~it binary number 

00110101 

is :1 data item which has a length of 8 bits (this is equivalent to 53 in decimal representation). Since bits are too small to 

be convenient for indicating the length of data, a unit called the "byte" is used to indicate a data item of 8 bits. One 

byte can represent up to 28 (= 256) different numbers. 

The MZ.sOA employs a Z80, a so--caJ]ed 8-bit microprocessor (which process one byte of data at a ti~), as its 

central processing unit. Accordingly, programs which give instructions and data to be processed are all stored and trans· 

ferred in byte units. Byte locations in the storage unit are designated by a 2-byte pointer in the central processing unit. 

With this 2-byte pointer, the ZBO can address up to 2 16 (= 65536) locations. Since 210 (= 1024) represents I K bytes, 

the Z80 is said to have an address space of 64 K bytes. As ~ntioned above, the MZ-SOA main storage unit is made up 

of 48 K bytes. or 3/4 of the ZBO RAM (Random Access Memory) address space. RAM is a type of memory which can 

be freely read and written; on the other hand. ROM (Read On1y Memory) can only be read. 

The majority of special.purpose computers dedicated to automatic control systems and many personal computers 

have memories in which 1/3 to 1/2 or more of the memory space is composed of ROM for storage of control or system 

programs (e.g., BASIC interpreter programs). The use of RAM in the memory configuration of the MZ-80A is based on 

the premise that main memory should be freely available for a variety of uses. The MZ-SOA stOrts all system programs 

in external files from which they are loaded into main meRlOt)' by a monitor program. 

The SA·55 10 BASIC interpreter, one of the MZ-80A system programs. functions to translate BASIC source pro

grams into machine code for execution. 

The personal computer MZ-80A 
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1.2 Operating the MZ-80A 

This section describes the constituent units of the MZ-80A and their functions . 

• Top view of the MZ-80A 

CRT display ---

/--- Tape counter 

- - Cassette tape deck 

- -- Cassette tape deck 

control buttons 
, I I w' .. I_1 r I I_ I ' ... 1_1_1 mm:, :: ~' I Main keyboard - --!-+-P''t-H.H-+-I - I- I ... ' _ I_ I I __ ",\-. _ _ _ 

' .. ' . . ' .,.1_ 1 I 1_ 1.:. 1_1 .... 1.;. 1_1 T Nwneric pad 
t-.II;:"I , ~ , - , T 1:'1 .. 11 

• Rear vIew of the MZ-80A 

Reset S'Nitch_--::::::::===::::fI f 

Figure 1.2 

,------ --- Volume control 
I l lI U 11I11I 1I1111111111lIlU1111 

IUIIUIII mmmmnun\Uu 
,_~ ___ ==.-_ Brightness control 

.r. c - , 

Power switch -R~::~~~~;"'~;= 
Power receptacle -t~. 

Frame ground 

Figure 1.3 

_+ I/O module access 
window No. I - 4 
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1.2. 1 Activating system software 

The MZ-SOA personal computer is supported by system software which is filed 10 soflware packs. 

BASIC SA-S51O is stored on 3 cassetle tape me, and must undergo initial program loading whenever it is to be 

u$ed. Loading is easily achieved. 

First , turn on the power switch on the back of the Mz.sOA. The Monitor program st.arts and the following ~SS3ge 

will be displayed on the eRr display. 

* * MONITOR SA-J51O * * 
* ~ 

L cursor flickeu 

Place: the BASIC cassette me in the cassette tape deck and press the [IJ key _ then press the [ eR I key. (L: Load) 

The Monitor's program loader starts, and message " . PLAY" is displayed. Press the [PLAyl butlon of the cas· 

sette tape deck. 

The program loader loads the BASIC interpreter (photo at left of Figure 1.4), and upon completion of looding. the 

MZ-SOA displays the message illustrated in the photo at right and the BASIC interpreter begins to operate. 

The message "Ready" indicates that system control is at the BASIC command level and that the system is ready to 

accept any command. 

Figure J.4 

Please refer to the chapter 2 on activating system software from the diskette files and Monitor commands. 
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1.2.2 Keyboard 

The keyboard of the MZ-80A is arranged as shown in Figure 1.5. and is divided inlo :2 areas; main keyboard and 

numeric pad. 

numeric pad 

main keyboard 

Figure I 5 The keyboard of the MZ..soA 

The main keyboard (typewriter keyboard) conforms to ASCII standard and includes character keys and control 

keys (such as the carriage return key. the eonuol key and the cursor control keys.) 

The nwneric pad is for entering numeric data and is similar to that of an ordinary electronic calculator. 

The main keyboo.ld has two operating modes; 

(I I Normal mode 

(2) Graphic mode 

Keys provided on the main keyboard produce different characters according to operating mode. as shown in Figure 

1.6. 

nonna1m~ graphic mode 

A • 
a hold down : SHlFf! hold down j SHI FT I 

Figure 1.6 Different characters of the ~ key 

Note that the letter key normally produce capital letters. To enter lower case letters, hold down the ~ sHlffi key 

then press the letter key- just opposite of an ordinary typewriter. The reason for this is that capital letters are generally 

easier to read on the screen, so most people prefer to write their programs in capital letters. 
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Figure 1.7 shows the control keys (the stippled keys). 

r;;)111 :)1 ;.m ;J~I' U ! :.I~I : IIII : J1LlJ~ !,iI ; III:JIl:JIU n. , ._. 
1 _ I ... ~~ ... ~ 

G." ~IW~ I. :O Am;JlL'JIL~JI ' ~mJ • 1+: 
,11,. 
U~~~~ 'JI. 'JUt: 11 L; ;1 )'- CA K • 
•••• ' ~a D. ' ';oI! ~<;J ., 

...., i!'L'J !. '.:!.' <JIL' ;IL8JILN&M.Jh~Jlr . iI ;JIII :JI ..., 
r- -'::Ie ~. >rS "L. 

I n , 
Figure 1.7 Control keys 

The functions of the control keys are explained below. 

L_S_H_IF_T_~I : Similar to the shift key of an ordinary typewriter: when this key is depre~d. the char:lcle r keys 
and some control keys are shifted. 

CR 

IN ST 

'" 

Carriage return key. The IENT I key has the same function as lM I CR I key. 

If this key is pressed in the normal mode. the graphic mode is entered and the cursor pattern 

changes from" "X " 10" :: ". and vice versa. 

DEL erases the character al the left of the cursor location, shifting aU following characte-TS of the 

string to the left one space. INST inserts a space where the cursor is located by shifting all foUowing 

characters of the string to the right one space. 

HOME returns the cursor to the upper len hand comer of the display screen. ClR clears the display 

screen and also returns the cu rsor 10 the screen's upper left hand corner. 

In the graphic mode, HOME produces the reverse character" [:J ", and ClR produces the reverse 

charac ter" C!I " 

Cursor control keys. Each key moves the cursor in the direction indicated by the arrow (normal 

position and shin position). 

In the grnphic mode, each key produces the reverse arrOw; g H ~ Cl . 

tt.:] When this key is pressed with the iSHIFT [ key depressed, a break code is generated, and hallS 

execution of BASIC programs. 

, 
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Figure 1.8 shows the ICTRL I key and some other keys (the stippled keys). 

, , 3 , 
F, 

, 
00 

T 

f:::: 

Figure 1.8 I CTRL I and some keys 

The functions of these keys depressing the I CTRL I key are explai~d below. 

ICTRL ' + CD 

ICTRL I + [IJ 

I CTRL I + [[J 

I CTRL I + W 

I CTRL I + ~ 

I CTRL I + CJ 
I CTRL I + IT] 

This locks the SHIFT ) key so that it does not need to be held down. Pre ssing these keys 

again or pressing the I eR I key releases the shift lock. 

This rolls down the listing of the CRT display. 

This roUs up the listing of the eRr display_ 

This generates the character "-". This character is used as a delimiter (pASCAL. FDOS. 

etc.) 

This sets the character display mode 10 reverse mode. Pressing these keys again sets the 

character display mode to normal mode. 

This sets the V-RAM configuration 10 the MZ·80K mode. 

This sets the V-RAM configuration to the MZ-80A mode. 
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1.3 BASIC Operations for Programming 

Now let's start our study of BASIC programming. Here. our purpose is to allow the beginner 10 gain familiarity 

with the basic elements of programs. In the flrst section, we will construct very short programs to i1Iustr3te fundamen · 

tal concepts and learn about basic operations which are required during the cou~ of BAS IC progr:1mming. That is, 

we willleam: 

[!] How 10 construct a program. 

[l] How 10 run a program. 

Q] How to correct a program. 

[±] How to store 3 program (on cassette tape). 

III How to run a program stored in an external me. 

III Constructing a program 

To have a computer do a job. it must be given sequence of instructions according to which it IS to work . Determin· 

ing the sequence of instructions, implementing them as a BASIC program, entering the program into the MZ.sOA from 

the keyboard, and correcting the program afterwards are operations which are fundamental to program development. 

The problem is given below is a simple example of work to be done on a computer. 

Example 0 : Re3d two numeric data items from the keyboard . compute their sum. and d isplay the result , 

The sequence of instructions is, as indicated in the problem, "read two numeric data items from the keyboard," 

"compute their sum," and "display the result." These instructions are written in BAS IC as foUows: 

10 INPUT A 

20 INPUT B 
} Read two numeric d:lta items from the keyboard, 

30 LET C '" A tB, .. , . " Compute their sum. 

40 PRINT C ' , , , ... , .. , Display the result. 

SO END .. ,",.,., ... End. 

On the first two lines, variables A and B 3re assigned two numeric values through the INPUT st3tement, which 

has the function of receiving dat3 from the keyboard. On the next line, the sum of A and B is assigned to variable C. 

The content of C is shown on the display unit through the PRINT statement on the next line, which has the function of 

displaying data on the CRT display unit. Then the program ends, Although we explain these steps as if they were a 

matter of course. they are far from self-explanatory. Thus, it is here that we will begin our study. 

There art two points 10 keep in mind in the above problem: 

• A BASIC program is written using words such as INPUT, LET, PRINT, END, etc. lines containing these words 

are cal1ed INPUT statements, PRINT statements, and so forth. 

• Each line begins with a number such as 10. 

In other words. a BASIC program is made up of statements beginning with a set of words (cal1ed reserved words) 

or their abbreviations, and numbers (cal1ed line numbers) which precede the statements. Although the above program 

has only five lines, it is a c.omplete program. In fact, a single.line can constitute a program if it contains a line number 

and a statement. Large programs have the same program e1ements:l! such a single line program. 
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The next step is to enter their program into the computer from the keyboard. This is not hard to do; you can enter 

it in the same way you type on a typewriler. You must take nOle, however, of the following: 

• AU variable names and words such as INPUT and PRINT must be entered in upper case Iwers. The MZ..sOA 

keyboard prints upper case letters in the nonnal mode and lower case letters in the shifl mode, so you need 

not press the I SHIFT I key (as with a typewril:r) when keying upper case iellers. 

• Each line must be tenninated by pressing the [eR I key (or ! ENT I key on the numeric key pad). A line of 

data keyed in is not stored in memory as a program line until the eR key is pressed. 

Now. key in the fIrst line. 

10 INPUT A ICR I 
The cursor on the screen will move 10 the beginning of the next line when the ! eR ~ key is pressed. Enter the 

second and third lines in succession. The entire program is stored in memory when the END statement on line number 

50 is entered, followed by pressing the [CR ] key. 

Now key in: 

l 5 T I CR I 
The listing of program input will appear on the screen. LIST is a command which displays the list of program lines 

stored in memory on the screen. It is called a command to distinguish it from statements (such as INPUT) which are 

used within the program. 

[Ii Executing a program 

To execute a program, give the RUN command to the computer. Key in: 

R UN ICR I 
A .< ? .. mark will then appear on the next line and the cursor will flash. TIlls means that the program execution has 

started and that the first INPlIT statement is being executed. Key in, for example. the number 19 3.S the value of 

variable A. Entry of data during execution of the INPUT statement must also be terminated by pressing [cAJ . 
9 ICR I 

It is convenient to use the [ENT]key, instead of the[CR lkey, when entering numeric values from the numeric key pad. 

The second INPlIT statement is then executed and a .. ? .• mark again appears on the screen. Key in "81" as the 
value of variable B. 

8 CR 
The computer, on re~iving the variable B value, perfonns computation and assignment operations as directed on 

line number 30. then displays the resu1t 

I 00 

on the screen as directed by the PRINT statemenl on line number 40. Thus, we obtain the result of adding 19'" 81. The 
computer ends program execution when it encouters the END statement on line number 50, displays 

Ready 

on the screen and causes the cursor to start flashing again. The "Rudy" message indicates that the computer is in a 

mode. called the command mode, in which no program is executed and commands are awaited. In the command mode. 
you can enter commands such as UST and RUN or modify the program. 

rn Correcting a program 

The procedure for correcting or modifying a program is basically the same as the procedure for creating one. For 

example. to modify the above program so that the result of A - B is assigned to variable C and the content of C is 

displayed on the screen, it is necessaIY to key in 

3 0 lET C ;; A B ICR I 

as 
m. 

an 
af. 

le: 

wl 

in 

p. 

N 

, 

[ 
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When a line with the same line number as one of the old lines is entered, the old line is replaced by the new line. 

A more convenient method, called screen editing. may be used when on ly portions of a line are to be changed, 

as in this example. where the plus sign is to be changed to a minus sign. With screen editing, all that is required is to 

move the CUrior to the display position where a change is to be made using the cursor control keys and to Qverwrite the 

character(s). To terminate the editing session, press the leR I key (The I eR I key may be pressed with the cursor in 

any position, as long as it is within a line). To insert or delete character(s) , use the INSERT/DEL key. Run the progr.un 

after modifying it. 

m Storing a program 

The programs stored in the computer main memory are lost when power to the computer is turned off. You must 

learn how to store programs in external fLies in order 10 execute or complete them later, or exchange them with friends 

who use the MZ-80A. 

The cassette tape unit in the MZ..sOA is an input/output device which is used not only for starting the BASIC 
interpreter, but fo r recording and reading programs and data. To record a program onto c~tte tape, use the following 

procedure : 

• Load a cassette tape in the unit. When recording at the beginning of the tape, rc-wind it by pressing the REW 

buuon before proceeding to the next step. 

• Enter a SAVE command together with an appropriate program name. 

The SAVE command causes the program in the computer to be saved on the cassette tape. 

Now, let's record the above program (changed to a subtraction program through screen editing) on cassette tape. 

Name the program "Subtraction." After mounting a cassette tape on the MZ-80A, key in : 

S A V E .. Sub r act ion .. ICR I 

Then , 

• RECORD . PLAY 

will appear on the screen. Press the RECORD and PLAY keys ilinuJtaneous!y, and 

Writing "Subtraction" 

will appear on the screen, indicating that the save operation is in progress. 

The prompt "Ready" will again appear on the screen when the program has been saved. 

W Reading a program from cassette tape 

The LOAD command is used to read programs from cassette 

tape. To read the program "Subtraction," key in: 

LOA D "Subtraction"' 

Figure 1.9 shows that, after the BASIC interpreter has been 

started, the program Subtraction has been read into the compute r 

from the cassette tape by a LOAD command. 

It also shows the messages Found and Loading. which are dis

played in the course of program reading to indicate tbat the 

requested file has been found and that It is being read. 

Figure 1.9 Loading a program 
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• What is the Direct Mode? 

Using Ih~ compuler like an electronic calculator is possible if re

quired. This kind of operation is called "Direct Mode", 

Like the eleclronic calcuialOr, key-in 5 + 8 "'. .. 

To key-in the E. pre$S the key while holding down the I SHIFT 

key . 

In facl, however. the computer displ3ys th!' characters on the CRT 

screen only as keyed-in, and of course, no calculation IS executed even 

with the I eR I key depressed. Here lies the diffe rence be tween your 

computer and the electronic calculator. Your computer requires an 

instruClion ofwh:n should be done about 5 + 8 "". 

PRINT 

T..che<. "00" __ "delete", -COI)y" 

"calc\olat." 01 ·'''''' ''e 1"" calcul ••• on ........ Its··/ 
T~fe •• no w~ ' 0 do , ....... ""I ... 'i1oev lore 
opec,!..,.,.. Teoct>e< Fo. I c..., do "'''''v Ih."'J' 

1S """'. 10' br~ad and JS 
""root '''' Cf."" A(Id,"9 
''' .... ''P.~ .... _. 
_~ ... 60 pef'lCe 

Evtn -9"'" ..... 1,.,..,.,~1C.., can 
de) c .. eu~"on 
So~I""Com 
1Nl ... 01 COUfW 

~.''''COf'' · 

To use the computer in the same manner as the electronic calculator, the computation of 5 + 8 IS required to be 

displayed on the CRT screen. For this. there is the PRINT command available as :lll instruction. Usmg this comm:llld, 

let's press the keys in the following order to transfer the instructions. 

As the keys are depressed , the characters below will be displayed on the CRT screen . 

Ready 
PRINT 5 + 8 

13 ..... 

Ready 

% ...... .. ....................... . 

. Meaning "Go ahead with your work" . 

........ Display the computation of 5 + 8, and 

with the !CJ[] key pressed indicating the end of a command . 

. . 11\1s IS the executed fesult of the command. 

.. .. \l/hat is to be done next? 

. . . . . . . ..... .. . Cursor 
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• The Four Arithmetic Operations 

If you want to go on 10 multiplication and division. note thal the computer uses signs slightly different from those 

of ordinary mathematics. 

Multiplication sign ................... * 
Division sign 1 

Calculation with Pare nthesis 

The computer is capable of handling more complex calculations than :J.n ordinary calculator. This is a calculation 

with parenthesis. 

In case of ordinary mathematical operation. different signs of groupings are used 10 write as follows: 

3 x 6 (6 T 3· 9 - 2 (4 - 2) -t I } I 
Whereas the parenthesis ( ) alone is used at aU times with the computer. 

3* 6 *(6+3*(9 - 2 *(4 - 2)+ I») 
Even with the above , the computer never forgets the rule that computation in the inner signs of groupings be done 

first. and never makes any mistake. 

Exercise 

The ~renl"".' ~ be uM<! no 
~ne' how ",.ny . H~vef . '~ 

""_ of OPen I»r""'~ a r>d 
c lose PlfI""I~ m<nl 00I! 
"""Iocal. or ... elf 0< ",,11 OCCUf 

PRINT (6 + 4) 1 (6 - 4) 

5 
PRINT 3 * (5 + 9 * (9 - 2) - 61 (4 - 2)) + 5 

200 

PRINT (3 + 4) * (5 + 6) 

77 

PRlNT(IO+ 20) / 6 * (2+3) 

25 

PRINT(IO+ 20) / (6 * (2 +3)) 

FOf mu l, . ploc.a"OtI. Wf" ' ''9'' 
4 13·2 ) .. WfOng. <0 be Wre 10 
Wf'le 4 ~ 13·21 

j,..q(, ~ " .. ' )< .J. + .) 

482-P< "'4-

304-1 ... 
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• String? Expression ? 

PRlNT 3+5 

With the above, pressmg the ~ key makes 8, doesn't it? Now. put the expression in quotJtion marks", 

[ :~;n+5"'nd :J 
Oh. the result is different. Try another one 

PRINT "HELLO MY FR1END" eR] 

HELLO MY FRIEND J 
As is clear from the above, the characte~ or symbols put between quotation marks·· .. are displayed as they are on 

the CRT screen. 

The block of Ch:u3Clers and/or symools between the quotation marks is caUed :I string. 

PRINT "3 + 5" PRINT 3 + 5 

'[ A 

l ~ 

This is 3: sIring 
-----, ( This is an expression . 

\ 

I \ 
put between quota tion marks. J 

\ 
nol a string. , 

11 is necessary for you to know more about the strings. The free use ofstrings will double the pleasure in operating 

the computer. 

PRINT " , ,-ove VDU" 

PRINT is the command which you will have to get along with 

quite often. If you think it troublesome 10 key·in PRINT 31 every 

opera lion . press the? in place of PRINT. 

The computer automatically converts the? to PRINT. 

? 3 * 5 
15 

?(3 +4)*1 0 
70 

SI>e "'- no' no"C' ,,,... 
.... .. '''' ~ '''9abou t 'N '*' '''9 

T ... BASIC". I""ng. 
11 y ..... Ih,n~ PRINT 
C~ . ... l'Iy don·, ~OU 
"V ..sIng , ..... , 



• What are the PRINT's 1st and 2nd Approaches? 

It is possible to add a plurality of items, such as strings and 

expressions. 10 the PRINT command. In this case, individual items 

should be separated using semicolons and commas. 

PRI NT "3"t5 =", 3-tslcR I 

PRINT -3+ 5 = " : 3 + 5 [eR 1 
3 + 5 = 8 

3-r5 = 8 
\E- IO <.hw-~w 1f"'<...,j 

) ~ C7.~ 
7j' j .!J 
;!' 

1 0 character .-_w, .... one 
CI'l .. ICI .... ~ 
.. tM poo.\oOI'I 
lOt ,I>e 19' of 
pI,,". 0< m ....... 
of ,hoe 8. 

The expression between the qU0I3tion marks is a string. The 

actual calculation is done according to the expression following the 

semicolon. PRIN T "3 -,=" ,3-,!£m 
Try it. 

What will happen when using a comma ( .) In place of a semi · 

colon (;)7 

PRINT "3 + 5 =" . 3 + 5 1 eR I 

3 + 5 '" 8 

J-S= -2 
~"""<lCt. ~e.-~ 

~ 
I" -=-- en. piu. 
SogfI. , ...... '9'" •• 
"""""M' Kco,d'ng 
to ma,he<natocal 
PtKloce 

PRINr3-S~" ; 3 -S (CR! 

Why! The result of 3 + 5 is displayed far away from the expres

sion. This means the foUo\\.'ing difference lies between the semicolon 

3-5 ~ - 2 

and comma. 

, ............ . 
Use of this separator results in display of output lists on successive lines. 

This separator causes output lists to be displayed in a tabulated formal. 

15 

When a separation is made with a comma, the 6 character space is not away from the end position of a stnng, but 

10 character space from the starting pOSition of the SI ring. This fact requires your special attention. 

PRlNT" 12345",3+5 eR 

12345 8 

la chM2Cter space 

PR INT "113456789", 3 + 5 ~ e R I 
123456789 8 

to character space 

If the string is longe r than 10 charact~ace, the result 8 is automatically made a funher 10 characte r space away. 

PRINT "123456789012", 3 + 5 eR 

123456789011 8 

20 character space 

• , 
2nd approach lU approach 
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• Let the Computer Run! 

H~re is 3; program with Slalements covering several line . 

10 A =3 

20 B=5 

30 C=A+B 

40 PRINT A, B, C 

50 END 

T", "'OIl'''''' 
.... ea.hon btgon. 
""Itn RUN 

_ 0 

This program is the one to instruct assignment of A = 3 and B::: 5, and the display of A, 8 and C on the CRT 

screen in expression as follows : 

C=A+B 

The numeral 3.t the head of each statement is called a line number. The compu ter is sure to execute the line 

numbers from small in value to large in the correct sequence. Therefore , this makes it possible to insert a new statement 

in the program afterwards. For example. 

35 0= 8 - C 

The computer executeS:1 program in the sequence of the line numbers. and therefore. the line numbers are made in 

steps of 10, as illustrated in the above example, so that new statements can be inserted later whenever requited. The 

line numbers can be selected at libeny from I 10 65,535. 

I Line No~ S'(;lem~ eR 

For example. presuming the following, 

35 ,,-eR 

~~ing the chat3ctel 011 the CRT sclUn alone is not 

sufficient for the keying-in of the statemenC After the 

display of each statement, the m key must be pressed 

each time, to commit that statement to the memory. 

the statement in line number 35 is deleted from the com
puter. 

Now,let's execute the program. 

Press the keys as follows RUN CR_ 

RUN 
3 5 8 

_ 10 character space - - - 10 chancIer space_ 

One chancter space for ptUl 

Ot minus sign. For minus 

value, minus (~) is Uuerte<i. 

Fo< you. O\Ion e~pen.n«. 
~.." ,n.1M ~~l."on '0< ,M .. aIue 01 A, B. C. 
t:e,~ ..... mbe' 01 2 0< 

mote ~"'. lIIId 'IM 
<~:--,_"-,caIC\Il'UOn 10' 

IM val ... """I> 
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• UST for Quick Understanding 

While con linurng conversation wilh the computer by repealed trials and error!., the first keyed.in program may 

sometimes be gone from the CRT screen. Even so, don't worry. The computer never forgets any program once keyed. 

in. When you want 10 see the previous keyed-in program, key-in the following: 

LIST [CR ' 

This is followed by the display all the stored programs on the CRT screen. If the program extends over tens and 

hundreds of lines beyond dispaly :H a lime, part of the stored programs can be displayed. 

Displays a program up 10 line number 30. 

Displays a program after line number 3~. 

LIST - 30 CR, 

LIST 30 -, CR I 

LIST 30 - 50 !CR: 

LIST 30 [CR ' 

Displays a program between line numbers 30 and 50. 

Displays a program of line number 30. 

The result of NEW .. .. 

To store a new p rogram, clear the previous program using 

the NEW command. Otherwise, two programs may ove rlap to 

cause confusion. 

NEW[CR : 
This wiU clear the p revious program com pletely. To en

sure this, key-in the LIST command to check that the program 

IS cleared. 

10 
2. 
30 
IU) 

So 

~~ , . 
J;" 
'IJ" 'U -

\)\ 

A::: 3 

8 :5 
C = A -t 8 
PR tNT A, B,C 
END 

I WI n _!y 
h.,. numot>en 
!,gm 10 '0 30. bul 
., •• uOubl_* 
'000 10. one bv 
~ 

NEW @ID 

An~·way. I w." 
.... ,nOUllllI IQ 
In ...... ahe, 
"ea" .... 

• 

LIST (COl 
READY 
• 

Oh. tha1_ a 1:>'\1 
m •• u~. ! 'o.houkl 
not _ elee,eeI -
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• Error Puts the Computer In Confusion 

10 A=3 

20 B ;; 5 • 
30 C=A+ B 

40 PRINT A, B, C 

50 END 

This is the same program as used before. Did it run well? 

If there is an eITor in any statement. the computer teUs you 

about it. For example. 

SO EMD 

Ir you make 3. mistake of M for N. the computer executes 

the program up to line number 40 3 S inst ructed, but It does 

nOl know what EMO is all about. The compute r lells you 

about a synta.x error, as follows: 

* Error I in 50 

*- Error 1 ; ~ 5 0 
t 

L I NE NO. 50 
WI\aI IS Error 1. 

<ql~ 
• • 

, mean •• _ocal ,,-'Or ,n InstructIon. 
L,ke ,he £"9" .... language ..... ,hell'''''''''''' 
,,"""' ... '...,.,., •• ,0 ..... or I t .... M ' "_,,,VI<! " 

Then. key-in cor~ctly as 50 END. For two sta tements identical in statement number. if any. the computer lakes 

up the one that was keyed-in I:ller. With this, is your program complete? 

If so, try 10 make a mistake in line number 20, for example. 

20 5 = B 

With this. the statement in line number 20 must be rt· 

Vlsed. Sure? ........ Use the LIST command to check the re· 

vision. 

10 A=3 

20 B = 5 

30 C=A+B 

40 PRINT A. B,C 

;0 END 

105 = 8 

Oh. something runny occurs. Line number 20 is nOI revised. On top o r that. a strange statement with line number 

105 lists out. This results because the computer ignored a spa~ (blank part) between 20 and 5 and arranged them as 

a hne number. A spa~ to the computer is entirely insignificant and ignored. 

No te: The interpreter notifies the operator or occurence or an error dunng program execution or operation in the 

direct mode with the corresponding error number. Rerer to the Erro r Message Table; page 120. 



• Collect the Statewent ill 

If you wanl to do the following about your program which has been stored in the computer; 

To correct errors. 

To modify for a belter scalemen!, 

To modify for a separate statement, 

To modify part of a complete statement and to generate a new statement, 

Let's study about stalement modification, insertion and deletion when the above 3rc required. 

Cursor Shift 

To revise the characters in a statement, [he cursor musl 

be shifted to the respective character positions. Now, let's 

revise 5 of the statement B = 5 in line number 20 to 7. 

Refer to the diagram at right for the shift procedure. 

With this. the program displayed on the CRT screen 

has been modifled. In iact , however, this has nOI yet modi

fied the program stored in the computer. To modify the 

stored contents. the eR key must be pressed. Whal? Did 

you key-in 6 instead of 7? To modify the character to the 

left of the cursor, there are two methods available. 

1 M,thod ' I Pt",ing th, IINST.OEl lkoy . 

With the I INST· DEl l key held down , the cursor shifts to the left by one character space, deleting the charac· 

ter next to it on the left. Press the W key again. Needless to say , the ICR I key must be pressed finally. 

I Method 2 ! Shifting to the left using the ICURSOR] key. 

While pressing I SH1Ff ' hy. depress the ~ CURSOR key . The. cursor shifls to the left by the number of times 

the key is pressed. 

Then, press the~ key again . The [~iJ key must be pressed finally. 

19 
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• Correct the Statement! 

Character Insertion 

To modify the program on page 18 for the slatement in hne 

number 30. as follov.'s. 

30D= 100+ A t B ~Donot pressthe~keyyel.) 

shift the cursor 10 character A. Then press the keys as shown below, 

With the ! SHI FT ! key depressed, press the ! INST· DEL I key 4 

times. 

There must be :1 space for just 4 characters to add 100 t. Key-in 

100 T to this space . No more descriplIon is required for the revision of 

C 10 D. Since the statement has been modified so far, why not modify 

the line number from 30 to 35, and press the lCRlkey. Modify line 

number 40 as shown below, 

40 PRJNT A, a,e. 0 

Then type RUN [CR I 

RUN 
3 5 

Character Deletion 

350: lOO + A+ 8 

8 IOS 

Let's modify this statement. To modify It 10 the foUowmg, 

350=A + 8+C 

Shift the cursor 10 character A and press the !INST-DEjJ key 4 

limes. This shifls the cursor until A + 8 ponion comes rigtu next to 

mark= 

RUN 
3 5 8 16 

10 A =3 
' 0 B=5 
3121D- 100 +JA+ B 
I.f.o P RI N TA, B, cfEJ 
50 E N)) 

TI\,,1\as ~ I ..... ,.,~, 
,n 10 .... nu~ 30 on tI\. CFtT 

~-. 

..... , 10 m.~e ""'. 
!VIM ,n I.lST 

Ot> •• , .... -301t.1I , .... _ 

~ .. 
10 A=3 
20 S:) 
30 C= A+ B 
35" D: 100+A+ B 
40 PRINT A, ""C,D 
,0 END 

n'l.' .. *8Uoe no 
cornm_ .... g ...... , .. 
~t. line ..... _ 30. 

It you ..... n 10 """~ It. 

key..., 30 19J1. 
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• Further Study of Comma and Semicolon 

For review. the following example is tahn again. 

10 A "'3 

20 8 :5 

30 C:AT8 

40 PRINT A, B, C 

SO END 
L-

,3 5 8 
, . .-iF " V " . 

,-c--.:(w=iO::'=iu<x~="='::~=x::':J 
This spxe before ttle numbel

L1 
i5--;-'o-,C,Ch,- pIC,-, -o-, -mCin-'-' -",C. -n.' 

You remember this, don't you? In o ther words. when 

using commas between A, Band C,:1 numeral is displayed 10 

character space away. Generate a program with new state

ments inserted. and run 11. Statements to be inserted arc the 

following: 

32 D"'8tA 

34 E=B*A 
36 F=B/A 
4S PRJNT D. E. F 

RUN 
3 

125 

5 

IS 
8 
1.6666667 

21 

Add.o:otnI'I'IOI I, ) 
0< .... 0<:0100'1 ( .1 
to In. .,..,. of 

" .... nufnbet1 40 -" 

With the comma ( ,) revised 10 semicolon ( :) for line numbers, 40 and 45, run the program once mote. To modify 

the program, type in LIST and use the cursor in as smart 3 manner as possible. 

RUN Space for plus/minus signs 

358 y '-
125 IS 1.6666667 

Semicolon ( : ) has a function that combines the chancten or symbols on display together. Add semicolon ( ;) 10 

the end of line number 40 then RUN, in order to make sure Oflh.is fact. 

40 PTINT A: B;C: 

RUN • 
3 5 8 125 15 1.6666667 
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• Colon and it's use 

Use of Colon 

• 
10 A ==3 

20 B=5 
30 C= A + 8 
" D= B t A >-

34 E = B* A 
36 F = B/ A 
40 PRINT A: B:C 

45 PRJNT D, E. F 
50 END 

This p rogram consists of short sta teme nts. A program in this 

length can be processed under one line number. If requied. 

I'm • colon, ....., Ih~1_Y YOU 
.... , 0.< 1-.; . Stt .... ~ 

"rt"'~I_ 

IOO A ==3: B =5:C= A+8 : D == B t A : E= B* A : F "' S j A : PRl T 

A ; B;C: PRINT D. E. F : END 

RUN 100 

Colon ( : ) is 3 symbol 10 be used when more than 2 statements ~ inserted in O~ lint: number. This kind of stotc

ment is calI~ a " multi-statement". A statement with 2 lines can be d~ribed in o ne line number. I line consists of 40 

charncters, making it possible to use 76 characters including 3 line number. 

w ,rn Ol"'~ RUN. e)(eQJl,"" 
sum., ........... "", 10". 
~ ....... 

How Much left ? .... SIZE 

11 is natural ior you to desire 10 know how much storage 

capacity is left at your disposal as programs 3re stored in the 

compute , one after another. 

For this, the following is done: 

PRJNT SIZE 

In response to thlS, the computer tells you about the re

maining storage capacity in bytes. 

W,U\ RUN 100. 
. x KU IOOtIU ....... 
line ",,0'TIbM 100. 

I U""'" ,.11 YOU u "lft~ YOU ~ty·,n 
,nt PRINT SIZE cofft<: lIy 
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• Does "A = 8" Equal "8 = A"? 

Now let's give attention to the == sign we have often used 

so far. Try the following execution. 

10 A = I 

20 PRINT A. 

30 A=A+2 

40 PRlNT A 

50 END 

RUN 
3 

and 3 are on display. A = A + 2 is for line number 30.lf 

this is an equation, A is subtracted from bOlh expressions 

making 0 = 2, resulting in a contradiction. It is not an equa

tion. 

Sign = means that the result of the right expression is sub

stituted by symbol A prepared on the left expression. 

No, No. , .... H'tiUh Of Ih(' 
ulcule"Qn" P'" In.he I)<M . 

T"'n~ YOU 

How man.,.. 
flowe .... do you 
,~, 

M.,. A. I OIV'e you 
• n..-.-. 

23 

In line number 10. value I is substituted by symbol A, and al the right expression ofline number 30. the value in 

symbol A and 2 are added and substituted by symbol A using symbol =. 
At this time, value I previously put in A does not exist any more, 

The following 2 programs produce different results which proves that "A = B" does not equal "8 = A" . 

10 A =5 10 A=5 

20 8 =7 20 8=7 

~ 30 PRINT A. B 30 PRlNT A, 8 
4() A=B 40 B=A 

50 PRINT A, B 50 PRINT A, B I ", 

"$.' 60 END 60 END 
RUN RUN 00 5 7 5 7 

7 7 5 5 
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• Variables the Computer is Very Fond of 

The variables used in the computer statements are differ· 

ent in usage from the mathematicaJ variables. The statement· 

used variables are the names given to the boxes designed 10 ac

commodate values. ?A/.~IW'''A·0 
8=5 

This means that value 5 should be substituted by box B. 

Therefore, the use described under the "Error Puts Computer 

in ConflUion" results in a difficult statement for the corn · 

puter, though it cannot be mistaken as a line number. Because 

it says (0 pUl box B into 5, 

10 A=3 

20 8=5 

30 A=A+B 
40 PRINT A 

50 END 

RUN 

8 

~ ________ ~30 A=A+B 

L." me _. 3 o. P<I' .n A ~forf ., 
.. .xIed 10 ~ ,n 8 , ..... !t,ng 8 \1'.' 
" .....- • _ ~.Iue lOt A 

Th ..... ., ... 

From the malw-maticai definition , this program has a con· 

tradiction, however, the computer will understand. 

No, _.e no, " ... ab!" 

Characters subject to Variables 

A=3 

:8 

1. A variable should be I combination oft ..... o Of less characters. Any variable oveT 2 characters c:an be stored,buclhe c-harx

lers after the second are neglc<:te<1 in computer pmccutn&. FOT e.:umpk, ABC and ABO can be dispbyed. In procewng. 

however, they arc reprded as the same variables as AB. 

2. The rollowin& arc che chancten (or 11# as variables: 

(I) A 10 Z. Alphabetical 26 ..... ly$.. 

E:>.:ample: A, M, Z 

(2) 260 ch:&r.l.cten with numeral of I rlgUfC (0 to 9) added to the alplubcL 

E.<:;ample: AO. " 5. Z9 

(3) Characten with t ..... o alphlbetical. chan.clcn combined. 

Examp~: AA.. Bt>:. XZ 

However. "SOme variables. such as 11-, O~, TO. etc in BASIC reseJ"\'ed words. should not be u:ted. 
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• Computing the Earth 

The prince of a star takes accurate observation of the 

earth. "The earth is a blue planet over there in the Solar 

System. Though slightly distorted, the earth is approx
imately 13,()(X) kllometers in diameter. From orbit caJcula

lion, its mass is about 6 )( 1018 thouS3.nd tons," 

The prince went to his computer 10 generate the 

following program for calculations of volume YE. su rface 

area SE and mean dCnsllY ZE of the earth. 

o 

IQ DE:: 13000 ............... . Substit\ile the earth's di:unC'~r fOI vari3ble DE. 

20 WE=6E+ 18 .... ....... SubSUlUle the eanh's rnass forvaruble WE. 

30 SE = 4 * 'If * (OE/2) t 2 ......... Thili substitul" the surface area for vnble SE. 

40 VE = 4 * 'If * (DE/2) t 3/3' •.••••• ThIS substitutes the earth's volume for variable YE. 

SO ZE '" WEfVE * (I E - 2) ... - ...... This substitutes the mean density for vari:lble ZE. 

60 PRINT "EARm DIAMETER" ; DE;" KILOMETERS" 
70 PRINT "EARTH SURFACE AREA"; SE; "SQUARE KILOMETER" 

80 PRINT "EARTH VOLUME" ; YE; "CUBIC KlLOMETER" 

90 PRINT "EARTH MASS" ; WE; "THOUSAl\tQ TONS" 
100 PRINT "EARTH MEAN DENSITY" ;ZE; "KILOGRAM/CUBIC METER" 

110 END 

25 

The prince of a star understands slightly the size of the earth. Pay much :J.tlention to the units used in the 

calculations. Further attention is focused on the sequence of calculations when the arithmetic expression contains, 

* . + or .,. The operation priority is shown below: 
I ., (power) 

2 - (Minus sign) 

3 *./ (Multiplication and Division) 

4 of, - (Addition and Substraction) 

The expressions below 3Te complex in combination. Do you see any difference between the expressions? 

r- 2 + 3t2 "'1l 
L (2+3) t 2"'25 

2*2t3=16 

C o * 2) t 3 = 64.000001 

r- 12/3 * 2"'8 
L 12/(3 * 2) = 2 

r l2 /3 t 2"" 13333333 
L (12/3) t 2 = 16 
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• Archimedes and the Mysterious Soldier 

The sum of the interior angles of a triangle is 180°. With a flash of inspiration. Archimedes sat on t~ road and 

drew a triangle. There came a mysterious soldier v.tith his spear pointing 3t Archimedes. 

Soldier: Archlmedes, your life is finished. Be prepared 10 die! 

Archimedes: Wait a minute, I will finish this c:licu13lion. 

Soidier: What? Angle A IS 30° and angle B is a nght angle . 

It's cuy 10 delennine angle- C. 6lJo. If side CA length is known. side AB and BC lengths or even the 

area o f the triangle can be easily delennined. 

Archlmedes: Don', bt silly. 

Soldier : All that needed is to generate a BASIC program. ut me see, Oh. Yes. it's good with CA '" 11 . 

10 A '" 30: B = 90 : CA:: 12 

20 AB = CA * COS (A * 17/ 180) 

30 BC =CA* SIN(A * 11'/ 180) 

40 

SOC:ISO - A - B 
60 PRINT "AB "," : AB, "BC "," : 8C,"CA"," ; CA 

70 PRlNT"AREA5 ",";5 

80 PRll\'T"A =" : A . "B:" :B. "C ""'; C 

90 END 

c 

". A e:..:l2"----__ J . 

Using the mve~ tangent ATN . let's determine the size o f angle C from the side AB and BC lengths known. This 

requires the follov.ring to be keyed·in . 

50 C = ATN (AB/BC) * IBO/. 
The result is in the unit of degree. The same result is obtained , Isn'l it? 
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• The Function Family Members 

Introduced here are more functions. such as SIN (X). Such functions are used with parentheses, in which constants, 

variables or arithmetic expressions can be placed. 

Function BASIC Symbol Calcul3ted Value Example 

Integer INT(X) Maximum integer INT{3.14)· 3 
within X INT (0.55)· 0 

INT(- 7.9): -8 

Absolute value ABS (X) Absolute value of X ABS (2.9) = 2.9 
ABS (- 5.5)' 5.5 

Sign SGN (X) I if X is greater than O. SGN (500): I 
o if X is equal to O. SGN (0): 0 
- I if X is less than O. SGN (- 3.3) "' - I , 

Exponent function EXP(X) " EXP(I) = 2.7182818 
(c = 2.7182818) EXP (0)' I 

Common logarithm LOG (X) log10 X LOG (3) = 0.47712125 
Provided X is greater 
than O. 

Natural logarithm l.N (X) log. X I LN (3) : 1.0986123 
Provided X is greater 

I than O. 

Square root SQR (X) I ,jX SQR(9): 3 
Provided X is greater SQR (0):0 
than or equal to O. 

Is PRINT 2 * 2 Identical to PRINT 2 f 2? 

WeU 934 t 2 resuJts in fractions of 872355.99. but 934 * 934 results 872356. This is correct as an 

arithmetic expression. but calculations are done in a limited number of fIgUres, involving unexpected errors. 

For example, 2 f 2 is done using the formula caJ1ed a progression expansion . 
n •• pen ., C>Jt off. 
causing ... <TO<. 

This calculation may cause the computer to scream. The computer will produce certain Iypes of errors. 

These errors aTe, however of little conce rn. 



28 

• Free Definition of Function .. ... DEF FN 

Various functions have been described. and here is an explanation o f DEF FN defined as a new function combining 

such various functions. Some definitIOn examples are listed below: 

OEF FNA (X) = 2 * X t 2 + 3 * X+ I ..... 2X'l +3X+ I is defined as FNA(X). 

OEF FNB (X) : SIN (X) t 2 + COS (X) t 2 .. .. sin1 X + cos': X is defmed as FNB (X) this is always I. 

OEF FNE M = 1/2 * M * V t 2 .......... 1/2My2 is def11led as FNE CV), 
DEF represents Mdefinc", New functions are named with FN suffixed. X or V in the parenthesis is caUed the 

argument. For example, the trurd function (seems to be motion energy) is used. 

10 DEF FNE (V) = 1/2 * M * V t 2 
20 M:: 55 : V = 3.5 

30 PRJNT FNE (V). F 'E (V * 2), FNE (V * 3) 
40 END 

Motion energy at milia! velocity V and motion energy with velOCIty doubled or tripled are dISplayed. DEF FN 

comm:md is very convenient parucuiary when the same functions are often used in a long program. 

FaD from an altitude o f 10,000 meters! 
How do you think the velocity and altitude of a fall fr om 

an altitude of IO,()(X) meters changes per second? 

Fuction FNV (T) in the program is the fall velocity after 

a lapse of time T. and FNH (T) is the altitude at the same 

time. 

Acceleration of gravIty G . .d.tulIlospheric resistance facto r 

K and alt itude H when a fall OCCUf$ are assigned by line 

number 20. 

10 ?~ @I " : T"' O 

20 G=9.8:K=0.15:H=IOOOO 

30 DEF FNV (T): G/K * (I - EXP (- K * T» 
40 DEF FNH (T): H - FNV (T) * T 
50 ?- (:J " 

60 PRJNT "TIME "; T : MUSIC " + AO" ...... tnstruction ""nil beep to be explained on pagt' 76. 

70 PRJNT "VELOCITY" ; FNV (T) 

80 PRJNT "ALTITUDE" : FNH (T) 
90 T'" T + I : COrD so ............•...... Thi'! is a tJtift instruction for the program to be Jhiflcd 

to line No. 50. 

(!I and (:J are entered with the I H~~RE l key pressing in the graphic mode. 
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• This is INPUT, Answer Please 

To inform the computer of variables' values , we have so 

far taken the method where the value is first determined, as 

follo~: 

10 A = 3 

20 B:: 5 

There are several methods avai13.ble for informing the 

computer of the values of variables. One of them uses a 

command caUed 1l\'PUT. 

10 Ir-,'PUT A. B. C 

20 0= A+ 8+C 

30 PRINT A, B, C, D 

40 END 
RUN 
? X 

This is new display. Isn"1 it?? "h is making an inquiry 

to you about the v:due of first variable A following the INPUT 

command. In response to this inquiry, key-in the value and 

press the I eR I key to inform the computer that everything is 

OK 

l.l ..... _.S_kl~ 
all .f9hl. Now I go .. YOU 
on "'pUt. 

Let ..... know thIo 
v ...... o,~.;~ ., 

T,,-..,.,_ 01 
~ ....... _ c:omc>ute< 
",,11 .k iboul .. ,n 
ti'HI o<de< of now 'M 
v.;IIb/In •• •• ~ 

tI vOU ..... ~ •• mostalul ,"_10 _ 
_ lion. juu p_ 

-[~Er l k'Y' TIw 
__ 11 O.K., ond 

....... P ... -~ 
k .... to coni ..... 10 
'Ih ... Il..:t. 
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Look! The same display is there. This is the inquiry about the value of the second variable B. If the~ are 3 vari· 

abies. the computer :asks question 3 times. If you reply using any key other than 0 to 9 by mistake, and press the CR 

key. the following is displayed. 

* Error 4 in 10 ................ Data type mismatch 

The computer will then make inquiries about the values all over again. 

10 INPUT A, B. C. D 10 l~rpUT "A ""?" ; A 

20 INPUT E. F, G. H 20 LN'PUT "B '" ?" ; B 

30 PRINTH ,G,F,E 30 INPUT "C:c?";C 
40 PRINT D, C, B, A 

50 END 

Pay .!ten, ... ,. 10 , .... INPUT 

IIOd PRINT SIQ ...... on "'" 
n .... bHn ,,,,.ne<! 

40 S==A+B+C 

50 M =S/3 

60 PRINT "TOTAL" : S. "MEAl"''' ; M 

70 END 

W,1h INPUT. _ dilpl-v of. 

'Hint" POOIibM In tI'\"""' .• 
..... icoIon mw, r. "",d 10 _.te !hem. 
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• Yes or No in Reply to a Proposal? 

On :I sunny Sunday, a gentleman and a lady sit face to face in a nice coffee shop. He is 43 years old. and she is 22 

years old. 

Genlcleman: IloYe' you at first sight. Can you marry me? 

Lady: Yes, if you love me so much. J don't care about the age difference. But not now. You have \0 wail untIl 

my age is half of yours. 

Presume his age is A, hers is B and the number aryears she asked him to wait is X. After X years, he is A + X years 

while she is B + X. Since her age is then half of his, the condition of A + X = 2 (B -+ X) is required. To solve the equa· 

tion for X. the follo......mg is obtained. 

x = A - lB. 

10 PRINT "WHAT IS HIS AGE ?" 

20 INPUT A 

30 PRINT "WHAT IS HER AGE 1" 
40 INPUT 8 

SO X=A - 2*B 
60 PRINT "WAJT" : X; "YEARS!" 

70 END 

RUN 
WHAT IS H IS AGE? 

? 43 [CR ' 
WHAT IS HER AGE? 

? n ICR] 
WAIT - I YEARS! 

It is imposs.ible to wait for - 1 year. In other words, they could have been mamed a year ago. Asked suddenly 

about a question, the computer may be confused al wha.t variable you are talking about. In this program, a string 

indicating inquiry contents is inserted in line numbers 10 and 30. The siring for an answer is also used in line number 

60. 
The INPUT method in this program can be simplified. Modify line numbers 10 and 30 as described below, deleting 

line numbers 20 and 40 from the program. 

10 INPUT 'WHATlSHISAGE?";A 

30 INPUT "WHAT IS HER AGE ;" : B 

ThOSi that follow line number 50 are identical to lhe 

above program. 

RUN 
WHAT IS HIS AGE? 43 !CR : 

WHAT IS HER AGE? 22 ! CR. ) 

WAIT - I YEARS! 
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• DATA and READ go hand in hand 

Another method to inform the computer of vari· 

abies. 

10 READ A, S, C, 0 

20 X=A+B+C+D 
30 PRINTX 

40 DATA 3, 5, 7,9 

RUN 
24 

This program picks up values which are then used 

for calculation. 

Two lypeS of commands. READ :lnd DATA. arc 

used in this method. 

READ A. B. C, D ....... .. ..•. ..•. ..... Some variables are arranged . 

DATA 10,11.12.13 . . . . . . . . . . . . . . • . . . . . . Number of values identical 10 th:.! of variables that 

raUow READ. 

Similar to the I}'TPUT command,lhe arrangements of variables and values must be matched. 
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It is unexpectedly easy to generate programs 10 determine rectangular. circle and triangle areas using Ihe READ 

and DATA commands. 

10 READA. B 

20 SI = A * B 
30 PRJNT "RECTANGLE "," ;$1 

40 READC 

50 52="*C f 2 
60 PRINT 'C IRCLE =" ; 52 

70 READD, E 

80 53=0*E/2 
90 PRJNT "TRIANGLE ",," ; $3 

100 DATA 2,4,6,8, 10 

110 END 

There seems to be room for improvements in the program. 

Try various ways yourself. 

r , 

t Rectangle 

1.-8 o f~ 
E 

<-:::T='·="';·-=~l k D 
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• Don't Oppose GOlO 

For programs described so far, the computer executes 

them in the correct sequence from small to large line numbers. 

In fact, however, execution requires the sequenct' to be 

changed on some ocC3Sions. On such occasions, GOTO state

ments are very effective. GOTO means thal an unconditional 

branch is made to th~ line numbe r specified. 

10 N '" I 

20 PRJNT N 

30 N=N+l 

40 GOT020 
SO END 

RUN 

3 

1 ....... 11090 
>1T.,gII1 

~ •• ~:- I" • 

'~- ~..,...-,::, .. ~ . " .. :': - ~" .. ~ - - . . . 

Not stopped? ............... Press the ISHIFT I key. then : BREAK I key 10 stop. 

' " 
t" ~. 

... 

Once upon 3. time, the great Kniglll Sir Lance[ot of the Lake did a great deed ior King Arthur of Camelo!. King 

Arthur was so gre31ful to Sir Lancelot he said, "I would like to give you any prize you care to ask for", 

Sir Lancelot replied -Thank you my Lord, I would like 10 have I Ginea today. 2 Gineas tommouow, 4 Gineas on 

the 3rd day, 8 Gineas on the 4th day and so on until the 30th day". King Arthur was so surprised by such 3. sm:ill 

request that he agreed iUlJm:::Ji:uly. 

L~I us make Ih~ program below to find OUI how much King Arlhur mUSI pay. 

20 PRINT "DAYS", "CINEAS", "TOT AL ~ 
30 PRINTD, F,S 
40 D'" D + I .. ........... . . .. . .. . .... . This is for adding oneday 10 each day. 
50 F '" 2 * F .. ........ . . • . ............ This is for multiplying oneday's total by two. 
60 S = S + F .............•......•...... This shows the Iota] by adding 10 previous day tot al. 
70 IFD"'3ITHE~90 
80 GOTO 30 
90 END 
RUN 
DAYS 

I 
2 

10 

20 

30 

G INEAS 

2 

512 

524288 

. 53687091E + 09 

TOTAL 
I 
J 

1023 

1048575 

. I0737418E + 10 

On th~ 10Ih d:ay he was given 1023 Gineas, on the 20th day he was given 1048575 on the 30th day he a~ed for 

about I{)()()(X)OOO() Cineas. 

• 
IF 

r 
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• IF .... . THEN 

IF - THEN 

10 IF .o.i'l.A THEN cco 
20 ••• 
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If L:..o..o. conditions are sottisfied. then 000 jobs can be executed. If nOI. omit 000 and go to ••• of the next linc 

nllmber. This is the IF - THEN statement. If 0 0 0 is a numberal, ajump is made 10 the line number of the numbera1. 

10 READA 

20 IFA>=OTHENPRINT"A=";A 

30 GOTO 10 

40 DATA - IO.2D.5, -9.8.-6.5 
SO END 
RUN 
A'" 20 
A = 5 
A::8 

A=S 

Positive numbers alone 3rc dlSpl3yed. 

The general form of IF ........ THEN statements is as follows . 

IF condiuons THEN statement or line number 

The condillons herein referred 10 are "greater than" or "\css than" expressions using equaJ sign and unequal sign. 

Sign Conditions How leLm 

= A-B 
< A<B-tC 

> A> 8+C 

<- A+8<"'C 
or=< 
>= A>= B 

Or = > 
< > A< >8 

or> < 
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• IF ..... THEN and its Associates 

If ... condi tions 3re true (Yes). statement after THEN is ex

ecuted. If they are false (No), execution is advanced to the next line 

nwnbtr. Here is an introduction to its associates. 

IF ............ THEN GOTO or IF .. .... . GOTO 

IF . THEN PRJNT or IF ....... THEN ? 

IF ......... . .. THEN A ::: 5 * 7 substitut ion:!.1 statemen t 

IF ............ THEN INPUT 
IF ....•....... THEN READ 
IF ... ......... THEN casus 
IF ........ . ... THEN RETURN 

IF ... • .... ... THEN STOP 
IF .. . _ .... T HEN END 

10 PRJNT " (!J •. 

20 PRINT " INSE RT OPTIONAL FIGURE FROM 1 TO 9," 

25 PRINT " INSERT 0 WHEN YOU STOP," 

30 L =O: M =O: N "O 

40 INPUT A 

SO IF A = 0 THEN qo 
60 IF A <::: 3 THEN L ~ L+ 1 : GQTQ40 

70 IF A <= 6 THEN M:: M + I : GOT04Q 

80 N = N+ I :GOT040 

90 PRJNT "YOU INSERTED FIGURES FROM I TO 3" : l : "TIMES" : 

100 PRINT "FROM 4 TO 6" ; M : "TIMES'; 

110 PRI 'T"ANDFROM7T0 9" ;N;"TIMES" 

120 EN D 

A new symbol C!l is ~d in line n~mbcr of 10,. Display o f [!] is possible when I H<g-:E ! key is pressed. with 
the ~Fi] key depressed Ul the graphic mode. This command 

will clear :ill the character on the CRT screen and mift the cursor 

to the top left corner of the CRT screen. 
I CLR---; 

In addition, when the ,HOME key alone is pressed in the 

&f3Phic mode, symbol r:J appears. 

This symbol functions only to shift the cursor to the top left 

corner. 

If these are not clear, check with PRINT ,- C!l " or PRIr-..'T 
.. I:J .• 

I 000"1" I, ~. cLu",,,9. 
...., go "~o9"l ~o-ne 

, , 
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• leave Any Decision to IF 

IF can select Even numbers 

Lea's consider a program for selecting even numbers only. out of many numerals. using IF ... GOTO statement. 

IF has great ability to select numbers. 

10 READ X : IF X = -9999 THEN STOP 

20IFXI2<> INT(X12)GOTOI0 
30 PRINT X ; : GOTO 10 

40 DATA 2. 13.56.55.4.78,31 

50 DATA 6.22, 15 ,19,80.1 1, - 9999 

RUN 
25647862280 

INT (X12) in line number 20 is the statement for picking integen alone. Therefore, if X is even, X/2 < > INT (X/2) 
is impossible. with execution advancing to line number 30. lfil is possible, it's regarded as odd, reading the next value, 

To test your progress, let's try an exercise. How can you decide the multiple of3 or 4? You've got it, haven't you? 

The answer is this. 

Modification for the multiple of three ...... . 

20 IF Xl3 < > INT (X13) GOTO 10 
Modification fot the multiple of four ........ . 

20 IF XI4 < > INT (X14) GOTO 10 

IF can select Maximum and Minimum 

10 S=999:L=-999 

20 READ X : IF X = -9999 THEN 80 

30 IFX>L THENL=X 

40 IFX>STHENS=X 

50 GOT020 
60 DATA 2, - 5,91,256. - 43 

70 DATA 87. 321, -76, - 9999 

80 PRINT "MAXIMUM VALUE =" ; L 

90 PRlNT"M LMINUMVALUE=":S 

100 END 

RUN 
MAXIMUM VALUE = 321 

MINIMUM VALUE = - 76 

Line number 10 is very importanl. Put as large a number as possible in variable S for substitution of the minimum 

value. and as smaD a number as possible in variable L for substitution of the maximum value. What about the execution 

results? Variable Land S come OUI as true maximum and minf:num values. This is a good example of Ihe use of IF. , ,. 

THEN. 
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• Password Found for Numbers 

The greatest common divisor (GC D) is a passward for two integers. Fo r example, presuming that (WO numbers ate 

10 and 20, divisible numbers fo r IQ and 20 arc four numbers that 3TC 1, 2, 5 and 10. or these numbers. the maximum 

value, namely. ID is the great!'st common divisor for numbers 10:lJld 20. 

Now, le!'s gener:lle a program. 

[0 PRINT "X", "Y", "PASSWORD" 

20 READ X, Y 

30 PRINT X. Y Comma ( , ) following Y is very convenient for continuous display on the 

40 Q = INT (X{Y) CRT screen. 
50 R = X - Q * Y '----- ------ -----------' 

60 X=Y ; Y = R 

70 IFR>OTHEN40 
80 PRJNT X : COTa 20 

90 DATA 63, 99, 1221.121,64. 658 

100 DATA 12345678.987654321 

110 END 

RUN 

Exposure of a Trick for Ihis Program ! 

Long ago, a Greek mathematician, Euclid. developed this method of solution. 

1 Two numbers are assumed X and Y I 

X is divided by Y to determine the Quo tient and 

Remainder. 

X = Q *V+ R 

Remainder is 0 ? 

Answer Y 

when remainder 

is O. 

r'y~r-o'-n-'-w--x-'-n-d-R-cr-o-' -n'-w-. -y-,-,-,' 11 

d"'nn'nod. J 
Using IF .... , try as m3Ily as possible. 

10 IF SGN (Xl =-1 

20 IF SGN (Xl = 0 

30 IF SGN (X) = I 

THEN? " MLNUS" 

THEN? " ZERO" 

THEN ? " PLUS" 
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• FOR ..... NEXT is an Expert of Repetition 

The FOR . . .. NEXT statement is an instruction used for repetition of a sequence of program statements. Let's 

have a look 31 a simple program. firs!. 

10 FOR :I T05 

20 PRlNT N ; 

30 NEXTN 
40 END 
RUN 

I 2 34 5 

The execution of this statement is illustrated as foUows: 

The , .. tvah .. 
ofNwa.2._ 
(lOSPlayed 2 Wh.t"'; lI IM! 

The variation of N is not only increased by I, but can be increased, for example. by 0.5 or decreased by 2. The 

variation at this lime is assigned by the word of STEP. 

To increase in 0.5 increments: 

10 FOR N :: I TO 5 STEP 0.5 

To decrease in 2 decrements: 

10 FOR N= 5 TO I STEP - 2 
The general form of FOR .... NEXT statement is as foUows : 

FOR variable = Initial Value TO l....ast Value STEP Variation 

Repeated PTogram 

NEXT Variable 

, 

I value and variation may ~ 
The initial value, final 

be either a variable. 

I constant or expression. 
'--------------------~ ... -' ,'------
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• Loop in a loop 

Alice is doing her homework. She is preparing a multiplication 

table using the computer. and a program which contams double 

FOR .... NEXT statements. 

10 FORX'" I TQ 9 

20 FORY=IT~ 
30 PRI NT X *Y; LoopY 

40 NEXTY Loop X 
50 PRINT 

60 NEXT X 

.;.;. 

In the FOR .... NEXT loop for variable X, the FOR .... NEXT loop for variable Y is included. Variables X and 

Y vary from I to 9, respectively, and I is substituted for variable X to execute variable Y loop. In other words, with 

variable X remaining at I, variable Y varies 1,2,3, .... to 9. and each time, the multiplication product with variable X 

is displayed at line number 30. When varialbe Y reaches 9, a line feed is executed at line number SO. and at line number 

60, variable X is then 2. 

The FOR .... NEXT loop can be used double, triple, elc ., up 10 I S. What must be observed. however. is that loops 

are never crossed and no jump into the loop by means of GO TO is allowed. 

In''f1~ f.omo".- .... to 

Thus, loop C is completely included in loop B. while loop B is completely included in loop A. As shown on the 

right, one word NEXT can be used for al1lhr~ loops. 
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• line up in Numerical Order 

With 4 numericab selected at random and keyed·in . the computer can arrange them in numerical order. This is a 

program for such 3. function. Use the INPlIT command . 

10 PRINT" ~ .. 
20 PRINT "TELl ME VALUES OF 4 'UMERALS" : PRINT 

30 INPUT A, D, C. D 

40 IF A <= BTHEN K = A : A = B : B = K 

50 IF B < .... C THEN K = B : B:: C : C :: K 

60 IF C < = D THEN K ::: C : C = D : D = K 

70 IF A< BGOTO40 

80 IFB<CGOT040 

90 IF A < C GOTD 40 

IOD PRINT A. D, C, D 

liD PRINT : PRlNT "ONCE MORE PLEASE" : PRINT 

120 GOTQ 30 

Give attention 10 line number 40. Using another vari3ble K, afler the THEN statemenl. the job is being done by 

changing the values of A and B. If A '" 3 and 8:: 5 in the initial state; 

~ \:o ~:~ 
c:> 

5 ., ploc.d ... A 

A B 

B 

By the above job. A = 5 and B = 3 are obtained. Similar processing is executed at line numbers 50 and 60, Line 

numbers 70 through 90 are prepared for the repetit ion of the changing job. 
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• How Many Right Triangles are Possible? 

Now, let's generate a program that picks up positive integers from I to 20 10 meet the Pythagorean theorem 

A~"' 82+C2. 

10 PRINT" ~ 

20 PRINT" 

30 PRJNT " 

40 PRINT" 
SO PRI 'T" 

60 PRINT" 
70 PRINT" 

80 PRINT" 

" .. 
B A" 

C" 

Ul;.,o the ~.c pan •• n, try to 

"'- • Ii .... " ..... on I"" CAT 
.~. 

Don'! '0<901 _loon ...... 1.... 

.her d.--...g. 

90 PRINT : PRINT "POSITIVE INTEGERS TO MEET PYTHAGOREAN THEOREM" 

110 PRINT : PRINT ,- ~ A"," Cl B", .. Cl C" 

120 FQRA:ITQ20 

130 FOR B '" 1 TOZO 
140 FORe= 1 TOZO 

I SO IF A * A - B * B - C * C=OTHENPRlNT A.B,e 
160 NEXTC, B. A 

180 END 

You already know the meaning of line number 10. Try to draw carefully so that a fUle triangle is formed between 

line numbers 20 through SO. AI line numbers 120 through 160, the FOR .... NEXT loop is triple. TIte equation 

shown at line number 150 is repeated 8000 times (20 x 20 x 20) with C from I to 20 at A = 1 and B = 1, and with 

C from I 1020al A: I and 8 =2.andsoon. 

This operation reqUires a considerable period of time for its completion. 

. ( 
How...."v 6 ..... do. 

"""_totumlt-.. 
peel.,. in _ to ,Olate 

poonlA 111 ...... _ 



• TAB( ) is Versatile 

It is possible to assign where to stan writing the 

characters or symbols of a string on the CRT screen. The 

TAB( ) is used to do so. 

Using PRJl\.'T TAB (8): "ABC'". string AB(' is dis· 

played at the number in the parenthesis counted from 

the left hand side, namely. starting at the 9th position. 
The numbers to be assigned for the parenthesis are 

from 0 to 78. and variables may be used if deftned as 

numerals. 

1'1'I1NT TAB 181; "MC' U:wt$ 118' 1 

Let's operate an example of a simple program combined with the FOR ... NEXT statements. 

to FORX= I TO 20 

20 PRINT TAB (Xl;" *" 
30 NEXT X 

Now. let's try a little more complex program. 

to PRINT" Ci] ": PRIl\'T SPACES (8), 

10 FOR Y= I T020 

20 PRINTEB(20- y);" *" 
30 NEXTY 

20 FOR X = I T022: PRINT" *":: NEXT X : PRINT 

30 FOR Y = I TO 20 

41 

40 PRINT TAB (8) ;" *" ;TAB(29 - Y) ;" • ":TAB(29) ; " * "; NEXT Y: PRINT SPACES (8) ; 

50 FOR Z = I TO 22: PRINT ,; * ":: NEXT Z 

A new statement is there at tine numben 10 and 40. When this SPACES ( ) is substituted for TAB, exactly same 

result is obtained. However, there is the difference shown below between the SPACES and TAB. 

TAB {BI shifts the cursor by B character space from the left hand on CRT screen. 

!"--~-~--~--~-~--~--A-~ 
- I I I I I I I , 

o I 2 345 6 ~ 8 
SPACES {81 displays space {blankl for 8 character space. 

o 

TN! ch ... ..:"" .... e all c ... o-d wIwn 

,he curSO' 1>_ ,h,,,,,9i' \tOem. 

I 2 3 4 5 6 7 B 

q 

• 

No ""' • ..:IOt".e 
c ..... eG """,n ,I the 

cur"" 1>_ 1'h,,,,,gt1 

11'0 .... 
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• Grand Prix using RESTORE 

Challe nge of a Car Race 

How about the simplest car race program ? 

JO X =33 * RND(l ) 
20 FOR A = I TO 5 

30 READMS 

• 

40 PRINTTAB(O);" . ";TAB(X):MS ; 

50 PRINT TAB (37) ; .. . 

60 NEXT A 

70 y= 10 * RND(I) 
80 FOR A '" I TO Y 

90 PRINT TAB (0) , .. • 

100 PRINT TAB (37) ;" . ": NEXT 
110 RESTORE: GOTD 10 

120 DATA" ~C~ ." .. re :::::::::::: ' . .. 
130 DATA" "§-;:r;X "," [e]:::::::::::: . .. 
140 DATA" ~.~ " 

• • • t • • • • • • • • • • • • • • • • • • :t • • • • • • • • • • • • :. • • • • • • • • • • • • • 

TAB (X) at line number 40 determines where to display automobiles on the road. particularly from the left side. 

What distance between the automobiles? For this. random numbers from 1 to 9 are generated at line number 70, and 

at line numbers 80 through lOO, automobiles are controlled so that they do not collide. By the way, RESTORE at line 

number 110 is not a familiar command. is it ? 

RESTORE Returns to the Start of Data 

No matter where it may be, or no matter how it may be scattered, DATA statement is read by READ stalement. 

OK. NO 
10 DATA (27 

10 READ G''+-' 20 READ A, B, C 20 READ C 

30 DATA 10 1 I 30 DATA 27,10,9 

40 ...... ,-J 40 READ D 

50 DATA 9,13 50 END 

60 READ D.,) 

70 END 

Whey No? Because variable D has no value of DATA 10 be read. 

Then whal about this? 

10 READ rA, BI 
20 READ c-n 
30 DATA 27-;; 10.9 

~ :~~O~J ........ .. 
50 END 

RESTO RE s"latement enables the reading of the first data in the 

first OAT A statement of the program. 



• Talkative Strings 

The computer should generate 3 language understandable to 

human beings and should talk to us .... To make such a desire 

come true, string variables are absolutely necessary. 

ID AS = "MIKE" : BS:: "PAUL" 

20 CS = "TOl\'Y" : DS " "PETE" 
30 ES:: "DENIS" : FS:: "MARTIN" 
40 CS:: "PHILlP" 

50 IS = "JACK" : JS = "HARRY" 

60 K$ = "BILL" : LS"'''DAVLD'' 

Ordinary variable symbols with S (dollar sign) suffixed are 

called string variables. Processing, very similar to that of o rdinary 

variables is possible. Let's look at some examples to see their 

characteristics. 

70 PRINT BS 

80 PRINT AS 

RUN 
PA UL 

MIKE 

Using" ;", connects string variables. 

lOO PRINT BS ;CS : AS ; ES: LS : DS ; KS 
RUN 100 

PA ULTOl"NMIKEDENI$DA VlDPETEBILL 

What will happen if" , .. is used in place of" ; .. ? 

120 PRINT BS , AS , IS 

RUN 120 

P"A~U~L~;===~M=~]'[E~ __ ~.IACK 
' )' ." il.., " lIO characler space ] 

TI'III .. a nn"Sl van .... 

Hondllllfl S1fin9' is 
wry limi~ 10 mM 01 
onSinlfY .,..; ...... 

To combine string variables to generate a new string, add string variables together using "+". 

140 XS:: BS + CS t DS t JS t GS 
150 VS = AS t eSt BSt FS+ IS +GS 
160 PRIl'.'T XS 
170 PRINT VS 

With this, a new sIring variable is possible. 

43 
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• Another type of INPUT 

Combin~ string variabk-s and INPUT statem~t in 3. program to create a poem. 

10 INPlJT AS , SS. CS 

20 

30 
RUN 

Space for syU~le 

? A FROCi JUMPS 
? INTOAPOND 

? WITH ASPLASJ-I QFWATER. 

A FROG JUMPS INTO A POND WITH A SPLASH OF WATER. 

Using INPUT ,Ufemen1, the input of a string can be hyed·in, requiring no quota· 
tion marks" ", 

Anot~r example of this is shown below. 

10 PRINT "TYPE IN ANYfHJNG AT ALL" 
20 INPUT AAS 

30 PRINT "YOU HAVE JUST TYPED" ; AAS 

40 GOTO 10 

String variables, when combined with READ and DATA statements, can be generated into a program. 

10 READ XIS. X2S 

20 PRINT XIS ;"LlKECREAM" : X2S 

30 DATA DO YOU,CAKES ? 

RUN 
00 YOU LIKE CREAM CAKES ? 

Note that quotation marks ~ not requ~d when READ statement is use-cl. 

s~ 01"- n''''91 
". o:ommon d'I.~. 

DATA DOg:i:>CAKES ' 
< <iAD 
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• LEFT$, MID$, RIGHT$ 

LIFT S ( 
pan of SI rings. 

). MID S ( ) and RIGHT S ( ) are statements to generate new strings by taking out 

10 AS.: "AQUARIUS PISCES ARIES lEO" 

20 BS ' LEFTS (AS. 15) 
30 PRINT SS 

RUN 

AQUARIUS PISCES 

Character up to the 15th from the 

left hand side. 

LEFT S (AS. 15) selects the characters up to the 1 Slh QUI of the string AS in order 10 generale a new string. The 

string variables SS has been dermed for the new string. 

To select some characters when counted from the right hand side of a string, RIGHT S ( 

40 CS'" RIGHT S (AS. 9) <~Iects the last 9 characters from AS) 
50 PRlr\T CS 

RUN 
ARIES LEO 

To seJect characters in the center of a string. MlDS ( ) is wed . 

60 OS - "IDS(AS. 10. 12) 
70 PRINT DS 

Selects 12 cJwacters starting at position 

10 of AS 

RUN 
PISCES ARIES 

AQUARIUS PISCES ARIES LEO 

« LIFTS (AS . 15) ) 

AQUARIUS PISCES 

( RIGHTS (AS . 9) )=;> 
ARIES LEO 

) is used, 

<:;::( "IOS (AS. 10. (2 ) ) 

PISCES ARIES 
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• lEN IS a Measurement for Strings 

LEN ( ) is used to discover the character count of a string. 

A simple example of this statement is as follows: 

10 AS:: "ABCDEFC" 
20 PRINT LEN (AS) 

RUN 
7 

The character count of a string variable AS. namely "7" is dis

played. 

Here is a program using UN ( 

square. 
) statement for drawing a 

10 PRINT" ~ " : PRII\!"f "TYPE HORIZONTAL SIDE USLNC * KEY~ 
20 INPUT AS 
30 FOR J = I TO LEN (AS) - :2 
40 PRINT TAB (2) ." * .. ; SPACES (LEN (AS) - 2) ;" * .. 
50 NEXT J 

60 PRlNT TAB (2); AS; GOTO 20 

~o 

Vary the values of * input. The computer perfonns square drawing by using LEN ( ). Then, drawing is 

made possible by characters or symbols other than .. * ", Using LEFT S ( ). line numbers 20 and 40 of the 

previous program are modified. 

20 INPUT AS : AAS ... LEFT S (AS, 1) 

40 PRINT TAB (2) ; AAS ; SPACE S (LEN (AS) - 2) ; AAS 

The use of LEN makes a string parade possible. 

10 SS = "SHARP BASIC" 

~O FOR M = I TO LEN (SS) 

30 PRINT LEFTS (SS, M) 

40 NEXT M 

RUN 
S 
SH 
SHA 
SHAR 

SHARP 

SHARP 

SHARP B 

SHARP BA 

SHARP BAS 

SHARP BASI 

SHARP BASIC 

10 SS:= "SHARP BASIC' 

20 FOR M := I TO lEN (SS) 

30 PRIJ'I.'T RIGHTS (SS, M) 

40 NEXTM 
RUN 
C 

IC 

SIC 

ASIC 

BAS IC 

BASIC 

P BASIC 

RP BASIC 

ARP BASIC 

HARP BASIC 

SHARP BASIC 



• ASC and CHR$ are Relatives 

ASC 

10 PRINT ASC ("'A") ; 

20 PRINT ASC ("ABC); 

30 TS = ,.z-- , PRINT ASC (TS) 

40 END 

RUN 
65 65 90 

Ready 

With strings in the parenthesis ( ) of ASC. when PRINT is 

keyed-in the result always shows numerals. Actually. this shows the 

ASCII code. AD characters used with the computer ue based on the 

ASCII code. For its table , refer to page 210. ASC ( ) picks up the 

ASCII code for the first character of string in the parenthnesis ( ). 

This gives a clear clue to the reason why the same resuh is obtained 

although the Slrings in the parentheses differ between line numbers 10 

and 20. The ASCII code is for characters up to 255. 

CHR$ 

If characters can be convened to the ASCII code, it is natural that 

there is a statement to rc\'erse the conversion. Thafs righl. CHRS slate

ment does Ihat job. 

PRINT CHRS (65). CHRS (ASC ("K"») 

A 

Ready 

K 

A cipher isgener.l.led using the numerals. Let CHRS read it. 

10 FORJ=IT024:READA 

20 SS = CHRS (A) 

30 PRINT BS : : NEXT: END 

40 DATA 73.32.83,84,85,68 
50 DATA89,32,66.65,83.73 
60 DATA 67, 32, 79, 70. 32. 77 
70 DATA90,45,56,48,6S.46 

RUN 

STUDY BASIC OF MZ 80A. 

Ready • 

89 on lhe ASCII code" '(. 
Ih«eforc. lel me _ . .• . 

47 



48 

• STR$ and VAL are Numeral Converters 

STR $ 

10 A=12:B=3 :C"'A+B 

20 CS: STRS (A) + STRS (B) 

30 PRIl-.'T C, CS 

40 E!\'O 

RUN 

• 

~~t:J "." 10 .' 
.~. 

.' 

.' 

15 

Reody 

123 .... 

The value of variable A is converted to a string of 

characters by STRS (A) and string-processed. The reason 

why CS contents are 123 is clear to you. In the foUowing 
program, use STRS to match the ,- _ M of data. 

t ~_ c:t>.-.gtd 10 

.. "ng to. 

," 

10 FORX= I T05 The results of the program on the left are as follows. 

20 

30 

40 

50 

60 
70 

80 

VAL 

READ A 
L: 5 - LEN (STRS (INT (A») 

PRINT TAB (L); A 

NEXT: END 

DATA I _ 23456, 1 2 . 3456 
DATA 123.456. 1234.56 

DATA 12345.6 

I. 23456 
12.3456 

123.456 

I 234. 56 
12345. 6 

READY 

V A L statement has a function opposite to STR S 

statement. in other words, it convel1S a string of 

characters to a numeral. 

10 A$"'''1234S6'' 

20 B: VAL(AS) 

30 C=654321+8 
40 PRJNT AS 

50 PRINT B 

60 PRJI'n c 

80 END 

RUN 
I 2 3 4 5 6 ......•.. _ ..... Not a numeral but a string. 

I 2 345 6 ... _ ....... .... Numeral, so there is a spact for ± (plus/minus sign) 10 be placed 

777 7 7 7 ....•.. . ....... before the most significant digit of the numtral. For a nttagive 

READY numeral, a minus sign is placed in the space. 
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• Print out as £123,456,789·· ... .. . . 

This program reads an integer of an optional figure under the INPUT statement, and writes it adding commas ( ,) 

to eve!)' 3 figures from the right. Given 0 as an integer, the program terminates. 

10 PRINT "INPUT INTEGER" ; 

20 INPlJf XS 

30 IF XS = "0" THEN END 

40 PRINT"£" ; 

50 FOR Y = I TO LEN (XS) 

60 PRINT MIDS (XS. Y. I) ; 

70 Z = LEN (XS) Y 

80 IF ZJ3 < > INT (Z/3) GOTQ 110 

90 IFZ=OGOTO 110 

100 PRINT ,. , ,. ; 

110 NEXTY 

120 PRINT : PRINT : GOTO 10 

RUN 
INPUT INTEGER? 1 2 345 6789 

£. 123,456.789 

INPUT INTEGER ? I 2 34 

£. 1,234 

Whoon ZI3 can be d • .....s.d uao;tfv 

tlw:n Z/3 t1 f!Q~" 10 l NT IZIJ) 

Line number 80 checks to see if Z (Character position counted from the right) is a multiple of 3. If so, a comma 

.. .. is placed at line numbeT 100. For example, presuming that the input integer is a numberof9 fIgures, the follow-

ing is obtained. 

Character count of I [PUT inleger 

- LEN(XS) 
INPUT integer: D D D • D D D D D 

Y variable : 2 3 4 5 6 7 8 9 
Z variable: 8 7 6 5 4 3 2 0 

Z=LEN(XS) - Y 

Take 3 number oonsisling of figures I 104. and another number of the same fl8ures but with a rt:verse arrangemem 

to the fonner, then add up these two numbers. You will thus fmd that the sum is the same whether it is counted from 

the right or from the left . 

10 PRINT" (!J ENTER SOME NUMBER COMPOSED OF FIGURES 1 TO 4 (WITHIN 8 DIGITS)" 

20 ZS = .... : INPUT XS 

30 FOR K = LEN (XS) TO I STEP - 1 

40 VS = MIDS (XS. K. I) 
50 ZS = Z$ of VS : NEXT K: X =VAL(XS)+ VAL\ZS) 

60 PRINT X : PRINT : GOTO 20 
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• Difference between the Simple and Compound Interests 

£. IO,(X)() is deposited in 3 bank, and one year later, £. 10,600 is drawn. Interest r.ne, in this case, is found to be 

600/1000:::: 0.06 or 6%. Then, what is the interest when deposited for 2 years. There are two methods available for 

interest calcu1ation. One is simple interest calculation based on the fact that the interest of £. 600 for the first year 

doubles for the second year, amounting to £ 1200. The other is compound interest calculation based on the idea that a 

deposit 31 the beginning of the second year is .t 10,600 with interest of £. 636 (£ 10,600 x 0.06) added 10 make 1: 1236 

for two years. Compound interest calculation is slightly betlcr in interest rate. For a larger sum of money deposited for 

longer terms. the difference in interest rate between the two methods must be noticeable. The foUowmg is the equation 

for determining interest included for the n year in each calculation method. 

Interest included by simple c.a1cuJation (n year with rate R) 

B = X (principal) -+ n . X . R 

Interest included by compound calculation (0 year with rate R) 

C=X'(I-+R)n 

Based on the above equations. the following program is generated 10 calculate interest included both in simple and 

compound interests. 

10 PRINT "PRINCIPAL'" 
20 INPUT X 
30 PRINT "INTEREST RATE %'" 
40 INPUT R 
50 PRINT "NUMBER OF YEARS"' 
60 INPUT Y : PRINT : PRINT 
70 PRII\'T "PRINClPAL =" ; X 
80 PRINT "INTEREST RATE ",'" ; R :" % " 
90 PRllI.'T"YEARS" ;TAB(6) ; "SIMPLE" ; 
lOO PRINT TAB (17) :"COMPOUNO~; 
110 PRllI.'TTAB (30); "DIFFERENCE" 
120 FORA'" I TOY 
130 B"'X-+A* X * (Rf 1 00) 
14() C= INT(tO*X*(t+R/ IOOllA)/ 1O 
1500=C - B 
160 PRINT A :TAB(6):B : 
170 PRINT TAB (l5) :C ;TAB(30) ;0 
180 NEXT A 
190 PRINT : PRINT : GOTO 10 

The following is an exanlple of program execution: 

PRINCIPAL = 10000 

INTEREST RATE:::: 6% 

YEARS SIMPLE COMPOUND DIFFERENCE 

10600 10600 0 
2 11200 11236 36 
3 11800 11910.1 110.1 
4 12400 12624.7 224.7 
5 13000 13382.2 3822 
6 13600 14185.1 585.1 
7 14200 15036.3 83629999 
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• Annuity if Deposited for 5 years 

In the previous example, we looked at the difference in interest between the simple and compound inlerest c3.lcula

lions for money deposited. Actually, however, monthly deposit. like fued deposit. is more familiar to us. If a fixed 

amount of money X is deposited monthly, the interest included increases with X (1 -+ R) for the Hrs! yeaT. X (I -+ R)~ 

for the second and so on. In addition, when sum X is deposited yearly, the money to be deposited the year aft~r. 2 

years from now, will be X (1 + R). Such an increase of deposits is shown below in equations: 

Interest included a year after (Principal X and interest R) 

M\ =X(I tR) 

Interest included 2 years after 

M~ ::X(J + R)2 -+ X(I + R) 

Interest included 3 years after 

M) :: X (I -+ R)3 + X (1 + Ri -+ X (I -+ R) 

Bued on the above, the interest included is calculated in the (ollowing eouation for n years. 

Mn = X (1 + R)n .. X (I + Rf"1 ..... + X (I + R) 

This is simplified as foUows: 

Mn "" X ( (1 + R)"+I - (I + R) )/R 

Here's the program generated to indicate what is the int~rest included for any desired y~ar with the same amount 

of money deposited each year. Even though the same amount is deposited, this program is designed to allow inputs of 

minimum and maximum amounts. 

10 PRINT "INTEREST RATE %" : 
20 INPtrT R 

)0 PRINT ""ENTER AMOUNTS" 

40 PRINT "MINlMUM"' ;: INPUT L 

50 PRINT "MAXlMUM'· ; : INPUT H 

60 PRINT "NUMBER OF YEARS" ; 

70 1l\'PUT Y : PRINT: PRINT 

80 PRINT "RATE" , R ; '"%" 

90 PRINT "EACH YEAR- : TAB (12); Y; "YEARS" 

lOO R = RJ lOO: PRINT 

110 FOR A = L TO H STEP 10000 

120 B = INT (A * «I , R) 1 (y' I) - (J , R))IR) 

130 PRINTA : TAB(l2):B 

140 NEXT A 

150 PRINT: PRINT : GOTO 10 

The Result of Prognm Exeru lion 



52 

• Subroutine is the Ace of Programs 

Ln any program, jobs in the same procedure are repealed. Such jobs 

are summarized as a sub-program which can jump anytimc. This sub· 

program in called a subroutine, for which the GOSOB statement is 

used. The following is an example of a program using the CaSUB 
stalement. 

10 PRINT" ~ .. 

20 PRJNTTAB(IO):" ** TOTALSAlES ** " : PRINT 
30 PRINT -, 5 1 0 1 5 20 2 5 30 3 5" 

40 PRINT" l- - ---r----r----r-- --r----r----r---, 
SO PRINT" FOUR" : COSUB 200 

60 PRINT" SUGER" : COSUB 200 

70 PRINT" WINE" : GOSUB 200 

80 PRINT -, SAUCE'" : CaSUB 200 

1 iO PRINT" I" 
120 PRINT : END 

200 PRINT" I" ;: READ A 

210 FORN=ITOA:PRJNT" ':%- ";:NEXTN 

220 PRIl"-'T A 

230 RETUR.!"'i 

240 DATA20,lS,21,24 

In the above program, subroutines are line numbers 200 through 230. By the RETURN statement at the end of 

subroutines, the program execution returns to the main program. 
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• Stop, Check and Continue 

The compUler does not always work as desired when operated with a program generated. ThIS requires a STOP 

statement 10 be inserted to check the contents of variables al the Sl Op position. Fo r example. in the following program. 

Lhe STOP st31emenl is insened. 

10 READ A, B 
20 X = A*B 
30 STOP 
40 Y=A/B~ 
SO END I 
60 PRINT X, Y 
70 DATA 15,5 
80 END 
RUN 
Stop in 30 ~ __ .J 

AI the time, the disp13y of variables is made in direct 

mode as follows: 

PRINTA,B,X ICR ! 

This enables you to check the program. To re·start the 

program, give a command 10 the computer 3S follows: 

CONT [eR] 

The CONT command is used when ; 

• Program execution is Slopped with the 
SHiFT"" _ i BREAK keys. 

• Program execution is Slopped by the STOP 
or END sl3.1emenl. 

• Inputs are s lo~d 31 Ihe rNPUT sta tement 
using the SHIFT -' BREAK I keys. 

The CONT command cannot be used ; 
• Before program has been executed using the 

RUN command . 
• When progr:un is edited after execution has 

been stopped. 
• If an error occurs during execution. Program 

rctums to the ··Ready". 
• To stop cassette tape operation. cassette 

tape operation is stopped with the I SHIFT I 
+ !BREAK I keys. 

• When the MUSIC command for music sou nd 
is stopped. 

The computer restarts execution from the SlOp position. With the END statement at line number 50, the computer 

displays the " Ready" and stops again. Then. print in the direct mode, as follows: 

X =3 , Y =S !CR ; 

The computer will then continue program execution when the CONT command is given, displaying 3 and 5 for 

variables X and Y. 

The follo wing program cOnlinues to display a triangle of * marks, mdefinitely. 

10 A =0: B"' 38:C=1 
20 FOR X = A TO BSTEPC 
30 FOR Y =O TO X 
40 PRINT" * ... 
50 NEXT Y : PRINT: NEXT X 
60 K = A : A =B:B; K 
70 C=-C,GOT020 

With the IBREAK I key pressed while holding down the l SHIFT ' key. program execu tion stops. Then , in~n the 

following in the program and give the CONT command. 

100 E 0 

Thls is followed by the display below. 

* Error 17 ........................... CONT command cannot be ex.ecuted. 

The CONT command cannot be used when a program is edited using a line number after program execution has 

been stopped with the STOP statement , El\'D statement or BREAK] key operation. This requires special attention. 
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• Jump in masse Using the ON .... . GOTO Statement 

You have learnt much about the GOTa statement. Description here is given of the On .... GOTQ statement, 3.n 

extended function of the GOTO statement. 

ON lvariable 0""0""".1 GOTO Lin< No. I. Lin, No. I. 

I 1 This value is I. _________ -l 

This value is 2.----------------' 

This value is 3. 

Line No. , , , 

, ............... ............. . .......... .. .. ................ .... 

For example, when the value of a variable or expression after ON is 3, ajump is effected to the third line number 

that follows COTO. In other words, it is possible to assign the branch of a program in accordance with the values of 

variables. 

10 INPUT "NUMBER (I - 3)?" ; A 
10 ON A GOTQ 50, 60, 70 
50 PRINT "X X X" : GOTQ 10 
60 PRINT .. y Y y" : COTO iO 
70 PRINT ··z Z Z .. : GOTQ 10 
RUN 
NUMBER (I - 3)? I 
XXX 
NUMBER (I - 3)?:! 
yyy 

NUMBEK (1 - 3) '! '$l$. 

Given 12. for example. mteger 
I is pra«ssed, cu tting off any 
place of decimals. 

Let's play a Joker-pick game using the ON . . .. GOTO state· 

men!. A joker is included in 5 cards. The place of the joker is un

known, o f course. Guess where the joker is to compete with the 

computer for :l. win. When asked "Do you pass?" m the program, 

key .in 1 for pass, 2 for not pass and 3 if the game is not to be play

ed. Three passes are allowed. 

10 R'INT(S* RND(I))+I 
20 N=N+] : IFN =6THENI20 
30 INPUT "00 YOU PASS?";X 
40 ON X GOTO 60, 90, 50 
50 PRINT "GAME NOT PLAYED !!!" : GOTO 120 
60 NP=NP+ I 
70 IFNP>=4THENNP=NP - l :N=N - I : PRlNT "NOPA$$ ALLOWED" 
80 GOTO 20 
90 NR=NR+I 
100 IF R = NR + NP THEN PRINT ~UNLUCKY! YOU HAVE SELECTED THE JOKER": GOTO 110 
110 PRINT "LUCKY! YOU HAVE NOT SELECTED THE JOKER" : GOTO 20 
120 END 



55 

• ON ..... GOSUB is the Use of a Subroutine Group 

The ON ..... GOSUB statement is very similar In function to the ON .. .. . GOTO statement. 

1O ON I variat:Ke or t)(pression I GOSU6 I line 1.1 liM II line I No, X No. Y No, Z 

if 
Vak.le 1, " , 

V,lue 1 : 

VakJe 3: 
. . - - - - - - . - . - - -n ..... -~- - . - ... - . 

To line To line 
Return 

tine No. X No, Y No. Z 
. .. . . . . .. . ... . SubrOUhnf: X 

RETURN 
GOSUB and ON ••••. GOSUB are usa 
muhiple manoer. 

line No. Y 10 ON X GOSUB lOO. 200 .. .. . . .... . . SubrOUIll''>e Y 
ReTURN [:: .[): 1 

ON y GOSUB 300. 400 

line No, Z t: RETURN 0 . . . . . . . . . Dl Subroutine Z .(i 
RETURN ON Z GOSUB 500. 600 

r: RETURN 0 l> 
RETURN 

W,th th,s RETURN toI'flII'Iotnd, p'ov,m 
e)(ecutlon ,etu',," to thot "ne neKt 10 the 

ON . . . GOSUB statement. 

Anenllon 10 thIS fact I 

Now. let's consider the program for 3 time table to check your progress. Most important in the following program 

is that subroutines are caJled at line number 180. despite the jump made 3t line number 90 to line number 170 through 

190 of subroutines. 

Thus. the COSUS and ON .. . .. GOSUS stalement can be used in a convenient, multiple manner. 

10 AS = "FRENCH": BS'" "MATHEMATICS" : CS" "ENGLISH" 
20 OS '" "SCIENCE" : ES '" "MUSIC .. : FS '" "ATHLETICS" 
30 GS = "SOCIAL STUDIES" : ~IS = "ART .. : IS = "TECHNOLOGY" 
40 JS "" "RELIGION ": KS = "ECONOMICS" 
50 PRINT "WHAT DAY OF THE WEEK? .. 
55 PRINT "(I - MON , 2 - TUE. 3 - WED. 4 - THU, 5 - FRI. 0 - ALL)" 
60 INPUT XS , X = ASC (XS) - 47 
70 FOR Y =OT03: PRINT TAB (3 +8 * 1') :Y+ I 
80 NEXT Y : PRINT 
90 ON X COSUB 170. I 10. 120. 130, 140, 150 
100 PRINT : GOTO 50 
110 PRINT "MON : ... "AS :CS : OS: 8S : RETURl\I 
120 PRINT "TUE :" ;HS : HS ; ES : SS : RETURN 
130 PRINT--WED :" :AS :CS ; JS :KS: RETURN' 
140 PRJNT"TH U : " :OS:AS :ES :FS: RETURi',[ 
150 PRINT "FRI : .. ; AS ; DS ; IS ; CS : RETURN 
170 FOR Y;r. I TO 5 
180 ON YGOSUB 110,120.130. 140, 150 
190 PRJNT : NEXT Y 
200 RETUR.,"\' 
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• Primary Array has the Strength of 100 Men 

Now. consider the substitution of variables for 100 items of data . The ust' of variables A 1 and A2 makes llle 

following possible. 

10 AI'" 5 

20 A1 == 30 

30 A3'" 12 

Just a minute . This is terribly hud work for wntmg 100 statements! For this, the pnmary array is av:rilable as a 

new type ofv:ui3bk. which makes program generation very convenienl. Now, let's look at what the primary array IS 

all about. 

PlUS ,nte9"' 
(conS'..,1. v •• .oIe. 

.~P<eUion) 

Th .. me .... m- 1;)0. 10' 

Y_'~ ohould bt 

DIMA(1 00) 

P\ll1M ............. In u.. 
... A 1101 bO_ '*'" 8 .... to 

me Po. (0) 1>0"-

--~ 

A(o)~A(1o)+8 

Now. you have understood what the primary array 

is, haven't you? 

Using the primary array, the program has been 

generated as follows: 

10 DIM A (100) 
20 FOR J = I TO 100 
30 READ A (1) 
40 NEXT J 
50 DATA 5, 30,12 . . 

..... .. ~ 

See, the program is very short. As is clear from this 

example. variables in the form of an array can assign 

the parenthesis of subscribed variables. such as A (1). 

with variable J. This is the main feature of the primary 

array. 
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• Array is also Available for String Variables 

Since an array is available for numeral variables, there must be an array available even for Siring variables. Here's an 

introduction 10 what the primary array for string variables IS aU about. 

Plusontltgl< 
(const.,l ............ 

• "1)rtilfOn1 

"1". '7" 

PT __ .. lo< 

(,-So, thIt "'ong in thIt BS 1301 
- bOlt .. '"lX" 

···11 
Let's generate a simple program. Just a look at this. Keeping variable strings in the (onn of arrays eliminates the 

labour of writing whenever they are used. The program itself is neat and simple. 

10 DIM AS (2). BS (2). CS (2) 
20 FOR I : I TO 2 , READ AS (I), SS (I) 
30 CS (l): AS(l)+" "+ BS (l) 
40 PRINT AS (l), SS (l). CS (l) 
SO NEXT I 
60 END 
70 DATA YOUNG, GIRL, WHITE, ROSE 

RUN 
YOUNG 
WHITE 
Ready 

GIRL 
ROSE 

YOUNG GIRL 
WH ITE ROSE 
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• Array is the Master of File Generation 

Some teachers S3y that testing is all right but pulting test results in order is really hard. If so, some students insist 

testing should be stopped. A good method is available for teachers who are subject to gIVing tests 10 students. 

The use of an array helps them soh'e the problem! The following shows student idenllfication and marks for 

mathematics. 

Student No. 20 15 I 12 40 
-

Marks 75 S I ~ 28 56 

Generate 3 file program arranged in the order of merit. 

10 DIM A (10), B (10) 
20 FORJ::: 1 TO IQ 
30 READ A (J), B (l) . NEXT 
40 FORK= 1 TQ 9: M =O 
50 FORJ= KTQI D 
60 IFB(J) <= MTHEN 80 
70 M: B (l) , l: J 

80 NEXT J 
90 B(l): B(K), B(K) : M 
100 AI : A(L) , A ( l ): A(K) ,A (K):AI 
120 NEXT K 
130 PRINT" (jJ " 

23 1 16 31 

100 I 81 60 

140 PRJNT "ORDER OF MERJT (MATHEMATICSr· 
150 PRINT 
160 PRINT "STUDENT NO:' : TAB {I 4) : 
170 PRINT "MARKS" 
180 FORJ=lTOIO 
190 PRJNT A (l), TAB (14); B (J), NEXT J 
200 END 
210 DATA 20. 75 ,1 5.51. 12.28.40,56,23.100 
220 DATA 16,82.31.60.45.43 , 26,66.11.48 
RUN 
ORDER OF MERIT (MATIlEMATICS) 

STUDENT No. MARKS 

'" -, 100 
16 81 
20 75 
26 66 
31 60 
40 56 
15 51 
11 48 
45 43 
12 28 

Ready 

LOo...., fill _."Oon 
to me. 

45 I :26 I I 

43 66 I 48 

A Ide It .... ........vot elM, 

<CrIed ou' tor " ..... . 



• Challenge of French Study 

We ust-d to study french words using word-notebooks. Smart 

and morc simplified word·notebooks arc:: available using the corn· 

puter. French words and their meanings are contained in separate 

files . The computer gives two types of questions: one asking 

about the meanings of French words retrieved from the file and 

the other asking English to be translated to French. In the pro

gram, the primary string array is used as the files containing Frech 

words and their meanings. Executing the following program, Iry 
10 lest your French vocabulary, answering a variety of questions 

the computer will ask you. 

10 D1MAS(IO),SS(IO),CS(lO) 
20 FOR J '" I TO 10 
30 READ AS (1), SS (1) 
40 CS (1) = AS (1) + SS (1) 
50 EXT J 
60 K=INT(IO* RND(I»+ I 
70 PRINT" r!I WHAT IS MEAl'JINC OF THE WORD '? ~ 
80 PRINT AS (K), 
90 INPUT XS 
100 AXS = AS (K) + XS 

Well . 

110 IFCS(K)=AXSTHENPRINT'·O.K.~!": FOR M :o 1 TO 3000 : NEXT; GOTO ISO 
120 PRlNT " WRONG"; FOR M = I TO 1000: NEXT M 
130 PRINT" D .. ; SPACES (10); PRINT" DD "; TAS (12) ; SPACES (25) 
140 PRINT" I:J .'; GOTO 80 

150 K=INT(lO* RND(I»+ I 
160 PRINT" t!l TRANSLATETOFRENCW 
170 PRINT BS (K), 
ISO 11'I.'PUT YS 
190 YBS = YS + Ss (K) 
200 IF CS (1<) = YBS TIiEN PRlNT "OK!!" ; FOR M '" I TO 3000; NEXT M; GOTO 60 
210 PRINT "WRONG" ; FORM= I TO 1000: NEXT M 
220 PRJNT" D ":SPACES(IO):PRlNT" 51 51 ";TAB (12):SPACES(2S) 
230 PRINT" I:J .. : GOTO 170 
240 END 
250 DATA CHAT, CAT, PORTE, OOOR, MAISON, HOUSE,C HJEN 
260 DATA DOG,CANARD, DUCK, POISSON, FISH, MA IN, HAND 
270 DATA FENETRE, WINDOW. FILLETTE. GIRL. FEMME 
280 DATA WIFE 
RUN 
WHAT IS MEANING OFTHE WORD? 
POISSON ? 
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In this case , the question about the meaning of poisson is answeres by keying-in that English. Display of O.K.!! is 

on the CRT screen to indicate you are correct. For any other _answer, error display is made. Conversely. furthermore, 

thue is the case when you answer "POISSON'" when asked about trUlslation. 
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• Secondary Array is More Powerful 

Let's look al this table (bouom right) whIch is 3n improvement on the lest result table (bollom left) of mathe

matics, English and French for 3 students. 

\ Name 
John Peter Paul 

Subject \ 
Subject 

Mathema- 92 75 72 tics. 

-
Malhema-
tics. 

English 70 94 78 English 
French 65 60 95 

French 

Student John 

.~ 1 

1 A (I. I) 

2 A (2. I) 

3 A (3. I) 

Peler 

2 

A (I. 2) 

A (2. 2) 

A (3 . 2) 

Paul 

3 
--

A (J. 3) 

A (2. 3) 

A (3. 3) 

M =: I ... Mathematics 
M = :2 ..• English 
M=:3 ... French 

N=:I ... John 
N = :2 ... Peter 
N =:3", . Paul 

In the table at right, the subject, student and marks are expressed as M (I - 3), N ( I - 3) and A (M. N). respectively . 

This is very convenient, for example. as is eVident In the (ollowing: 

A (1, 3) .... M:: 2 means English, N =: 3 nlc:ms Paul ' .. _. English marks of Paul 

Simple! Writing A (2,3) alone gives a clear description of the English mark of PauL M and N in the A (M. N) 

represent sepante items. Writing A (M, N) using two items is caUed the secondary array. Two items used mean second· 

ary array. The prunal)' array previously described has one item. 

Now • look at how this secondary array can be used in the program ror the computer. 

Th ... ,. Vll,~bIe bo)(es in lhe oumbe' 01 (5 ... 11 101 one line 
I~IIO /,. _ ____ . ___ -"--______ _ 

VJMA(4,5';=) '-1'·,·:~"~ ~ ~ ", fig 
,it ft~ )",~'=il ~ ~ ~ .• . •. 

T",".~lh; .. 

~1,n,"9 ~., .... A 

.''''~''''IN 

• OnlV nu""' .... c .. be 1><011 
,nto In. bo>< .. 

• In ,,, .. "MU'. alt rt>e DO_ .. 
c:onaon 0 

• Som,l. 10 other ", .. ,11:>"". 
!here ... _ ",.,1OOk 

bo>< ... ,n _>Ch M.net N 

..-e 0 ,n ,,,," A CM. NI 

~~ .............. . ......... -"" 

l 'mtold 10!Wt \S.tM 
.,..od~015· 3"'10'''' 

Vlll~ble bo)(es 
.n lM number 
01 1.·11 101 
one IOW 
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• Two Exercises 

Determine the value and curve of SIN when an angle varies from 0 degree 10 180 degrees with 10 degree incre

ments. 

[0 PRlNT" @3CJ .. ;TAB(5) :"SIN~ 
20 PRINT 
30 FOR K = 0 TO 180 STEP 10 
40 X '" K * Tt/ I 80 ..... Value in degree unit is 
50 S '" SIN (X) changed 10 radian. 
60 A:: INT(JO * S) 
70 PRINTK :TAB(4) : 
80 PRINT S : TAB (18 + A); 
90 FORJ=OTOA 
100 PRINT" *"; 
110 NEXT J 
120 PRINT 
130 NEXT K 
140 END 

Execute the above program, This graph is rather rough, As 

for drawing graphs. a lot of examples will be described later so 

that you can leam more about them. 

A" ...... "'!1 uncle. 10 <TV 

, f you WY '" <MIlt .... 
s.v .. on ,.0..".,. 

o K •• Ih<! <leg'''' os mull.plo«! 
Dv .118) tOf the.-an. 

Now, let's generate a program to determine the prime numbers. A prime number is the onc that cannot be divided 

by any integer smaUer than itself, except fo r L Since the first prime number is 2. the multiples or 2, n:lmely. even 

number l:lrger than 2 are· not prime numbers. To use variables with subscripts effectively. even numbers are excluded 

from the start. 

10 DIM P (255)'---
20 FOR J :: 0 TO 255 
30 P(J) = J * 2+3 :NEXT,J,===-
40 FOR K' 0 TO SQR (255r 
50 IFP(K)'OTIlEN90 
60 KK'K+P(K) 
70 FOR L' KK TO'255 STEP P (K) 
80 P(L)=O: NEXT L 

Substitute 256 odd numbers rrom 3 to 
513 for the parenthesis of variable P 
with :l subscTlpt. 

Find prime numbers from the small in 
~ value and substitute 0 for the values of 

the mulliples in the parenthesis of P. 

90 NEXTK~====================~-=====; 
100 PRINT 2 ; 
110 FOR M '" 0 TO 255 
120 IFP(M)=OTHEN 140 
130 PRINT P (M) ; 
140 NEXTM 
150 END ______________ ~ 

The only even number "2" is firSI dls, 
played. and then the values of P ( ) 
which are nOlO. namely. prime numbers 
are on display. 

This program is a bit complex. isn't it? NOIe that the muhiples or the prime number are excluded from the start. 

Details on structured programming or prime numbers will be described later. 
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• Here's Advice on how Lists can be made 

Names are sorted oul when making a list of members. The use of a convement program. if any, facilitates listing 
of any kmd . 

Hue you learn how IQ sort strings for address books, telephone numbers or housekeeping account hooks. 

10 PRINT "HOW MANY PERSONS ARE SORTED?"" 
20 INPUT X 
30 DIM NS (X) 
40 PRINT "KEY - IN NAMES ONE BY ONE" 
50 PRINT "BlIT IF 0, JOB DISCONTlNUED!" 
60 FOR A ' I TO X , AS - STRS (A) 
70 PRlNT"NAMEPLEASE ","(";AS,")" 
80 INPUT NS (A) ~ Name is ke~ 
90 IF NS (A)' "0" THEN 110 
100 NEXT A 
110 A=A I 
120 FORS-1TOA - ! 
130 FORe:: I TOA B 
140 0 - LEN(NS (C)), E- LEN(NS(C+ I)) , F- I, IFD <E THEN E- D 
142 X- ASC (MIDS (NS (C), F, I)) 
143 Y:: ASC (MIDS (NS (C + I), F, I»: IF X > y n1EN 150 
144 IF X < Y THEN 180 
145 IF (E' F) * (D - E) THEN 180 
146 IF(E 'IZ F) * (0 > E)THEK ISO 
148 F::F+ I : COTO 142 
150 KS-NS(C) 1 
160 NS(C)=N$(C+ 1) :- The orderissubsliluted. 
170 NS(C+ I)=KS J 

180 NEXT C. B 
190 PRINT 
200 FORS= I TOA 
210 PRINT NS (8) ~ Result is displayed.) 
220 NEXT B 
230 PRINT : END 

I O<igjnal ..... (K","'-in) 

TOM BROWN 
HAROLD GREEN 

ANNEMllLER 
TOM CARTER 
EUCE THOMAS 

Sor1~d List 

Ar--'NE MILLER 
EUCE THOMAS 
HAROLDGREEN 
JlM JONES 
TOM BROWN 
TOM CARTER 
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• Cards if Dealt by a Poker Player 

The computer deals cards fo r you. It shuffies them correctly using random numbers, causmg no trickery 10 occur. 

10 DIM X (4. 13) 
20 C:O 
30 PRJNT : FOR A = I TO 5 
40 CaSUB 90 : PRINT: NEXT A : PRINT 
50 PRll\'T " '$ YOUR HAND ALRIGHT WITH THESE CARDS'?" 
60 INPUT"ALL RIGHT ( I },GIVE MENEXT (2),": A 
70 ON A GOTO 400, 30 
80 GOTO 50 
90 C"'C+ I: IFe "'51 THEN 500 
lOO M = INT(4 * RNO(I ))+ I 
110 N=INT (13 * RND (I»+ I 
120 IF X (M, N) = - I THEN 100 
130 X(M.N)= - l 
140 IF N = I THEN PRINT "ACE : ": : GOTO 180 
)50 IF N = ]0 THEN PRINT N :TAB(5):"; ,. :: GOTD 180 
160 IF N < IOTH£N PRINT N : TAB(5):" :":; GOTO 180 
170 ONN - IOGOT0200.210.220 
180 ON M GOTO 300. 310.320.330 
200 PRINT "JACK ; .. : : corD ISO 
210 PRJNT"QUEEN : ":: com 180 
220 PRINT "KING: .. ;: GOTD 180 
300 AS '" .. . .. : GOTO 340 
310 AS ""' . ": GOTD 340 
320 AS '" .. . .. : GOTO 340 
330 AS = .. ... . , : COTO 340 
340 FORB =I TON 
350 PRINT AS : 
360 NEXT B 
370 RETURI'l 
400 PRlr-..'T 
41 0 PRINT "THEN I RESHUFFLE:' 
420 FOR M = 1 TO 4 : FOR N = I TO 13 
430 X (M, r..') = 0 
440 NEXT N. M : GOTO 20 
SOO PRINT 
510 PRlNT"TWOCARDS REMAIN ... 00 YOU CONTINUE ? .. 
520 INPlIT "YES (I), NO (2)?" : B 
530 ON B GOTO 400, 550 
540 GOTO 510 
550 END 

Points of the program: 
Line num~r lOO and J 10 ....•. . ....• , ..... Turning up a new card. 
Line number 120 . ........... . ....•... . .• If a newly turned up card has been previously 

tU l"'led up. anot her card is to be turned up. 
Line number 130 ... . . .. ...... , ...•...... Mark dealt cards with " - I". 
Line numbers from 420 to 440 .... •. , .• . ..... All cards are collected and their marks are re· 

turned to -0". 



• Program Recording (SAVE) 

1 ....... 11" .. Pf09J ....... O De 

, ecotdM:I o n ,.pe 

SAVE~ 
Itey operatIOn 

I ".".. sew," ptClg,ams, 

bu1 I -.. how IMv 

e.on be 50<1..:1' 

G ..... lhe PtOgO'_ 

111t~IO """. 
SAVE " NAME" , 
n...·I.1I 

SAVE " NAME" leAI 
key ~allOn 

~ !/ The name should be no more than 

16 charlcters. 

CRT screen display ( • RECORD· PLAY J Preparalions fo r recording are O. K. !! 

Cassett.t tape recorder [ J Press the [RECORD ] aod fPLAYl buttons Recording start!! 
operation _ 

CRT screen displ3y 

CRT screen display 

I 'll I.~'IJOOO car. of 

...... pt09"ams 

( Writ ing " NAME" ) Recording in progress 
'------

[ ReadY 

No name is displayed with no me name 
given to 3 program. 

1 Recording completed 

T 



• Use of VERIFY and LOAD Commands 

Verify 

load 

151 Found"****" 
••••• (1 ............ 1 

161 Found " NAME" 

(8) CHECK SUM ERROR * Error 70 
Ready 
...... ""'!I.,, e<"ror ;n 
,_Chng. When 1hll 

os 0 " d,SI)Iaov. do SAV E 
0ft0e .,n. 

Cl) LOAD "NAME" ~ 

(2) :t PLAY 

(31 Press the !PLAV] button. 

,., Found "****'. 
151 Found " NAME" 

161 Loading " NAME" 

171 Ready 

,_", 10 cr-... II\r< ,he pn:>gtatn hH~ rKO«Hd 

con.."l.,. on "Pt 

-0.... UM the VERIFY ~ 

VERIFY " NAME" IM'>l (2) IX!l..l 

Thil 01 on d,opIa-y ,f .nc'~ !>"C9'.m i. found. 'I< I;'" ........ il g ......... 

dosPIavtod " ••• • -

m Verify ing " NAME" 
CM<;ki"'il 1"-1 "."01'<1"'11 os c:orrK'lly 

don<! " ,n P<OV' .... 

18) OK 
Ready 

Wil1'1 \"" d"","" 
.««dlng ...... tf...s 

How" ,to. ptOgII'l'" 1>\11 ,n ,t>e <::OITIC>U, .......... morv 
IrOll'llhc CMsen. ,_~ 

Display and operation are same as the steps (3) 10 (6) of the 

VERIFY command. 

Transfer to the com puter in progress (loading). 

Loading completed. 

85 
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• Data can also be Stored on Cassette Tape 

Data storage is also required if programs can be stored .. _ .. 

To do so, S more statements must be leaned. Then. a cassette tape can be used as a storage of data. 

WOPENfT ........... This prepares for data writings. It also serves to name a group of dala. 

PRINT/T .....• . .... Identical in use to the PR INT statement, this writes data on a cassette tape. 

ROPEN(T ..... . ... .. This statemenl prepares fo r data readouts. 11 serves to fmd a data group with the 

name given. 

lNPUT/T ........... Identical in use to the INPUT statement, this reads data out of the cassette tape. 

CLOSE(T ........... This statement must be executed before ROPEN ifWQPEN is executed or before 

WOPEN if ROPEN is executed. 

To store data, numerals from I to 99 are first written on a cassette tape. The "DATA" at line number 10 is the 

name given 10 a group of data to be written. A maximum of 16 chancters can be used 10 name a group of data. Of 

course. it is unnecessary to haw: a name if so desired. 

10 WOPEN/T "DATA" 
20 FORX- I TO 99 
30 PRlNTrr X 
40 NEXT X 
SO CLOSErr 
60 END 

Now. it is time to read the data which has just been 
written . First, rewind the cassette tape, then execute the 

following: 

10 WOPEN/T "DATA~ 
20 FORX'" I TO 99 
30 I}.,'PUT/T A 
40 PRINT A 
SO NEXT X 
60 CLOSErr 
70 END 

'1 • • 

Whey not execute the above program again with 100 substituted for 99 at line num~r 20? An error will occur this 

time. Because the I ClOth data was not originally written. It is impossible to memorize the written data counts. For this, 

a numeral. for example , - 99999999 unrelated to that use for data is written as a mark at the end of written data. 

10 WOPEN/T "DATA" 10 ROPEN/T "DATA" 
20 FORX'" I TO 99 20 FORX= I TO 200 
30 PR1NTrr X 30 INPUTrr A 
40 NEXT X 40 IF A = - 99999999 THEN 70 
SO PRlNTrr -99999999 SO PRINT A 
60 CLOSErr 60 NEXT X 
70 END 70 CLOSErr 

80 END 



• Technique to Memorize a Music History 

Stat~ment$ for data storage and readouts can a1so be used for strings. 

The fiv~ composer's names a~ written on the cassette tape and read out of it. 

10 DIM NS (S) 
20 NS (I) = "BACH" 
30 NS (2) = "MOZARr 
40 NS (3) = "BEETHOVEN" 
SO NS (4) = "CHOPIN"" 
60 NS (5)= "BRAI'MS" 
70 WOPEN/T "GREAT MUSICIANS" 
SO FOR)= I T05 
90 PRlNTIT NS (l) 
100 NEXT J 
110 CLOSErr 
120 END 

This is identical 10 numeric dala writing. Then, readouts 

are done 3S follows: 

200 DIM MS (5) 
210 ROPEN/T "GREAT MUSICIANS" 
220 FOR K '" J TO 5 
230 INPlITrr MS ( K) 
240 PRINT MS (K) 
250 NEXT K 
260 CLOSErr 
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With this, writing and readout are completed. As you may have noticed, the name of string variable NS used for 

wriling is different from that of string variable MS used for readouts. Since the value itself is written in the cassette 

tape as data, it has nothing 10 do with the name of the substituted variable. This makes it possible to change the 

variable name in the program as long as the string data is. read hy the siring variable and the numeral d3la by the 

numeral variable. 

Now, from what you have learnt so far, lel's generate a data file with mixed numeric and string data. To also write 

the years when the previous composers died, for example, the fonowing statemenlS should be modified from the 

previous program. 

IS DIM 0 (5) 
6S 0(1)= 1750,0(2)= 1791,0(3)= .. 27 
67 0(4)= 1849 , 0(5)= 1897 
90 PRlNTrr 's (l), 0 (I) 

It is clear from the above that the generated HIe stores string and numeric data in alternate sequence. Accordingly, 

the readouts of the file must match the alternate sequence, for which line numbers 100, 230 and 240 should be m(xh· 

fled as fot1ows: 

200 DIM MS (5), T (5) 
230 INPlITrr MS (K), T (K) 
240 PRINT MS (K), T (K) 

With those statements remaining unmodified, the numeric data is transferred to the sIring v3.riable MS ( ), causing 

an error to occur. 
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• List of School Work Results 

This is :1 program for recording the results of French. English and science for a 

certain class. 

10 INPUT "HOW MANY STUDENTS IN THE CLASS? " :N 
20 DIM NS (N). K (N). E (N) 
30 DIM R (N) 
40 AS'" (MARKS)" 
SO FORX=ITON 
60 PRINT: PRINT X 
70 INPUT "NAME PLEASE?" ; NS (X) 
80 PRINT "FRENCH .. ; AS ; ; INPUT K (X) 
90 PRINT "ENGLISH" ; AS : : INPUT E (X) 
100 PRINT "SCIENCE" : AS ; : INPUT R (X) 
120 NEXT X 
130 WOPEN/T" RESULT" 
140 PRINT{T N 
150 FORX= 1 TON 

- ---- ---For ..... ritillg a data group n.unod. "RESUL T', 

~-------Wriling the number of students 111 the class. 

160 PRINTIT NS (X), K (X). E (X). R (X) .,-----------Wriling the marks rorstu~nu. 
170 NEXT X 
180 CLOSErr ----- ----------Writins c()rllpicted. 

Now. let's read the written data of results. and calculate the mean of indjvidual students' points and the mean of 

each subject. 

10 ROPEN{T" RESULT .. ~ For finding the data group lW'I'led -, RESULT ". 
20 INPUTfT N ~ Readouu of the number of nudents in the clus. 
30 DIM NS (N). K (N). E (N) 
40 DIM R (N) 
50 FORX= lTON 
60 INPlIT/T NS (X), K (X) .. Reiidoul$ of the name:tnd marks for Frenc:h, 

70 INPUT/T E (X), R (X) Readoul$ ofmuks for English and sciencc, 
80 NEXT X 
90 CLOSE{f ReadOUl$ completed , 
100 PRINTTAB(12) , "FRENCH"; 
110 PRINTTAB(19):"ENCUSW: 
120 PRINTTA8 (17) :"SCIENCE- ; 
130 PR1NT TAB (34) ;"MEAN" 
140 FQRX :: ITON 
150 PRlNTNS(X) :TAB(II) ;K(X); 
160 PRlNT TAB (18) ; E (X). 
170 PRINT TAB (26) ;R(X) ; 
190 PRINT TAB (33) ; INT (10/3 * (K (X) + E (X) + R (X») 1 10 
200 K (0)' K (0) + K (X) ; E (0)' E (0) + E (X) 
210 R (0)' R (0)+ R (X) 
220 NEXT X : PruNT" MEAN" ; 
230 PRINT TAB (11): INT (10 * (K (0) I N»)f 10; 
240 PRINT TAB (18); INT (10 * (E(O) I N» 110 ; 
250 PR1NTTAb(26); INT ( 10 *(R(O) I ~) I IO 
160 END 



• Music Library Kept on Tapes 

This data rile is indispensable 10 generate a "Music 

Library" 3.$ discussed in the paragraph "MUSIC State

ment", 

Data for tunes is string data consisting of various 

symbol groups. If 3 data group is named per tune, any 

tune can be picked out of those recorded on the tape 

when its name is designated. 

For example, a tunc can be picked up from this 

music library for use in the music box of your timer, 

with some modifications. The tunes in the muSic library 

can also be used for programs of games and graphics. 

providing a number of applications. 

Molto Vivace 

F. Chopin" PUppy Waltz" 

To write the elUde of F. Kroepsch used on page 79 into a data fLle. thoo following changes must be made: 

300 WOPENrr "ETUDE" 

310 PRINT/T JIS,J2S.J3S.NIS,N2S.N3S 
320 CLOSErr 
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Attention is required to the fact that the character coun! for data writing should be within 255 characters. If 

written as follow: 

305 MAS= JlS+ J2S + 13S : MBS = NlS+ N2S + N3S 

310 PRINTrr MAS , MBS 

the contents of string variables MAS and MBS exceed 255 characters, which make data writing incomplete. 

The length of stnng data may vary with each tune, therefore it is neccessary to write data indicating the end of 

each tune so that a data error does not occur in data readouts. End mark of tune" •• ", for example makes 

each tune consist of string data within 100 characters for execution give below: 

500 ROPEN/T "puppy WAL TZM 

510 FORA= I TO 100 

520 INPUTrr MS (A) 
530 IF MS (A);" r:. "THEN 550 
540 NEXT A 

550 CLOSErr 

This can read the "Puppy Waltz" completely, 
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• Data Dank is a Computer's Speciality 

The computer's splendid memory makes it e3SY 10 corn· 

pile:) list with :I number of items. The sequence of items as 

data, for example, name, age, date of birth, present address 

and pemlanent address, is brought into memory. This is called 

a data bank. 

Trus data bank makes it simple 10 retrieve and sort out 

items depending on the type of program. RClricving is made 

for all the data related 10 any required items assigned. For 

example, a blood type is assigned to retrieve all people of the 

same blood type, and this is called "retrieving by blood type". 

In addition. with an eye to a certain item. names are arranged 

in ABC order. for example. or 3ges are arranged in the order of 

the young to the old. This is called "sorting", 

I .. anI 10 know ""la 
on Mr • .Iot'oft. 

What k"'1(j 01 ""la dO VOU 

----_., .' 

Oat •• _en coll..,1«I on '1' •• ' m •• , 

ean plav an ,nc.ltd,blv ''''PO''''' 
• .,.. In WOlk 

--~---



91 

• Telepho ne Number List is also a Data Bank 

With the above understood, J summary is made of the program in which siring data is put into the memmy of the 

DATA statement. Based on this program. modifications are possible ro that the addre!>S and postal code are also 

available. 

JO N = 11 
20 DIM MS (N) .... Surname 
30 DIM NS (N) ....... Fim name 
40 DIM AS (N) ......•..... Home dialling code 
SO DIM BS (N) ......•..... Home telephone number 
60 DIM CS (N) ............ Work dialling code 

70 DIM DS (N) . . . . . . . . . Work telephone number 
80 DIM F (N) 
90 FOR K = I TO N 
100 READ MS (1<). NS (K) 
11 0 READ AS (1<). BS (1<) 
120 READ CS (1<). DS (K) 
130 NEXT K 
140 PRJNT: PRINT: X = 0 
150 PRlNT "WHAT IS THE SURNAME" ; 
160 INPUT XS ..................... Key-in the name to be retrieved. 
170 FORK: I TON 
180 IF MS (K) = XS THEN X = X + I : F (X) = K .. Rerircving by use of the surname. 
190 NEXT K 
200 IF X<> o THEN 240 
210 PRINT "NO RELEVANT PERSON FOUND!" 
220 PRINT ';PLEASE RE - ENTER'" 
230 GOTO 140 
240 PRINT: PRINT 
250 FOR K = I TO X 
260 L = F (K) ......................... For display of penons with the same rurname. 
270 PRJNT"NAME" ;TAB(II);" ," ,NS(L);" .. ;MS(L) 
280 PRINT "HOME NUMBER:" : 
290 PRlNT"C', AS (L) ; .. ) .. ; BS (L) 
300 PRINT "WORK NUMBER: .. ; 
310 PRINT" ( .. ;CS (L) ;")"; DS (L), PRINT 
320 NEXT K 
330 GOTO 140 
340 DATA JONES. JOHN, 01,364,9617,01,969,3678 
350 DATA DAVlS, PETER, 021, 396, 2137, 01, 323, 6146 
360 DATA SMITII, PAUL, 0449, 73246,0449, 71277 
370 DATA JQNES, DAVlD, 061, 631,1235,061,312,1975 
380 DATA RICHARDS, ROBIN, 0273, 61976, 0903,47216 
390 DATA SMITH, HARRY, 01, 638, 2174, 29,147636 
400 DATA LAKE,COLlN,4967, 13642,4967,32132 
410 DATA WATSON , JOHN, 01, 961. 2431,0427,21369 
420 DATA CARTER. DAVlD,6317. 21974,01,316, 2638 
430 DATA HOMLES, FRANK, 2238, 76194, 223R, 78352 
440 DATA JONES, FRED, 9743, 61665, 01, 424, 6913 
450 DATA WILSON, JAMES, 01,692,5687,0374,68421 
460 END 
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• SOS in Morse Code 

The Morse code was Invented by Samud F . Bret:SIe Morse. an 

American :anist, in 1838. and is one of the mos: important com· 

munications media e~n today. 

The principle is simple. It sets up the ratio of limes when a 

specifsed wave of frequency is produced and nOI produced . 

Prolonged sound--

Short sound-

Pause 

Transmission of sound 3 times as 

long 3.S short sound. 

No sound for the same period of 

time as man sound. 

The Morse code is based on the combination of th~ thrtt 

sounds to Tl:pttsent the necessary symbols. Shown below is part of 

the Marse code, according to which try to strike SOS. Very dif· 

Hcolt? The Morse code reqUires practice until your fmgers move 

naturally and quiclcly without thmking of where to press. 

To mah this easy. the prognm for the Morse code is generated 

in the fonewing seclton. LiM numbers 20 to 270 are strings to gen
erate signals froflt A to Z. and line numbers 290 to 380 for those 

from 0 to 9. Brief d~scription is giv~n of th~ program. 

tM.Il"'I"".~can 

" ~ to. aone wu'-n 
_ h ~. thos 

Help I 

Hel p ! 

Help ! 

+A5 ,. Sound A (la) in th~ high fr~qu~ncy rang~ with its tonal length of 5 (~qutval~nl 10 Ih~ prolonged 

Signal of Ih~ Morse code). 

+A2 ~ Sound A (la) in the high frequ~ncy rang~ with its tonal length of2 (equival~nl 10 the short signal 

of the Morse code). 

R2 .. Pause with no sou nd wIth its length of 2. 

A .- l r.. - N I T il Z - " Ih _ .... 
fR - ' H .... 0 --- U -- : 1 ._--- 7 _." 
C - '- ' J ._-- P .- V ... - 2 .. --- S ---
D - - K - .- b) --.- W --- -.-- q ---_. 
E - L . _ .. R ._ . X - "- 1< .... - 0 ---- , 

F " - ' M -- 5 --- Y .- 5 ..... 1 --



• Signals In Dots and Dashes 

10 DIM AI (JOO),MS(127) 
20 MS (65) =" +A2R2+AS" 
30 MS (66) = M +ASR2+A2R2+A2R2+A2" 
40 MS (67) = ~ +A5R2+A2R2+A5R2+A2" 
50 MS (68) =" +A5R2+A2R2+AY 
60 MS (69) = .. +A2" 
70 MS (70) = M +A2R2+A2R2+ASR2+A2" 
80 MS (71) =" +A5R2+A5R2+A2" 
90 MS (72) = M +A2R2+A2R2+A2R2+A2" 
100 MS (73) =" +A2R2+A2" 
110 MS (74) = M +A2R2+A5R2+A5R2+AS" 
120 MS (75) =" +ASR2+A2R2+AS" 
130 MS (76) =" +A2R2+ASR2+A2R2+A2" 
140 MS (77) "," +A5R2+AS" 
ISO MS (78)= "+A5R2+A2" 
160 MS (79) = M +ASR2+A5R2+AS" 
170 MS (80) =" +A2R2+A5R2+ASR2+A2" 
180 MS (81) =" +A5R2+ASR2+A2R2+AS" 
190 MS (82) =" +A2R2+A5R2+A2" 
200 MS (83):" +A2R2+A2R2+A2" 
210 MS (84) = .. +AS'-
220 MS (8S) =" +A2R2+A2R2+AS" 
230 MS (86) "," +A2R2+A2R2+A2R2+AS" 
240 MS (87) =" +A2R2+ASR2+AS" 
250 MS (88) =" +ASR2+A2 R2+A2R2+AS" 
260 MS (89) =" +ASR2+A2R2+ASR2+AS" 
270 MS (90) =" +ASR2+ASR2+A2R2+A2" 
280 REM NO. 
290 M4 (48) =" +ASR2+A5R1+ASR2+ASR2+AS" 
300 MS (49) ",," +A2R2+AS R2+ASR2+ASR2+AS" 
310 MS (SO) =" +A2R2+A2R2+ASR2+ASR2+AS" 
320 MS (SI) =" +A2R2+ A2R2+A2R2+ASR2+AS" 
330 MS (S2) "" ~ +A2R2+A2R2+A2R2+A2R2+AS" 
340 MS (S3) ",," +A2R2+A2R2+A2R2+A2R2+A2" 
3S0 MS (S4) =" +ASR2+A2R2+A2R2+A2R2+A2" 
360 MS (SS) = ~ +ASR2+ASR2+A2R2+A2R2+A2" 
370 MS (S6) = ,. +ASR2+ASR2+A5R2+A2R2+A2" 
380 MS (S7) =" -+ASR2-+ASR2+ASR2+ASR2+A2" 
390 REM "SPACE" 
400 MS (32) = "RS" 
]000 INPUT "TYPE IN A MASSAGE" ; AS 
1010 FOR J = I TO LEN (AS) 
1020 AI (1)= ASC(MIOS(AS,J.I)) 
1030 NEXT J 
1040 FOR J = I TO LEN (AS) 
1050 MUSIC MS (A I (I)), "RS" 
1060 NEXT J 
1070 GOTO J 000 
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Key in alphabet from A to Z and munerals from 0 to 9. For example. when you key·in "I LOVE YOll'·. the Morse 

code will be generated accordingly. Using the Morse code, you can declare your love to your sweetheart! 
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• U d· "T' " nen 109 Ime ..... 

At the end of this introduction to the BASIC Langu3gc. the program for the "Pe~tua1 Calendar" is introduced. It 

requires no detailed explanation. Our "time" continues etemally . 

5 DIM MS (12). WS (7) 
10 FOR K::: I TO 12 : READ MS (K): NEXT K 
20 FOR K:: I TO 7 : READ WS (K) : NEXT K 
30 INPUT "YEAR PLEASE? " : Y : INPUT "MONllI PLEASE? " ; MT 
40 H = MT: CaSUB 400: K2 = YB t I 
50 H = MT+ I :GOSUB400:Kl:YB+ I 
60 N '" K I - K2 : IF N >:: 0 THEN L = 28 + N : COTa 70 
65 l::35+N 
70 IFMT=12THENL=31 
75 PRINT" ~ ": COSUB 190 
80 PRlNTTAB(8);Y ;" ";MS(MT):PRlNT'T=4 
90 FOR N = 1 TO 7: PRINT TAB (T) : WS (N) ~: T= T+4: NEXTN : PRINT 
100 T=Q:1FK2=OTHEN 120 
110 
120 
130 
140 
150 
160 
170 
ISO 
190 
200 
2(0 
220 
DO 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
600 
610 
620 
630 
640 

FOR N '" I TOK2: PRJNTTAB(T) :: T= T+ 4: NEXT N : T= T - 4 
FOR N = I TO L : NS = STRS (N) : J = LEN (NS) 
PRJNTTAB(T+ 5 - 1) :NS:: T=T+4 
1FT::: 28 THEN T= 0: PRINT 
NEXTN 
IF T < > 0 THEN PRINT 
GOSUB 190 
PRINT" D ": GOTO 30 
FOR Z = I TO 31 : PRINT" * .. ; : NEXT Z : PRL'lT : RETURN 
DATA JAN. FEB. MAR, APR, MAY. JUN 
DATA JU L. AUG. SEP, OCT. NOV. DEC 
DATA SUN, MON, rUE, WED. THU, FRI, SAT 
END 
x=y 
N= H - 3 :J'" 12 : GOSUB600 :MM=Z 
IF MM > 9 THEN X = X - I 
N=X:J =400 : GOSUB600 : X= Z 
X4 = INT (X/4) : XI = INT (X/ lOO) 
KY = X+ X4 - XI 
N= MM : J = S : GOSUB600: MZ = Z 
MS = INT (MM/5) : M2 = 1NT (MZ/2) 
N = MZ : J:: 2: GOSUB600: p= Z 

KM = 13 * M5 + 5 * M2 + 3 * P 
N= KY+ KM + 3: J = 7: GOSUB 600: YB= Z 
RETURN 
REMZ=N, J 
K'" lNT (N/I) 
Z=N - K*J 
lFZ<OTIlENZ:s::Z+J 
RETURN 

l.~ 
~" on····· 

·········f333··~~~"·'···,····· 
SUN "ON TUE WEI1 TH~ FR I SAT 

~ 7 ~ § '~ 11 1~ 
~~ ~i ~~ U !1 ~~ ~6 

••••••••••••••••••••••••••••••• 
VEAR PLEASE • 
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• Miniature Space Dictionary 

If you :ue interested in space, including astronomy and man-made satellites, you might like to try calcul:itions:md 

graphic drawings by using the computer. Shown below are equations :md values required for such attempts. 

Unlike the earth, the movement of o bjects in space should mathematical calculations without any complexity 

C3:u~d by atmospheric resistance. Fo r more accurate values, however, consideration must be given to the effects by the 

planets, the perturbation caused by strains in the form of the earth and gas pressure in space. even though rarefied. 

There is air of 10·' mmHg 3.1 an altitude of SOO km in space, for example. In addition, a man-made satellite stationed 

at an altitude of approx. 36.000 km lillS approximately I degree per year in its orbit ~ing affected by Ot~r heavenly 

bodies. 

Sun 

M~c:ury 

Venus 

Earth 

Man 

Jupiter 

Saturn 

Uranus 

Circular 
~~, 

Neptune 

Pluto 

Moon 

MOl lon velocltv of a s.atellite In 

""" circular Ofbit 

",-" 
/.~ PerIOd 

@fj 
RadIUS of the earth 

1'1 : Height from the e.rth $I,Irf.JCe 

Motion velocity of I satellite in 
oval Orb,t 

a il,,-;-__ , 

Mass ( I ror (he Sun) 

1.000 

O. I66x 10-(, 

2.448 x 10-<> 

30.034 x 10-' 

3.227)( 10-' 

95.479 x 10.5 

2.856 x 10-" 

4.373 x IO- s 

5.178 x 10-' 

0552 )( 10-(, 

3.694 x IO~ 

Perood 

Long radIUS 

Sh<><"t radius 

Equatorial radius 

696000 km 

2 440 

6056 

6378 

3390 

71400 

60400 

23700 

25 110 

3400 

1 738 

Mus of the Sun " 1.991 x IO"'kg • Value 10 the earth 

~'M ,. -, 

T · 2rr / G ;J M 

G - 6.67xl0 - 11 

Universal gl'lIVitation constant 

hI 

M : M,m of the earlh (kg) 
, : Distance from the Nrth·scenter to satellrte (m) 

r 2 1 
, • / G . M - - - ) • I , • 

T • 

• • 

r---;r 
2 :: j c;:-M 

hi t h ; -+2R 
2 

b .. l a: _ \ • . e)~ 

e. OF (OP · 1.1 - b~ 
• 

'p • • (1-e) 

'.·all .... ) 

(m/s' 

,,1 

Iml 

Iml 

Im' 
Iml 

Eccentricity Averaged distance (rom the Sun (a) 

0.20563 

0 .00678 

0.01672 

0.09338 

0.04829 

0.05604 

0.04613 

0.0 1004 

0.24842 

0.0549· 

0.57910 x 108 km 

1.08210 

1.49600 

2.27944 

7.7834 

14.2700 

28.7103 

44.971 

59.136 

384 400 km· 

SoUKe: Ou-onological Table of Science 
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• A solution of simultaneous equation 
Introduction to methodological study of programming [1] 
Solution of systems of simultaneous linear eq\lations is a basic d:U3 processing problem associated with all science 

and engineering problems. In this section , we will t ry to construct a basic subroutine which is used to solve systems of 

simuhaneous linear equations in 11 unknowns. 

Although there are a number of algorithms for solving simultaneous linear equaLions. we here employ the elimin3-

tion method which is familiar to you from your school days. 

• Approach to the problem 

Consider the problem of solving the system of simultaneous linear equations shown m (I) below, 

(l 1l .r l~ G1 I~ .cz + · ··········" · ······· -+-ah.r. = b l . 

a 2\ .l"l ~ a 21IZ'" ••••.... . ..... + a 2. ,X. bz . 

a .I.>' 1 + a .~.T ~ '" ••..• . ....... + (lo a ,r. b.. 

Multiplymg both sides of the second equation in (1) by Qn /a:1 and subtracting the result from the first equation. 

we obtain 

12 

This means that we obtain an equation in which XI is eliminated. Perfomllng this process up through the nth equa· 

tion. we obtain a set of simultaneous linear equations in which XI is not included. that is. one unknown is eliminated. 

Rewriting the coefficients of alJ equations 3SQil, a;,.. and so on. we obtain 

a ll f l + a I2..r~+··········· .. . .... .. + a l ..J. = h l • 

a22 .J: ~ + ... .. . .. .. + a:~.c. = bz . 
31 

(h" .c~ ..... .. ................... . . a • • .1'. = b. 

The process of creating the set of equations in (3) from the set of equations in (I) is called elinunation using the 

fint row and column as a pivot. 

Perfonning the elimination process on the set oi equations in (3) using the second row and column as a pivot. we 

fUld a system of simultaneous tinear equations whose third to nth equations do nOI contain the tennxl. Repeating the 

elimination process by pivoting n - I times. we obtain 

a ll .c l + 0 12.r./ + ..•..••••.•...•••.•. + Glo.Z. = a I.-! 

U 2~I2 +················· · · ·· 02 • .r. 02. ·1 
............ .......... (4 ) 

. . 
a .. .c. = a .. _l 

The value of X " is obtained by the nth equation in (4). 

then the value of x"_, is obtained from the (n-l)th equation, 
and so on. 

Although this method seems simple. if you solve by hand, 

it will take a lot of labor and scratch paper if 5 or 6 unknowns 

are invoh'ed. You will lose interest in solving the problem by 

hand if the number of unknowns is 10 or 20. 

It is best to use a computer to perfonn repetitions of such 

simple operations. The computer can eliminate obstacles in a 

lump and give us the correct answer immediately. 



• Programming 

Let's fomtulate an algorithm for solving systems of simultaneous linear equations. 

[IJ Assign the number ofunkno ..... ns to variable N. 

Prepare 3. l-dimensional array X(N) 10 store the value of the unknowns. 

Prepare a 2-dimensional amy A eN. N+ I) and to it assign the coefficients of the equations in ( I ). 

m Call the subroutine for solving systems of simultaneous linear equations. 

[l] Print the values of the unknowns (that is, the contents of X(I) toX(N» on the CRr display unil. 

Subroutine (for solving systems of simultaneous linear equations) 

o Perfonn the elimination process N - I times to change the contents of array A to the coefficienlS 

of the equations in (4). 

[IJ Find the values of the unknowns In sequence and assign them to X(N) through X(I). 
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In this manner. we can clearly identify the subroutine (for solving systems of simuhaneous linear equatio ns) as a 

basic module which takes the value of variable N as the number of unknowns and the contents of 2.dimensional array 

A(N. N+I) as the coefficients of Ihe equations In (I). finds values of the unknowns. and assign them 10 array X(N) 

from X(N) 10 X(I). 

First. let's consider step [1J which is the most important elimination step. As seen from the equations in (2), the 

kth (k:: I to N- l) elimination process is carried out basically by repetitions of assignment 

• - Qk,-U" 
OH 

0,. 
( ..... denotes assignment.) 

for coefficient QU' This can be accomplished by executing the 2-levelloop 

FOR I = k + I TO i'\ 

5) 

FOR j=k- I TO " .... 1 l ..... f"OO.~W 'H QI, ,- (t'1 

~EXT j 

~EXT I 
-

Step @] can be programmed in this way using vari:lbles K. I . and J as follows: 

FOR K - I TO N - J 

FOR I = K ..... I TO :.; 

FOR J = K t- 1 TO ~ + l 

A ( K. J )- A(i, J )*A(K, K ) A(I. K) 

I 
Loop fot row" k through N 

A(!.J ) 

NEXT J 

:-.lEXT l The$C st3temenl$ QJI be combined to one as NI;:XT J. I. K. 

NEXT K 

Now proceed to step rn. where the values ofthe unknowns are found in sequence. To find the valne of unknown 

XI. alllhat is required is to assign X,"l through X n to the set of equations in (5). Consequently. we obtain 

FOR j i - I TO :-J 

NEXT J 
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Although the program code 

FOR I :-.J TO I S TEP - l 

FOR J 1- 1 T O i'\ 

A(I. l'\ + l) =,\(I. ~ +l) A(I, J)*X(J ) 

~EXT J 

X ( I) A (I . ~ + I) A(I. I) 

XEXT I 

seems S3tishctory. in this program, when I = N, J has a value of N + I and the computer executes the statement within 

the loop controUed by J. As it stands. a dimensional overflow would occur at X(J) or an incorrect answer would result 

(even when X(N+l) is defined) if its content is nonzera . We can avoid such errors by placing the step for finding the 

value of unknown x., outside of the loop; that is, by changing the (-con trolled loop as foUows: 

X (~) A < ~L:"1 + 1) A I N.:'1l 

FOR I ~ 1 TO I STEP -I 

NEXT I 

We can complete the subroutine for solving systems of simultaneous hnear equations by J.dding a RETURN statement 

to the end of the above program code. 

The essential problem in step rr' is in how to assign the unknowns and the coefficients of the simultaneous linear 

equations in question to variable N and 2-dimensional array A(N, N+ I). Many methods are possible, such as using the 

READ and OAT A statements; however, we have decided here to enter them one at a time from the keyboard . 

In step ~ , we decided to display the v::tlues of the unknowns on the CRT display unit in the format : 

Xl 

X2 

These steps can be coded without difficulty. Finally. we obtain a complete program as foUow5: 

5 REM .............................................................. Read data 
10 INPUT "Number of unknown numbers =" : N 
~O DIM A(N , N+I), X{N) 
30 FORS)"'I TO N: FORS2=) TO N+I 
40 INPUT A(S I. S2) 
50 NEXTS2,SI 
100 GOSUB) OOO 
195 REM .......... . . ... .. . .... . •. .•.. . . •.. . . . . ... . . .. •.... . ...... Print Xi 
200 FOR I=ITON 
210 PRINT 'T, STRS(I), ":" : X(I) 
220 NEXT I 
230 END 
995 REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . .. Elimination 
1000 FOR K= I TO N-I 
1010 FOR J= K+J TO N 
1020 FOR J=K+] TO N+I 
1030 AO . J): A(K . J) - AO. J) * A(K. K)f A(1. K) 
)040 NEXT J , I , K 
1095 REM ........................................ .. •.. ..... ............ Find Xi 
2000 X(N)=A{N.N+I) /A(N.N) 
2010 FOR I"'N - J TO I STEP ~ I 
2020 FORJ =1+1 TO N 
2030 AO.N+I): A(I.N+I)-AO.J) * X(J) 
2040 NEXT J 
2050 XO):AO.N+I) /AO. I) 
2060 NEXT I 
2070 RETURN 



Run the program and solve the following system of 

simultaneous linear equations in three unknowns. 

(

3.Cl T 2X': 5X3 13 

5 Xl ...... 7 r: ~ 2.1"3 = - 35 

Xl- 3.r1- .n - 28 

6 

When the program is run and the coefficient values and 

the values which appear on the right-hand side of the equa· 

lions are entered as shown in figure, the following solution 

is obtained: 

"' 4 
r.! - 7 

" 3 

• Exercises 

1. Solve the foUowing systems of simultaneous linear equations: 

x l+ 2r:-3.n - ..1:1= 5 x \+ 2xr t- 4.Tl .... 8.n + 16 x ) 32 

X I- 3rl+ 5.rJ + 2x. 3 

- .r1- 4x2+ n+7x. -- 7 

22 

.n+3.n+9n- 27x, + Sl X~ 243 

XI + 4 .Cl + 16.n+ 64 Xt"" 256 .r.; = 1024 

.Tl +- 5xJ-r- 25.n+J25x. -625 x s= 3125 

,;£1 - 6 ,n"1" 36,rr t-216:n + 1296x'. - 7776 

99 

The program constructed above does not specify the number of unknowns explicitly. In practi~ . however. the 

number of unknowns is reslricled by the space available for defming the necessary 3mys (or the size of the BASIC 

text area), If you use it on actual problems, however. you will fmd that the program can solve systems of simuhaneous 

linear equations with more than 80 unknowns when it is used on the MZ-80A. Try solving various systems of simullane

ous linear equations in which there are a large number of unknowns. 

2. After running program several times. you may encounter the error message 

* Erro r 2 in 1030. 
which indicates that an overflow error occurred during execution of line number 1030. This condition will occur, for 

example , if an attempt is made to solve the system of simultaneous linear equations: 

( 

.T t -2 = + 3.r - 26 

3.Cl + 5n~2.n 39 

2.T 1 + 4 I !- .rJ=-= - 27 

7' 

The overflow condition is C3used because XI and x: :ue eliminated simultaneously from the third equation during 

the first elimination operation and the denominator of the division on line number 1030 is set to 0 during the second 

elimination operation. 11lls type of error can be avoided if we exchange the second and third rows before entering data. 

Since the pivot position moves diagonally as program execution proceeds, undesirable conditions will occur if a 

diagonal element happens to be zero. Try developing of countermeasures for this problem. 
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• Find 1000 prime numbers 

Introduction to methodological study of programmmg [2] 

It is essential to aJways keep the objective and the procedure for accomplishing it in mind when formulating a pro

gram. Most programmers, however. are seldom conscious ofthls problem and create complicated. inscrutable programs 

in their own style. Frequently. such prognms can hardly be understood even by those who wrote them, much less by 

others. 

Such problems arise because the programmer does not clarify the relationship betun the structure of the problem 

and the algorithm for solving it when the program is written . Consideration of this problem has led 10 active methodo

logical study of programming itselr. E.W, Dijkstra is one of the leaders in this field, and has written many outstanding 

books on this subject. In one of these bookst. he introducW. his own idea about programming (called structu red pro

gnmming). using the problem of flnding prime numbers as an example. In this section, we briefly explain his concepts 

using the same problem. 

Problem: 

Print 1000 prime numbers 2. 3. 5, 7. 11 . .. .. in increasing order of magnitude. 

• Approach to the problem 

Many different. programs could be used to solve this problem. The first major proposition. however. is that the 

program constructed must be a practical one. An extreme approach might be as follows. 

"Find and print prime numbers starting at the smallest one? 2 is the smallest prime number. so. let's print 2 firs!. 

Next is 3. next is S. next is 7. All we have to do is to print them using the PRINT statement ...... 

This is not, however, an efficient method of using the BASIC interpreter, and cannot truly be regarded as program· 

ming. 

According to Dijkstra. many decisions must be mOOe until a program is completed. We shouJd make such decisions 

omy when they are actually required, rather than making them without discipline. In other words. programming should 

be conducted in stages. 

The first decision to be made in our problem is whether the 1000 prime numbers are to be found first,then printed 

all at once, or whether they are to be printed as they are found. By deciding on the former method . we p1a~ the 

program in perspective as follows. 

I GOSUB "Find 1000 prime numbe~ 
COSUB "Print all numbers found." 

END ~ 

Find 1000 prime numbers. 

l-Print all numbers found. 

} '''in pms"m 

I Subroutines 

t) DijbtD, H01r, Oahr; Structured Propamming, 1969 ALGOL is u$INI u the progmnming iafl8Uagc in tlw. publication. 
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Notice that the problem has been divided neatly into a main program and two subroutines. lltis is one of the basic 

principles of structured programming suggested by Oijsklr3. 

Now. proceed to the next step. Since we are to fmd H)(X) prime numbers before printing them, we need to store 

them somehow in a storage: location. The next step is to determine the method of storing the prime num~rs. 

It would be unwise to declare a numeric array of 1<00 elements simply because 1000 prime numbers m.JSt be 

memorized. It is possible to defmc a string array and place T's (true) in locations in the string designated by sub5cripu 

which happen to be prime numbers and F's (false) in other locations. Another possible method is to record the prime 

numbers in a data me on cassene tape. It is easy to identify prime numbers if they are stored in a string array and 

identified by the characters MT' and "F"; and it is possible 10 store prime numbers for a long time if they are recorded 

on cassette tape. What method should be used? 

For an algorithm in which unprocessed numbers are divided by the prime nwnbers already found to identify prime 

numbers, the fmt method is most appropriate; that is, to prepare a numeric array of 1000 elements. Accordingly, w~ 

d~c1art a nwneric arT3Y of 1000 elements at the beginning of the main program. DIM "Numeric array of 1000 ele

ments" . 

DIM "Numeric array of 1000 elements" 

Next, the structure of the array must be determined. We can use PRIM as the array name (though the array name is 

identified on1y by the fmt two characters) and use a 2-dimensional numeric array. This is because, since the ma:<imum 

subscript value for I-dimensional arTays is 255, it is not possible to identify all array elements with a l-dimensional 

array. Since all array elements must be identified within the subscript rangt of255, we use an array structure such that 

the 1000 elements are grouped into 10 subarrays of 100 elements each. The DIM statement for the required array is as 
follows: 

DIM PRI~'I t9 , 99) 

With this decided. we can go on to determine the format for display of the 1000 prime numbers. 

There are many ways of outputting the results, such as displaying them on the eRT display unit or printing them 

on the printer. As for format. one prime number may be printed on one line or they may be printed in a tabuJar form; 

and so on. We will use the simplest fonnat; that is, sequentially printing the numbers on the eRT screen without 

formatting them. The following subroutine ("Print all numbers found") will be adequate for this purpose: 

FOR ~I 0 TO 9 : FOR N 0 TO 99 

PRINT PRIM (~1 . N) : 

:-.lEXT :\f • ~1 

Now we have finished that main program and the subroutine "Print all numbers found." The remaining task is to 

formulate the subroutine "Find 1000 prime numbers.- Since we are going to use the array described above, it is natura] 

to find the prime numbers sequentially, staning with the smallest one , and to place them into the array in increasing 

order of its subscripts. 

Assuming that we have a subroutine "Find the next prime number" which, given parameter I. examines I + 1. 1 + 2, 

.... insequence, places the first prime number found into I , and returns control to the calling program, we can form 

the subroutine "Find 1000 prime numbers" as follows: 

I-I 

FOR M= O TO 9: FOR :-J = O TO 99 

COSUS "Find the Dext prime number-

PRIM (M, N)-I 

NEXT ~, M 

RETURN 

• 
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Now we are approaching the nucleus of the program for fInding prime numbers. The subroutine "Find the next 

prime number" must fInd and assign to I the smallest prime number which is greater than I. A simple algorithm which 

you will think of immediately is to divide I by 2. 3, 4 , S, ..... 1·1 , and identify I as:l prime number when I is indivisible 

by any of them. With this algorithm. you must perform 99 divisions using divisors from 2 to 100 to recognize 101 as a 

prime number. You will soon recognize that this aIgorithm .......... astes a great amount of time. It is apparent that numbers 

which are indivisible by 2 are also indivisible by multiples of 2 (e.g., 4 , 6 , 8, .... ), numbers which are indivisible by 3 

are also indivisible by mwtiples of 3, and so on. Since our goal is to fmd prime numbers sequcntially starting with the 

smallest one, 10 determine whether a number is a prime o r not we need only to determine whether it is divisible by any 

of the prime numbers which have been found so fat. For example, to determine whether 101 is a prime number o r not, 

we need only divide it by a total of25 prime numbers, i.e., 2. 3, 5, 7, 11, 13, 17, 19,23,29,31,37,41,43,47,53 . 59, 

61,67,71. 73, 79,83,89, and97. 

Even this algoritlun wastes a considerable amount of time. For example. we need not divide 101 by 11. When a 

number p cm be divided by a number other than itself. il can be expressed as p:: 19. Assuming that / is not greater 

than g (f'£ g), we find fl~fg = p. Accordingly, we need only to examine integers which are not greater than .JP . For 

101, we need only divide it by four prime numbers (2. 3, 5, and 7), if it is not indivisible by these numbers, we can 

regard 101 as a prime number. This fact affects programming efficiency greatly. In fact, to determine whether 10100 

(which is 100 limes greater than 101). is a prime number or nOI. we only need to divide it by 25 prime numbers from 2 

1097. Otherwise, as you will see later, you would have to divide it by far more Ihan 1000 prime numbers. 

Taking the above into consideration, we can fonnulate the algorithm for the sub routine "Find the next prime 

number" as follows: 

I, I .... I .. I : X ... 0 : Y .... 0 

I, While (pRIM (X, Y))' < I 

~ Divide I by PRIM (X. y) 
~- If divisible GOTO 11 

Otherwise 

' Determine the subscripts X and Y of the array element containing the next prime number 

, -GOTO I, 

Return 

The above algorithm is coded as follows: 

1500 RDI - Find the ne.\ t prime numbel 

1510 I + I , 0; Y = 0 

1520 IF PRIM(X. n*PRIM ( X. Y»I THEN HETUR:\, 

1530 L I PRI~I(X, '1' ) 

1540 IF L I:\,T( Ll o T1IE~ 1510 

1550 Y '1'-1 

1560 IF Y < 100 TIIE:-.J 1520 

1570 X = X - I : Y 0; GOTO 1520 

The statement on line 1520 delennws whether the square of the prime number by which the parameter I is to be 
divided exceeds I. 

The reason the power operator is not used in this statement is that an expression conta.i.ning the power operator is 

inapprqpriate as a condition clause for the IF statement because evaluation of expressions containing the power oper
ator are internally conducted by approximation .t 

Now let's frnish the program. 00 not forget, however, to assign the first prime number (i.e., 2) to PRrM (0, 0). 

1ltis is because the subroutine -'Find the next prime number"' assumes that there is a preceding prime. 

n If tn.: power operatol III 10 be used on Imt 1520. the line must be coded :u roDows: 

1520 IF INT (pR IM (X. Y) I 2 + 0.000000(1) > I THEN RETURN 



IQ REM ....... . .......... . ... ... .... . ..... . ..... 1000 prime numbers 

20 DIM PRIM (9,99) 
30 PRIM (0,0) = IO 

40 COSUB 1000 

50 GOSUB 3000 

60 END 
1000 REM .............................•.. . ....... Find 1000 prime numbers 

1010 I = I 

1020 FORM=OT09:FORN"'QT099 
1030 GOSUB 2000 

1040 PRIM (M, N) = I 
1050 

1060 

2000 

NEXT N,M 

RETURN 

R~ ........... . ..................... .. . 
2010 I =1+ I : X=O : Y=Q 

2020 IF PRIM (X, Y)* PRIM (X, Y» I THEN RETURN 
2030 L = I{pRIM (X, Y) 
2040 IF L - INT (L) =0 THEN 2000 
2050 Y=Y+ 1 

2060 IF Y < 100 THEN 2020 
2070 X"'X+\ ; Y"'Q:GOT02020 

. .. Find the next prime number 

3000 REM ......... .. ............................. Print 1000 prime numbers 
3010 FORM =QT09 : FORN=OT099 
3020 PRINT{P PRJM (M, N), 

3030 NEXT N, M 

3040 RETURN 

• 

IQ3 
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Print listing of 1000 prime numbers on the line printer MZ-80PS , 

2 3 , 7 11 13 17 19 
23 29 31 37 41 43 47 53 
'9 61 67 71 73 79 8~ 89 
97 101 103 107 109 113 127 131 
137 139 149 101 107 163 167 173 
179 181 191 193 197 199 211 223 
227 229 233 239 241 201 207 263 
269 271 277 281 283 293 307 311 
313 317 331 3..">7 3 47 349 3:53 3'9 
3b7 373 379 383 38. 397 401 40q 
41' 421 431 433 439 443 44' 457 
461 463 4b7 47' 487 4'1 4" 503 
509 521 023 "I ~47 507 ~b3 56. 
"1 577 587 ~93 59q 601 607 613 
617 b19 631 641 6 4 3- 647 6" 6" 
661 b73 677 683 6'1 701 70. nq 
727 733 739 743 751 757 7bl 76. 
773 787 7'7 80. 811 821 823 827 
829 839 853 857 859 863 877 881 
883 887 .07 ql1 '1' .29 .37 '41 
'47 953 'b7 .71 '77 983 991 997 
lOO. 1013- 1019 1021 1031 1033 1039 1049 
10~1 1061 1063 1069 1087 1091 t09:3 1097 
1103 1109 1117 1123 1129 11~1 1153 1163 
1171 1181 1187 1193 1201 1213 1217 1223 

omitted 

6143- bl~l bl63 6173 6197 6199 620.1 621 t 
6217 6221 6229 6247 b2~7 6263 6269 6271 
6277 6287 6299 0-.",01 0311 63 17 6323 632' 
b337 6343 6353 63:59 b3bl 6367 6373 0379 
6389 b..,,97 0 4 21 6427 6449 6451 6469 6473 
6481 649 1 6:521 6529 6547 6551 6553 6563 
6569 b571 6577 6581 6599 6607 6619 6637 
6653 bb59 6661 6673- b679 6'" 6691 6701 
b703 6709 6719 6733 6737 6761 67o...} 6779 
6781 6791 6793 6903 6823 6827 6829 b833 
6841 6857 6863 6Bb'? 6871 6883- 6899 6907 
6911 b9 1? 6947 6949 6 959 6961 6967 &971 
6977 69e...~ 6991 6997 700 1 7013 7019 7027 
7039 7043 70~7 7069 7079 7103 7109 7121 
7127 7129 71~1 7159 7177 7187 7 193 7207 
72 11 7213 7219 7229 7237 7243 7247 72'53 
7283 7297 7307 7309 7321 733 1 7333 7349 
73~1 7369 7393 7411 74 17 7433 7 4 5 1 7457 
74~9 7477 7 481 7487 7 489 7499 7507 7517 
7523- 7529 7537 7541 7::;4 7 7549 7559 7::>61 
7573 7577 7583 758. 7591 7603 7607 7621 
7639 7643 7649 7669 7673 7681 7687 7691 
7699 7703 7717 7723 7727 7741 7753 7757 
7759 7789 7793 7817 7823 7829 7841 7853 
7867 7873 7877 7879 7883 7901 7907 7919 
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• 701,260 Hours 

You have mastered your computer to use it as if it were part of your brains. haven't you? What did you say? 

You are too busy to have time for that. Indeed, we are living in this busy world, aren't we? 

By the way. lel's predict. using the computer, what 3 busy life you are leading. Calculations are made fo r a life of 

80 years that is a little longer than the English average. For education 16 years are spent at infant school. prinary 

school, high school and university or college. 245 days a year are for going to school and 5 hours a day for lessons. 

After school. 15 hours are for home work every day throughout the year. After graduation from university, 8 hours a 

day for 245 days a yean a year are for work as a salaried man with 8 hours a day for sleep. 365.24 days a year are 

assumed. Based on the above. calculations are made, with results as follows: 

Hours for no work 
or 00 study though 
not asleep 52%. 
(364670 hours) 

Use of 
80 year Life 
1701260 hoursl 

Hours fOf work 10.6% 
(74480 "ours) 

Hours at school 2.8% 
(19600 hour'IJ 

Hours for home work 1.3% 
(8760 hour~ 

Hours for sleep 33.3% 
\233750 hour" 

How did you enjoy the calculations? During 3 life of 80 years, studying accounts for 4.1% and working 10.6%. 

\llhey not analyze and predict the use of your own time for you future reference and consideJ'3tion? 

Don't forget to add your time working on your computer. 
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1.4 Reserved word 

A BASIC sentence is composed of reserved wo rd s- also ca lled key words- which include state

ments. buiil -in functions and special signs (and also commands), and other elements , such 3 5 constants, 

variables. 3rrays and expressions. Table J.l shows all reserved words of the BASIC interpreter SA-

5510. 

~ ABS INT RETURN 
ASC [b LEFTS RIGHTS 
ATN LEN RND 
AUTO LET ROPEN/T 

[Ij CHARACTERS LIMIT RUN 
CHRS LIST m SAVE 
CLOSE!T L1ST!P SET 
CLR L ' SGN 
CONT LOAD SIN 
COPY!P LOG SIZE 
COS lm MIDS SPACES 
CSRH MON SQR 
CSRV MUSIC STEP 
CURSOR [El NEW STOP 

[QJ DATA NEXT STRS 
DEFF ' IQ] ON STRI 'GS 
DIM OUT III TAB 

W E ' D [El PAGE!P TAN 
EXP PEEK TEMPO 

[IJ FOR POKE THEN 
@] GET PRINT TIS 

GOSUB PRINT!P TO 
GOTO PRINT/T 

~ 
USR 

[J] IF [BJ READ VAL 
INP REM VERIFY 
INPUT RESET 5YJ WOPEN!T 
INPUT!T RESTORE 

TABLE 1.1 All reserved words of the BASIC interpreter SA-5S 10 
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1.5 List of BASIC interpreter SA-5510 commands, statements 
and functions 

1.5. t Commands 

LOAD LOAD"A~ 

LIMIT SAOOO: LOAD "B" 

SAVE SAVE "C' 

RUN RUN 

RUN 1000 

VER IFY VERIFY "C" 

AUTO AUTO 

AUTO ~OO. 20 

LIST LIST 

LIST -500 

UST/p L1ST/P 

NEW NEW 

loads the BASIC text assigned the me na.rne "A" from the cassent 

tape into the text area, 

To load a machine language program fLIe to be linked with 3. BASIC 

text. the BASIC area of memory must be partitioned from the ma· 

chine language area by the UM IT statement. 

Note: 'W'hen a LOAD command is exeCUled for a BASIC text me. 
the text area is cleared of any programs previously stored. 

Assignes the fLle name "C" to the BASIC text in the text area and 

stores it on the cassette tape. File name is valid up to 16 characters. 

Executes the BASIC text in the text area from the top. 

Note: The RUN command clears all variables (nIls them with 0 or 

null string) before running text. 

Executes the BASIC text St:lrting at line number lOO), 

llUs command compares the program contained in the BASIC text 

area with its equivalent text assigned the file name "C" in the cas

sette tape rue. 

AUlomaticaUy generates and assigns line numbers 10.20.30 . 
during creation. 

Automatically generates line numbers at intervals ~O starting at line 

200 . 200.220,240. 

An AUTO command is terminated by pressing the L BRiOA K ] key. 

Displays all lines of BASIC lext currently contained in the text 

area. 

Displays all lines of BASIC tex t up through line 500. 

Prints out all lines contained in the BASIC text ;uea on the line 

printer. 

Clears the text an~a and variable area. 

Funher. disestablishes the machine language program area se t by a 

LIMIT statement by removing the partition. 
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CONT CONT 

MON MON 

1.5.2 Assignment statement 

I <LET ) A=X+3 

1.5.3 InPU( /output statements 

PRINT 10 PRINT A 

~ AS 

100 PRINT A: AS. B: BS 

Continues program execution which was halted by 3. STOP state

men! or the [ BREAK I key. starting 31 the Sl3lement following the 

STOP statement or the statement hailed by the ! BREAK I key_ 

Transfers system control from the BASIC interpreter 10 the MONI· 

TOR. 
(To transfer system control from the MONITOR 10 the BASIC 

mterpreter, execute monitor command J.) 

I Substitutes X + 3 into numeric variable A. LET may be omilted. 

Displays the numeric value of A on the eRr screen. 

DIsplays the character sIring of variable AS on the CRT screen. 

Combinations of numeric variables and string variables can be spec· 

ifled in a PRINT statement. When a semicolon IS used as the separa

tor, no spact IS displayed between the data stnngs. \\'hen a colon is 

used, variable data to the right of the colon is displayed from the 

next lab set pOsitlon. 

(A lab is set evtry 10 character positions.) 

110 PRJNT "COST=";CS Dispbys the string between double quotation marks 3S is . and CS. 

INPUT 

GET 

120 PRINT Performs:1 new Ime o~r3tlon (i.e .. adV3nces the cursor one line). 

10 INPUT A 

::!o l~rpUT AS 

30 INPUT "VALUE?"; 0 

40lNPUT X,XS . Y.YS 

IOGEr N 

20 GET KS 

Obtains nUnltric data for variable A from the keyboard. 

ObtainS siring data for string vauable AS from the keyboard. 

Displays '·VALUE?,· on the screc!n before obtaining data from the 

keyboard. A semicolon separates the string from the variable. 

Numeric variables and string variables can be used in combl1lalion 

by separ.mng the m from each other with a comma. The types of 

data entered from the keyboard must be the s.ame as those of the 

corresponding variables. 

Obtains a numeral for variable N from the keyboard. When no key 

is pressed, zero is substituted into N. 

Obtains a character for variable KS from the keyboard. When no 

key is pressed, a nuU is substituted into KS . 



READ-DATA 

RESTORE 

109 

Substitutes constants specified in the DATA statement into Iht 

correspondmg variables specified in the READ st:nemc'nt. The 

corresponding cons13nt and variable must be of Ihe same data type. 

10 READ A, S, C In READ and OAT A statements at left, values of 25. - 0.5 and 500 

1010 DATA 25. - 0.5. 500 are substitutes for variabks A, B and C, respectively. 

10 READ HS . H. SS. S In the example at left. the first string constant of the DATA state· 

30 OAT A HEART. 3 ment on line number 10 is substituted inlO the first variable of the 

35 OAT A SPADE. 11 READ statement: that is; "HEART' is substituted into HS. Then , 

numeric constan t 3 is substituted into numeric variable H. and so 

on. 

10 READ A. B. C 

20 RESTORE 

)0 READ D, E 

IOODATA 3.6,9.12, 15 

With a RESTORE statement. data in the following OAT A state

ment which has already been read by preceding READ statements 

can be re·read from the beginning by the following READ state

ments. 

The READ statement on line number 10 substitutes 3. 6 and 9 into 

variables A. Band C. respectively. BecauSie of the RESTORE Sl3le· 

ment. the READ statement on line number 30 substitutes not 12 

and IS. but 3 and 6 agaIn into 0 and E. respectively. 

1.5.4 Loop stalcmcnt 

FOR - TO 

NEXT 

10 FORA=! TO 10 

20 PRJNT A 

30 NEXT A 

The statement on line number 10 specifies Ihat the value of varia· 

ble A is varied from I to 10 in increments of one. The initial value 

of A is I. The statement on line number 20 disp13ys the value of A. 

The stalement on line number 30 increments the value of A by one 

and return s program execution to the statement on line number 

10. Thus. Ihe loop is repeated until the value of A becomes 10. 

(After the specified number of loops has been comple ted. the value 

of Ais ll .) 

10 FOR B=2 TO 8 STEP 3 The statement on line number 10 specifies that the value of van a-

:;0 PRINT B t:2 

30 NEXT 

IOFORA:IT03 

20 FOR 8=10 TO 30 

30 PRINT A . B 

40 NEXT B 

50 NEXT A 

60 NEXT B. A 

70 NEXT A. B 

ble B is varied from 2 to 8 in increments of 3. The value of STEP 

may be made negative to decrement the value of B. 

The FOR·NEXT loop for variable A includes the FOR-NEXT loop 

for variable B. As is ~own in this example. FOR·NEXT loops can 

be enclosed in o the r FOR·NEXT loops at different levels. Lower 

level loops must be completed within higher level loops. The maxi· 

mum number of levels of FOR·NEXT loops is 16. 

In substitution for NEXT statement al line numbers 40 and 50. a 

statement at line number 60 shown al left can be used. However. 

statement at line number 70 cannot be uSied. causing an enor to 

occur. 



110 

1.5.5 Branch statements 

GOTO 

cosus 
- RETURN 

IF -THEN 

IF -GOTO 

IF - COSUB 

ON-coro 

100 corQ 200 

100 COSUS 700 

800 RETUR.J." 

10 IF A>20 THEN 200 

Jump s to the statement on line number 200. 

CaUs the subroutine slarting on line number 700. At the end of 

subroutme, program execution returns to the sta tement following 

the correspondmg CQSUS statement. 

J umps to the statement on line number 200 when the value of 

variable A is more than 20; otherwise the next line IS execuh~d . 

50 IF 8 <3 THEN B: Bt 3 Substitutes 8+ 3 into variable B when the value of B is less Ihan 3; 

otherwise the next line is executed. 

100 IF A >= B THEN 10 Jumps to the statemen t on line num~r 10 wh~n th~ value of vari· 

abl~ A is equal to or greater than th~ value of B: otherwise the next 

line is ex~cuted. 

30 IF A""B*l COSUB 90 Jumps to the subroutme startmg on line num~r 700 when th~ 

value of varilble A is twice the value of B: otherwise the next sllte

m~nt is executed. 

(When other statements follow a condit ional statement on th~ 

same hne and the conditions ar~ not satisfied. those following an 

ON statement are executed sequentially, but those followmg an IF 

sta tement are Ignored and the statement on the nexl line is exe· 

cuted.) 

50 ON A COTO 70.80.90 Jumps 10 the statement on lme number 70 when the value of varia· 

ble A is I. to the statement on line number 80 when it is ~ and to 

the stalem~nt on line number 90 when it is 3. When the value of A 

is 0 or more than 3, the next SlJlemenl is executed. This statement 

has the sam~ function as the INT function . so that when the value 

of A is 2.7. program execution jumps to the statement on lme 

number 80. 

ON'" COSUS 90 ON A COSUS 700.800 Jumps 10 the subroutine on line number 700 when the value of 

1.5.6 Defmilion slalements 

variable A is 1 and jumps 10 the subroutine on line number 800 

when it is 2. 

DL\I When an array is used. the number of array elements must be de· 

dared with a DIM statement. The numbe r of elements ranges from 

010255. 

10 DIM APO) Dedares that :!l array elements. A (O) through A(20). are used for 

on~-dimensional numeric :may A(n). 



OEF FN 

10 DIM 8(79, 79) 

30 DIM (IS(lO) 

40 DIM KS(7 ,5) 

100 OEF FNA (X)=Xt2- X 

110 DEF FNB(X)=LOG(X) 

+1 

110 OEF FNZ(Y}"'LN(y) 

1.5.7 Commen t and control statements 

REM 

STOP 

END 

CLR 

CURSOR 

CSRH 

CSRV 

SIZE 

TlS 

200 REM JOB· 1 

350 STOP 

1999 END 

300 CLR 

SO CURSOR 25,15 

60 PRINT "ABC'" 

? SIZE 

100 TIS = ." 02030" 

III 

Declares that 6400 array elements, 8(0.0) through 8(79 .79), are 

used for two-dimensional numeric array B(m. n). 

Declares that 11 array elements. (1$ (0) through C1S(10), are used 

for one-dimensional Siring array Cl S(n). 

Declares that 48 array elements, KS(O.O) through KS(7 , 5). are 

used for two-dimensional string array KS (m, n), 

A OEF FN statement derlfles a function. The statement on line 

number 100 deflfles FNA(X) as ~- X . The slatement on line 
number 110 defines FN B(X) 3S [og\oX + I and the SI3. temenl on 

line number 120 derlfles FNZ(Y) 3S log. Y. The numbt-r of varia· 

bles included in the function must be 1. 

Comment statement (nOI executed). 

SlOPS program execution and awaits a command entry. When a 

CONT command is entered , program execution is continued . 

Declares the end of a program. Although the program is stopped, 

the follOWing program is executed if a CONT com mand is entered. 

Clears all variables and arrays, that is, fills all nurmric variables and 

arrays with zeros and all string variables and arrays with nulls, 

The CURSOR command moves the cursor to any position on the 

screen. The first operand represents the horizontal 10C3.tion of the 

destination, and must be between 0 and 39. The second operand 

repressents the vertical location of the destination and must be 

between 0 and 24. The left example displays" ASC" starting at 

location (25, JS)(the 26th position from the left side and the 16th 

position from the top). 

System variable indicating the X-coordin3U (horizonal IOC3.tion) 

of the cursor. 

System variable indicating the Y -<:oordinate (vertical locatIon) of 

the cursor. 

• 
Displays the amount of unused memory area in bytes. 

Sets the built-in clock to 10:20:30 AM. Dat3 ~Iween the double 

quotation marks must be numerals. 



112 

1.5.8 Music control statements 

MUSIC 

TEMPO 

300 TEMPO 7 

310 MUSIC "DE;:-FGA" 

300 MI$ '" " ClEG t C' 
310 M2S""'+E+C+EtC" 

320 M3S = "t#B8R5 " 

330 MUSIC MlS.M2$ ,M3S 

1.5.9 Graphic' con(tol statcmcnls 

The MUSIC stateIMnt generates a melody from the speaker accord

mg to the melody string d:na enclosed In quolation marks or stnng 

V3na~les:11 the tempo specified by the TEMPO statement. 

The TEMPO SIJ.lement on line number 300 ~cifies tempo 7. The 

MUSIC statement on line number 310 generates a melody consist· 

ing of D. E. F sharp. G and A. Each nOle is a quarter note. When 

the TEMPO statement is omitted. de-bult tempo is set. 

In this example. the melody is divided into 3 parts and substi tuted 

in 3 string variables. The (ollowlng melody IS generated from the 

speaker at tempo 4. 

SET ~ts a dOl in the specified position on the CRT scretn. 

300 SET 40. 25 

RESET 

3 10 RFSET 40.25 

The first operand specifies the X-coordinates (0·79) and the second 

operand specifies the Y -coordinates (0-49). 

Displays a dot in the oenter of the scretn. 

Resets a dot in the specified position on the CRT scretn. 

Resets a dO( from the cenler of the screen. 

1.5. 10 Cassette data file input/output statements 

WOPEN/T 

PRlNTrr 

CLOSErr 

ROPEN(f 

INPUTrr 

CLOSErr 

10 WOPEN/T "DATA· I " 

~o PRINT{J' A. AS 

30CLOSE{J' 

110 ROPEN/T "DATA·]" 

1201NPUT/T B. as 

130 ClOSErr 

Defines the me name of a ca~tte data file to be created as 

··DATA·I·· and opens. 

Writes the contents of variable A and string variable AS in order 

in the cassette data file which was opened by a WOPEN/ T state· 

ment. 

Closes the cassette data Iile which was opened by a WOPEN/ T 

statement. 

Opens the casselte data file specified with file name "OAT A·2". 

Reads data .sequentially from the begJnning of the cassette data file 

which was opened by the ROPEN/T statement and substitutes 

numerical data into \'ariabie a and string data into string variable 

8S respectively . 

Closes the cassette data file which was opened by 3 ROPEN/T 

statement. 
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1.5.11 Machine bnguage control statements 

LIMIT 

POKE 

PEEK 

USR 

100 LIMIT 491 51 

100 LIMIT A 

100 LIMIT SBFFF 

300 LIMIT MAX 

200 LIMIT SSFFF 

2 10 LOAD "S·RI" 

120 POKE 49450, 175 

130 POKE AD. DA 

150 A=PEEK (49450) 

500 USR (49152) 

SSO USR (AD) 

570 USR (SCOOO) 

770 USR (AD. DAS) 

Limits the arta in which BASIC programS C311 be I03ded to the 3rta 

up 10 address 491 51 (S BFFF in hexadecinul). 

limits the arca in which BASIC programs can be loaded 10 the area 

up to t he address indicated by variable A. 

Limits the area in which BASIC programs can be loaded to the area 

up to SBFFF (hexadecunal). Hex3decimal numbers are indicated 

by a dollar sign 35 shown at left . 

Set the ma.ximum address of the area in which BASIC programs 

can be loaded to the maximum address of the memory installed. 

Loads machine language program (object program) "S·Rl" in the 

m3Chine language link area from the cassette tape when the io:ading 

address of the program is SCOOO or higher. 

Stores 175 (SAf in hexadecimal) in address 49450. 

Stores d:ata (between 0 and 255) specified by v:ari:able DA into the 

address indicated by variable AD . 

Substitutes data 5tored in address 49450 into variable A. 

Substitutes the contents of the address indicated by variable C into 

variable B. 

Transfers program control to :address 49152. This function IS the 

same as that performed by the CALL instruction, which calls a m3· 

chine language program. When a RET command is encountered in 

the machine bnguage program , program control is re turned 10 the 

BASIC p rogram. 

Calls the program starling at the address specified by variab le AD. 

Calls the progrnm starting at :address SC()(x). 

When string data is given together with :address data this USR 

function pl3ces the first address of the memory area containing 

string data DA S in the CPU's DE register and the length of DAS in 

the BC regisler prior to execution of a CALL instruction. 
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1.5.12 Printer control statements 

PRlNT/P 

10 PRI NT/P A, AS 

20 PRINT/p CHRS (5) 

30 PRINTIP CHRS(18) 

COPVIP 10 COPVIP I 

PAGE/P 100 PAGE/P 20 

1.5.13 I/O input /o utput statements 

INP 

OUT 

10 INP @12,A 

:20 PRINT A 

30 B=ASC("A") 
40 OUT @13.B 

1.5. 14 Arithmetic functions 

ABS 100 A = ABS (X) 

"''1 100 A=INT(X) 

SGN 100 A "'SGN{X) 

Performs the nearly same operation as the PRINT statement on the 

optional printer (MZ-80P4. PS or P6). 

Prints- the numeric value of A and the character string of variable 

AS on the line printer. 

Executes paper home feed. (CHRS(5) is 3. control code.) 

Sets the enlarged character print mode. (CHRS( IS) is also 3 control 

cod,.) 

Causes the printer to copy the character display. 

Specifies 20 lines to be contained in one page of the line printer. 

Reads data on the specified I/O port. 

The Slalemenl o n line number 10 reads data on I/O porI 12. 

OutputS data to tne specified I/O port. 

11le statement on line 40 outputs the ASCII code of tne character 

" A" to I/O port 13. 

Substitutes tne absolute value of variable X into variable A. X may 

be either a constant or an expression. 

Ex) ABS (- 3)= 3 

ASS (12)'=12 

Substitutes tne greatest integer ..... hich is less than X into variable A. 

X may be either a numeric constant or an expression. 

Ex) INT (3.87) = 3 

INT (0.6)=0 

INT (- 3.87)' - 4 

Substitutes one of the following values into variable A: -1 when 

X<O, 0 when X=O and I when X>O. X may be eith .. r a constant 

or an expression. 

Ex) SGN (0.4)' I 

SGN (0) = 0 
SGN (- 400) = - 1 



SQR 

SIN 

COS 

TAN 

ATN 

EXP 

LOG 

LN 

100 A = SQR (X) 

100 A " SIN (X) 

200 A = COS (X) 
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Substitutes the square rOOI of variabk X into v:lr13bk A. X may 

ei ther ill numeric constant or an expression; however, it must bt 

greater than or equal to O. 

Subslllutes the SJnt of v:l.n:l.blt X in radians inlo vuiable A. X may 

be eithtr:l. numeric constant or an txprcssion. The rtJatlonship bt· 

tween dtgrtts and radians IS as follows . 

J degrte:: 1;0 radi3ns 

l'htrefort, ..... hen substituting the SlOe of 30
0 

LnIO A. the st:ltement 

is written as shown on hne number 11 0 at Idt. 

Substitutes the cosine of variable X in radians into variable A. X 

may be either a numeric constant Of an expression. The same rela· 

tionsJiip 3S shown in the explanation of the SIN function is used t o 

::! 10 A .. COS (200*r./l8O) convert degrees into radians. The statement shown on line num~r 

300 A = TAN (X) 

310 A = TAN {y* 'll'jI SO) 

400 X = ATN (A) 

410 Y = 180/ r.*ATN(A) 

100 A = EXP(X) 

100 A = LOG (X) 

:10 substitutes the cosine of 100
0 

into variablt A. 

Substitutts the tanFnt of variable X m radians into van.able A. X 

may be either a nUTmric constant or an expression. The statement 

on line number 310 IS ustd to substLlute the tangent of numeric 

variable Y in degrees Into variable A. 

Substitutes the arctangent of variable A mto variabk X in radians. 

A may be euher a numeric constant or an expression. Only the 

result between - 1f!:' and :e/2 is obta~d . The statement on line 

number 4 10 is used to substitute the arcl3ngent in degrees . 

Substitutes the value of exponential functiOn eX into variable A. X 

may either a numeric constant or an expression. 

Substitutes the value of the common logan lhm of variable X into 

variable A. X may be ellher a numeflC constant or an expression: 

however. It must be positive. 

Substitutes the nllural log:mthm of v:mabk X mto variable A. X 
may be either a numeric conStant or an expression; however. it 

must be pOSitive. 

I IQ A = LOG (X)/ lOG (V) To obtain the logarithm of X with the but Y. the S\3ttlTl('nt on 

120 A = L~ (X)/lN M lme number 11 0 or hne number 120 is used. 

RND This function ~o!ner3les random num~rs which take any value be· 

tween 0.00000001 and 0.99999999, and works in two manners 

depending upon the value in parentheses. 
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100 A = RNO (I) 

110 B =RND(IO) 

100 A = RNO (0) 

I iO B = RNO(-3) 

1.5. 15 String control functions 

LEITS 

MID S 

RIGHT S 

SPACE S 

STRING S 

CHR S 

ASC 

STRS 

VAL 

LEN 

20 BS=MIDS(XS.M,t\,) 

50 ES: STRlNGS (" *", 

10) 

90 I=VAL(NS) 

100 LX = LEN (XS) 

110 LS = LEN (XS + VS) 

1.5. 16 Tabulation function 

TAB 10 PRJNT TAB (X): A 

When the value in parentheses is positive. the function gives the 

random number following the one previously given in the random 

numb(r group generated. The value obtained is independent of the 

v.alue in parentheses. 

When the value in parentheses is less than or equal to O. the func

tion gives the initial value of the random number group genera ted. 

Therefore. statemenlS on line numbers 100 and 110 both give the 

same value to variables A and 8. 

Substitutes the fust N characters of string variable XS Into SIring 

variable AS. N may be either a constant, a variable or an expres

Sion. 

Substitutes the N characters following the Mth character from the 

beginnmg of string variabk X$ into string variable SS. 

Substitutes the last N characters of string vanable XS into string 

variable CS. 

Substitutes the N spaces into stnng variable DS. 

Substitu tes the ten repetitions of .,* .. into string v:uialbJe ES. 

Subsf:tutes the character corresponding to the ASCII code in 

numeric variabk' A into stnng variable FS. A may be either a con

stant, a variable: o r an expression. 

Substitutes the ASCII code (in decimal) corresponding to the first 

character of string variable XS into nurmric variable A. 

Converts the numeric value of numeric variable I into string of 

numerals and substitutes Lt into string variable NS. 

Conve rts string of numerals contained in string variable NS into the 

numeric data a5 is and substitutes it into numeric variable I. 

Substitutes the length (number of bytes) of String variable XS in to 

numeric variable LX. 

Substitutes the length (number of bytes) of string variable XS and 

YS into numeric variable LX. 

Displays the value of variable A at the Xth position from the left 

side . 
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1.5. 17 Arithmetic operators 

The number to the left of each operator indicates its operational priority. Any group of operations enclosed in 
paTenl ~ses has fint priority. 

e T 

& -

"' * 
€I f 

.. + 

.. 

IQ A = X t Y (power) 

10 A -; - 8 (negative sign) 

Subslltutes XY inlo variable A. (If X IS negative and Y is not an 

inleger. an error results.) 

Note that" .• in - 8 is the negative sign and" .. In 0-8 represents 

subt raction. 

10 A = X * Y (multiplica- Multiplies X by Y and substitutes the result into v:ui:Jble A. 
tion) 

10 A = Xty (division) Divides X by Y and substitutes the result mto v:ln3ble A. 

IQ A = X + Y (addition) Adds X and Y and ~ubstitutes the result into \"aTl:l.ble A . 

10 A = X - Y (subtraction) Subtracts X from Y and substilUtes the result into variable A . 

1.5.18 Logical operators 

• 

> 

< 

<>or>< 

>=or => 

* 
+ 

10 IF A=X THEN ... 

::!O IF AS = "XYZ'" 

THEN ... 

10 I F A>XTHEN .. " 

IO IFA < XTHEN ... 

10 IF'A<>XTHEN ... 

10 IF A > :: X THEN. 

10 IF A <=X THE:-;! ... 

40 IF (A > X)*(B > Y) 
TH E1\' .. . 

;O IF(A >X)+(B>Y) 

THEN . .. 

If the value of variable A is equal 10 X. the sta lement foUowing 

THEN is executed. 

If the content of variable AS IS "XYZ··. the statement follOWing 

THEN is execuled. 

If the value of variable A is greater than X. the statement following 

THEN is executed. 

If the value of variable A is less than X , the statement following 

THEN is executed. 

If the value of van:!blc A is nOI equal 10 X.the st:lIement follow· 

ing THE:-..' IS executed. 

If the value o( variable A is greater than or equal to X, the state

ment following THEN is executed. 

If the value of vanable A is less than or equal to X. the statement 

followmg THEN is executed. 

If the value of variable A IS greater than X and the value of variable 

8 is greater than Y. the statement following THEN is executed. 

If the value of variable A is grealer than X or the value of vuiable 

B is greater than the value of Y. the stalement followrng 10 THEN 

IS executed. 
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1.5 . 19 Other symbols 

? lOO ? "A + B """; A + B Can be used instead of PRINT. Therefore. the statement on line 

210 PRINT "A + B =": A + 8 number 200 is identical In function to that on line number 210. 

220 A"'X : B=Xt2: ?A, B Separates two statements from each other. This separator is used 

when mullipJe statements are written on the same line, Th~e Slale· 

ments arc wrillen on line number 220. 

230 PRINT "AS";"CO": 
"EF" 

:!4Q INPUT "X;" : XS 

250 PRINT "AS", "CD", 
"E-

Displays characters to the right of separators fo llowing characters 

on the left. The statement on line 230 displays "ABCDEF" on the 

screen with no spaces between characters. 

Displays "X =" on the screen and 3\1,'3.its entry of data for XS from 

the keyboard. 

Displays character strings in a tabulated format: Le. AB first ap

pears. then CD appears in the pOsition corresponding to the start · 

ing position of A plus IQ spaces and E appears in the position cor

responding to the starting position of C plus 10 spaces. 

300 DIM A(20), BS(3. 6) A conuna is used 10 separate two variables. 

320 AS = "S HARP BASIC" Indicates that characters between double l.juvtatiun marks fann 
330 SS ::: ·'MZ·80A" 3 string constant. 

S 340 CS =" ASC"+CHRS(3) Indicates that the variable followed by 3. dollar sign IS l Siring varia· 

500 LIMIT SBFFF 

ble. 

Indicates that numeric data foUowlng 3 dollar sign is represented in 

hexadecunal notation. 

1: represents 3.1415927 (ratio of the circumference of a circle 10 its 

diameter). 



• 
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I 5 "0 Error Message Table - --
Error No. Meaning 

1 Syntax error 

0 Operation result overflow 

3 Illegal data 

4 Data type mismatch 

5 String length exceeded 255 characters 

6 Insufficient memory capacity 

7 The size of an array defmed was larger than that defined previously. 

8 The length of a BASIC text line was too long. 

9 

10 The number of levels of GOS UB nests exceeded 16. 

11 The number of levels of FOR-NEXT nests exceeded 16. 

12 The number of levels of functions exceeded 6. 

13 NEXT was used without a corresponding FOR. 

14 RETURN was used without a corresponding GOSUB. 

15 Undefined function was used. 

16 Unused reference line number was specified in 3. statement. 

17 CONT command cannot be executed. 

18 A writing statement was issued to the BASIC control area . 

19 Direct mode commands and statements are mixed together. 

20 

21 

" --
" -~ 
24 A READ statement was used without a corresponding DATA statement. 
,--, 
~6 

27 

~8 

29 

30 

31 
'0 0_ 

33 

34 

35 



III 

Error No. Meaning 

36 

37 

38 

39 

40 

41 

42 

43 OPEN statement (ROPEN or WOPEN) was issued to a ftle which is already open. 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 Out of file 

64 

65 The printer is not ready. 

66 Printer hardware error 

67 Out of paper 

68 

69 

70 Check sum error 
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1.6 How to obtain copied BASIC tapes 

The BASIC tape will not be exchanged for new ones after purchase. It is recommended that the original BASIC 

tape be copied using the following procedure to genera'te a copied BASIC tape. and that the copied BAS IC tape be used 

ordinarily. Be sure to keep the original BASIC tape in a safe place. 

Activate BASIC interpreter by the origi nal BASIC tape . Execute the follo wing command. 

USR (S IIFD ) 

the me~sage .. ", RECORD. PLAY" is displayed. Set the new cassette tape into the deck and pre~$ the I RECORD I and 

I PLA tJ buttons. 

Upon completion of writing, a copied BASIC tape will be obtained. Any number of copied BASIC tapes can be 

made using this procedure . However. copied BASIC tape cannot be made by copying another copied BASIC tape . 



Monitor Program of the MZ-80A Chapter 

2 

• 
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2.1 Monitor SA-1510 Commands and subroutines 

A monitor prog,ram generally monitors system programs such as the BASIC interpreter. The MZ-80A uses 3 Moni

tor program called MONITOR SA·) 5 10 in 4K bytes ::tOM. I1 mcludes various functional subroutines which control the 

keyboard. display, sound circuit, C3SSoelle tape deck. etc. These subroutines are called by the BASIC interpreter when it 

executes INPUT statement, SAVE command. MUSIC statement or other commands or statements. Monitor subroutines 

may also be called by the user at will. 

MONITOR SA-IS10 occupies 4K bytes of memory and is stored in Monitor ROM addresses SOOOO through SOFFF. 

Its required work area is included within memory addresses S 1000 through S JIFF. 

2.1.1 Usingmon..itorcommands 

Following shows the message when the power switch of the MZ-80A is turned on. 

* * MONITOR SA·ISIO * * 
* X 

The cursor nickers to inform the operator that system control is in Monitor command level. Monitor commands 

are as follows: 

L IcR I .... .. 

J xxxx [ CR I 

F ICR 

B CR] 

2.1.2 Monitor subroutines 

Loods the cassette tape file inlo memory. 

Transfers system control to the specified address, that is, loads the specified address in the 

program counter of the CPU. 

xxxx : 4-digit hexadecimal number 

The start addresses of the BASIC SA·5510 are as follows: 

Warm start address = S 1250 

Cold start address = SI 200 

Transfers system contralt o the floppy disk drive control routine which is slored on floppy 

disk drive interface card. 

Sets or resets the key-entry-bell alternately. 

MONITOR SA·151O subroutines are listed in Table 2.1. The subroutine names indicated are the same as the labels 

shown in the monitor program assembly IistUlg In 2.2. Each name is a mnemonic representing the subroutine's function. 
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Table 2.1 Monitor Subroutine list 

Subroutine name 

(hexadecimal address) 

CALL LETNL 
(SOOO6) 

CALLNL 

(SOOO9) 

CALL PRNTS 

(SOOOC) 

CALL PRNT 

(SOO12) 

CALLMSG 

(SOOI5) 

CALL MSGX 

(SOOI8) 

CALL BELL 

(S003E) 

CALLMELDY 

(S0030) 

CALLXTEMP 
(SOO4I ) 

CALL MSTA 

L 

Function 

To change the line and set the cursor 10 the beginning of the next linc . 

Changes the line and sets 

already located al the begin 

cursor to its beginning if the cursor is not 

rung of a line. 

, 
Displays onc space only at th c cursor position on the display screen. 

Handles data in A register as ASCII code and displays it on the screen, 

starting at the cursor positi on. However, a carriage return is performed 

for OOH and the vanous cursor control operations are performed for 

111-1·161-1 when these arc included. 

I Displays a message, starting at the cursor position on the screen. The 

starting address of the message must be specifted in the DE register In 

R~isters 

pl"t:gerved 

All registers 

exctpt AF 

All registers 

except AF 

All registtrs 

except AF 

AU registers 

except AF 

advance. The message is written in ASCU code and must end in OOH . A All registers 

carriage return is not executed. however, cursor control codes (1IH-16H) 

are. 

Almost the same as MSG , except that cursor control codes are for reverse 

character display. 

Sounds a tone (approximately 880 Hz) momentarily. 

Plays music according to music data. The starting address of the music 

data must be specified in advance in the DE register. As with BASIC,the 

musical interval and the duration of notes of the musical data are ex

pressed in that order in ASCII code. The end mark must be either OOH 
or C8H " . ". The melody is ove r ifC nag is 0 when a retum is made; if 

C nag is I it indicates that [SHl FT] + I BREAK I were pressed. 

Sets the musical tempo. The tempo data (01 to 07) is set in and called 

from A register. 

01 : Slowest 

04 : Medium speed 

07 : Fastest 

Care must be taken here to ensure that the tempo data is entered in A 
register in binary code , and not in the ASCII code coTTesponding to the 

numbers I t07(31 H to 37H). 

Continuously sounds a note according to a specified division factor. The 

division factor nn' consists of two bytes of data; n' is stored at address 

IIAIH and n is stored al address IIA2H. The re13tionship between the 

division factor and the frequency produced is 2 MHz!nn·. 

All registers 

All registers 

I except Af 

All registers 

except AF 

All registers 

BC and DE only 

I 
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I Subroutine!lalne ~ 
(h~xadecimal address) I 
I 

Function 
Registers 

preserv~ 
I 

+ A- I-I -" -gl-·,-,,-,,--l 

~xc~pt AF 
CALLMSTP 

(S0047) 

CALL TlMST 
(S0033) 

CALL TlMRD 
(S003B) 

CALL BRK.EY 
(SOOI E) 

CALL GEn. 
(S0003) 

CALLGETKY 
(SOO I B) 

Discontinues:l tone being sounded. 

Sets the bUlh ·in clock. (Th~ clock is activ:lted by this call.) The call 
conditions are: 

A regisl~r ... 0 (AM), A register"'" I (PM) 
DE register - the time in seconds (2 bytes) 

Reads the value of the buih·to clock. The conditions upon relurn are : 
A register - 0 (AM), A register - I (PM) 

DE registe r "'" the tim~ in seconds (2 bYI~s) 

Checks whether SHIFT + mAKl were pressed. Z nag is set if they 
were pressed. and Z nag is reset if they were not . 

Inputs one line entered from the keyboard. The starting address where 
the data input is 10 be stored must be speciiied in advance to the DE 
register. C~ functions as the end mark . 80 is the maximum number of 
characters which can be in put (including the end mark OOH). 
Key input is displayed on the screen and cuoor contro l is also accepted . 
The BREAK code (I BH) fo llowed by a carriage return code (OOH) is set 
at the beginning of the address specified in the DE register when SHiFT' 
t BREAK] are pressed. . 

Takes one characte r only into A register from the keyboard in ASCII 

I 

All registers 
except AF 

All registers 
except AF 
and DE 

All registers 
except AF 

All registers 

code. A return is made after 00 is set in A register if no key is pressed All registers 
when the subroutine is executed. However, key input is not displayed on except AF 

the screen. 

I 
Codes which are taken in[Q A register when these special keys are pressed are shown below. 

Special k~y Cod~ taken into A rt~t~r 
-----, 

roill 60 H 

JNW 61H 
/ graphlc mode 62 H 

ICRPHI nonnal mode 63 H 
. BREAK' 64H 
; CR', or- rE,\jTj 66 H 
IITRLJ + IX] - Z 01 H --- I AH 

lti!ill + CD I BH 

[fuh> ~ 1 CH 
ICTRL + IOH 

ICTRL i + - I EH 
ICTRL , t ~ I FH 
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I 

, 
Subroutine name Function Registers 

(hexadecimal add~) preserved 
I 

CALlPRTHl Oisplays the comenlS of the HL register on the disp13y screen as a 4-digit All registers 
(5038A) hexadecimal number. m'Pt AFrl 

CALlPRTHX Displays the contents of the A register on the display screen as a 2-digit . All registers 
(5030) hexadecimal number. except AF 

I 
CALL ASC Converts the contents of the lower 4 bilS of A register from hexadecima.l All registers 

(503DA) to ASCII code and returns after setting the converted data in A register. except AF 

Converts the 8 bits of A register from ASCII eode to hexadecimal and 
CA LL HEX returns after selling the converted data in the lower 4 bits of A register. All registers 

(503F9) When C flag = 0 upon return A register ..... hexadecimal except AF 
Wh C n '" ag = upon re urn A regiS er IS no assure d 

Handles a consecutive string of 4 characters in ASCII code as hexadeci-
mal Siring data and returns after selling the data in the HL register. The 

CALL HLH EX call and return conditions are as follows. All registers 
(50410) DE ..... starting address of the ASCII siring (string "3" --I" "A ,. "5") except AF 

CALL HLHEX L OE and HL 
Cflag=O HL .... hexadecimal number (e.g., HL= 3IAS H) 
Cflag=1 HL is not assured. 

Handles 2 consecutive ASCII strings as hexadecimal strings and returns 
after setting the data in A regis ter. The call and re turn conditions 3re as 

CALL 2HEX follows. All registers 
(5041 F) DE ..... starting address of the ASC II string (e.g .•. '~" "A") except AF 

CALL 2HEX '--DE and DE 
Cflag=O A register - hexadecimal number (e.g., A register = 3AH) 
C flag = I A register is not assured. 

CALL ?? KEY Awaits key input while causing the cursor to flash. When a key entry is All registers 
(50983) made 11 is converted to display code and set in A register, then a return is except AF 

made. 

I Converts an ASC II value to display code. Call and return conditions are 

CALl ?AOCN as follows. All registers 
(50889) A register - ASCII value except AF 

CALL ?AOCN 
A register - display code 

Converts a display code to an ASCII value. Call and return conditions are 

CALL ?OACN as foUows. All registers 
(50BCE) A register ..... display code except AF 

CALL ?DACN 
A register - ASCll value 

Controls the display on the display screen. The relationship between 
A registe r at the time of the call and control is as follows. 

A reg. Same function A reg, Same function ~ 

COH ~lIing C8H fWlT ~ CIl-I tI C9ij RPH (graphic ..... nonnal) 
CALL ?DPCT C:2H CAH [G~~ nonna! .... graphic) . 

(50DOC) C3H :;- CCH C'TRL + f' -"onn,) AU "&>"'" 
C4H CDH RI or ENT 
CSH HO" E CEH ~~~-f1 + 0 (roll up) 
C6H ~ CFH CTRL + E (roll down) 
C7H D L 
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Subroul.ine name I 
(hexadecimal addrt"SS) 

CALL ?BLNK 
(SODA6) 

CALL ?PONT 

(SOFBI) 

CALL WRJNF 
(S002l) 

CALlWRDAT 

(S0024) 

CALL RDINF 

(S0027) 

CALlRDDAT 

(S002A) 

CALL VERFY 

(SOO2D) 

Function 

Checks vertical b13nklJ\g of the display screen. Waits until the vertical 

blanking inlerY31 starts and Llten returns when blanking takes place. 

Sets the current position of the cursor on the display screen in register 
Ht. The return conditions are as follows. 

CALL ?PONT 

HL .... cursor position on the display screen (V-RAM address) 

(Note) The X-V coordinates of the cursor are contained in DSPXY 

(1171 H). The current position of the cursor is loaded as follows. 
LO HL, (DSPXY) ; H ..... Y coordinate on the screen 

L ... X coordinate on the screen 

The cursor posit ion is set as follows. 

LD (DSPxy), H L 

Writes the current contents of 3 certain pari of the header buffer 

(described later) onto the lapt. startmg at the current tape position. 
Return conditions 
Cflag:O 
Cflag::) 

No error occurred. 

The IBREAK ] key was pressed. 

Writes the cOnlenlS of the specified memory area o nlo Ihe lape as a CMT 

data block in accordance with the cOnlenlS of a certain part of the 

header buffer. 

Return conditions 

Cflag:::Q 
C flag: I 

No error occu rred. 

The [j,@OM] key was pressed. 

Reads the first CMT header found starling at the curren t t:!pe position 

into a certain part of the header buffer. 

Return conditions 

C Oag=O 
C flag::: I, A register"" I 
C flag::: ), A register'" 2 

No error occurred . 

A check sum error occurred. 

The ~Em key was pressed. 

Re3ds in the CMT data block according to the current contents of 3 

certain part of the header buffer. 

Retu rn conditions 

Cflag::O 

C flag:: I, A register::: I 
C flag::: I, A register::: 2 

No error occurred. 

A check sum error occurred. 

The [BREAK J key was pressed. 

Compares the first CMT me found follOWing the current tape position 

with the contents of the memory area indicated by its header. 

Return conditions 

Cfbg=O 

C flag:: I, A register = 1 

C flag'" I, A register:: 2 

No error occurred. 

A match was not obuined. 

The [BREAK] key was pressed. I 

A ll registers 

All registers 

except AF 
and HL 

All registers 

except AF 

All registers 

ex'ccpt AF 

All registers 

except AF 

All registers 

except AF 

All registers 

except AF 

I 



129 

(Note) The contents or the header burrer at the specific addresses art as rollows, The buffer starts at address SIOFO 

and consists or I 16 bytes. 

Ad""" 

IBUFE 
(S IOFO) 

IRUI 

(S IOFI -SI IOI ) 

IBUIS 
(SI 102-SI 103) 

IBU20 
(S IIM -S II05) 

mUl2 
(S II06 -S II07) 

IBU24 
(S II08-S I163) 

Example 
Address 
IOFO 
IOFI 
IOF2 
IOF3 
IOF4 
IOFS 
IOF6 
IOF7 
IOF8 
1101 
1102 
1103 
IIM 
1105 
1106 
1107 

Contents 

This byte indicates one or the following flIe modes. 
01. Object me (machine language progr.tm) 
02. BASIC text me 
03, BASIC data flIe 
04. Source file (ASCII file) 
05. Reloc31able file (rtlocatabJe binary file) 
AO. PASCAL interpreler texl me 
AI. PASCAL interpreter data me 

These 17 bytes indicate the me name, However, since ODH is used as the end mark, in actu, 
ality the file name is limited to 16 bytes, 

Ex""pl •• 00[}D0ITl~~ 

These two bytes indicate Ihe by le size or Ihe data block which is to follow. 

These two bytes indicate the data address of the data block which is 10 follow, The loading 
address of the data block which is to follow is indicated by -CALL RDOAT", The starting 
address of the memory area which is to be output as the data block is indicated by "CALL 
WROAT" . 

These two bytes indicate the execution address of the data block which is to follow. 

These bytes are used for supplemental information, such as comments, 

Content 
01 
'S' 
'A' 

'M' 
'P' 
' L' 
' E' 
OD 

J Variable 

00 
20 
00 
12 
50 
12 

; indicates an object file (m:k:hine language program). 
; the me name is "SAMPLE", 

; the sjze of the me lS 2000H bytes, 

; the data address of the me is 1200H. 

: the execution address of the me is ll50H, 
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2.2 MONITOR SA-1510 Asse mbly listing 

The MONITOR SA-! S 10 assembly listing is shown in following pages. 
This :wembly listing was obtained with th~ lSO-Assembler of the MZ-80A Floppy Disk Operating System. The 

meaning of each column is as follows. r R.lati" ,dd,,,, r Mn.monic (Op Cod.) 

Reloc:uable OBJ code '-'1>01 Operand Comment 

j j j 
08 0000 MONIT: ENT 
09 0000 C34AOO JP START 
10 0003 GETL : ENT 
11 0003 C3A807 JP ?GETL 
12 0006 LETNL : ENT 
13 0006 C3 8 009 JP ?LTNL 
1 4 0009 NL: ENT 
15 0009 C37809 JP ?NL 
16 OOOC PRNT S : ENT 
17 OOOC C39309 JP ? PRTS 
18 OOOF PRNTT : ENT 
19 OOO F C38409 JP ?PRTT 
20 0012 PRNT : ENT 
21 00 12 C39509 JP ?PRNT 
22 0015 MSG: ENT 
23 00 15 C39308 JP ? MSG 
24 00 18 MSGX : ENT 
25 00 18 C3AI08 JP ? MSGX RST 3 
26 001 8 GETKY : ENT 
27 001 8 C38308 JP ?GET 
28 001 E BRKEY: ENT 
29 00 1E C31 10D JP ? 9R K 

Figu~ 2.1 

Since the fint address of MONITOR SA·ISIO is SOOOO, relative add~s and relocatabk OBJ cod~ may be 

regarded as absolute addrtssts and OBJ codes without interpretation. 
This assembly listing is (or reference only. The Sharp corporation is not obliged to answer :my questions about the 

contents of this program. 
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3.1 The MZ-80A system configuration 

Figu re 3.1 shows lhc standard system configur:moo of the MZ.sOA personal computer. 

FRAM~ ~ POWE~WITCH 

:::r---:WOOO::;::';M.:ru:":~::::~~--------"------------~ 
S(\FFI RO~I 4K bytes 

POWER UNIT 
SlOOO 

'14 ... 
~ +12V 

-sv 
CROUND 

Main Mtmot'Y 

moo RAM 
16K bylts 

t -- - (OPTION) 

:: 2Kby'~ 

'£XO-CPU 

• 
• 

8255 

~ ..... 
CRYSTAL 
OSOLLA- I I 

TOR ~tIU 

KEYBOARD 

IN< ... r-~~"" ....... 

CASSETTE TAPE 
DECK I/O 

CASSETre 
TAPE DECK 

Figtm 3.1 MZ-80A System Diagram 
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As is shown in th~ n.gu~.:I. Z80 (Sharp LHOOSO) is used as the CPU. and is O~r:lted with:l. d ock of 2 MHz. The 

CPU is reset when the power is turned on or when the re~t switch is manually oper:lIed. The memory conflgur:lIion 

corresponding to address buses SOOOO-SFFFF is as rouows. 
SOOOO·SOFFF is used for the monitor program (ROM); the large 48 K bYle space from SIOOO·SCFFF is used as 

main memory (memory from S9000-SCFH is optional); addresses from SDOOO on are used for vLdeo RAM. noppy 

control. and memory mapped I/O. 
The keyboard and cassette tape deck are controlled by means of programmable peripheral interface 8255. Further, 

a recI:lJlgular :audio wave generated by the output port of counter I of programmable interval timer 8:253 is input to the 

sound generator, which outputs sound to the speaker. The twO counters other than this le serve as internal clocks for 

the MZ-80A. 
Table 3.1 shows the conftgur:ltion of MZ..sOA memory mapped 110. 

Tablt: 3.1 Assignment of memory mapped I/O. 

Address Memory Read Memory Write D<v'" 

SEOOO D, Resets cursor timer 8255 
0 3 ....., Do : Key strobe 

SEOOI 0 1 ...... Do : Key data 

SEOO2 D, V-Blank D, Motor ON/OFF (cassene) 

D, Status of cursor timer D, Masking of timer interrupt 

D, , Read data (cassette) D, Write d:lta (cassette) 

D • . READfWRITE status (cassette) D. V-Gate 

SEOO3 Mode control 

SEOO4 Setting of counter =0 8253 
SEOOS Reading of counter:; I Setting of counter #; I 

SEOO6 Reading of counter # 2 Setting of counter #2 

SE007 Mode control 

$E008 D, : Status of tempo timer D. : Sound ON/OFF 

D. : H-Blank 

$EOOC Memory swap 

SEOIO Resets memory swap I 
SEOl4 Normal (CRT display) 

50015 Reverse (CRT display) 

SE200 Roll up/ roll down 

-
SE2FF 

• 
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3.1.1 Memory conf.gurations 

The memory map for the M,Z-80A is shown in Figure 3.2. The screened parts of the figure indicate user area, and 

the 31 K bytes of main memory RAM 3rc the standard package. The remaining 16 K bytes of main memory RAM area 

option31, and can be installed in the RAM socket provided on the CPU board. 

The 4 K bytes of main memory area which are indicated by the dark screening can be used for swapping the address 

spatts u~ by the MONITOR ROM. The left side of the figure shows the memory map under normal conditions, while 

the right side stwws the memory map when the MONITOR ROM has been swapped. As is shown in Table 3.1, memory 

swaps are perfonned under control gr memory mapped 1/0 by executing memory read instructions such as the follow-

ing. 

To place the memory in the state shown on the right ................... LD A. (EC()C H) 

To place the memory in the state shown o n the left ................... LD A, (EOIOH) 

The memory configuration shown on the right is especailly effective when the system programs used start at 

address 50000 and when the system programs utilized make active use of interrupt processing. 

Main memory 
RAM 

3'2 K bytes 
(standard pacb&e) 

S9000 t---------i 

soooo 

RAM 
16 K bytes 

(expansion area) 

.• =r.: .~~ .' 
.' ....... ~ ,. - -

Video RAM area 

SEOOO Memory mapped 1/0 area 

SFooo r--------; 
Floppy drive control area 

SFl-·FF~ _______ ...J 

Memory ,w.,ppi", 

SOOOO 

SJooo 

Main memory 
RAM 

S9000 F----------l 

SDOOO 

(MONITOR) 

ROM4 K 

Video RAM area 

SFooo f---------i 
I-,oppy drive control area 

Figure 3.2 Memory maps for normal state and memory swap state. 
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When the memory is swapped, the 4 K ROM occupies the address space from SCOOO-SC FFF; however, the monitor 

progr.un is ine ffective in this condition. If necessary. it is possible to remove the monitor ROM from the socket on !.he 

CPU board and replace it with another user ROM which has been programmed to allow operation in the space from 

SCOOO-SCFFF. In such cases, use ROM 2732. which is the same as the monitor ROM . Also. if it is necessary to alter 

part of the monitor program (or use, it can be modified by block.lransferring it from SCOOO·SCFFF to SOOOO·SOF FF 

and making the changes in RAM . 

The :2 K byte area from SDQOO.SD7 FF is assigned to Video RA.~1. This area is the standard package which is used 

for the MZ·SOA mam IIn1l CRr display. 

SDOOO ,---- -----., 

V-RAM 

SD800 r----------j 

SDFFF L-_______ ----J 

Figure 33 MZ.sOA video RAM area. 

Although up to 1,000 characters (40 characters x 25 lines) can be displayed o n the MZ-SOA main unit eRr screen, 

twice this amount of memo ry area is provided in video RAM. This makes it possible to roll the screen displayed up o r 

down. 
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Upon system ~t. data is written into video RAM starting at address SDOOO, and when more than 50 lines of data 

arc writt en - that is, when data has been writlen inlO the area from SDOOO through SD7CF - 50028 through SD7F7 

become the actual video RAM area. When more data is written and one line scrolled, the area from SDOS()'SD7FF 

becomes the video RAM area, followed by the a:ea from S[)(X)()·SD020. Thus, the video RAM is used in an anchored 

conflgur:Hion. Figure 3.4 shows the relationship between video RAM and the display for the 2 K byte video RAM area 

when its tirst K byte, its middle K bYle, or its last K byte is displayed on the CRT screen. However, in this example, the 

actual video RAM area capable of displaying data on the CRT screen is the 2000 bytes staning at SDI EO . 

.0000 

SDIED 

Actual dispby area 

-SD7FF 

'0000 

Upper left SOl eo 
of the screen 

Lo ..... er right 
of the screen 

SD7FI 
, 

Condition when (he Jereen IS roI.Ied 
down alIlhe ..... ay. 

Actual dispby area 

Intermediate state. 

-

• 0000 ,------, 
lo~r right 

of tile SDIAFF=======I-LOlOlerTIghI 
~=" SDI EO of the screen 

Upper left 
or the screen 

Upper left i-------+of the screen 

AetuaJ dispby area 

SD7FF '-____ -' 

Condition when the Jereen is roUe<! 
up all the way. 

Figure 3.4 Relationship between video RAM and the area actually displayed. 

Memory mapped I/O address SE200-SE2FF are used for rolling the display up and down. When a memory read 

instruction is executed against address SE200 (such as LD A, (E200H)). the CRT display is roUed all the way down. 

When such an instruction is executed against address SE2FF, the CRT display is rolled all the way up. The lower bytes 

of these addresses from OOH-FFH can be freely used to roU the screen up or down in 8-character units. 
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3.1.2 Ke-y scanning sySIt'm 

The relationship between strobt signals and bit data during keyboard scanning is shown in Figure 3.6 . 

Strobe signals are delivered 10 four terminals (PA] . PA1 . PA" Pi\o)ofthe 8255, fed int O BCO-lo-<lecimaJ decoderl 

driver 74145, then delivered to 10 keyboard strobe input terminals. Keys are discriminated by strobe signals and key 

data. 

For instance when the strobe is '2H' and the key data is 'FBH ', it indicates that the ill key is being pressed . 

10 keyboard strobe input terminals 

o 2 3 ., 6 9 

, 0--
BREAK 11 $ & ( - CLR + CTRL 2 4 6 8 0 ~ HOME 8 I--

! # % / ) - I 7 9 1 3 5 7 9 " 
f-----6 

I I 

.- 5 
0 

I .... 
W R Y I P [ r- QJRSOR r- S r- - I--

-> 

" •• -0 
4 -" 

I I 

a E T U 0 I-
\ r- OJRk 4 ~ 6 @ ··f f----

~ • 
~ 

"' 
3 A 0 G J f- L * CR 

2 · ENT • 
I 

2 
INST 

S F H K f- + I 1 3 f----
DEL · 1 • 

0-- X V N I- < .... 
00 GRPH / • 

I 

o 0-- SHFT t- Z C B PlC l- M f- > t 0 f----
? • · 

I I I I I I I I I . . 
Numeric Pad 

Figure 3.6 Key scanning strobe signal and bit data . 

• 
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3.2 The MZ-BOA circuit diagram 

This section includes MZ-80A CPU board circuit diagrams for reference. These diagrams are arranged as follows; 

(I) CPU board, block I : CPU signal system 

(2) CPU board, block 2 

(3) CPU board. block 3 : RAM signal system 

(4) CPU board, block 4: 8255 and 8253 signal system 
(5) CPU board. block 5 : Peripheral I/O port and power terminal 

• 
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3.3 Expansion equipments 

A vari~(y of peripheral de~ices is available for expanding the MZ·gOA personal computer system. Figure 3.1'2 shows 

:1 Iypical exp:lllded system configuration. With the floppy disk drive. numerous d:H3 and program fLIes can be stored 

and accessed al high speed. With the printer. hard copies of listings and printed graphic patterns can be obtained. This 

improved processing efficiency. resulting in a wider range of applications. 

The MZ.sOFB dual noppy disk drive uses a double density mini·noppy diskette (286K bytes/diskene) with a 

diameter of 5.25 inches. both sides of wttich are used for recording. It enables use of the DISK BASIC interpreters, 
which is suitable for practical business applications of the double precision DISK BASIC interpreter, which perfonns 

16 digit BeD operations. Thus, the expanded system exlubits an ability which is comparable with thal of larger corn

pUlers with the aid of a variety of the floppy disk operating system software. 

Fjgu~ 3.12 Typical expansion system 
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Figure 3.13 shows peripheral devices which can be connected to the MZ-SOA . Devices which are enclosed In a thick 

solid Ime are mterface cards or RAM blocks and they are connected 10 [he e:\pansion 1 0 port via inlellace tennina]:. or 

connected to the spedfied connectors In [he m:lIn cabinet. 

r------------
I MUOA 
I 
I 
I 

MONITOR 
ROM 4 KB 

RAM 
32 10\.8 

CPU 
Z80 

e RT 
DISPLAY 

V-RA-\!" 
2 KB 

EXP. 
PORT 

k:~====~S~Y~ST~E~MOB~U~~==~~ NO. I 

CASSETTE 
TAPE DECK 

No. 4 

I 
I 

TIMI:.R I 

I 
I 

PTR, P1l' ~[C. 

PRlrITER 

L _____________ ____ _ __ _________ ~ 

Warning : 

Caution : 

Figure 3.13 MZ-80A system expansion. 

WARNING A1"i'D CAUTION 

Dangerous voltage is inside of the main cabinet. Leave the insl:illalion of optional devices which can 

be connected in the main cabinet to your dealer. 

If the power is turned on with the upper pa:'1: of the main cabinet lifted. dectriC3l parts may be 

damaged. 

Metal articles remaining in the cabinet can cause serious trouble. 

Ensure that no paper clips or other metallic anicles fall into cabinet. 
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3.4 Technical data of Z-80 CPU 

1.0 ARCHITECTURE 

A block diagram of the internal architecture of the Z.sO CPU is shown in Figure 1.0-1. The diagram mows all of 
the major elements in the CPU and it should be referred 10 throughout the following description . 

'<::::~ INST r '" 

8 -BlT 
DAU sus 

INTERNAL 0 .1. TA 8IJS 

INSTRU(;TION 

~-~--J ~""'" • 
" "'" ,.., 

SYSTEM 
co.,,""
$lGl'tAI.s 

1.1 CPU REGISTERS 

"'" CONTROl.. 

rn 
Z-80 CPU BLOCK DIAGRAM 

FIGURE 1.0_' 

The Z-80 CPU contains ::!08 bits of RfW memory Iha! are accessible to the programmer. Figure 1.0-2 illustrates 
how Ihis memory is configured inlo eighteen Sobil registers and four 16-bit registers. All Z.sO registers are imple
mented using static RAM. The tegmers include two sets of six general purpose registers that may be used individually 
as 8-bit registers or In pairs 3S 16-bit registers. There 3Te also two sets of accumulator and flag registers. 

Specul Purpose Registers 

1. PZogTam COunter (PC). The program counter holds the 16-bH address of the current instruction bemg fetched 
from memory . The PC is automatically incremented lfler ils COnlenl5 have been transferred 10 the address lines. 
When a program jump occurs the new value is 3.ulomalicaJly placed in the PC . overriding the incremenler. 

2. Stack Pointer (SP). The sllck pointer holds the l6-bit lddress of the current tOp of a stack located lnywhele in 
externll system RAM memory. The external stack memory is organized as a last·in first·out (UFO) file. Data can 
be pushed onto the sllck from specific CPU registers o r popped off of the Slack into specific CPU registers 
through the execution of PUSH and POP mSlructions. The data popped from the stack is always the last data 
pushed Onto it. The stack allows simple implementallon of multiple level interrupts. unlimited subroutine nestmg 
and Simplification of many types of data manipulation. 
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MAIN REG SE' ALTERNATE PEG SET 

ACCI.MULA TOR 
A 
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0 

" 

FLAGS 
F 
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L 

INTE~T 
VECTOR , 
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B 

0 

" 
MEMORY 
REFRESH • 

INDEX REGISTER IX 

INDEX REGISTER IV 

STACK POINTER SP 

PROGRAM COUNTER PC 

F"LAGS 
F 

C 

E 

L 

SPECIAL 
""""'SE 
REGISTERS 

2-80 CPU REGISTER CONfiGURATION 
FIGURE 1.0·2 
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GENERAL 
PURPOSE 
REGISTERS 

3. Two Ind~x Regislers (IX & IV). The two mdependenl index registers hold a 16-bit baS(' address that is used In 

indexed addressing modes. In this mode. an index register is ustd as 3. base 10 point to:l region In rMm<>ry from 
which data is to be stored or retrieved. An additional bYht is Included in indexed inSlruClions to specify 3. dis· 
placement from this base. This displacement is specified 3S 3. (WO'S complement Signed Integer. This mode of 
addressing greatly simplifies many types of programs, especially where tables of data are used . 

4. Imerrupt Page Address Register (I). The Z-80 CPU can be operated In a mode where an indlfect call to any 
memory location can be achieved in response to an interrupt. The I Register is used for thiS purpose 10 Slore the 
high order g·blts of the indirect address while the interruptmg device provides the lower 8-bJls of the address . 
This fe ature allows interrupt IOU tines to be dynamidlly located anywhere In memory with absolute minimal 
access time to thC' routine. 

5. Memory RC'fresh Register (R). The Z·SO CPU contams a memory refresh counler 10 enable d)'namic memones 
to be used with the same ease as slatic memories. Se\'en bits of this S·bit register are automatically incremenled 
after each instruction fetch. Tlu: eighth bit will remain as programmed as the result of an LD R, A instruc\lon. 
The data in the refresh counter is sent out on the lower portion of the address but along with a refresh cOOlrol 
signal while the CPU is decoding and executing thC' fetched instruction, ThiS mode of refresh is totally transparent 
to the programmer and does not slow down the CPU oper:llion. The programmer can load the R register for lest· 
ing purposes. but this register is normally not used by the programmer. Dunng refresh . the coments of the [ 
register are placed on the upper 8 bits of the address bus. 

Accumulator and Flag Registers 

The CPU mcludes two independent S·bit accumulators and associated S·bit flag registers. The accumulator holds 
the results of S·bil arithmetiC or logical 'operations while the flag register indicates specific conditions for 8 or 16·bn 
operatIOns. such as indicating whether or not the result of an operation IS equal to zero . The programmer selects the 
accumulator and tlag pall that he wishes to work with a smgle exchange instruction so that he may eaSIly work with 
either pall. 
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General Purpose Registers 

There are two matched sets of general purpose registers. each set containing six g·bit registers that may be used 
indIVidually as g·bi! registers or as 16·bil register pairs by the programmer. One set is .;alled BC, DE and Hl while the 
complement.ary set IS called BC. DE' and HL', At anyone l ime the programmer can select either set of registers {O 

work with through a single exchange command for the entire set. In systems where fast Interrupt response is requued, 
one set of general purpose registers and an accumulator/ flag reglsler may be reserved for handling thiS very fast routine. 
Only :I simple exchange commands need be execu ted to go between the routines. This greatly reduus interrupt service 
lIme by eliminating the requirement for saving and retrievmg register contents in the external st.lck dunng mterrupt or 
subroutine processmg. These general purpose registets are used for a wide range of appltcations by the programmer. 
They also sunplify programnllng. especially in ROM based systems where little external read/ write memory is available. 

1.2 ARITHMETIC AND LOGIC UNIT (ALU I 

The 8·tHt anthmellc :md logical instructions of the CPU are executed in the ALU. Internally the ALU communi· 
C:Hes with the registers and the external data bus on the internal data bus. The type of functIons performed by the ALU 
include: 

Add 
Subtract 
Logical AND 
Logical OR 
Logical ExclUSIve OR 
Compare 

Left or ri&ht shifts or rotates (ari thmetiC and logical) 
Increme nt 
Decrement 
Set bit 
Reset bit 
Test bit 

1.3 INSTRUCTION REGISTER AND CPU CONTROL 

As each Instruction is fetched from memory. it is placed in the instruction regtster and decoded. The control sec· 
lion perfonns this function and then generates and supplies all of the control signals necessary to read or write data 
from or to the registers. control the ALU and prOVide all required external control sigrrJls. 
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2.0 PIN DESCRIPTION 

The Z·SO CPU is packaged in an industry standard 40 pm Dual In-Line Package. The I/O pins are shown in Figure 
2.0·\ and the function of each is described below. 

Ao·AJS 
(Address Bus) 

Do·D7 

(Data Bus) 

M, 

SYSTEM 
CONTROL 

(Machine Cycle one) 

MREQ 
(Memory Request) 

M, 

MREQ 

'''''0 
RC 

WR 

• 
- 5V 

""" 

27 ,. 
20 

" 22 

28 

OS 

2' ,. 
, 7 

26 

25 
23 

• 
" Z9 

Z-80 CPV 

z-ao PIN CONFIGU RATION 
FIG URE 2.0· 1 

30 

" 30 ., 
32 
33 · , · , 34 · , 35 

" 36 

" 37 
38 

A , ACORESS 

A 9JS 
39 , . 
<0 A , 

An 
2 

' " 3 

' " • ." 5 
A" 

,. 
'5 
oz 
8 

0 , 
0 , 
0, 

7 

• 
'0 
'3 

0, DATA 
0, BUS 

0, 
0 , 
0 , 

Trj·stlte output. active high Ao·A n constitute;) 16-bit address bus. The address bus pro
vides the address for memory (up to 64K bytes) data exchanger and (or I/O dCVlce data 
exchanges. I/O addressing uses the 8 lower address bits to allow the user to directly select 
up 10 256 Input or 256 output ports. Ao is the least significant address bil. Dunng refresh 
time. the lower 7 bits contain a valid refresh address. 

Tri·state input/output. active high. 00·D7 constitute an S·bit bidirection:J1 d:Jla bus. The 
data bus is used for data exchanges w:th memory and I/O devices. 

Output. active low. M, indicates that the current machine cycle is the OP code tetch cycle 
of an instruction execulLon. NOlI' that during execution of 1-byte op-eodes. Ml is generated 
as each op code byte is fetched. These two byte op-eodes always begin with CBH. DOli. 
EDH or FDH. M, also occurs with 10RQ to indicate an interrupt acknowledge cycle. 

Iri ·state output, actlVl' low. The memory request signal indicates that the address bus holds 
a valid address for a memory read Or memory write operation. 
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10RQ 
(Input/Output R~quest) 

RO 
(M~mory Read) 

wR 
(Memory Write) 

RFSI1 
(Refresh) 

HALT 
(Halt sl:ne) 

WAIT 
(W~I) 

INT 
(Interrupt Request) 

NMI 
(Non Maskable 
Interrupt) 

Tri·state output. acUV~ low. The 10RQ signal indicates that the lower half of the address bus 
holds a \'aJ id I/O address for a I/O read <;Ir wTlte operation. An 10RQ signal is also generated 
with an M l signal when an interrupt is being acknowledged 10 indicate that an interrupt 
response veClor can be placed on the data bus. Int errupt Acknowledge operations occur 
during M 1 time while I/O c;> perations n~v~r occur during M 1 time . 

Trl·state output. active low. RD indicates that the CPU wants to read data from memory or 
an I/O device. The addressed 1/0 device or memory should use this signal to gate data onto 
the CPU data bus. 

Tri·state output . ac tive low. WR indicates Ihat the CPU dala bus holds valid data to be 
stored in the addressed memory or I/O device. 

Output. activ~ low. RFSH indicates that the lower 7 bits of the address bus contaIn a refresh 
address for dynamic memories and the current MREQ Signal should be used to do 3 refresh 
read to aU dynamk memories. 

Output. active low. HALT indicates that the CPU has executed a HALT software Instruction 
and is aW3Jting either a non maskabk or a maskable Interrupt (With the mask enabled) 
before opemtion can resume. While halted. the CPU executes NOP's to mainlam memory 
refresh activity. 

Input . active low. WAIT indIcates to the Z·80 CPU that the addressed memory or I/O 
devices are not ready for a data transf~r. The CPU continues to enter wait states for 35 long 
as thiS Signal is active. ThiS signal allows memory or 1/0 devices of any speed 10 be synchron· 
ized to the CPU. 

Input . aClive low. The Inte rrupt Request signal is generated by I/O devices. A request will be 
honored at the end of the currenl inSHuction if Ihe internal software controlled interrupt 
enable flip-flop (IFF) is enabl~d and If the BUSRQ SIgnal is not acli\'e. When the CPU 
ac~p!S the tnterrupt. an acknowledge signal (IORQ during Ml time) is sent out at the begin· 
ning of the next Instruction cycle The CPU can r~spond 10 an interrupt in three different 
modes. 

Input. negative edge triggered. The non nuskable interrupt request line has a higher prionty 
than 1Nl and IS always recognized al t h~ end of the current Instruction, ind~pendent of the 
status of the interrupt enable nip.flop. NMI automatically forces the Z·SO CPU to r~start 
to location 0066H. The program counter is automallcally saved in the external stack so that 
the user can return to the program that was interrupted. Note that cOnlinuQUs WAIT cycles 
can pre\'enlthe current instruction from ~nding. and that a BUSRQ will override a NMJ. 



BUSRQ 
(Bus Request) 

SOSAK 
(Bus Acknowledge) 
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Input. active low, RESET forces the program counter to zero and initializes the CPU. The 
CPU initialization includes: 

I) Disable the interrupt enable flip-flop 

2) Sel Register I "" OOH 

3) Set Register R = OOH 

4) Set Interrupt Mode 0 

During reset time. the address bus and data bus go to a high impedance state and all control 
output signals go 10 the inactive state. 

Input. active low. The bus request signal is used to request the CPU address bus, data bus 
and iri-state output control signals to go to a high impedance slale so that other devices can 
control these buses. When BUSRQ is activated, the CPU will set these buses to a high imped
ance state as soon as the current CPU machine cycle is terminated. 

Output, active low. Bus acknowledge is used to indicate to the requesting device that the 
CPU address bus, data bus and tri-state control bus signals have been set to their high imped
ance state and the external device can now control these signals. 

Single phase TTL level clod: which requires only a 330 ohm pull-up resistor to +5 volts to 
meet all clod: requirements. (2 MHz) 
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3.0 INSTRUCTION SET 

Th~ Z-SO CPU can execute 158 dlflerent ;nstrUC!IUn types includmg all 78 of the 8080A CPU. The instructions 
can be broken down mto the foUowing major groups: 

• Load and Exchange 

• Block Tran~fer and Search 

• Anthmetlc and logical 

• Rotate and Shl!! 

• Bit Mampu latlOn (~t. reset. tc st) 

• Jump. Call lnd Return 

• Input/OutPUt 

• BasIC CPU Control 

3.1 INTRODUCTION TO INSTRUCTION TYPES 

The load instructions move d:H:l mternally between CPU regIsters or bet .... ·een CPU registers and external memol)'. 
All of these instructions must specify a sQlIrce location from which the data is 10 be moved and J destination location. 
The source location IS nOI ahered by J. load mstrucllon. Ex:mlples of load group instructions mclude moves between 
any of the general purpose registe'rs such 3S move the d:!1a 10 Register B from Register C. ThIS group also includes load 
Immediate 10 any CPU regISter or to any 10 Register B from RegLster C This group also mcludes load immediate to any 
CPU regIster or to any external memory locatIOn. Other typ;:~ of load Instructions allow I ransfer between CPU registers 
and memory locallons. The exchange instructions can trade the contents of two regIs te rs . 

A unique ~I of block transfer mstructions is prOVIded m the 1-8u . \l. llh a smgle mstruCllon a block of memory of 
any sIZe can be moved to any other 10callOn m memory. This se-t of block moves is e:-.tremely valuable when large 
strmgs of data mUSt be processed. The Z-80 block ~;l.Ich mstructions are also valuable for this type of processing. 
WlI h a smgle insuucllon. a block of external memory of :my deSIred length can be searched for any S-bLt character. 
Once the character l~ found or the end of the bltxk IS reached.lhe instructIOn aUlOmatlolly lermmates. Both the block 
transfer and the block scJrch Instructions can be mterrupted dunng thelf execution so as 10 not occupy the CPU for 
long penoJs of tIme. 

The anlhmelil; and logical mstructions operate on data stored m the accumulator and other general purpose CPU 
regIsters or external memory locations, The results of the ope ratIons are placed l!l the accumu13tor and the appropnate 
flags are set accordmg to the result of the opera tion. An example of an artthmetlc operatIOn is addmg the accumula tor 
10 the contentS of an external memory localJun The results of the addtllon are placed m the accumulator. Thls group 
also mdudes I Q-bil addition and subtraction between l6·bit CPU regIsters. 

The rotate and shift group allows any register or any memory location to be rotated n$.ht or left with or Without 
carry eIther anthmetic or logical. Also, a dlgll In the accumulator can be rOlated 1l/U11 or leit wnh twO dlgllS m any 
memo!), loc:lIion. 

The ba manlpulallon mSlructions allow any bit m the a"culTIulator, any general purpose register or any e\lemal 
memory locallon to be set. reset or tesled with ~ single instructIon. For e'\ampJe. the most SIgnificant bIt uf regIster H 
can be reset. Thls group IS especially use-Iul m control apphcations and for controllmg software nags in general purpose 
programmmg. 

The Jump, caU and return mSlrucuons are used 10 transier between various 10cal1ons in the user's program. ThLs 
group uses ~\"erJI dliferent Icchmques (or obla1l1ing the new program counter address from specific externa l memory 
locatIons. A umque type oi calllS the restar! 1I1struclion. This Instruction actually contams the new address as 3 parI of 
the 8-bn OP code. ThL~ IS pOSSible SlIlce only S separate 3ddre~s located 111 page zero of the e.-';Iernal memory may be 
speCIfied Program JUIl1P~ may also be achieved by loadmg regIster t-!L . IX or IY directly 11110 the pc, thus allowmg the 
jump address to be a complex iunCllon of the routine bemg exe"uted. 

-



185 

The input/output group of instructions in the Z.sO allow for a wide range of transfers between external memory 
locations or the general purpose CPU registers. and the external I/O devices. In each case, the port number is provided 
on the lower 8 bits of the address bus during any 1/0 transaction. One instruction allows this port number to be speci. 
fied by the second byte of the instruction while other Z-80 instructions allow it to be specified as the conlent of the 
C register. One major advan tage of using the C register as a pointer 10 the I/O device is Ihat it allows different I/O ports 
to share common software driver routines. This is not possible when the address is pan of the OP code if the routmes 
are slored in ROM. Another feature of these input instructions is that Ihey set the flag register automatically so that 
adduionaJ operations are not reqUIred to determine the state of the Input data (for example its parity). The Z.sO CPU 
includes single instructions that can move blocks of data (up to 256 byte s) automatically to or from any I/O port 
directly 10 any memory location. In conjunction with the dual set of general purpose regIsters. these instruc tions pro
vide for fast 1/0 block transfer rates. The value of this I/O instruction set is demonstrated by the fac t that the Z-80 
CPU can provide all required nappy disk formatting (i.e .• the CPU provides the preamble. :tddress. data and enables the 
CRC codes) on double density nappy disk drives on an interrupt driven basis. 

Finally. the basic CPU control instructions allow various options and modes. This group indudes Instructions such 
as setting or reselling the interrupt enable flip flop or selling the mode of interrupt response. 

3.2 ADDRESSING MODES 

Most of the Z-80 instructions operate on data stored in internal CPU registers. external memory or in the 1/0 
ports. Addressing refers to how the address of this data is generated in each instruction. This section gives a brief sum· 
mary of the types of addressing used in the Z-80 while subsequent sections detail the type of addressing available for 
each instruction group. 

Immediate. In this mode of addressing the byte following the OP code in memory contains the actual operand. 

OP Code } one or 2 bytes 

Operand 

d, 

Examples of this type of instruction would be to load the accumulator with a constant. where the consta nt is the byte 
immediately following the OP code. 

Immediate Extended. This mode is merely an extension of immediate addressing in thal the two bytes following the 
OP codes are the operand. 

I OP code 

Operand 

Operand 

one or:2 bytes 

low order 

high order 

Examples of this type of instruction would be to load the H L register pair (16-bit register) with 16 bils (2 bytes) 
of data. 
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Modified Page Zero Addressing. The Z-80 h3S :I specl:!1 Single hylc CALL Instruction to :my oj 8 locatiOns In page 
L.crO 01 memory. This LOSlructlon (which. is referred to as a re513ft) sets the PC to an effectIVe address in page zero. The 
V3lue of thIS instruction is that It allows a smgle byte to speclfY:l complete 16·bll address where commonly called sub· 
routmes arc located. thus SJ\'mg memory space. 

OP (ode one byle 
I 

b, bo 
Effective address is (b s b4 b) 000): 

Relali'~ Addressing.. Rel3tive addressing uSt's one byte of data follOWing the QP code 10 spenfy a displacement from 
the exisllng progr:ml 10 which a progr3mjump can occur. This displacement IS:I signed twO's compJcT1li'nI number that 
IS added to the address of the OP code of the followmg mstruction. 

I OPCode : l Jump relative (OIX byte OP code) 

Operand I 8·b\t Iwo'scomplement displacemenl added to AddTe-ss(A+2) 

The value of rdatlve addre~lng is that it allows Jumps to nearby lo!;ations while only reqUITIng twO bytes of memory 
space . For most programs. relalJ\'e jumps are by far Ihe most prevalent type of jump due to the proxlnllly of related 
program segments. Thus. these instru.;uons can significantly reduce memory space requirements. The signal displace. 
men! can range between +127 and 12S from A+2. Th IS allows for a total displacement of+129 to - 126 from lhe 
Jump re!auve OP code address. Another major advan tage is that it allows for re10catable code. 

Extended Add~sing. Extended Addressing provides for two byles (16 bllS) of address 10 be include-d In the Instruc· 
Iton. Th is data can be an address to wh • .;h a pTOgram can lump or it can be an address where an operand IS located. 

OPCode --------1 } one or tWO byles 

Low Order Address or Low order operand 

High Order Address 01 HIgh order operand 

Extended addressing IS requi red for a program to Jump from any location in memory 10 any other iocallon. 01 load and 
staTe dat a in :my memory location. 

When extended addreSSing is used to specify the source or destination address of an operand. the notallon (nn) Will 
be used to indicate the content of memory at nn. where nn is the 16-bTt address specified in the instruction . T hiS means 
Ihat the two bytes of address nn are used as <I pointer to a me mory location. T he use of the parentheses always means 
that the value enclosed wTlhin them IS used as a pointer to a memory location. For example. (I~OO) refers to thc 
contents of memory al location 1200. 

Index('d Addressing. In this type of addreSSing. the byte of dala followmg Ihe OP code contains:I displacement which 
is added 10 one of the two index regISters (the OP code speciftes which Inde x regis ter IS ustd) to form a pointer to memo 
ory. The content!. of Ihe index register are not 3hered by this operallon. 

OP Code I 
--- two byte OP code 

OP Codc 

! Displacement I Operand added to index register 10 form a pom'er 10 memory 

-
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An example olan indexed instruction would be 10 load the COnltnlS of the memory location (Index Register .. Dis
pbcement) mlo the accumulator. The dlSplactmtnt IS:I sIgned two's complement numbtt . Indexed addressmg g,reatly 
simplifies programs uSIng lables of da13 since Ihe indu register can point IQ the s13rt of any table. Two inde:l. registers 
are provided Since very often oper:Jlions require two or more tables. Indexed addressing 31~ allows (or reioc31able 

code. 

The two Index regIsters In the Z-SO are reterred to as IX and IY . To Indicate indexed 3ddressln~ the nOlatlon: 

(lX+d)ortlY+d) 

IS used. Here d IS the dISplacement specllled Jiter the OP code. The parentheses Indicate that thIS v:llue is used J$ a 
pointer to external memory . 

Regisler Add ressing. Many of the Z-80 QP codes eonuin hItS of Information that s~cify which CPU register is to be 
used for an operation. An example of register addressmg would be to load the data in register B IOta register C. 

Implied Addressing. Implied addressing refers to operations where the OP code automatically impl~$ one or more CPU 
registers as containing the operands. An example IS the set or amhmetlc operations where the accumulator is always 
implied to be the destination of the results. 

Registe r Indirect Addressing. This lype oi addressmg speeilles a 16-bit CPU register pair (such as HL) to be used as a 
pointer to any location in memory. This type of mstruction is very powerful and it is used in a wide range of applica. 
tlons. 

OP Code r } one or two bytes 

An example of this type of instruction would he to load the accumulator with the d:lla in the memory location 
pointed to by the ilL register contents. Indexed addressing IS actually a form of register indirect addressing except that 
a displacement rs added With mdexed addreSSing. RegIster mdileo.:t addressmg allows for very powerful but simple to 
implement memory accesses. T he block move and search commands in the Z.,I.iO are extensions of this type of address
ing where automatic register mcrementmg. deo.:rementing and cOlnp:Hing has been added. The notation for mdicatmg 
register indirect addreSSing is to pul parentheses around the name oi the register that IS 10 be used as the pointer. For 
example. the symbol 

(liL) 

specifies thal the contents of the il L register arc \0 be used as a pointer to a memory location. Often regIster indirect 
3ddreSSing is used to s~cLfy 16·btt o~r:Jnds. In this case. the registe r contents point to the lower order portion of the 
operand while t he register contents 3te automatIcally increlTX"nted 10 obum the upper portion of the operand. 

8 il Add~ssing. The Z-SO contains a large number o( bit set. fesct and test instructions. These instructions allow any 
memory locatIOn or CPU regIster to be specified ior a bit o peration through one of three previous addrcssmg 1I1ode~ 
lregister. register indirect and indexed) while three bIts In Ihe OP .:ode spe":lfy which of the eig.h t bLIS IS to be manipul· 
ated. 

AD DRESSlNG MO DE CO;\1BINATIONS 

Many instructions include more than one operand (such as arlthmel ic InSIrUctlOns or loads). In Ihese cases. two 
types of addreSSing may be employed. For example-. load Cln use Immedl3te addressmg 10 speCIfy the source and 
regis ter Indirect or indexed addre~LOg to speCify the destlnalion. 
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3.3 INSTRUCTION OF OP CODES AND EXECUTION TIMES 

~ following section gives a summary of the Z-SO instructions set. The instructions are logically 3"anged into 
groups as shown on tables 3.3-1 through 3.3·11. Each table shows the assembly language mnemonic OP code, the actual 
OP code. the symbolic o peration. the content of the nag register followmg Ihe execution of each Instruction. the num· 
ber of bytes requIred (or each instruction 3S well 3S the number of memory cycles and the total number of T stales 
(external clock periods) requlIcd for the fetching and executIOn of each instructio n. 

All instruction OP codes are listed in binary notation. Single byte OP codes require two hex char:u;:tets while 
double byte OP codes requi re four hex characters. The conversion from binary to hex is repeated here for convenience. 

Binary Hox Decimal 

0000 0 0 
0001 
0010 2 2 
0011 3 3 
0100 4 4 
0101 5 5 
0110 6 6 
0111 7 7 

1000 8 8 
1001 9 9 
1010 A 10 
10 11 B 11 
1100 C 12 
1I0t D 13 
1110 E 14 
1111 F IS 
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IFF the content of the interrupt tnabk flIp-flop (lFF) is copied into the P/V flag 

Flag Noudon: • '" flag not alrected. 0 '" flag resel. I • naa Jet. X" nag 1.'l unknown. 
1 ,. flag is affected according to the Il:sult of the operation. 

8-BIT LOAD GROUP 
TABLE 3.3-1 
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Notes: dd is any of the register pun BC. DE. Hl.. SP 
qq is any of the regble:! pairs AF, BC, DE. Ht. 
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" Ill. , , 
" " ,\F 

, , 
" 

, , 
" 

, , 
" 

(PAIR)H. (PAIR)L refer 10 high order and low order eight bils of the legistcl p3iI resp«lively. 
E.&- BeL " C, AFH " A 

Flag Notation: _ "' flag not affected. 0" flag reset. I .. ibg set, X " flax is unknown. 
! flag is affected :ICcordlllg 10 the result of the opention. 

16·81T LOAD GROUP 
TABLe 3.3-2 
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111.- Ill. , '" 10' 00' 
BC· K, , 

I :1' 

A iHI.) • . · . , · " '" '" 2 , 
" I( 1«: ,, 0 and A -* (IIU · . 

Ill.· Ill. , 10 111 00' 2 , " 11 HC= (l or A 

11(" - 1«:- 1 

R~p<"al "", ,1 

A (111.1 or , .. , 
Notes: J) PfV fhg is 0 if the rt'$U1i of BC-I'" 0, otherwise P/V " I 

® Z flag is I if A" (HL). otherwise Z = O. 

flag NOlllliQn: _ = flag nOl affected, 0" flag reset. I = flag set, X '"' !bg is unknown. 
l '" flag is affected according to the result of Ihe operation. 

EXCHANGE GROUP AND BLOCK TRANSFER AND SEARCH GROUP 
TABLE 3.3-3 

(Ill. ) 
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~rmboh( "'" OI'.Cod, ,. ,. ,. 
)'''~n' .. 0< <'::. ." n._ ..... o,...nfton r z " S N 11 ~, s.&3 !!I' "~ C, --

\ IJII " , \ -,\ • r : , : , : ". , , , , , R~ 

,\1)1) ". ". A·" , , , 11 000 III , , , ... R , , 

I· • .. , C 

'1)0 '\. ( HI.I , ' " . un.) , 

" • 1000011' , , , ." D 

,UD \.11\ dI " 
, ,0\ d, : , " : • : 11 011 '" 

, , 
" 

.H E 

10000111 ". 11 

. d - , '" L 

\1)1) 
, : , H' A \.m . 011 " A""ur - d) , .. , H H' '" 

, , 
" 10 ~ 110 

, • , 

AD(' ,\ .. ,', A ' a 'Cr 
, , 

" : , , lO' ~ " oAy'" ., ... (III.),( IX . , , 

SL'B • ,\. " • , , 
, " : , : ." d) . (lr · cif as d ...... f<lT 

'"" .\.~ A' A . - cr : , .. : , , .H ,\OD onst ..... '."" , 

.1.;"1) • ,\·- A t . • , ,> , • , ,., TM ,&d,ut..! I,,:~ r~an 
, , 

OR • , , 
,,. 004[ la I h~ .\ IH) .... 

• A - A v . , ,> , • • H' ..... 
XOK • ,\. A .... • , 

" 
, • , '" , , 

Cl' • A • : , 

" 
, : 'H , , 

tl\C , 
.' r '" I • , .. • : .. , ,., , , 

" 
1:-'-( ( 1114 ( 111..)' (tl1.J - 1 • .. , • , .. 110 100 , , 

" 1;..(" (IX • d) (IX · 011- • , " • , 
11 011 '" 

, , 
" (lX .. d) ~ I to 110 100 

. d 

Ise (1\' "' 011 (lr - dj ' • : " 
, • : " '" '" 

, • " , 

(1\'- 01) ' \ 110 11. lot 

d -
O~;C • .' • , • " 

, , , 

'" • " ... y'" r. cII':l.IIX - d). , , , 
( Il' - 01 1 U • .., .. D for I:'-C. 5._ for"~1 .od . Utu h 

1z..C. 
R .. p/..., .. ~ .. 11 • .!!!.. ,. 
or·u..k 

1'00«'$: The V symbol in the P/V flag column mdlCalcs Ihal tlM: PfY Ila: cont':lIns the ()'\IcrnO\': of the result of the 
~rluon Sunilub' the P symbol mdicates parity. V · I mC':lns overnow, V . 0 meam nOI oVC'rf1ow, p. I 
mons panly of the result.s even, P" 0 mons panlY of ttle re'IUlt is odd. 

Fbg l"oution: _ . n:l& not affecu~d. O· fill!: reset. 1 • flai SO:I. X · flq is unknown. 
t • fiI, is affected according to the result of the operatIOn. 

8-BIT ARITHMETIC ANO LOGICAL GROUP 

TABLE 3.3-4 

-



"n ....... ni .. 

I) .\A 

CI'I. 

l\t;r; 

eet' 

S('f 

:'\OP 

II ,\I .T 

"' 
El 

DI • 
'" , 
D I , 

s) ... bQlit' ~lal"~ OI' .C<>d .. ,- ., ... ,,-•• c:J!. '" Com_nU Opo-ralion C , rl' s 1\ 11 ;os r..u 210 ~ ... :-:"'''''" 
C .... 'crl~ acc <<>1'1 

, 
: I " 

, • , 
00100 111 , , , !>ee, ... l oo:IjUS\ . cr ..... lato. , , 

,-, ,n1/> 1""<' '''/ 

Ben lollo,,, .. ~ .dd 
, .. ~..ol r&~1 .. "h 

"" tk...,j BeD "I"'" 

r.nd~ 

.- , • • • • , , 00 101 '" , , 
I 
, r_pl .. ",~nl .<cumul •• o. 

"" .. ' $ <_pl~"'nll 

A - A . \ 
, , ,- , , 

" '" '" 
, -, , ;>'<~II~ .cc '.-0" , 

" 000 '" <-''''pi .......... 

(" r-Cr , • • • • , 00 III '" 
, , , Compl .. a>ftI, carry 

0' , , • • • • • 00 110 III , , , S .. , .. arr) fI .... 

1\<> _Ullon • • • • • • "000 ... 

I'C- 1'('" ~ 1 

fiT hallod • • • • • • " 110 110 

IFF'- O • • • • • • " 110 011 

IPr· , • • • • • • " 111 011 

g., ,nl ... ru;>l. • • • • • • " '" '" ... , . 01 000 110 

,., ,nI .. rrup' • • • • • • " '" '" .... "1<1.. I . 1 0 10110 

Se. ,n, .. rrupt • • • • • • " '" '" ..., -, .. 01 011 '" 

NOles: IFF indic1tes the inlCITUPI enable mp-flop 
cv indicates the carry flip-nop . 

, , , 

, , , 
, , , 
, , , 
, , , 
, , , 
, , , 

Flag Notation: • • flag not affected, o· fia& resel, I .. tbg set. X - f1ag is unknown. 
: • f1ag IS affccted ao:ording to the result of the operation. 

GENERAL PURPOSE ARITHMETIC AND CPU CONTROL GROUPS 
TABLE 3.3-5 

• 

, 

fI&~ 

195 



196 

~In .. .....,n' .. 

1\ I) I) Ill .. "" 

A IK Ill ..... 

SRC Ill."" 

A IHl IX .p'p 

,\ IIIl IY, rr 

l.se * 
1:"( IX 

I:"C ,r 

I)~:C • 
In;c: IX 

DE< ,r 

'-;ymboli .. ~lat"~ OI'·Cod .. 
O.,...atioll < Z " , , 11 76 5-1l 210 

HL· IIl - "" · • • • • , 00 ""I 001 · 
~l~HI. · ", · n · · '" · • , " '" '" · · 

" .... 1 010 

Ill.· Ill. ~ ('Y · · , · , , 
" '" '" 
" sofJ 1110 

IX· IX - pp · • • • • , 11 11 11 '" 00 ppl 001 

I)"' IV ' rr : • • • • , " '" '" 00 .d 001 

""- ",, - I • • • • • • 00 ...0 011 

IX' IX -.;. ! • • • • • • 11 011 '" 00 100 Oil 

!y. I\" · 1 • • • • • • " '" '" 00 !OO 011 

""-,.. - I • • • • • • 00 .1 011 

IX· IX , • • • • • • 11 011 ,to 

00 '" '" 
1)" - 1)" - 1 • • • • • • " '" '" 

00 101 011 

Notes: 11 i5 .any o f the register p.aiJs BC. DE. HI.. SP 
pp i5 any of the register P:l.Us BC, DE. IX. SP 
rr IS &nY of the regISter p.ain BC. DE, IV. SP. 

' .. :-•. :- o. ., ... ." C <>Iftm('<> la 
,,~ c,-..&.. ;;;ta,.,. , 3 " ~ 

I 
, , " 00 

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

" " " 
2 , " " 

00 

" " " , , , 
2 2 " 
, , 

" 
, , , 
2 , 

" 
2 2 " 

A" Noution: • • flag I10t affected. O· fl~ reset. I .. fb,g ~t, X • 1118 1$ unkno .... n. 
I • 11;ag is ~ffected according to the result of the oper~tion. 

16-BIT ARITl-IMETIC GROUP 
TABLE 3.3-6 

R~ 

H< 
IlE 

Ill. 
'-; 1' 

H., 
li e 
nE 
IX 

S I' 

R .. r. 

Ill' ,,. 
" . 
... 1· 



~I ....... .., 

HI£ • 

.o. • .. , , 
•• •• 

." , 

.'C (Ill.) 

IHA' (I~ • d ) 

H: I..{" IIY • dl 

RI. ~ 

NIH' • 

•• 0 

:'1., \ , 

SR ,\ , 

:'1<1. • 

R 1. 1l 

"Itu 

SyMbolic .lalt~ OI' .Cod .. ,. 
~:~I~T ~Iio" 

., Co_et,; 
C 1. " S , 11 ~, :.43 ! ,t .~ 

('I _~ 

• · 0 ' 0 0 • • et eot III , , , R"ul~ 1ft, .. 'r .... b. · "3_-' .-
~~""I<>' 

, · 0 0 0 • • I eo tit III , , , Roca,~ I,.{, . ce ..... I.'o. · - .- · 

, 
0 0 0 • • .... , '" , , , R,..aa ,"d" •• rulu •• ~. ,,'.I: · 

... ..-b • ....-

, · 0 0 0 • • eo 811 '" 
, , , Rou,~ rollu .cc .... wllto. -.' :1---'ITf- · 

· · p • • • 11 101 011 , , .' Rou ... )'·11 ., ..... In · · .... , rrw; ... or , 
· · .. · • • 11 001 011 , , 

" , 

I 
R .. ~. · · 

00000110 

"" " L'--:: · · ,. t • 11 0" '" 
, , 

" 
.. , , . ,,- - · I . 

11 tol 011 ." " . d ." C 

00 000 110 "" " · · · '" ,. 
· · " 

0 • " '" '" , , 
" '" 

, 
11 001 "' . d 

.. 000 '"~ 
, · ,. • • 01. Im~I"''''''''' ,,, ....... a&d " .. tu 

~'- " - · 
~ arc u ~Ioo .. n fo, III.C m 

~-:'-!.~'- · ,. • • .. , To l", ...... OP·,u40 r~I>t.< .. 

000 01 RU "' .. "h ,1'><._. ,.,. 
· -C' ':tJ - q · , . • • ." · 

ll~f. ...!-' · • I' • • • , .. · . 
~ill · • I' · • • '" '-' . · 

~l..l.. · : I' · • , '" · · 
.~ .I]:~ if ,oil:, 1'10101_ d,,1! 1 .. 11 .MI rl.h, 

0 , I' · • • " 'oo 'oo , , ,. I ...... ""'" ,"" .uw",.I., •• , VId 
· "- · 

"' " 'oo '" 1"UIIOOI (IIU . ---
rh ""'flIl .. ' 'M ~"""r half '17 f', ':'""7iI" 0 I' · • • " '" '" 

, , ,. · .~.-.-
,,( ,t". .nu",.I."., ~-

" , .. III I " " I , ""alf .... ,..,J 

Flag Nolltion: • '" fl3I! nol affected. O· fba rcq,t. I • Ibg ~t. X · fl", 1$ unknollm. 
1 • lla& is illccled accordU\B 10 the: result of the ope:ratlOn. 

ROTATE ANO SHIFT G ROUP 
TABLE 3.3-7 
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)I "~nlf 

JUT •• 
lilT Io. t Ill..) 

BIT b.tlX ' d) 

HIT ".(ll' · dl 

SET b . • 

:,t:T " . llI ll 

St:r ... ox ~ d ) 

St::r b. (ll' + d ) 

R" •• 

lhlllbohc nag. UP.Cod .. ,- , .. ,-• t:':' ." ('om ..... t.' ()pent"'n r z pr s , H 15 r.u Z, t ,,~ su ... 
Z· r, • : , x • , 11 

110. "' 
, , , • 

I 

R~ 

01 , • .. 11 

z· ( il L) . • : , x • , 11 101 011 , J " .01 C 

" b 11. .11 0 

Z· UX ~ d) . • : x x , , 11 t ll 101 , , 
" 01' t: 

11 1111 . 11 ' 110 11 

- • - '01 I. 

01 , lit "' 
, 

-- -Z-HY • dJ . • - , x • , 11 III '01 , , 
" b ll' l T~~ I ...! 

11 001 011 

"" • - • - 00' , 
01 b '" 01' , 

' . ' 1 • • • • • • 11 001 011 , , , 01 ' 3 

11 b • '00 , 
11 001 111\ , 

" 
' 01 , 

(111.) .' I • • • • • • , 
"' 

, 
11 b ,11 

: "' (lX ' d), - ' • • • • • • 11 011 Itl , , 
" 11 OOt 011 - • 

11 b '" 
(ll' + d) . -I • • • • • • 11 III .t. , , 

" 11 001 1111 

- • .-
11 b 11. 

•• -1 .. T. foe. Of" or -cod.-
• 5 ' , I IlU . • .,.. ..... er ", 1'.:1' b . • 

(lX · d). .. ,I. ). F I",,~ a.,.l l , . .. 
(lY+d) • UI "~ for S t." "Hr~I")" _ 

Notes: The notatlo n!t, indicates bil b (0 10 7) or iocalion s. 

Fbg No tation: • • fbg not affected. 0 - Ibg reset, I • fbs .tel, X · (lag Is unknown, 
1 • Il.q is affected according 10 the rtsult or the opention. 

BIT SET. RESET ANO TEST GROUP 
TABLE 3.3·8 



}In"m<>nie 

". "" 

,. «.nn 

,. , 
,. C ... 

,. se. .. 

,. Z, .. 

,. :\1*( 

,p (I l L) 

". OXI 

,p (In 

IJJ:-.'7_<, 

~pnbol;t F1ajta (W·Cod .. ;'0. ,. :. ... 
O~r"tion C Z '" S , 

" 
., ., " ." 76 ~ 210 .. ~ <, ... ~~ 

1,("' nn • • • • • • It 000 011 , , 
" . 

" -. 
" 

11, ..... _ « .. ' ... • • • • • • " " ... , , 
" pe. "" 010..", •• I " 

. ... , ... " -

I'C·- I"(' + r • • • • • • 00 011 000 , , I~ 

- f'-2 

11 ( - 0 COOl . ....... • • • • • • 00 111 000 , , , 
- .. - 2 . 

If C Oo l 
, , " PC- I'C · .. 

If ( - 1 """,, .nu" • • • • • • 00 110 000 , , 7 
.- .. - 2 -

He , , , " I'C- I'C ' r 

If Z (I con" nu .. • • • • • • 00 101 000 , , , 
- .. -~ 

JfZ , , , " 1-'<:-1>('+" 

If Z I «><o h ...... • • • • • • 00 100 000 , , , 
- .. 2 -

If Z ~ O 
, , 

" I'C-l'(;' .. 

.c. ' IL • • • • • • " 10\ 001 , , , 
PC-I X • • • • • • " '" '" 

, , , 
" 101 001 

pc- IY • • • • • • " '" '" 
, , , 

" '" '" 
8-B - \ • • • • • • 00 010 000 , , , 
" " (I .. "" t ,nur - .. ~ -

If It . .. , , " 1"<: - I"C - .. 

NOIe$: e represents the extension in the rebllve addressing mode. 

.. IS a signed tWO'5 complement number in lite ra~c < - 126. 129> 

e-2 In the op-<:ode provides In effeclive addres.s of P'C +e a.s PC is 
incremenled by 2 prior 10 Ihe addition of e. 

rommrn~ 

" C-duo .... .. :-.z.. ..... 
• n l .... 

". )<.('IIOI .. "'! 
." (' Cl") 

'" ro , ... t, edd 

'" pr , .. ,t) ~.' •• 

'" P 'ill ,.. .. Ii •• 

'" .\1 ,oz. 1H"(11i. 

If fond,I,"" ,,"', m.1 

If ~Oftd 'IO"" ,~ ... . , 

11 t<NMI,,,,,,, 1>0< ID", 

If ..-d" "", ,~ "'~, 

If tondm .......... -et 

If • .....ill''''' I~ .. ,,\ 

If «otMIJIOOfI I>Q( ID'! 

11 .000<1", .... ,~ .... , 

If 11 0 

11 R , (I 

Flag Nou.tion: . .. flag not affected. 0 " flag reset. I • flag sel. X = flag is unknown. 
I = flag is affected accordIng to the result of the operation. 

JUMP GROUP 

TABLE 3.3-9 
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)htldOnit 

CAI.!. ". 

CALL cc.nn 

.IT 

HET u 

R~"I 

HETS 

II.$T , 

.... ~. " Symbohc Fb" OP-Cod~ ~·i I ., of )I COll\mO!'n L\O (}poet,lion C Z " S , 11 76 s.u 210 ~~ C,-.... Sta .... 

(se ". ('C . 0 0 0 0 0 0 1I 001 '" J , 
" iS I' 21 - I'CI. - " 

. 
I'C' "" " 

. 
H''',t_ « "foL .. 0 0 0 0 0 0 " " '00 J J " H cc .. r.l .... 
_t_.04M,.". - • -. 
...... ('\LI. •• - • -. J , 

" If cc .. ,tu .. 

pc •. -- (S I', 0 0 0 0 0 0 11001001 , J " I'CH ' (Sf' ~ U 

u.M<I,,_< . .. Ww 0 0 0 • • • 11 " 
.,. , , , If cc " hl.e 

... _.01 .. ,. , .. , J " [f ct " ,,~ 
ua<'" 111:., " 
R .. u.n fr_ • • • • • • 11 101 '" 

, , 
" 000 

' D'C""", 01 001 '" '" R .. ,uraf. __ • • 0 • • • 11 101 '" 
, , 

" ." 
", as l.b~ .... rrvpI 01 000 101 '" , .. 

'" '" '" 

($1' ". re. • • • • • • " 
, 

'" 
, I J " 

, 
(SI' 21- "C L .. 
PCH -- 0 00' 
!"Cl. -I' '" '" '" 

'" '" '" 

Flag Noation: . .. flag not afl'«ted, 0 "' flag reset. I • flag Jet. X .. fb& is unknown 
! .. flag is affe>Clt'd according IQ the resull of the opelation. 

CALL AND RETU RN GROUP 
TABLE 3.3-10 

COfId, l lotl 

)roIMlu,. 
I uro 
se ... .... ~ 
C <I"r 
PO ,ar,t1 H4 

1'[ P"'Y .. , .... 

I' ... ,. .. tiY .. 

~ <iI:. ""'"'" 

r 
00 11 
OS Il 
1011 
]~ 11 

,. 11 
28 11 
.. 11 
3$ 11 

I 



"" .... mon; .. 

IX A.(n) 

1:-0 • "C1 

.:\, 

I~IK 

I;';D 

1:"'01{ 

on (n). A 

<H'T K).r 

Ol:TI 

OT" 

01 III 

OTDH 

S,-.nbolic n." OP.CoM '''' ~ .. ,-
.< ~I )I ." CQm~nt.-. Opconolion C Z " S , 

" ;6 SOU 210 0* (',"<In Sta .... 

•• ,./ • • • • • • 1 LOll ." , 3 " • to A I- '\'; 
. • Ace I<) A .- A '~ 

. -(CI • : 
" 

: • • " 10' 10' , 3 " C UI A. A; 

" , 110 ""If 01 , 000 n to ,\. A ,~ 

,..., fl.p w,1I 

b., ~fI"cl..d , 
(HU - tO • · X X , , 

" '01 '01 , , " C to A.- ., 
8'- 8 , 10 100 010 1:1 10 ,\ . A I~ 

111.- 111.+ I 

(HLI-(e) • , X X , X " 10' '" 
, , " C to A.- A; 

B-8 - 1 10110010 .... B 10 A. - A,. 

HL- HL+ I , , " R.,:>eat .. u 01 B _ 0 <D u-. 
011.) - ((') • , X X , X " '01 10' , , " C to A.- A ' 

H· H , 10 101 tl0 B 10 A. - A l~ 

ilL- 111.- 1 

( HLI-IC) • , X X , X " '01 10' , , " C 10 ,h - A ; 

B-B , 10 I I1 01' ., .. B to A. - Au 
HL- HI. , , , " Rcp"! UtlIII II • ." (a)-A • • • • • • 11 010 011 , 3 " n 10 A . A: 

Acc 10 A· - A, . 

(C)- r • • • • • • " '01 '01 , 3 " C to .h ., 
01 , 01' B to A. - A " 

<D 
(C)-(uU • , 

X X , X " 10' 10' , , " C to A. ., · 
I:I·- ,t , 10 100 011 B to A. - AI ~ 

111.- 111. - 1 

(C) • (111.) • , X X , X " 10' 10' , , ~I C \0 A. A, 

B' . ~ , 10 110 011 •••• B to '\. -,\ ,. 

Ill.· ilL • I , , " R.,... . . .... , ,I 11 • ... 
~ 

(O-(HL) • X X , X " 10' 10' , , " ('O ",- A: 
H-R , " 101 011 It to A. ." III.-HI.- ' 

(Cl ·- (111.1 • , X X , X " '" 10' , , " C to A I- A, 

B-B , 10 III 011 W B" B to A, A ,; 

III.-HI- , , , " Hpp"al ... ,,1 8 • ... 
NOles: l' If the re~lt of B·l Lt :zero thc Z nag is .'lel. Olherwi~ it is reset . 

flag Notation: • • flag no t affe.:ted. 0 '" na& reset. 1 • l"b,s !et. X · !bg is unknown. 
: '" n3l:; is ~fccted accordmg 10 the rcmlt of the opention. 

INPUT AND OUTPUT GROUP 
TABLE 3.3- 11 
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3.4 FLAGS 

each of the two l·80 CPU Flag reglste~ contains SIX bus of information which are sel or reset by various CPU 
operations. Four of these bits 3te testable: that is. they are used as condillons for jump. call or re[urn instructions. For 
example a Jump may be desired only if a specific bit in the nag regISter IS set. The four testable flag bits 3re: 

I) Carry Flag (C) - This flag is the carry from the highest order bit of the accumulator. For example. the carry 
flag will be set during an add instruction where a carry frOQI the highest bit oi the accumulator is generated. 
This flag IS also set if a borrow is gener3ted during a subtraction mstruction. The shift and rotate instructions 
also affect this bit. 

~) lero Flag (l) - This flag is set if the result of the operatIOn loaded a zero mto the accumulator. OtheIWise it is 
reset. 

3) Sign Flag CS) - This flag is mtended 10 be used wuh Signed numbe~ and it is set jf the result of the operatlQn 
was negative. Since bit 7 (MSB) represents the sign of the number (A negative number has a I in bit 7), this 
nag stores the state of bIt 7 in the accumui3to r 

4) Parity!Q,.·erflow Flag (PfV) - ThlS dual purpose flag mdicales the partty oi the result In the accumulator when 
logical operations are performed (such as AND A. B) and it represents overflow when signed two's comple· 
ment arithmetic operations are perfor~d . The Z.sO overflow Ilag indicates that the two's complement num· 
ber in the accumulato r is in error since it has exceeded the maximum possible (+117) or is less than the mim' 
mum possible (-12.8) num~r than can be represented in twO's complement notation. For example consider 
adding: 

+110 01111000 
+105 01101001 

C = 0 1110 (X)() 1 ::: - 3 1 (wrong) Overflow has occurred 

Here the resuh is Incorrect. Overflow has occurred and yet thefe is no carry to indicate an error. For this case 
the overflow flag would be set. Also consider the addillon of two negauve numbelS: 

-5 = 

- 16 = 
C = 

111I 1011 
J 11 J 0000 

11101011"" - 2lcorreCI 

NOllce that the answer is correct but the C.-UT), is set $0 th:n this flag can not be used as an overflow indicator. 
In th is C3se the overflow would not be set. 

For logical operations (AN D, OR, XO R) this flag is set if the parity of the result is even and it is reset if it is 
odd. 

There are also two non·testable bIts in the !lag register. Both o f these 3re used for BCD arithmetic. They are: 

I) Ha1f carry ( H) - This is the BCD carry or borrow result from the least significant four bits oi operation. When 
uSing the DAA (Decimal Adjust Instruction) this flag IS used to correct the result of a prevIous packed decimal 
add or subtract. 

2) Add/Subtract Flag (N) - Since the algonthm fo r correcting BCD operations is different ior addition or sub· 
traction. this tlag is used to spedfy what type of iI1StruCllon was executed last so that the DAA operation will 
be correct ior ei ther addition or subtraction . 

The Flag register can be acces.sed by the programmer and its format IS as follows: 

X means flag is indeterminate. 
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Table 3.4-1 lists how each flag bit is affected by various CPU inStructions. In this table a" . " mdicates Ihat the 
instruction does not change the flag. an 'X' means that the flag goes 10:1n indeterminate stale, a '0' means that It IS 
reset. a 'I" means Ih31 It is set and the symbol '1' Indicates that It is set or reset according to the prevIous discussion. 
Note that any instruction not appeanng in IhlS table does not affect any of the flags. 

Table 3.4-1 includes a few special cases that must be described for clanty. Notice that the block se:uch instructIOn 
sets the Z flag if the lasl compare operation Indicated a malch between the sour~ and the accumulalOl data. Also. the 
panty flag is set If the byte caUnIer (register pair BC) is not equal (0 zero. This same use of the panty nag is made with 
the block move- instructions. Another SpeCial case IS during block mput or output mstructions. he-re the- Z nag IS used to 
indicate the Slate- or register B which is used as a byte counter. Notice that when the I/O block Iransfel IS complete. the
ze-ro flag will be reset to a zero (i.e. B:: 0) while in the case or a block move command the parity nag is reset when the 
operation is complete. A final case is when the reiresh or I register is loaded into the accumulator. the interrupt enable 
!lip flop IS loaded mto the parity flag so that the complete slate or the CPU can be saved at any time . 

• 
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Instruct ~, 

,s;ADCA,$ ADOA 
SUB $; 

ANOs 
OR s;X 

INC s 

DEem 

ADD D 

ADC H 
SBCHL 

RLA.R 

RLm.R 

sac A. s; er s; NEG 

'OR $ 

D. ss 
L.~ 

.n 
LeA; RRA; RRCA; 
LCm,RRm.RRCm 

SLA 
RLD:R 
DAA 
(]>L 

SC. 
CCF 

m; SRA m: SRl m 

RD 

I}: I. (t1 
IM: I~D: OL'TI:OL'TD 

I:-:IR "DR.OTlR.OTDR 
LDI. LOO 
LOIR. LDDR 

CPI,CPIR.CPD:CPDR 

WA.I.ll>A. R 

81T b. s 
NEG 

le , , 
0 
0 

I : 
: 
: 
: , 
• 
: 
• 

• 
• 
• 
• 
• 
• 

• 

• 

P / 
z v S N 

: v : 0 , V , I 
: P , 0 , P , 0 
: v , 0 
: v : I 

• • • 0 
: v I 0 , v , I 

• • • 0 
: P : 0 

: P · 0 
: P : • 
• • • I 

• • • 0 

• • • U 

P 0 
X X 

X X 

X X 0 
X 0 X 0 

X 

IFF 0 

X X 0 
V 

The tollo"'lJIJ; not~tlOn IS u<cd lJl thiS table. 

11 C ommentl 

I ~ bl! ~..w 01 3dd With c;any , ~ 

if ~ 
I 8· 

bit subtf~ct. subuacl "'Ilh cury, comp:uc ;and neplc :lC(:umul:lIor 

l.oi:ical ope!31l0n~ 
nd ~I's different f1~$ 

hll mClement 

bit da:rcmenl 
X 
X 
X 
0 I 0 

0 , 
I 

0 
X 

0 
X 

X 

0 
0 
X 

0 

I 6-bit add 

I 
I 

6-bir add with C3rry 

6-b\1 sublncl .... ,Ih aIry 

OUle xcumul:nor R 
R olate and .vui! lo.:allOn s 

R 

C 

UI;/,\C dltilicft ;and riPll 

De.:unaJ :;tdJU$1 accumulator 

omplcmtnt ;a'OImu\:ilol 
Sel carT) 

<':omplomH'rH C:II[)' 

Input 'q!l'lICr mduc(I 

} Bloci; IIIput and output 

Z,.OIlBfOOlhcr .... iRZ~1 

} 810.::1; transfer InslruC\)OI15 

Pt\' ~ 1 if BC f O. othcr ... ·lse PlY" 0 

Block searth Instructions 
Z'" I if A ~ (Ht). otherll.'1sc Z " 0 
P/V " I if BC' t O. otherll.ise PI" '"' 0 

The content o t the mterrupt enable flip-Ilap (IFF) i~ COSHed Into the 
Pf\' fl~ 

The sute of bn b of location s 1.'1 Copied Into the Z n~ 

'Icpli\'<' aocumulator 

Symb~ Ope~tion 

C Carry/lmk 11~. C" I If thc operatIOn produced a Clny from the MSB of the operand or result. 

Z Zcro tllg. Z " J 11 the «'SUIt 01 the operation is zero. 

S S~n Ib& S· 1 11 the MSB of the resuitlS one. 

Pf\' Pa1ll), or ovcrtloll. ~. Pant)' (P) and overflow (V) ,;hart: the same fug. LOf!KJ.! operatlorn affect this tl~ wlIh the pant) 
ot the tesult II.hlk 311thmetic operations affc-ct Ihi~ fug 11. ith the overtloll. of the re9J11. IfP/V hoid~ parit)'. P/\,· I If the 
rt:5U1t of lhe open.tlon IS even. P/V .. 0 if rcwlt IS odd. If P/V hold~ overl1oll.. prv " J If the resul t of the op.cr.lllon produced 
an overt1ol1. 

11 lIJ.!f-cauy tla$:. H • I If the add or $Ubu3('t QPCr:uion produced a carry into or borrow from mto bit 4 of the accumubtor. 

N Add./SubU3('t flag. N • 1 If the previou$ oJ)<'ranon ... ·as a $ubttacl_ 

Hand N fbg~ arc used In conJuncnon with the decimal ;wiJUSI instruction (DAA) to properly COllect the re§ldt into pKk~d 
8eo formal follOWinG add,tH)n 01 subtractIOn u$lng open.rw:h wlIh packed BeD format 

The na& IS affected a~'~:ordm,l: to the result of the oper:nion. 
• The flaG IS uncharl,i:cd by the operation. 
o The flag IS reset b)' the opera \Ion 
J The flag I~ sel by the opcr:l.llon. 
X Thc IbG I~ a "don't c).fc." 
V P/V 114 aftected ICCOrdll'ij; 10 the overl1ow result of the operation. 
P P/V n:t,g alfected accordmg to the panty result of th~ opera tion. 

Any onc: of the CPl' reglllterS A. B. C, D. E. 11. L. 
Any 8-blt Io.;:atlon for all the addre$SI~ mode~ allo ... ·cd for the partICular m,uuctlon. 

SS Any 16-bltlocatlon tor all the addres$lnj: modes allowcd for tlla! m.tNcllOn. 
u Any onc of thc two index registers IX or IV. 
R Rc1re~h cou nt~r 

n S·blt v:llue m tall!(C <0. 255 > 
nn i6·bLlvliue m rl~e <0. 65535> 
m Any 8-bltio.;:alLon lor III the ~ddrcs.sln,l: modes :llloll.·cd for the partICular m,tructlOn 

SUMMARY O F F LAG OPE RATION 
TABLE 3.4_1 
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4.0 INTERRUPT RESPONSE 

Th~ purpose of an mterrupt IS to allow peripheral de\'i~s to suspend CPU operation in 3n orderly manner and 
force the CPU to stall a penphcTa! seT'.ice rOUILne. Usually this servIce roullne LS Involved with the exchange of data. or 
SI:l.tus and conlrol informatlon. hetween the CPU and the peripheraL On~ the servIce routine is compleled. Ihe CPU 
returns \0 the operation from which It was interrupted. 

INT ERR UPT EN AB LE - DISABLE 

The Z-SO CPU has two Interrupt InputS, :1 soltw3re maskable interrupt and :1 non maskabk interrupt. The non 
m3sbble interrupt (KMI) can nor ~ dIsabled by the programmer and it will be accepted whenever:1 penpherai device 
requests H. This mterrupt IS gener.llly reserved for very mlponant functions that must be serviced whenever they occur, 
such as an impendmg power f3llure. The maskable interrupt ( I;.lT) can be selectIVely enable or disabled by the program· 
mer ThiS allows Ihe programmer to disable the mterrupl durmg p~riods where his program has timing con)lraml5 Ihal 
do not allow it to be mterrupted. In the Z-SO CPU there is an enable flip !lop (called lFF) that IS set or reset by the 
prognrnmer u)ing the Enable Imerrupt (El) and DIsable Imerrupt (Dl) mStruclIons. When the IFF is re<;el. an iTllerrupt 
can not be accepted by the CPU. 

Actually. for purposes lhat WIU be subsequently explamed. theH~ :ue IWO enable flip flops. called IFF I and IFF~ . 

Actually disables interrupts 
from bemg accepted. 

The state 01 IFFI IS uscd to actually inhibIt lTllerrupts while IFF: 
The purpose of Slonng Ihe IFF I will be subsequently explalntd. 

Temporary slorage )oc:ltlon 
for IFF I . 

IS used as a temporary storagt' location for IFF I. 

A reset 10 the CPU w1l1 force both IFFI and IFF: to the reset stale so that interrupts are disabled. They can then 
be enabled by an Elmstruction al any ImIe by Ihe programmer. When an El mSlruction is executed. any pending inter
rupt request will not be accepted un til after the mstruCllon following El has been executed. This smgie mstruction 
delay IS necessary for cases when the foUowlTlS instruction IS a return mstruction and interrupa must not be allowed 
until the return has been completed. The El instruction sets bOlh IFFI and IFF: to the enable state. When an mlelrupl 
IS accepted by the CPU, both IFF I and IFF: are automatically reset, inhibiting further in terrupts unlllthe programmer 
wishes to issue a new El mSlructlon. ;.lole that for all of the previous c3ses.IFF I and IFF ~ are always equal. 

The purpose of IFF: IS to save the status of IFFI when a non- maskable interrupt occurs. When:l non m3skable 
mterrupt is accepted, IFF I is reset to prevent further mle rrupts until reenabled by the programn-.er Thus. after a non 
mask3ble interrupt has been accepted, maskable interrupts are disabled but the prevIous stale of IFF I has been saved so 
that the complete state of the CPU just prior to Ihe non maskable interrupt can be restored at Jny time. When a Load 
Register A with Register I (LD A. I) mstrucllon or a load Register A with RegIster R (ll) A. R) mstruction is exe· 
c!'lIed. the slate of IFF: is copied mto the partly flag where I1 can be tested or stored. 

A second method of restoring Ihe status of lFFI is thru the (''(('rullon ofa Retum From Non Maskable Interrupt 
(REIN) instructIOn Since this instruction indIcates that the non maskable mterrupt service routme is complete. the 
,on tents of IFF: are now copied ba,k into IFF I. so that the status of IFFI lUSt prior to the acceptance of the non 
maskable mle-rropl WIll be restored automatically. 
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Figure 4 .0·, is a summary of the effect of different insuuclions on the two enable t1lp flops. 

Action IFF I IFF: 

CPU Reset 0 0 

DI 0 0 
El 

LOA, I • • IFF: ..... Parity flag 

LDA.R • • IFFl --+ PaTIIY flag 

Accept NMI 0 • 
RETN IFF: • IFF: - IFF . 

" . " indicates no change 

FIGURE 4 .(). 1 
INTERRUPT ENABLE/DISABLE FLIP FLOPS 

CPU RESPONSE 

on Maskable 

A nonmaskable interrupt will be accepted at all times by the CPU. When this occu rs. the CPU ignores the next 
instroclJon that it fetches and instead does a restart to location (X)66H . Thus. 11 behaves exaclly 3S If 11 had received :I 

restarl instrucllon but, il is to a loc3\1oo that is not one of the 8 software restart loca tions. A restart IS merely;) call to 

:I .pecific address in page 0 of memory. 

Mask:lble 

The CPU can be progr::.mmed to respond 10 the mask able interrupt in anyone of three possIble modes. 

Mode 0 

This mode IS IdenllcallO the 8080A interrupt response mode. With Ihis mode, the interruptUlg device can place 
any Instrucllon on the data bus and the CPU will execute iI. Thus. the lIIterrupting deVice provides the next Instruction 
to be executed Instead of the memory. Often this will be a restart instruction since the interrupting deVice only need 
supply a single byte instruction. Alternatively. any other inSlruction such as a 3 byte call to any location in memory 
could be executed. 

The number of clock cycles necessary 10 execute this instruction is 2 more than the normal number for the instruc· 
tion . This occurs srnce the CPU automallcally adds 2 wait stales to an Interrupt response cycle to allow sufficient lime 
to implement an external dal.$}' chain for priorny control. 

After the application of RESET the CPU will automatically enter Interrupt ~l ode O . 

.\Iode I 

When this mode has been selected by the programmer. the CPU will respond to In interrupt by execullng a restart 
to local ion 003SH. Thus the response is Identical to thal for a non maskable Interrupt except thal the call1o.::l1Ion 1$ 

0038H instead of 00661-1 . Another difference lS that the number of cycles requ ired to complete the restart mstructton 
is ~ more than norm31 due to the twO added wait states. 
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Mode :! 

This mode is the most poweriul interrupt response mode. With a single 8 bit byte from the user an mdirect call can 
be made to any memory location . 

With IhlS mode the programmer maintainS a table of 16 bl1 startmg addresses for every Interrupt service routme . 
ThIS table may be located anywhere in memof)'. When an interrupt IS accepted. a 16 bIt pomter must be formed to 
obtain the deSIred interrupt service rOUllne startmg address from the uble . The upper 8 bits of this pomter is formed 
from the contents of the I register. The I register must have been previously loaded with the deSired value by the pro
grammer. i.e. LO I. A. N"ote that a CPU reset clears the I register so that 11 is mlllahzed to zero. The lower eight bits of 
the pointer must be rupplied by the interrupting device. Actually. only 7 bits arc reqUIred from the mterrupting device 
as the least signtficant bit must be 3 zero. This tS required Since the pOinter is used to get tWO adjacent bytes to form a 
complete 16 bn service routine starting address and the addresses must always start in even locations. 

Interrupt 
Service 
Routme 
Starting 
Address 
Table 

~--, 

deSIred starting address 
pointed to by: 

f-i-IO,-,W,;-"O,,,,di""-1 ) 1 1 REG . J BITS FROM To I 
high order CONTENTS , PERl PHER~ 

The first by te In the uble IS the least slgnificant (Iow order) portion of the address. The programmer must obviously 
fill this table in with the desired addresses before any interrupts are to he accepted. 

Note that this table can be changed al any time by the programmer (if it is stored in Read/Write Memory) 10 allow 
different peripherals to be serviced by different servIce routmes. 

Once the interrupting devices iupplies the lower portion of Ihe pomter. the CPU automatically pushes the program 
counter onlO the Slack. obtains the starlmg address from the table and d~s a jump to thIS address. This mode of res
ponse requires 19 clock periods to complete (7 10 fetch the lower 8 bits from Ihe interrupting device. 6 10 save the 
program counler. and 6 to obtain the Jump address.) 



• 



Appendix 

• 



-
210 

A.I ASCII Code Table 

The rollowing arc the ASCII codes for Ch3!3cte~; 

~ o 1 1 2 3 4 5 6 7 8 9 A B eD E F 

LSD 0000 0001 10010 0011 0 100 010 1 OIIO 0111 1000 1001 10ID lOll 1100 1101 1110 1111 

0 0000 ,sp ; [Q] ~ ~ .' ~ ITJEl1@] I[6JOJed B D 
~ 

I 000 1 0 DJ ITJ[KJ [9J H rn EB ~ @] ~ [] [J E9 ~ij] 
2 00 1 0 0 B [gJ[ID [ID X ~ LJ ~ ~I m; ~ EDCOD 
3 001 I = [j] ~ ~ ~ i± ~ ~ 1 c::J ~~ DBJa ~ 
4 0100 Cl [IJ @] [Q] ITJ [R ~ rg E] ~ Cd 0 0 El IIJ 
5 o 1 0 1 

[:J ~ ffil~ [Q] ~ ~bJ!;83 ~ E:'l D IJ Ll [;jjjj 

6 o 1 I 0 I ~ ~ [ill [fJ [2J ~ Cj [] w IT] L':3 B el Q ~ 
7 o 1 I I ~ [2J1§] ~ ~ &:I Cl [ID § [Q] 0 U lD [Q] 

8 1 000 rn lml[8J 00 Dl ~ C5l [El [QJ DJ • ~ DJ ~ 
9 1 00 1 DJ lID [I] [Y] 1n. IS] ~ ca w [KJ II""l ~~ 0 
A 101 0 I~ I DQJ ~ I* ~ Cd lliJ [IJ [Q] OD ~ ~ 

B 1 0 1 1 ffi GJ [EJ [0 -tc:l ~ ~ ~ GJ @:J[B Gl ~ ~ 
C 1 1 00 [J IT]rg !Sl K ~ I EJ [ill[]]]b] C IEJ 0 W 
0 I 1 0 1 [cru El EJ[0 DJ ~ ~ [] [Cl ffil[tJ [J ~ ~ [] 

E 1 1 1 0 [J [}] [NJ [!] H IZJ Q[pJ [fu[IJ fiJ ~ I2J ~ 
lZl rn [Q] B .L. 

~ ~ [JJ ~ D ~ 0 ~ F 1 1 1 1 ~ 
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A.2 Display Code Tabk 

The following are the display codes of the MZ-80A. 

~ 
0 I 2 3 4 5 6 7 8 9 A B el l) E F 

LSD 0000 0001 00 10 OOJ 1 0100 0101 0110 alII 1000 1001 1010 1011 1100 1101 I1IO 1111 

0 0000 SP .[E) [QJLl m III ~ lo m [£] bJ 0 ! ~ ::::H21 
I 000 I ~ [9J ITJI [] ~ IT] IT] D@] @] § ~ 0 rn []~ 
2 0010 [§J IBJ [gJ 'D I'11III [J B 0 llil [[] IT] ~ 0 m bll["] 
3 00 I 1 [9 [§J ~ 0 • ~ [j] D ~~ III [J = ~ I'V ~ 
4 0 1 00 [QJ III @J El~[JJ [l] El ~J[1l c::J 0 Cl @ ~ !;] 

5 010 1 ~ (g] ffil[l]El~~ [] ~:~EJ ~:J[:J ~ ~ j[J 

6 o I I 0 [El [YJ [ill D III ~ ~ IZl [IJ GJ ~ ~ (i) ~~ ~ 
7 o I 1 I [ill ~ [1J 0 [j] [TI ~ ISJ [ID ~ Q[] ... ~J ~ [rJ 

8 1 000 [El [gJ [§J Q IQ] [!] IT] El lliJ ~ E:J I ~ H ~ -+:3 Gl 
9 1 00 I DJ [YJ ~ []IT][SJOJ rn [[] [Y] L':3 D ::t SJ K E;] 
A 101 0 QJ [Il El ' ~ C B Efl ~ OJ[i) [ill Q * ~ K [] 

I 

B 1 0 1 I [RJ ~ B [] [L3 ~ ~ 1J 1[1J [ill [ill~ ~ ~ b 1-:1 
c 1 1 00 [g [g DD tJ Cd ~ blm ca [QJ IT] ~ ~ H- I;;] 

0 1 1 0 1 [0 ~ [ZJ iD i:J 5J C8l O@] EJ [ill EE r:e Q ~ 1:.1 or 

E 1 I I 0 !El [I3 GJ wGiilB] lE] ~ [!i] Cl 00 0 r.J IZJ rs- 1.:1 
F I I 1 1 [QJ E!3 GJ 0 O EiJ I C3 [] [Q) 5J [Q] El ~ '\n..Z ~ 
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A. 3 Mnemonic Codes and CornsponcHng Object 

Cod" 

(Mnemonic codes are ananged in a1phabelk 

order.) 

Note 

Rn, n, d and e in the operands of each mnemonic 

code repres.efll constant data. The example values set 

forth below are used for these constants in this table. 

Rn '" S~H 

n '" 20H 

d = 5 

e '" 30H 

Data codes represented by example values are shown 

in italic and underlined. 

Or·Code 

S E 

DDSEOS 

FJ)8E05 

Sf 

88 

88 

8A 

8B 

SC 

SO 

CE20 

ED4A 

EDSA 

ED6A 

ED7..\. 

86 

008605 

FD8605 

S7 

so 
81 

82 

83 

S< 

85 

C620 -
O. 
I. 
29 

39 

DD09 

D019 

0029 

0039 

fD09 

FOl9 

fD29 

FD39 

)1 n('monk 

ADC .0\, (HI.) 

AOC A. (IX -r d ) 

ADC A.(I'\' + d) 

ADC A.A 

ADC A.B 

ADC A.C 

ADC A,D 

ADC A. t: 

ADC A.n 

ADC A.1. 

AUC A .• 

ADC HI.. ne 
ADC Ht. DE 

ADC HL. HL 

AOC HL. Sl~ 

ADD A.IIIL) 

ADD A. (IX + d ) 

AI)O A. (lY + d) 

ADD A.A 

ADD A.S 

ADD A.C 

ADD A.D 

ADD A.E 

ADD :\.11 

ADD A.L 

ADD A. n 

ADD HL. HC 

ADD HI.. DE 

ADD 111.. ilL 

ADD IU .. SP 

ADD IX . RC 

ADD IX. DE 

ADD IX. IX 

ADO IX. SP 

ADD IY.BC 

ADD IY. DE 

ADD IV, IV 

ADD 1'1, SP 
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OI~·Codc Mn~monic OP·Code "'lncmonic 

AG A:\O ( HL) CB54 BIT 2.H 

00A605 A~D (IX -d) ( BOO BIT 2.L 

fOA60S A:'\O ( IY - d) CH5~ "'T 3.( IIL) 

. ., .-\:'\0 A OOCRO$ 5E BIT 3.(l X -d) 

AO A~D R FUCMOS5E BIT 3.(IY " d) 

AI A:'\O C C85F BIT H 

A2 A;\"O 0 CIlSS BIT 3.B 

A3 AXD E C85' BIT 3.C 

", A~D H CB5A BIT 3.U 

AS AND L CB5D BIT 3.E 

1-:620 Al'\O " eBSC BIT 3. H 

CBSI) BIT 3. L 

CB46 BIT 0, ( HL) CBGG BIT 4. HI LI 

00(80546 BIT 0, (LX - d) DDCB0566 BIT 4,OX + d) 

FDCUO~ BIT 0, ( IY - d) F'OCn0566 BIT 4.ClY - d) 

( "47 BIT •• A CU67 BIT '.A 

CB40 BIT O. B CBM BIT '.B 

CB41 BIT O.C CIl6I BIT H 

C84' BIT '.0 CIl62 BIT ' . 0 

C84' BIT •. E CIl63 BIT •. E 

C84, BIT O. H CIIGl BIT '.H 

CB45 BIT O. L CIl6.'i BIT '.L 

CB4E BIT 1,(HL) CIl6E BIT 5.(UL) 

DOfB054E BIT 1. (lX---d) DDCB056E "'T 5.(lX "' d) 

."DeMOS-iE BIT I.(IY-*-d) FDCB056E BIT S.(IY - d) -
C",F niT I.A CIl6F BIT 5.A 

CHotS BIT I.B CIlGS BIT 5.B 

(8-&9 BIT I. C CIl6' "'T 5,C 

CB4A BIT I. 0 CIl6A BIT 5.0 

(&cB BIT 1.E C8GB BIT ~E 

CB4C BIT I." CBOC BIT 5.H 

C84U BIT I.L CIl60 BIT 5.L 

C85G BIT 2. ( Ht) eBiG BIT 6. (I1L) 

DDCBOS56 BIT 2. (IX .... d) 00(805':'6 BIT 6.(1X + d) 

FOCB0556 BIT 2. Cl)' -l- d) FOCBOS7ij BIT 6.(lY - d) 

(BSi BIT 2.A CIl77 BIT G.A 

C850 BIT 2.B emo BIT G.B 

CBSI BIT 2.C elm BIT •• C 

CB52 BIT 2,0 CB72 BIT '.0 

C853 HIT 2. E CIJ73 BIT G.E 
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CBi·1 

CB7S 

CBiE 

DDCR057E 

FVCB057E 

CI37f' 

CH78 

Cn79 

CUiA 

CH7B 

CBiC 

CHil} 

1)(8405 

FC8_405 

D.J840S 

C08405 

CIlU05 

"'·18./05 

EC~305 

FAS405 

Ce8-l05 

3'-

BE 

DOllE05 

rOBEQS 

BF 

IlS 

"" BA 

RI! 

Ht' 

BD 

r[20 

EDA9 

[OHS 

EOAl 

)In ~moni(' 

BIT 6. 11 

BIT 6.1. 

BIT 7.(HI.) 

HIT 7,0:\ - d) 

BIT 7.0Y + d) 

BIT 1, t\ 

BIT 7.B 

BIT 7.C 

BIT 7.0 

HIT 7. fo: 

BIT 7. H 

BIT 7,L 

CALL C.nn 

CALL )I, nn 

CALL NC.nn 

CALL nn 

CALL NZ,nn 

CALL P.nn 

CA LL I)E.nn 

CA LL PO,nn 

CALL Z.nn 

CCF 

Cl' (HL) 

Cl' ( IX + d) 

Cl' IIY - d) 

Cl' A 

CP R 

CP C 

Cl) 0 

CP E 

Cl' H 

Cl' L 

Cl) n 

CPD 

CPOR 

CPI 

OP·Code 

EDUI 

2F 

003505 

FDJ.j05 

30 

OB 

OD 

15 

IB 

ID 

2B 

DD2R 

Fo:m 

3B 

'-3 

102E 

F3 

DDEl 

FOEl 

08 

EH 

D9 

£046 

ED56 

:'Ilnemonic 

CPIR 

CPI. 

OAA 

OEe (HL) 

DEe (IX '+- d) 

IJfo:C (IY + d) 

nEe A 
VEe B 

OEe BC 

VEe c 
nEe I} 

VEe DE 

D£C E 

DJ-X 11 

nEe HL 

nEe IX 

VEe IY 

VEe L 

VEe SI' 

Ul 

DJNZ e 

El 

EX (Sr).HL 

EX (Sf').IX 

EX (SPI,I'I:' 

EX Ar.Ar ' 

EX DE.HL 

EXX 

HALT 

1)1 0 

DI I 



OP·Code 

ED5 E: 

EDiS 

UR20 

ED·IO 

ED-iS 

ED50 

ED5S 

ED60 

f:D6S 

" 00340.5 

fl)3405 

3C 

04 

03 

OC 

14 

13 

l C 

23 

002.1 

FD23 

2C 

EDAA 

EDBA 

EDA2 

EI)R2 

E9 

DDE9 

F'DE9 

0..\8405 

FA 8405 

1)28405 

C38405 

Mn emonic 

DJ 2 

I:\, A,( C) 

11' A. In ) 

1:-1 B,( e ) 

1:-;' C.(e) 

1:\ I), (e) 

11' E, (q 

II' H .(C) 

Ii\" L.(e) 

IKC (HL) 

(KC ( I X ~ d) 

IKC BY -d) 

I1\C A 

I:-: C B 

IKC BC 

11"(' C 

I:-:C D 

(:se OF. 

I:'iC E 

I~C H 

I:\C ilL 

(:se IX 

(:se I)' 

I:-:C L 

I:-;'C SI' 

Jl'U 

IKDR 

1:S1 

I:"'IR 

JP (IlL) 

JP (IX) 

JP (I n 

JP C. nn 

JP M.nn 

JP :-:C. n" 

J I' nn 

OP·Code 

<"'2 8 ·105 

F"18 ·IQ5 

EA 8405 

E2M05 

C:\ 8405 

.1S2E 

1 82f~ 

302fd.. 

2I:J2E 

282£ 

02 

12 

70 

71 

72 

73 

74 

75 

DDn 05 

IHH005 

DDil05 

DD7205 

007305 

007405 

DDi505 

01)360520 

FD7705 

rD700S 

FD7105 

FD7205 

FDn 05 

FD7405 

FD7505 

F'D36052Q 

:J28405 

EO·13840.) 

Mnemonic 

JP NZ.nn 

JP P,nn 

JP PE. nn 

JP PO,nn 

JP Z.nn 

JR C.e 

J R , 

J K NC,e 

J R NZ,e 

J R Z,e 

to (Be ).A 

U) (l)E) . ..\. 

LO ( IfL). A 

LD (HL),B 

to (HLI. C 

LD (HL).O 

to (HL). E 

LD (HL)." 

LD (HL.). L. 

LD (IlL). n 

LD (lX + d).A 

L.D (lX t d).R 

LD (IX + d). C 

LO (lX + d).O 

LV (IX - dU': 

1.1) (IX ~ d).H 

LO (I X .... d). L 

LO ( IX T d).n 

L.D (IY + d).A 

LO (IY + d).R 

LO (IY + d). C 

to (IY + d).D 

to (lY + d) , E 

LD (lY + d).H 

LO ( IY + d) , L 

1.1) ( IY +d),n 

LO (nnl,A 

LO (nn ). UC 

215 



216 

Or·Code 

ED538405 

228405 

00228405 

F0228405 

£0738405 

OA 

lA 

7E 

UDiE05 

FDiE05 

3A8·t05 

7F 

1S 

79 

7A 

1B 

7C 

ED57 

7D 

3E20 

46 

DIH605 

F0460S 

47 

40 

41 

" 
43 

44 

0620 

ED4B8JQ5 

018405 

4E 

DO-IEOS 

FD-IE05 

4F 

46 

49 

4A 

Mn emonic 

LD (nnl.DE 

LD (n nl. IIL 

LO (nn).IX 

1I) (nn).IY 

J.I) (nnl.SP 

LO A.(BC) 

LO A.(DE) 

LO A.(UL) 

LD A,(IX + d) 

I.D A.(IY + d) 

LD A.(nn) 

LO ,\,A 

LD A.n 

LO A.C 

LO A.D 

LO A. E 

LO A.II 

LO A.I 

LO A.L 

LO A.n 

LO 8.(IIL) 

LD M.OX -.- d) 

LD B.(IY .,.. d) 

LO M.A 

LO B.n 

LO B.C 

Lu B.D 

LD n.1-: 
LO n.1i 
LD B.L 

LO B,n 

LO BC.(nn) 

LO HC.nn 

LO C,( HL) 

LO C.OX ..,. dl 

LO C. (lr +d) 

LU C.A 

LO C.B 

LO C.C 

LO C. D 

OI)·Code 

48 

4C 

olD 

01':20 

56 

005605 

FD5605 

50 

" 
52 

" 
1620 

E05U8405 

11840S 

5E 

D05t:OS 

FUSEOS 

5f' 

58 

5A 

s. 
se 
5D 

IE20 .. 
006605 

F06605 

67 

60 

61 

" 63 

" 
2620 

2A8405 

Mnemonic 

LO C.E 

to C.H 

to C.L 

to C.n 

to O.(IIL) 

LO O.(IX .,. d) 

to D.Or - d) 

to O.A 

1I) D.B 

LD O. C 

LO O. J) 

LO I),t: 

tU D,II 

to O.L 

LO D.n 

LU OF .. !nn) 

LU DE.nn 

LO E.(HLI 

to E.(IX + dl 

to E.(I'I' + d) 

to E.A 

LO E.B 

U) E.C 

LO E. J} 

LO E,F: 

1.0 E.H 

1.0 E.L 

LO E.n 

LO H.(HL) 

LO H.{lX ... d) 

to H. (I "I + d) 

1.0 B.A 

LO RB 

to H. C 

1.0 H.D 

to H.E 

to 11. H 

LO 11. L 

U) 11. n 

to H.!nn} 

! 
f 



OP·Code 

:118405 

EO~i 

002A8405 

00218-105 

FD2ASJ05 

F0218405 

6E 

ODGE05 

FDGE05 

6F 

68 .. 
6A 

6. 

6C 

60 

2E20 

E0788405 

p; 

OOP; 

FOP; 

318405 

EDAS 

EDBS 

EOAO 

EDSO 

E044 

00 

B6 

D0B605 

F0B605 

117 

HO 

RI 

82 

B3 

)lnemonk 

LO IIL,nn 

LO I,A 

LO IX.(nn) 

LO IX , nn 

to IY.(nn) 

LO IY,nn 

LO I..(HL) 

LO L,((X - d) 

Ln L,(lV "' d) 

lO L.A 

U) I..B 

U) L,e 

LO 1..0 

LO t.E 

LD 1..11 

to 1.,1. 

LO L,n 

to SP,(nn) 

LB SI'. Hl 

LO SI~, IX 

LO SP.IY 

LO sr.nn 

LOO 

LODR 

LOI 

LO IR 

NEG 

NOP 

OR (HL) 

OR (IX "' d) 

OR (lY .... d) 

OR A 

OR " 
OR C 

OR 0 

OR E 

OP·Code 

R4 

Il5 

F'620 

EORB 

EOB3 

ED79 

E041 

E049 

E051 

E059 

ED61 

ED69 

0320 

EDAB 

EDA3 

FI 

Cl 

01 

El 

OOEI 

FOEI 

F5 

cs 
05 

ES 

ODES 

FOES 

CB86 

DDCB0586 

FDCBOS86 

CIl87 

CBSO 

CBSI 

CSS' 

CBS3 

CBSI 

OR H 

OR L 

OR " 

OTOR 

OTllt 

Mnemonic 

Ot'T (O.A 

OUT (C). B 

om (C).C 

OUT (C).O 

OUT (C). E 

OUT (C).H 

OUT (C). L 

OFT (n).A 

OUTO 

OUTt 

POI' AF' 

POP BC 

POP DE 

POP HL 

POP IX 

POP IY 

PUSH AF 

I'CSH BC 

PUSH DE 

PUSH HL 

PUSit IX 

PUSH IY 

RES O,(HL) 

RES O.UX + d) 

RES O.(lY - d) 

RES It.A 

RES O. B 

RES O.C 

RES 0.0 

RE,." O.E 

RES O. H 
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OP-Code Mnemonic OP·Code Mnemonic 

CRS5 RES O.L CHA5 RES U. 

CBSE RES I.(HL) CBAE RES 5,( HL) 

DDcn05SE RES 1,(lX + d) - 00CB05AE RES 5,O X ..,... d) 

FDCIJ05SE RES 1.(1'1 +- d) fOCBOSAE RES 5,(I),~d) - -
Cll8f RES \.A CBAf RES 5.A 

CBSS RES I.R CHAS RES 5,B 

CBS' RES I.C CBA9 RES 5.C 

CB..~A RES 1.0 CBAA RES '.D 
CRS R RES LE CBAB RES 5, .: 

eBSC RES I.H CUAC RES 5,11 

CIJ,SO R>:s I.L CBAD RES 5. L 

CB96 RES 2,(IIL) CBOO RES 6,(HL) 

nOCn0596 - RES 2,(lX + d) DOCnOS 86 RES 6,(lX + d) 

fDCB0596 RES Z,O)' + d) FDCBOS B6 RES 6,(1)' + d) - -
CB91 RES 2,A CBH7 RES '.A 

COOO RES 2,8 CBSO RES '.B 
CR91 RES 2, C CBBl RES '.C 
CIl92 RES 2,D CBHZ RES '.D 
CH93 RES 2.t-: CBH3 RES 6,[ 

Cn94 RES ~H CB"' RES ' .H 
CH95 RES 2. L CBBS RES '.L 
CB9E RES 3,(HL) CSBE RES 7, (HL) 

DOCB059E RES 3. (IX + d) OOCB05 BE RES 1,(lX + d) 

fOCBOS9E RES J.UY + d) FOCSOS BE RES 1,(I)' + d) - -

C89.' RES 3.A CBSF RES 7.A 

C1l98 RES 3.B CBBS RES 7,S 

CR99 RES 3.C CBR9 RES 7,C 

CR9A RES 3.0 CBBA RES 7.D 

CB9B RES 3, E CBBB RES 7,E 

CR9C RES 3.11 CBSC RES 7.H 

CB9 0 RES 3, L CBBO RF,s 1.1. 

CBA6 RES 4,(111.) 

ODCBOSt\6 RES 4,(lX + d) C9 RET 

F()CUOSA6 RES 4.IIY + d) DS RET C 

CBA7 RES 4.A F'S RET " CBAO RES 4.B DO RET 1'\C 

eBAI RES 4. C CO RET KZ 
CIH2 RF.s 4,1) FO RET P 

CHA3 RES 4,E E8 RET PE 

CBA4 RES <.H EO RET PO 
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OP-Code Mnemonic OP -Code :'tln e mo nic 

CS RET Z CSOE RR C ( Ill.) 

ED4D RETI OI)CnOSOE RRC (IX - d) 

£0.15 RET:\ FOcn050E RRC ( IY . d ) 

COOF RRC A 

CBI6 RL (HL) CHOS RRC " 00( 80516 RL (IX + dl CB09 RR C C -
FOC8051 6 RL (lr "' dl CBOA RRC 0 -
CBH RL A CBOn HR C E 

CBIO RL B CBOe RR C H 

CBII RL C ( BOU RRC L 

CH12 RL 0 OF RRCA 

C81 3 RL F. 

CBH RL H E[)6j RRO 

CBI5 RL L 

I7 RLA C7 RST OO H 

CIlO6 RLC (UL) CF RST 08H 

I)OCB05 06 RLC (IX + d) 07 RST 1011 

rIlCBOS 06 RI .c (1'1' + d) OF RST 18H 

CB07 RLC A E7 RST 20H 

CROO RLC B EF RST 28H 

COOl RLC C F7 RST 30H 

CB02 RLC 0 FF RST 3811 

CR03 RLC E 

CB04 RLC H 9E SRC A.m U 

CB05 RLC L DD9EOS SHC A.(lX - d ) 

07 RLCA FD9E05 SBe A,or + d) -
OF SRC A.A 

[OH RLD 98 SBC A.B 

99 SBC .. \. C 

CUlE RR ( IlL) 9A SBC A.D 

DDCnOS1E RR (IX ..... d) 9B SBC A.E -
FDCB051E RR (lY ..... d ) 9C SBC ".H 

CUI F RR A 90 SHe A, 1. 

ems RR B DE20 SBC A. n 

CBI 9 RR C ED~2 SHe HL , BC 

CBIA RR 0 EO-' ,. SBC HL . DE 

C8tH RR E ED62 SBC HL , HL 

CBl e RR H EDi2 SBC HL .SI' 

CBID RR L 

IF RRA 37 SC t-' 
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OJ~-Code 

CBC6 

UUt:B05C6 

FDCnOSC6 

CHCi 

CBCO 

CBCI 

CBC:! 

CBC3 

CBC·' 

CBC:') 

CHCE 

DDCB05CE 

FOCB05CE 

CBCF 

CHQ; 

CRO 

CRCA 

CBeB 

CBCC 

CBCI) 

CBDS 

I)I)Cn0506 

FOCn 051)6 

(B07 

CBOO 

CBO! 

(BD2 

('Iml 

CBI).I 

CB05 

(B))8 

CimE 

DOCR05 DE 

FDCB05 DE 

CBUF 

C81)9 

CBOA 

CBOB 

CRUC 

CHOU 

)I ncmonic 

SET O.( HU 

SI:.I O.(1X .... d) 

SET 0.(1" + d) 

SET O.A 

SET 0.1$ 

SET O.C 

SET 0.0 

SF:T O. E 

SET O. H 

SET O. L 

51:.1 I. (I l L) 

SF:T 1.(1X -d) 

SET I.(JY - d) 

SET 1.A 

SET I.It 

SET I. C 

SET I. n 

St-;T 1. E 

SET 1.11 

SET I. L 

SET 2. (111.) 

SI:.I 2. (lX + d) 

SET 2.0Y ..... d) 

SET 2 •. ·\ 

SI:.I 2. R 

SlIT 2.C 

SI:., 2.U 

SET 2. E 

S t-~.,. 2. 11 

SI:.I 2.L 

SET 3. B 

SI:.I 3.IHL) 

SET l . (lX ..... d) 

SI:.'I 3.IIY-d) 

SET l.A 

81:." 3.C 

SET l . [) 

SET 3. E 

St., 3. H 

SET 3. L 

• 

(BE6 

UDCR05 E6 

FOCBO,; E6 

CRE7 

CIlEO 

CH El 

CBEt 

CBE.1 

CB&I 

CBEa 

CBEE 

DOCR05 EE 

FOCB05 EE 

CHEF 

CIlES 

CBt:9 

CBE.'\ 

CBEB 

CI~EC 

CBEO 

CBFG 

DDCHa,; F1i 

FOCB05F6 

CHti 

CBFO 

CUFt 

CBP2 

(BFl 

CBF4 

CB" 

CBfE 

OUCR05 FE 

FOCB05 t'E 

CRH 

CBt'S 

CBF'9 

CRF,\ 

CBf'S 

CBre 

CBFD 

) 1 ncmonic 

SET 4.( HI.) 

SET 4. (IX .... dl 

St.1 'I. (I" -d) 

SET 4. A 

SET 4. B 

51:.1 4.C 

SET 4. 0 

SET 4. E 

SET 4. H 

SET 4.1. 

SET 5. (HI.) 

SET 5.(lX - d) 

SET 5.( I 'I' + d) 

SET 5. A 

SET 5. B 

SET 5. C 

SET 5.0 

SET 5. E 

SI:.-r 5. 11 

SET 5. L 

SET 6. (111.) 

SET 6. (IX + d) 

SET 6. (l'l' -+- d) 

SET 6. A 

SET 6. B 

SET 6. C 

SET 6.0 

SI:., 6. E 

SET 6. H 

SI:.I 6. L 

SET i.( II L) 

SET i. (IX - d) 

SET 7.11'1' - d) 

St::T i.A 

SET i.B 

St:T i. C 

SET i. n 

SET i. E 

SET i. H 

Sf;T i. L 



CR26 

DDCB0526 

FI)CB05 Z6 

CB27 

CB'" 

eH21 

CB2'l 

CH23 

ClIt" 

CH2.:; 

CfiZE 

DDCB052E 

FDCBOS2E 

eH2F 

ClllS 

CB29 

CB2A 

CRtH 

CBze 

CH20 

CH.n: 

DDCB05 3E 

FDCB053E 

CB-3F 

CB3S 

CH39 

CRH 

CB:m 

CB3C 

CB30 

96 

D09605 

FD9605 

97 

90 

91 

)1 nemonic 

SL\ (ilL) 

SL\. OX T d) 

SLA (IY - d) 

SL\ .0\ 

SLA 13 

SLA C 

SL-\ 0 

SL-\ E 

SLA H 

SLA L 

SRA (HL) 

SRA (lX~d) 

SRA 0'1 + d) 

SRA A 

SRA B 

SRA C 

SRA 0 

SRA E 

SRA 11 

SRA L 

SRL (Ht) 

SRI. (IX + d) 

SRl (IY + d) 

SRL A 

snL B 
SRl C 

SRL D 

SRl E 

SRL H 

SR l L 

SliB (Ht) 

SUB (IX + d) 

SUB (1'1 + d) 

SIIB A 

SuB B 

SUB C 

SUB D 

• 

OP-Cooe 

93 

95 

0620 

AE 

DOAEOS 

f'DAE05 

AF 

A8 

A9 

AA 

,\8 

AC 

AD 

EE20 

)Inemoni(' 

SUB E 

~UR H 

51113 l 

Sl' B n 

XOR OIL) 

XOR (IX + d) 

XOIl (1'1' "' d) 

XOR A 

XOR B 

XOR C 

XOR 0 

XOR E 

XOR IJ 

XOR L 

XOR n 
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A.4 Specifications 

1. MZ·80A GENERAL SPECIFICATIONS 

CPU SHARP LHOO80 (Z~PU) 

Clock 2MHz 

I Memory ROM 4K bytes (monitor program) 
ROM 2K bytes (character generator) 
RAM 32K bytes (dynamic RAM) 

Can be expanded to 48K bytes. 
(option; J6K bytes) 

Display 9 " CRT (green display) 
Character display 

8 x 8 dot matrix 
Characters; 1000 
(40 characters x 25 lines) 

Pseudo-grapruc display 
80 x 50 dots 

CU58lte Standard audio cassette tape 
Data transfer speed; 1200 bits/sec. 
Data transfer system; SHARP PWM 

Sound output Max. 400 mW (440 Hz) 

2. CPU BOARD SECTION SPECIFICATIONS 

CPU I SHA RP LHOOSO (Z80-CPUj I pc. 

ROM Monitor ROM (4K bytes) 1 pc. 
Character generator ROM (2K bytes) 

L I pc. 

I RAM Standard: 16K bits dynamic RAM 
16 pes. 

Optional; 16K bits dynamic RAM 
8 pc$. 

Video RAM (2K bytes) I pc. 

3. POWER SUPPLY SECTION SPECIFICATIONS 

INPUT Use a power source with the voltage 
shown on rating name plate. 

Key layoul 

Editing 
function 

Clock function 

Power supply 

Temperature 

Humidity 

Weight 

Dimensions 

Programmable 
peripheral 
interface 

Programmable 
counter 

OUTPUT 

173 keys 
ASCII standard main keyboard 

I 

Numeric pad 

Cursor control; up, down.ltfl, right, 
home, clear 

Deletion, insertion 

Built-in 

Local supply rating voltage 

Operating temp; 0° to 3SoC 
Storage temp ; _ I S° to fife 

Lower than 80% 

Approx. 10 kg 

Width: 440 mm 
Depth: 480 mm 
Height: 260 mm 

8255 I pc. 

8253 I pc. 

sv, - 5V. 12V (stabilizing), 
12V (non-stabilizing) 

-

I 

t 
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4. DISPLAY SECTION SPECIFICATIONS 

ISize 9" 
, 

Resolution I Horizontal *The paClem of the left in the 
~<: cente r of the picture must 

Vertical 60Hz (vertical). ;::;:;:: 
h()(izontal IS.75kHz (hOrizontal) 

be clear. 

I frequency Non-linearity Horizontal; ±S% (iI4% max.) 

Power source DC 12V,I.lA+IO% 
distortion Vertical: ±S%> (± 12% ma:I( .) 

Picture tube E2728B3; 9"90
0 

deflection 
Geometrical Pincushion disc: 1% (2% =.) 

explosion proof type 
distortion Banel dist.; 1% (2% mu.) 

Heater: 12V.7SmA Trapezoidal disl.: 1% (2% max.) 
Parallelogram dist.: 1° (2.5" max.) 

le. 1 pes. i 
High ,o!tage Zero beam: II .OkV 

~ansistOf"S 7 pes. (JO .OkV. min., 12.0kV. max.) 

Diodes 13 pes. Power supply OC 12.0V. 1.0SA ( I .2A mu.) 

Sound output 400mW max . (440 Hz) 
, 

Working range 12V ±1 0% 
Speaker 8cm, round dynamic type 

Scan size Horizontal: IO%(I5% max.) 
(32!l) 

Vertical; 10%(15% m",.) 
Control knobs Volume, V-Hold , 

1300Hz (±IOOHz limil) 
I 

Contrast , H·Hold. 
HoriZontal 

Brightness. Focus 
lock·in range 

Working _ lo°C to SO°C 
Vertical 12Hz ( 6Hz limit) 

temperature 
lock·in range 

Video output 40Vp.p standard (3SVp.p limit) 
Audio 440Hz (Od8) 

frequency - IOdB ±4dB at 100Hz 

I characteristic - 12dB ±4dB at 10kHz 
I 

5. CASSETTE TAPE DECK SECTION SPECIFICATIONS 

lSystem PWM recording Erasing OC sysTem ~ 
Power source 5V ±0.2SV (rated) Playback Im sec. to 500,u sec. (standard) 

I Rated amper. Wait ; 2mA 
sensitivity 

Record; 70mA (TEAC test tape) Input level Below O.4V ("L") I 
Playback; 7mA (TEAC test tape) Qv" 2.0V ("H") I -

Semiconductors 4 transistors Input Over 10kQ (record jack) 
lie impedance 
4 diodes 

OutpUt level Below OAV (" L") 
Appl ied upe From C30 to C60 Qv" 2.0V ("H'1 

Tepe speed 4.75 cm/sec. Working _Iooe to SO .. C 

TrKk 2·track monaural type 
temperatu~ 

Motor Elecu onic governor motor (12V) 
Storage 25°C 10 70°C 

temperature 

I Biasing , OC system 

Specifications and design subject to change without prior notice for product improvement. In such cases, items men

tioned may be partially different from the product. 
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A.S Caring for the system 

• Power cable 
Don'l p13ce heavy objects such as desks or chairs on the power cable and do not damage the covering of the power 
cable or a severe accident may occur. Be SUIe 10 pulllhe plug (not the cable) when disconnecting the unit from the 
AC outlet. 

• Line voltage 
The correct line voltage is shown on rating plate . Extremely high or low line voltages may cause trouble or result in 
incorrect operation. Contact yoor dealer if such trouble occurs. 

• Ventilatton 
Ventilation holes are provided in the cabinet. Never place the unit on a carpet or the like because the holes on the 
bottom plate of the cabinet will be covered. Place the set in a well ventilated location. 

• Moisture and duse 
Place the unit in a location which is free from moisture and dust. 

• Tempel2ture 
Do not expo~ the unit to direct sunlight and do not place il near heaters to prevent ilS temperature from rising. 

• Water and other foreign substances 
Operating the unit when it is wet or contains foreign articles such as clips, pins or other metallic items is dangerous. 
If water or other liquid enters the unit, immediately pulllhe power plug and contact your dealer. 

• Shock 
If the Unit is subjected to shock the sen~tive eleClronic parts may be damaged. 

• Trouble 
If any trouble occurs, stop operating the unit immediately and contact your dealer. 

• Long periods of disuse 
When the unit is not operated for a long time , be sure to pull the power plug from the AC outlet. 

• Connection of peripheral devices 
When connecOng peripheral devices, use-only parts and devices designated by the Sharp Corporation, Use of parts 
and devices other than those designated (or modification of the set) may result in trouble, 

• Stains 
Remove stains from the cabinet with a soft cloth moistened with water or detergent. Never use solvents such as 
benzine, or discoloration will result. 

• Noise 
When the urnt is used in locations where there are high electrical noise levels induced in the AC line, use a line filter 
to remove the noise. Keep che signal cables away from power cables and other electric equipment. 

• Use and stOl2ge 
Do not use or store the unit with the upper cabinet open, or trouble may occur. 

• Radio wave interference 
When a radio or TV set is used near the MZ-80A, noise may interfere with broadcast reception. Equipment causing 
a strong magnetic field may interfere with operation of the MZ-80A. 
Keep such equipment at least 1to 3 meters aw:ay from the MZ-80A. 
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• Power switch operation 
Once the power switch is turned off. wait at least 10 seconds before turntng it on again. This ensures correct opera
lion of the microprocessor. Never insert the power plug mto an AC outlet with the power switch set to ON. 

• Cassette deck maintenance 
Duty cassette deck recording and reproducing heads may result in incorrect data recording or reproduction . Ik 
sure to dean the heads every month. Comme rcially available cleanmg tape is com'cnicnt. 

• Discoloration of CRT screen 
If a certain spot of the CRT screen is lit an external period of time the spot may become discolored. (Ifit is neoes-
53ry for certain spot 10 be lit fo r an extended time,turn down the brightness control on the display control unit.) 

• 
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