TRS-80°
PC-4 OWNER’'S MANUAL

CATALOG NO. 26-3650

CUSTOM MANUFACTURED FOR RADIO SHACK, A DIVISION OF TANDY CORPORATION
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Thank you very much for purchasing the PC-4, This handy, personal computer is
excellent for those who are beginning to learn about computers.

With the PC-4, you can enter the world of computers and start programming using
BASIC language,
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This computer Is delivered to you through our strict testing process, high-level
electronics technology and r;g»d quality control, )

In order to ensure the longevity of the computer, please be sure 10 note the following
precautions,

Use Precautions

Since the computer is d using pracision al ics parts, never attempt to
take it apart. Also, do not subject the computer 1o shock such as throwing or drop-
ping it and avoid extreme temperature variations. Be espacially careful to.avaid high
temperature locations where there is also high humidity or & lot of dust, However,
if the ambient temperature Is too low, the display response speed may be stow or
there may be no display. When normal temperature conditions are resumed, the
computer will operate narmally.

@ Do not attempt 10 connect any equipment to tha adapter socket other than our
exclusive optional equipment,

@ While the computer is operating, a “'—" (dash) will be displayed. At this time, key
operation will be ineffective except for one section. Therefore, always be sure to
press tha keys whila confirming the display.

Ba sure to replace the batteries every 2 years regardiess of the amount of use,
Worn out hatteries may leak and cause 8 malfunctian, Thara'ore_ never leave old
‘batteries inside the computar,

To keep the computer clean, wipe off surface with a.soft, dry cloth or one which
has been dampaned with a neutral detergent.

In case of malfunction, contact the Radio Shack store where [t was purchased,

" Prior 1o seeking servios, please read this manual agaip and check the power supply
a5 well as the program, Also, an operational error may be the ceuse.of an apparent
malfunction,



® Power Supply and Battery Heplncsrmqt

This instrument uses two lith{um batteries {CR2032 Cat. No.23-162) for a power supply.
1f the display contrast is weak even when the contrast control is adjusted for maximum,

Irefer o page 11), the batteries should be replacad:at the earliest oppo

Be sure to replace the batteries every 2 years,

® How to Replace the Batteries

(1} After turning the power switch off, loosen the two -

screws on the back and then remove thé rear panel,

(2)While pressing on (&), slide the battery compart-
ment fid in the directian of the arcow and remove it.

13) Remave.the'old battaries.
(This will be easier If you tap the unit lightly
with the battery compartment facing down,)

(4) Using & dry cloth, wipe off the new batteries and
insert tham with the & (positive) side facing up,

[5)Slide the battery chmpartment lid closed while
pressing down on the batteries.

(6] Replace the rear panel and tighten the screws,
After turning the power switch an, press the ALL
RESET button with a pointed object.

g,

ALL RESET button

-8



Adapter connector £ Display contrast contral

Display window Calculation instruction keys

Shift key Execute key

Power switch Numerical keys and decimal point key
Mode key Alphabet keys

Each key has 1 or 2 operations. The operations can be divided by using the Shift Out
mode, whareby the keys are pressed directly, and the Shift In mode, whereby keys are
pressed after prassing the {SHIFT) Kéy.

Example:
Gosus —— Shift In mode
——Shift Dut mode



Key operation in the Shift Out mode

g (=) (2] (5]
AWEEHDDODOEIE
EEEEEME O]
ENEOMNENMEEE

Key aperation in the Shift In mode
®EEE
beadhdhchebeheaches
s o, g g o o
2 e s e, e g = 8

) &)
=] x |
pEEE
=l +
BIJ(EXE]

BEES
RN
e 2
Bt £,
&5 (EE]

* In the Shift In mode, the alphabet keys become onekey commands and the

numerical keys become program area designation keys.

® In addition, using the Extension Mode (press (5] and “"EXT" shows on display),
while in the Shift In made results in special symbols displaysd for each alphabet
kay that s pressed, Lower case letters will be displayed, however, if the Extension

moda is used whils in the Shift Qut mode.
Shift in mode using the extension mode
PP Ty
PERFFeYTTO
FEFEFFFO0ONO
Shift Out mode using the extension mode

ooolaaininaln
HEDDEEDE00
DEEOEEEO00



[S]wwr  shift Key (Symbolized by & hereafter)

I this key is pressed, the Shift In made is selected (" ()" is displayed) and tha Shift In

functions on the keyboard can be used. Da not confuse [5] (red key) with the regular

(8 (letter "S").

) Mode Key

This Is pressed in conjunction with [ and @ through [B Keys to designate the

computer's condition or anguiar unit In advance.

=] ..o "EXT" is displayed. The Extension mode is designated and lower case

letters or special symbols can be used, depending on whether the Shift In

or Shift Out modes hawe been previously selected, To relaase the Exten-

sion mode press @[] agai

“RUN" s displayed. M.unual calculation and program execution can be

performed.

"WRT is displayed. Program write-in and checkingfediting can be per-

formed,

“TR" is displayed. Exacution trace can be performed, (Sea page 43 for

details.}

= TR disappears from display. This mode disables the execution trace
function| BEE) ).

“DEG" is displayed. The angular unit will be designated as "degree”,

“RAD" is displayed. The angular unit will be designated as "'radian",

“GRA" Is displayed, The angular unit will be designated as “gradient”’,

“'PRT" is displayed. |f a printer is connected, printout can be performed,
PRT" disappears from display. This mode disables the printout function

(=3 ).

(=] Cursor Keys

Press to move the cursor left or right. If pressed once, cursor movas one character
space. If kept pressed the cursor continues to move automatically.

&8 Al Clear/ON Key

® Press to clear the entire display.

® If pressed during program execution, program execution will stop.

® \When an error message is displayed, press 1o clear the errar message display.

® When auto power off is in operation {automatic energy saving function, refer to page
13), and the display s off, press to turn power back on.

Deloto/Insert Koy

® Deletes one character:at the position of the blinking cursor.
® |n tha Shift In mode, press to opsn up one character space for character insertion.



stap Key

If pressed during program execution, “STOP™ will ba displayed and program execution

will stop at the end of the line.

During exscution traca with “"STOP” on the display, this key displays the program

area number and the ling numbers,

B0 Executs Key

® Press @ instead of “=" when the result of a manual calculation s required,

® In the “WRT" mode, when writing in & program, press to writa [stora) each lina in
the computer, If this key Is not pressed, nothing will be written in.

® In the "RUN" mode, press for data input during program exscution or to continue
program execution while “STOP" is displayed.

Answer Key

In manual calculations, press {answer) to recal| the previous calculation result,

b1 o
) Exponent/Pi Key
When inputting exponential values, press (] after Inputting the mantissa portion.

Example: 2.66x 10% -~ EEE®EEEE

“ The exponential portion may bea maximum of £39. If this is exceeded, an error will
oceur,

(Z) Equal Key/Comparison Kay

® Press (5] when using a substitution statement or for comparison when using an IF
statement.
® In the Shift In mode, press (@) for comparison when using an |F statement.

Numerical Keys/Program Number Keys

® Press when inputting numerical values into the computer, Press (3]
at the |location of the decimal point,

® In the Shift In mode, @) through (&) become the program number
designation keys and when a program has been written in, the
program will start,

® The cb Key is pressed in the Shift In mode when a power (X*) is
fequired,

5 o
T v Kays

® When performing addition, subtraction, muitiplication and division, press the res-
pective keys,

B3 s usad for multiplication (corresponds to “x"'}.

Bis used for division (corresponds to +).

In the Shift In mode use thesa keys for comparison of  judgment in an |F statement,

.



WEIE

OWERE

WRE FOR TO STER NEXT GOTO IF  THEN

REREEEMLEIE

WU ST END DEM RUN usT %

XV (BIN)(M]

Alphabet Keys/One-Key Command Keys/Character Keys.

® When writing in a program in the Shift Qut mode alphabetical characters are dis-
played, Press the Key when a $pave is required,

® ([@~(EKeys: In the Shift In' mode the characters written on the panel above the
keys are displayed.,

® [Z) ~fjkeys: In the Shift In mode the onekey commands which are written on the
pane! above the keys are displayed.

-9



xr®BUN pegraograth G Y Y paT sTOP
-1. 234567859

The display shows the calculation value or result. A character may take up an area
on the display composed of & horizontal and 7 vertical dots. A maximum of 12 posi-
tions are available for display of numbers or characters. (Zero is displaved as @.) How-
ever, if a formula or statement exceeds 12 positions, the numbers or characters will
move 1o tha left —a maximum of 62 characters can be input,

The blinking cursor is disptayed until B8 characters have been input., From the 56th
character on, a blinking " 1" will be disptayed instead.

A 4-position numerical display on the upper portion of the display indicates the number
of staps remainin
In addition » “—" (dash) will be displayed 1o the right of the 4-position numerical
display during operation,

Also, in the Shift In mode, abbreviations for angular units such as “DEG", "RAD"
and "GRA" will be displayed. Similarly, “"RUN" (RUN mode}, “WRT" (WRT mads),
"TR" (TR mode], “"PAT" (PRT madel, and “STOP” will be displayed to indicate the
current mode of operation.

|ABCDEFGHITE |

(+-do= ] VEE

—10-



To adjust tha display contrast use the control located on the right side of the computer.

4 [

Turn in the direction of the arrow to increase contrast. Turn in the opposite direction
10 reduce contrast,

The PC4 comes with a standard RAM area of 544 possible steps and 26 memories,
However, this can be increased 1o a maximum of 1568 possible steps and 222 memories
with the optional RAM Expansion Pack (Cat, No. 26-3653). This expanded RAM area
can ba used the same as the standard area besides permitting step number increase and
memory expansion {Refer to page 12).

® How to install the RAM Expansion Pack

Note: The internal circuitry of the RAM Expansion Pack may be damaged by static
electricity. Therefare: | befare handling the pack ground yourself to discharge
any static electricity by touching 8 metallic object such as a doorknob.

(procedure)
(1) Turn the power switch off.

{2} Loosen
remove the rear panel,

—-11-



(3) Insert the pack into the socket on the
computer body and slide the clasp into &
|ocked position,

*Never touch the connector portion of the
RAM pack or the PCB pad portion of the
computer body.

(4) Replace the rear panel and tighten the
SCrews.

There are normally 26 memory units {variables), The number of steps at this time is
544, The maximum nuimber of standard memory units is 84, Using the RAM Expan-
sfon Pack the number of memary units can be expanded to 222. For memory expan-
sfon, program steps are converted to memory using 8 steps per memory,

Number of Number of Program Steps
Memory Units Standard
26 544 1568
27 536 1660
28 528 1552
48 384 1408
94 0 1024
200 176
222 —~ 0




Memory expansion is performed tn units of 1 using a DEFM command,

Examgple:
Expand by 30 and make 56.

Operation:
Selact the RUN mode (prass

@1 ) or the WRT mode (press sl (1) ).

DEFM 3om * % X VAR : 56
* DEFM can b input by pressing (8)(€) (D)) or by pressing (T -

A DEFM command is also used 10 confirm the number of memories which are currently
designated.

A total of 66 memorias are designated.

Input DEFM L] * % *VAR:56

® If & designation is attempied when a large number of program steps are already in
use, ERR 1 appears on display to Indicate thare is an insufficient number of available
steps and to protect the existing program, (ERR 1 ..., insufficient number of steps)

® The exclusive character variable ($) is not counted when designating since it is a
special memory.

This is an automatic energy-saving functian which prevents power consumption when

you forget to turn oft the power switch. Approximately 7 minutes after the last key

oparation {except during program execution), power will go off automatically,

Power can be resumed by pressing the @8 Key or turning the power switch off and then

on again,

* Ewsn it power is turned off, memory contents and program contents will not be
erased. Howewer, angular unit designations and mode designations { "WRT"', "TR"",
“PRT”, atc.} will be erased,

-13-



Manual calculation and program calculation are performed in the “RUN" mode, (Prass
8 &) and RUN will be displayed. )

"DEG", "RAD" and "GRA", only apply to anguiar units and their display has no
atfect for a calculation which has nothing to do with angular units,

The PC-4 has a built in Calculation Priority Sequence and will perfarm calculations.
lbased on that saquence,
The Calculation Priority Sequence is determined as follows,

1} Functions (SIN, COS, TAN, etc.}
Power
Multiplication and division (% and /}
@ Addition and subtraction (+ and —)

Example:
2+ 3%SIN (17+13) 1 2=2.75
D

M
e @ -y
e o W oy
&
The PC-4 can sustain 12 input positions for the mantlssa portion and 2 positions for tha
exponential portion, Internal operations are also performed using 12 positians for the
mantissa partion and 2 positions for the fal portion, Th from 1 x
1079 10 +0,09999999099 » 101° and 0.
The number of output positions is 10 for the mantissa portion and 2 for the exponential
portion. However, if an exponential portion is attached, the mantissa portion will be 8
positions,
* For function results, when the number of display positions (12 positions) is ex-
eseded, up 1o 12 positions will be displayed, including @ and the decimal point,




+7=14285.71429 @57 14285,71429
(1%10°) +7-14285=0.7142857 1(O5EA7E2 1428580 0.7142857
When the caleulation result excesds 10'° (10,000,000,000) or goes below 1072 (0.001),
it is automatically displayed using an exponential dispiay.

Example:
1234567890 1012345678900  1234567890E3 1088 |1,2345678¢10
(=1.23456789 % 10'") Exponential sign
* The exponential portion is displayed along with an exponential sign following the
mantissa portion.
123410000~ 0.0001234 1.234E3100008 |1.234¢

(=1234x10"")

{1) Calculation symbols and function commands
Calculation symbols used in BASIC include the ““+ and * signs used for addition
and subtraction. However, for multiplication and division, " %" and *' [ " are used
instead of “x " and " %",
Example:

243-4x5+6 becomes 2+3 -4 %5(6

The calculation functions availabla with tha PC-4 are as foliows:

Function Name Form
Trigonometric function sno X SN x
cos ¥ cos x
an x TAN x
Inverse trigonometric function  sin ™' X ASN ¥
cos™' ¥ ACS ¥
[El ATN x
Square root vz S0R x
Exponential function e EXP 1*
Natural logarithm n x LN x
Common logarithm log % LoG x
Change 1o integer INT 2 INT x

-1~



Detete fraction from the integer portion FRAC © FRAC x

Change to absolute value lxl ABS T
Symbolize positive number +1  SGN X
0-+0
negative number =—1
Round off tround off xat 101 AND (z, ¥)*
Random number RAN #

* In the case of the RND function the argument must be anclosed in parentheses.

* EXPis a command to call out the numerical value of the exponential table.

The result obtained by executing a manual calculation or program calculation is storad
until the next calculation is executed. This result can be displayed by pressing the
Key.

Example:
T41+852=1593
2431-1593=838
Opaeration:
ZEDRaEER 741+852
@ 1593
2431-1593
L] 838

Alsa, the numerical vaiue which is displayed following a calculation can be used in the
next calculation just as it is.

Example:
25.3+13.8=39.2
39.2X%7.6=291.92

EECEaICCSE 39.2
39.2%7.6
-] 297.92

16—



If tha formula or substitution statement do not conform to BASIC grammar or if the
calculation range of the computer is exceaded, an error will occur during execution and
an error message will ba displayad. Concerning power {(xty) however, when 3 is a
natural number, an error will not be displayed even if x is smaller than O (zero), The
following error messages are displayed for manual calculation.

ERR2 {Syntax error)
ERR3 ical error)

The following error messages are displayed for program calculation.
= {A syntax error has occurred on line 18 of
ERR2 PB—10 program P.)
(A mathematical error has cocurred on line 30 of
ERR3 P2 39_ program P2.J

(Refer to page 61 for an explanation of error messages,)

* If the calculation result exceeds $2.99999999999 x 10°*, an overflow will occur and
an EAR 3 error massage will be displayed. Also, it the result is less than 1.0 x 10°%
an underflow will occur and the calculation result will become 0.

For manual calculation as well as for program calculation and program write-in, key
operation is performed as fallows.

(1) Alphabetical input

Example: [nput ABC

Operation: mEE) ABC

Example: Input SIN

—_—
Operation: EOHE SIN

® Numerical input

Example: Input 123

Operation: 123

Example: Input 963

Operation: 96,3

=



* Symbol input
Example: Input $#7

Operation: 0 e 5 O $H?

Example: Input @ ¥4 J:E’“'""“" mode
Operation: (... fextension mode designation) |
fer
EPEPET l@va
(... [extension mode release) L @¥Q

® Input of numerical value with exponent
Example:  Input 7,896 x 10"

Operation: FrESEETnE 7.896615

Example: Input —2.369 x 107%

Operation: —2.369¢45
(2) Changing Input (c ion, Deletion and )

® Correction
Mova the cursor to the loeation to be corrected using arrow keys ( (& and } then
press the correct character number or symbol.

Example: Correct "A$" to "8%". AS_

Operation: Move the cursor two character positions 1o the left,
EE A%
Press the [E) Key. B$

Example: Correct "LIST" 10 "RUN". LIST_

Operation: Mave tha cursor 4 character positions ta
the left,

EEEE LIST
Press [W[DI[RES or . RUN _

-18—



@ Delation
Move the cursor to the pasition to be delated and press the Key. Each tima tha kay
is pressed, one character is deleted ard the characters to the right move one pasition

ta the left,
SIIN_
Operation: Mave the cursor 2 character positions 1o
the left.

Example: Delete one of the "I characters fram
“SHNT,
SN .
Press &, SIN

Example: Delots "X " from “INPUT X, v, | INPUT X,Y—
Operation: Move the cursor 3 positions 1o the left.

EEE INPUT X,Y
Press GREE . INPUT Y )
® Insertion

Move the cursor to a position located Just to the right of the character after which you
want to make an insertion. AT that position, press @2, and one character space will
e opened up. Then press the desired character, number or symbol key,

Example: Change “T=A$" 1o "T$=A%" T=AS%_

Operation: Mowe the cursor 3 character positions to
the feft,

FEE
Press @ and open up one charac:
1er space.

Press @ich

PRINT X" to "PRINT SIN X", [ PRINT X_ o

Operation: Mave the cursor 1 character position to the left.

Example: Chal

® PRINT X
Press ) 20 ) 20 G A5, PRINT _ X
Press (S0 . PRINT SINX

The above are methods for changing input contents.
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Manual calculations are not made automatically by storing calculation’ formulas as a
program,
Instead, the calculations are performed manually by substituting the caleulation on the
right side of the numerical formula for the left side or by calling out the contants of the
wariable,

® Addition, subtraction, multiplicstion and division are performed by true slgebraic
logic operations, K3, &3, 3 (x), B (*) and @@ (=) ara used raspectively,
The B Key is used 1o obtain the calculation result.

Example: 12+36-9%5+4=3675

Operation:
JGiE=) + et )« 1 - 2] 12+36-9%5/4
] 36.75

® Calculstions involving functions are performed in the same manner as a narmal
formula, Data which may include addition, subtraction, multiplication and division
operations is written in following the function command,

Example: log 1.23=0.0839051114

Operation:

LOG 1,23 LOG1.23
@ 2.0899051114

* In this manual, the frames around letters and numbers will be omitted.
Example: (5D (CCDEEETEN — SING L 15 B BL,m

® When storing a numerical value'or a calculation result, letters A through Z af the
alphabet, or a combination of latters and numbers (when used as an array), can be
used as totalling variables 10 Operate as mamories.
A substitution formula is used to convert a numerical valus or a calculation result
into @ variable.
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Example:  Store 1234 in variable A

Operation: A11234 A=1234 B
@ -

Example: Add the result of 23 x 56 to varlable K.

Operation: K(EIK 3230356 K=K+23%56
= "

This manually performed method is similar to & substitution statement in a program,
* Prior (o pressing the @@ Key, corrections can be made by moving the cursor to the
position to be corrected and pressing the desired key.
(Refer 10 page 18,)
* To clear the entire display, press @8 ,

4-3-1 How to Perform Fundamental Calculation

® Addition, i ion and Division
Example: 23+4.5-53=-255 N
Operation: 2334, 5E53@ [—25.5

Example 56X (—12)+(—-2.5)=268.8

Operation: 56 EN=E1 2 ML A2, 5% 0 | 268.8

Example: 12360 7532 % T4103=6.9036806:% 10" ( =6303680600000)
Operation: 12369E37532E374103@ [3-98368@6:12
Example: 1.23-90+45.6=2.9970760 % 10-* (=0.00029970760)

Operation: 1.23EA9CEA45.60 2.9970760r @4

* When the result exceeds 10'% (10,000,000,000) or 7s less than 107 10,001}, it will be
displayed exponentially,

Exomple:  7x8+4X5=76

Operation: 7E3SEA4EA5E 76

Example: 12+ (2.4 10*) = 42.6— 78 36.9=2767.602817

Operation  12E32.4E5E242,66378E336.98 2767.602817

-21-



® Memory calculation

Example: 1245540
12%31=312
76+12=6.25

Operation: AE1200
AB45m
AB31@
75@Amm

Example  23+9=32
53—6=47
= M5%2=90
99+3=33
Total 22
Operation: M(=23€39E0
MEMRs3E6E
MEME458326@
MEME99E3m

ma [22

* In this calculation methad the rasults of the raspeclivu_ calculations are not known,
yet they are converted to M. Whan you want to see the calculation results, usa the
following method:

23@9@m 32

ME=m

s3@sm 47

MEMEEE o
456320 [e6
MEMEEm S
99m3Im EE
MEMEE=E

e |22
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4-3-2 How to Perform Function Calculation

. Tﬂoommlmn functions (sin, cos, tan) and inverse trigonometric functions (sin™',
Y, tan” )

W'hen using tri ic or inverse trig ic functions, be sure 10 designate the

angular unit,

Example: sin 12.3456" =0.2138078201
Operation: @@+ "DEG*

SIN 12.3456@ 9.2138079201

Example:  2-sind5" X 00565.1° =0.5854345575
Operation: 2E3SIN4SEICOS65. 1@ ‘6.5954-345575

Example:  5in '0.5=30"
Operation: ASN 0.5 [30

Example: COS (Frad) =05
Operation: (S}~ *RAD"
COS 55 s B 3600 9.5

Example: 005" %5 =(,7853981634rad B
Operation: ACSB35SQR 2 EA2650 0.7853981634

Example: tan(—35ra)=—0.612800788
Operation: W&+ *GRA" o
TAN@35E -0.612800788

® Logarithmic functions {log, In) and exponential functions (€, x*)

Example: log 1.23(=log.1.23)=0.0893051114

Operation: LOG 1,230 2.0899051114

Example: In 90 (=log.90) =4.49380967
Operation: LN 90@
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Example: ¢ =72.718281828

{This function is 8 command to call cut the numerical value of the
exponential table,}

Operation: EXP 180 | 2.718281828

Example: 10" = 1698243652
(To get the antilogarithm of common logarithm 1.23)

Operation: 12,1230 | 16.98243652
Exumpla: 55752 58143837 S
Operation: 5,652,530 [52.58143837

Example: 1231 (=177) = 1.988647785

Oparation: 12365151 | B3 7 i @0 [1.988647795

Example: fog sind0"+tog c0s35” = —0.278567983
The sntilogarithm is 0.5266407846 {logarithmic calculation of sin 40° x cos 35%)
Operation: gd)+ 'DEG*

LOG SIN 40€3L0G COS 36588 | —0.278567983

19 EEER { 0.5265407845
* The input range of power (X1 ¥} isx >0, S Rt ==

® Other functions (v~, SGN, RAN #, RND, ABS, INT, FRAC )
Example: .7 .5 =3 65028154

Operation: SOR 2E3SOR SM@ | 365028154
Example: Give 1" to a positive number, '~1"" 1o a negative number, and “0" to @

zer0,

Operation: SGN 6@

2 =
SGN om a

SGNEzm -

Example: Random number generation (pseudo random number of O< RANH< 1)
Operation: AANGIHE 0.790373907
Example: The result of 12.3%4.56 is rounded off at m‘.xample)
12.3%4.56=56.088
Operation: 'RND#I--12- 3134 -56 @i 03 2600
# For RND (x, ¥}, 9 Is | #I< 100 \ 56.1
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Example: |~ 78.9-+5.6/=14.08928571 o
Operation: ABS |- E78- A5 6MM | 14.08928571

Example: The integer portion of 2% 1581,

Operation: |NT 1.7 800 960 ‘.31

* This function obtains the maximum integer which does not exceed the criginal
numerical value.

Example:  The decimal portion of 58 is 0.25.

Operation: FRACHIL 7800260 0.25

® Designation of Number of Effective Positions and of Number of Decimal Positions

Designation of number of effective positions and number of decimal positions is
performed using a *SET* command.

SET En (=0 through Bl
SET Fp (#=0 through 9}

Designation of number of effective positions
Designation of number of decimal positions .
Designation release ....... SETN

* When the designation of the number of effective positions is "SET E ©* , the
number of positions is 8,

* The last dasignated position will be displayad rounded off.

Furthermare, the original numerical values will remain inside the computer and in the

Memary.

Example: 100+ 6= 1666666666+

o SETE4m@ 4 attestive
100m6m [1.867¢c01

Example: 123+ 7=17.57142857

Operation: SET F2 @ 2 decimal positons}
123m@7m 7.57

Example: {3 =0,3333333083
Operation: SET N @ (releases the designation)
1@3m
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Onedimensional arrays are used with lettars a‘lanhad such: as Ali), Bl.'l 8tc. Smue
thase arrays are used both with the normal and with
Pay attention to the following array arrangement,

A=A(0)

B=A(1)=B(8)
C=A(2)=B({1)=C(0)
D=A(3)=B(2)=C(1)=D(0}
E=A(4)=B(3)=C(2)=D(1)=E(@)

Y=A(24)=B(23)=CL22) oo =Y (@)

Z=A(25)=B(24)=: =Y(1)=Z(@)
A(26)=B(25) =Y (2}=Z(1)
A(27)=BU26)= w+revevvveins e e =Y (3)=2(2)
Expanded memories | |
ALDEI=BIOZ)m reeterremsimmminssssenssings =Y(69)=2(68)

Whan arrays are used in this manner, since the sime memory may be used depending on
the array argument, avoid using the same memory in the same program.
Example:

Can be used at the same time ..,
Cannot be used at the same time

B.C,F(@], F(9)

3 AlB), Al6)

Perform memory expansion correctly according to the size of the array.
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Program calculation is 3 method for:
Programming the calculation or formula to be executed.
) Storing the program in the computer,
(8)Obtaining the result automat/cally by simply Inputting data in the pragram,

Let’s examine the programming concept and procedure required to process 4 given
probiem using the computer. -

® Programs and Programming

When computer users process a problem, they compose Instructions which are written
ina Iang_um'a that the computer can understand, These instructions are called a “pro-
gram’’ and composing these instructions is known as ““pragramming”’.

® What is a program?

In order to make a program, there are various rules or grammar, This will be explained
Iater in detall. At this time lat's take a look at an example of a simple, fundamental
program 1o see what it looks like,

Command ﬂpFof‘nd

18 INPUT A,B——— Input statement
2@ C=A+B ——— Operation statement
3@ PRINT € ———— Output statement

The above is a fundamental program which consists of an input statement, an oparation
statemant, an output statament, and line numbers. An input statement is used to enter
the data, An operation statement Is used 10 process that data. An output statement is
used 1o retrieve the execution rasull. Line numbers are used at the beginning of each
line, The operation statement can include judgment statements and cover many lines
to make a lang and complex program, Also following the line number, a line consisting
of one word appears. This word is called a "command” and it tells the computer what
to do next. Following this command is-a character string which contains information
required to process the command. This is called the “operand"’.
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® How to Count the Number of Steps
A command or a function command in a program uses 1 step,
A line number (numerical values from 1 through 9999} uses 2 steps.

Exampla:

-10 steps

il s
z 1 [ E—
Total 22 steps

5-2-1 Constants and Variables

Characters which can be used in BASIC are capital letters {A through Z) and numbers (@
through 9) and certain special characters such as symbols, etc.

* Constanits

The characters used in BASIC are capital letters | A through Z}, and numnbers (@ through
9}, and certain spacial characters such as symbols,

Example: S=ar’ becomes S=x %kA12

25 the constant.
* Variables
A variable is a single capital letter (A through Z) or a single capital letter with "$"
attached (character variable),
Variables are also numerical values which are used in a program, They are used during
axecution to make inputs from the keyboard or 1o substitute calculation results which
were Initially unknown.

Example: S=xv" becomas S=r xR12
R is the variable.

EMNII\"‘-Z*X 2 2+‘;3*X+-il
Varisble | Variable | Constant I Constant
Canstant Constant Variable
In other words, algebraic terms are “variables” and constant numbers are “mnswni%'.
In additian, thars are character constants and character variables.
A character constant is a character string which is written directly. A character string
is @ group of characters which is enclosed in quotation marks such as 123" or “ABC",
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A character variable is not a numerical value — although it may consist of numbers —
but a varishle which contains a character string. In other words, “123" just happens
to ba 1 and 2 and 3 in sequence and is considered the same as “ABC”, A character
variable is made by attaching a “$" 10 3 regular variable (A, B, X, ¥, etc,],

Example: A$,B$,C$,X$,YS

Comparison or addition of sach character variablé is possibla, Other aperations
such as subtraction, multiplication and division, however, cannot be performad,
Example: If A$ = "123" and 8% - “456"
As a result of C8= A3 + BS, C$ becomes “123466",
{For C$= B$ + AS, C$ becomes “456123" )

A character variable can contain up 10 7 characters,
In addition to these character variables, there is also an exclusive character varisble,
The exclusive character variable is “'$" and can contsin up to 30 characters.

= *1234567890ABCDEFG"

Since this exclusive character varisble can use a character function IMIG function)

which will be explained fater, it is much more convenient than other character variables.

* Numerical variables and character variables which contain the ssme letter cannat be
used at the same time since they use the same memory.

For example:

Numerical variable A
v et viridbis Asj-Cannm be Used at the same time,

6-2-2 Substitution Statements

BASIC substitution statements adhera to the following format!
Variable = numerical expression

In a BASIC substitution statement, the ngm side which may wmam addition, sub-

traction, multiplication or division is cafled a "numerical expre n'

Example: Y=2%X+3

In Y= 2%X+3, the left side is the variable and the right side is the numerical expression.
The “="" does not mean “equal™, it means “substiture”,

In other wards, the meaning is different from normal mathematics where *the left side
{¥) and the right side {2X+3) are equal”’.

It means “input the operation result of the right side {25k X+3) into the left side (Y]

1t may bé easier 10 understand by thinkingof ¥ = 2%k X+3as Y « 2%k X+3
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5-3-1 Program Writing

Storing a program in the computer memory is called “program writing”’,

This operation is performed through key input as follows.

1. Designate the WRT mode.

2. Designate the program ares.

3. Input the program in line units (write-in},

There are 10 program areas, namely, P@ through P9. Programs can be written in any of
these prograrm areas.

{1} WRT mode designation
Since program writing is performed in WRT mode, press @ (0 |, and WRT will ba
displayed

(2) Program area designation
For program area designation, press the & Key than press 5 numerical key from &)
through &),

=@ PO & — P5
=i P1 — P§
- P?

- P8

= — P9

{3) Program input (write-in)

Pragram writing is performed in line number units. Up 1o 62 characters, including the
line number, can be written in. Press [ at the end of the line.

® The role of the B8 Key

The @@ Key is pressed for program writing, deta input, and for abtaining the resuft
of & manual calculation. The @@ Key must also be pressed after making changes,
additions or delstions to the storad progrem, Even when the characters on the display
change, if the @3 Key is not pressed immediately after correction, the stored contents
will remain unchanged.

Example:  Write the following program In 0,
1@ INPUT A,B
20 V=A+B
30 w=A-8
48 PRINT V,W

5@ END
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Operation: mmb:rnf remaining steps

(1) Designate the WRT mode. - = L
g (1] P 6 123456789

Program areas with no
The currently designated programs written in
‘program area will biink,

* This display varies depending
on the number of memories
or the size of the written
program.

* The area numbers will not be
displayed for those sress
where programs have already
been written,

(2) Designate program area P@.

n =7
= P 2123456789
(8) When a previous program remains, clear it.
(Not required if nothing is written.}

L s e
CLEARE P 6123456789

*To clear all the program areas (P9 through P9),
& .

press DD DD @D
@ write lina 19.
T NEGTL 0 16 INPUT A8

B0 sure to pross
at the end of the line.
Means one character space

{May be omittad)
(8 Write tine 20.
200V EAGE @ 20 v=A%B
(8) Write line 30,
30 WEIAGIE @ 30 W=A"B
(T) Write line 40.

40 PRINTLY,W@ 46 PRINT v.W
(8) Write line 50,
#—7
501 END @ o

50 END
® When the program is complate, write an “END" command. This is not required in
the above program but when a GOTO statement or GOSUB statement is used, be
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*

‘sure to use it to clearly designate the end location,

The spacing between the line numbers and commands and between commands and
operands, facilitates reading the display. In BASIC larguage the spacing has no
special meaning {except for a PRINT statement message) and may normally be
amitted, :

In this program, line numbers have been divided into increments of 10 but they may
be freely used within a range of 1 through 8999, However, it is more convenient for
subsequent additien/insertion if they are divided into increments of 10,

Since program execution is performed in sequence from lower numbers to higher
numbars, use line numbers in the desired execution sequence.

To clear the program in one program ares, use a CLEAR command, To clear all the
programs in areas P through P9, use a CLEAR A command,

5-3-2 Program Execution

Program execution is performed in the RUN mode. (Press B8 @] and “RUN" will be
displayed. |
There are 2 methods for executing a program which has been written.

1. Program execution method
@Exwu:inn using program area designation
Far 1his method, execution begins as soon as the program area is designated.

o
=)
1] {Press then press the desired program area.)

&

Example: To start the program in the previous example

RUN mode
| “fomitted hareatter)

?

*This "7 * s displayad because an
INPUT statement is written in the
program as the first step.

(2)Execution using a RUN command

RUN &8 {"RUN" may be input by pressing aither

A L

When performing Execution using @ RUN command as in the previous example, a
7" is displayed. When the program is in an input await condition, "2 " will not
be released. even if BB is pressed. You must press then perform operation (2}
to re-input data.

Also, to begin execution in the middle of the program, input the desired line numbar
after the RUN command and press the @0 Key,




Example: To start from line 20,
Operation: RUN 20@

For method (T), it is not necessary to designate the program area 1o be executed.
However, for methad (Z) , it is necessary o designate the program area to be
exacuted. (If the program area is different, the program written in that program area
will be executed.}

2. Key input during program execution

Key input may be performed during program execution using an INPUT statement and
KEY function. Key input using the KEY function is only 1 key input but even if there
is no key input, execution will continue. For key input using an INPUT statement, &
“7 " will be displayed and the program will stop in an input await condition. Execution
will resurne by pressing the @@ Key after data input.

Example:  Execute the program written in P in the previous exampla,
Operation:
® To execute the program

e ? :

® Since 2 variables are input, first, input tha value of
variable A.

arm K
® Next, input the value of variable B.
69@ 116
m -22
In this manner, data is input during execution using the input statement data @@ .

Incidentally aperations such as manual calculation can be performed during an input
await condition.

Also if you weni 1o stop program execution while in an input swsit condition, press
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Program editing consists of changes, additions, or deletions in one or various lines,
or even rearranging the crder of the program ta allow far logical exscution.

Program editing is performed by calling out each line using a LIST command,

The LIST command can be used in both the RUN maode and the WRT mode, When
usad in the RUN mode, the program contents will be displaved and when used in the
WRT made, it will permit program editing.

1. Program list display in the RUN mode
Oparation:

LisTam 10 INPUT A,8 - Dislived forsppront

{LIST may be input by pressing | 20 V=A+B for the following!
[ODEIFIED or FEED.| 30 WeA—B

49 PRINT V,W

5@ END

READY PO

I you do not want to call out program lines from the beginning, designate the line
number where you would like to hegin,
To list from line 30

Operation:

Hisraem 40 PRINT V,W

58 END
_ READY, P

* During LIST command execution, each program line will be displayed saquantiatly.
If you want 10 stop in a particulor line press the B Key.
To resume the LIST command, press the @B Key,

2. Program change/addition/deletion in the WRT mode

Designate the WRT mode by pressing &1 .

(1) Change

Each time the @8 Key is pressed, one line will be displayed starting from the |ina which
was designated using tha LIST command,

If the Iine number designation is omitted, the displey will autormatically begin from
the first line,
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a. Partial change

Example: Change the "+ on line 20 of the previous example 10" %",
Operation:

@ If the PO program area is not designated, designate PO,

=& P ..123456789

L Biinking means that a program i
written and this is the currently,
dasignated program area.

® Call out line 20 using a LIST command.
LIST 20m@ 26 V=A+B .

® Move the cursor below the “+",

T

Sl [20 v=ats"

* If cursor movement keys ([Eand (F)) remain pressed for more than 1 second, the
cursor will move guickly and continuously..

® Make the change,

S B

oo [ 30 w=a-8_

* Be sure to press the @8 Keéy. If it is not pressed, only the display will change but
the program will remain unchanged,

® Press @8 ta release the change condition.

* Since any other key operation will result in an unnecessary change being made, avoid
pressing any other keys besides the @3 and BB Keys.

Let's list the program and check the change.
=g READY PO
LisTa 10 INPUT A,B
20 V=A%B
30 W=A-B
40 PRINT V,W
50 END

READY PO
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b. Complete change of ane line
Example: Change “W = A — B" on line 30 to "W = /2"

Operation: @D [P 123456789
® Write the new lina 30.
JoLWEVE2E [ 30 w=v/2™

® Confirm the program list.

READY P@

10 INPUT A,B
20 V=A%B

30 W=V/2

40 PRINT V,W
50 END
READY PO

LisTEm

(2)Addition
Addition may be made in line units by writing new lines between existing lines.

Example: Add "U = V%2" between line numbers 30 and 40 of the previous example
and change line 40 to "PRINT V, W, U",

) -
Operation: (D) [P 123456788

® Input line number 35 to make input between line numbers 30 and 40.

35 UEVEI2E [ 35 u=vs¥z

* For inputting between line numbers 30 and 40, line numbers may be freely selected
in tha range from 31 through 39,

® To change line 40, call it out using a LIST command and add *,U"".

LIST 40m@ 48 PRINT VW
To

EESUMm 5@ END

- v
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Let's list the program to confirm the additions.

=E
LisTE

READY PO

18 INPUTA.B
20 V=A%B

30 wW=v/2

36 U=V¥2

40 PRINT V,W
PRINT V,W,U
50 END
READY PO

(8} Deletion
a. Partial delation
Example: Delete "V, from line 40 of the previous exampla,

= [P 123458789

® Call out line 40 using a LIST command and move the cursor below the “ V",
LIST dom [40 PRINT v W
BE [40 PRINT v,w

& Delete ' v," using the &) Key.

vis
[a0 PRINT w,u

LL33

@ | 50 END
* If the @B Key 7s not pressed, the program contents
will not be changed.
= ! B 757

* Be sure 1o press @8 o release the change condition
for line 50.
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® List the program to confirm the deletion.

READY Po

LIST @ 18 INPUT A,B

20 V=A%B

30 W=Vv/2

35 U=Vv¥2

40 PRINT W,U

50 END

READY P@

b. Compiete delation of one line

If you input the line number for the line to be cleared,
the entire line will be delsted.

Example: Delete line 30,

Operation: Wi[T] [P ..123456789

# Input lina number 30.

som [

® Confirm the deletion.

= READY Po

LIST@ 1@ INPUT A,B
i 20 V=A%B

35 U=V¥k2

4@ PRINT W,U

58 END

READY F@
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(&) Line renumbering

Example: Write the following program in P2,
1@ INPUT N

20 M=N*N
30 L=SQR N
40 PRINT M,L
50 END
Mave line 20 between fines 30 and 40.

Operation: GE(T] [P _1..3456789

® Call out line 20 using a LIST command.

LIST 20@ [ 20 M=N*N"

® Move the cursor below the “2" of line number
“20".
o

EEEEEEEE 20 M=N*N

Change 20 to 36 and input.

3sm |30 L=soR N_

To complete the change, press BE and release the
change condition.

List the program to see how the contents have been
changed.

=) READY P2

LIST@E | 1@ INPUT N

| 20 M=NxN

30 L=SQR N

35 M=N*N

40 PRINT M,L

50 END

READY P2
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#® [n this condition, the contents on line 20 were
moved between line 30 and line 40 but line 20 still
remains, so delete it.
=m [P _1.3486789
zom [
® This complates line renumbering. Confirm by listing
the program.
READY P2
LisTa 18 INPUT N
30 L=SGR N
35 M=N*N
48 PRINT M,L
50 END
READY P2

(1) Program debug system
The debug systern of the PC4 s divided into table top debug and conversation type

debiug using the display,
a. Complete debug
To check logic compasition of
1. Table top debug a program.
Debug system b. Partizl debug

To check a program by line unit,

11. Conwersation type debug using the display
This uses the automatic check function of the computer
1o check program execution flow and identify BASIC
language errors,

Since table top debug is performed during programming, we will explain conversation

type debug using the display here.
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(2) Conversation type debug

If an error occurs during program execution, an error message will be shown on the
display. These errcrs will be shown in line units and will indicate the kind of BASIC
language error. Based on the error message which is shown on the display, debugging
is then manually performed while conversing with the display. For the meaning of the
error messages, refer to the Error Message List on page 61.

Example:
19 INPUT X
20 IF X=0;PRINT "X=0":GOTO 10
30 Y=Xt2+3%X+15
40 PRINT Y
5@ END
Line 20 of the above program is-a judgement of the input range of power (x1y). When
X <0, program execution will return to the INPUT statement on line 10,
Suppose line 30 of the above program is'mistakenly
input as follows.
30 Y=X{2+3X+15
Operation:
® |f this program is executed, a 7" will be displayed
as a result of the INPUT statement on lina 10,

SERUN @ B

® Suppose “45" is input at this time. The display would show.

45 @ | ERR2 PO-30

® This means that “a syntax error occurred on line 30", Confirm the program contents,

T [P _123456783
LIST 30 @ | 30 Y=xt2+3x+

® The “%" was omitted between "37' and “X" on line 30, Therefore, correct it by
{following the procedure for program editing.

B (30 y=x12+3_x
Bom |40 PRINT Y
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(3) Debug while executing the program
Conversation type debug is performed by obtaining Information from the computer
in the form of error message. Howevar, there may be occasions when an error message
is not displayed yet the calculation or program result is incorrect, |n cases like that
program execution can be carried progressively in steps to confirm the caleulation
rasults along the way, and therebiy isolate the error,
There are two ways to da this: (1) the execution process is stopped using a STOP
command; (2} execution is performad in ane line units using the TA (trace) mode.
= Debug using o STOP command
Example: Write the following program.

10 Y=0

20 INPUT N,X

38 FOR [=1 TO N

49 Y=Y+X*¥X

50 NEXT 1

60 PRINT Y

70 END
The value of ¥, befora each consecutive loop, can be viewed using a STOP statement.
Operation:

® The STOP statement should be placed right after the calculation formula. Write a
STOP statament between line 40 and lins 50,

(T
45 STOP @

® The execution process will stop after the calculation on line 40 is completed and
a check can be made then.

EERUN B
4@ ?
87@m T i
L uurn blinks STOP display

® What is the value of Y at this paint?

ym 7569
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® If the program is resumad, it will stop at the next STOP statement and the value of ¥
can be obtained again.

a [ - =
Y@ | 15138

® By repeating this operation, the caloulation process can be seen.

Wher assembling a complicated program, checking the process using lable top debug

can ba very difficult. However, if the variables are checked wsing this kind of STOP
statement, programming mistakes can be found and corrected more easily.

® Debug using the TR (trace) mode

1t program execution is performed using the TR mode {press @®@{Z)), the program wiil
sequentially stop at sach line and debugging can then be performed easily.

Let’s use the TR made to debug the example which was previously debugged using 3
STOP command.

Operation;

Designate the RUN mode.
Designate the TR moda, et

READY P&
READY P@
Pa-10 " -

®

™ =

Check the execution process. «

“TR” and “"STOP" will

Continue program execution. ? be omitted hereattar.

Po-20
PO-30
PO—40
The valua of Y coeonmeeanmimmmiars 7569

Po—45

Renented hereafior

Debugging using the TR mode is ideal for checking the entire flow of a program and
isnlating mistakes that may have been made.
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5-6-1 Input Command
® Input Statement
An input command s used to input the data during program calculation,
An input statament is used to input data into a variable using the keys during program
execution or program execution stops {atter display shows a ''7 '],

Format: INPUT [“character string”’,| variable [, “character string”, variabie]

(Items enclosed in brackets may be omitted.]

The *‘character string”” may be omitted. However, if it is written, the characters enclosed
in quotation marks will be displayed preceeding the question mark. This can be used
as a message dufing input.
The variables following the INPUT statement can be numerical veriables (A, B, ete.),
character variables (X$, Y§, etc.), or the exclusiva character variable ($), Thesa can be
written consecutively usinga "',

Example:
INPUT A [2
INPUT °‘DATA=",A | DATA=?

After an INPUT statemant a 7 ** will be displayed and PC-4 entars an input await
condition, At this time, |f data is input and the BB Key is pressed, program execution
will proceed to the next process.
The input await condition will not be releassd even if the B8 Kay is pressed. Tharefore,
when you want 1o stop 8 program in execution, press S .

* Data which can be input using an INPUT statement include numerical values or the
results lanswers) of numerical expression (for numerical varishles) and character
strings {for character variables).

In the case of INPUT A
Numerical valug ... 123@m -+ A=123
Result of a numerical axpression -« 14€325@ —+ A=350

In the case of INPUT 88
. ABCED —~ B$=ABC
Character string -+
789@ — B$=789
Furthermore, other numerical veriables can also be used es input for numerical
variables.
In the case of INPUT A (make X = 087654}
Variable .




® KEY function

This function is used to read one character into the character variable by pressing one
key during program execution. This function is different from an INPUT statement and
does not stop in an input await condition (" ? * display). Even when there is na key
Input, program execution will proceed ssquentially.

Format: character variable = KEY
A$, $, etc. are used for the character variable,

Exampla:
10 AS=KEY
20 |F A$="A" THEN 100
3@ |F A$="B' THEN 200
4@ IF A$="C" THEN 300
58 GOTO 10

This program shows the data input using the KEY function and a portion of the
distribution. However, a determination will be made.using the IF statements whether
the character data read by the KEY function on line 10 was input or not. Using the
KEY function even if the @ Key is not pressed only the first key input will be read,
However, since program execution will not stop as it does when using an INPUT
statement, an input await eondition is achieved by incorporating the following IF
statements,

The IF statements on lines 20 through 40 sre judgement commands that periorm
distribution using character variables which were input using the KEY function. For
details concerning IF statemants, refer to page 48,

5-6-2 Output Command
® PRINT statement

A PRINT statement is used to display the calculation result or dats. It displays the
character string, contents of the variabie and calculation result following the command.

pomes e sn | | sz sz | [

Either ane of the items enclosed in || can be used.
Items enclosed in [ Jean be omitted.
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The output control function following the PRINT statement is 2 CSR function, which
designates the location where the tollowing data s to be displayed.

For the numerical expression, a variable or calcutation formuia is written. In the case of
a variable, the contants will be displayed. In the case of a calculation formula, the
result will be displayed.

Example:
PRINT A (make A= 12345] 12345
PRINT 789 789
PRINT A2 (make A=147) 294
PRINT BS (maks 88 = "PE-100") PB—100

In the case of a character expression, the characters enclosed in quotation marks will be
displayed.

Example:

PRINT *ABC” ABC
PRINT *XYZ* + *123" XVZ123

The numerical expressions or character expressions may be written consecutively by
using a (semicolon) or ”,* {commal, However, the number of characters which
can be written on one line cannot exceed 62, including the line number, The number
of characters in the character string enclosed in quotation marks cannol oxceed 30,

The difference betwean the and the " is that with the """ the numerical ex-
prassion or character expression will be d\sp]avsd tollowing the prsvlom expression and
with the """, the display will go off once and then the numearical expression will appear
next,

When a 5" is not written after the data, “STOP" will ba displayed after the data is
displayed, and program execution will stop. Therefore, when you want to display the
following data or continue program execution, press the EB Key.

# CSR function
The CSR function 1s an output control function which designates the location whars the
data s to be displayved.

numerical || | | numerical expression|, . .
Porma:: FRINT.CER expression* H '] {charamer.expressiun} J

Either one of the items.enclosed in | | can be used,
itemsenclosed in () can be omitted.
* The value of the numerical expression can vary from @ to 11,
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Using the value of this numerical expression, a position on the display can be designated
a5 the starting piace for data to appear.
The methed for counting the positions on the display is shown below,

[

il

Example:
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

joJdooood

A {make A=12345}
CSR 11A

CSR 5:1A

BS$ (make BS = ABCDE}
CSR 2iBS%

CSR 10:B%

T

" {comimal is used instead of 3 ;"' (samijcolon) following the CSR function,
tay will be cleared once and then successive displays will begin from the left
by using the 0 Key,

5-6-3 Jump Command

® GOTO statement
A GOTO statement, also called an "unconditional jump', causes program execution
to continue at designated location (line number) unconditionaily,

line number (1 through 9993)
program area number
(@ thraugh 9)

] | numerical expression
Fogma: GOTO:| # numerical expression

L

When a 1 Is written i following the GOTO statement,
program execution jumps to & kina number. When a “#" is written immediately
following the GOTO statement, program execution jumps to a program area.

The numerical expression may be a numerical valua, a variable or a calculation formula,

Example:
GOTO 1@ jump 1o line 10
GOTO N jump to the line number which is the value of variable N

{jump to line 30 iF N s 30}
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GOTO A% 100+ 1ump to the line number which is the result ef A%100
{jump 10 Fine 200 if A is 2)

GOTO #2 e jump to the P2 program area

GOTO HX e jUrAp 1o the prooram area which is the value of variable X
{jump to the PB program ares if X is 8)

GOTO HPH1 wowmreee jumg 1o the program area which is the result of P+1 (jump
to the P5 program area if P is 4]

A GOTO statement is used 1o repeat program execution from the beginning or to jump
to another program 1o perfarm a particular calculation.

5-6-4 Judgement Command

* IF statement

An IF statement is also called a “conditional jump". This command is usad to perform
some operation or to jump to a designated location only when a certain condition is
satisfied,

Format: |F comparison expression THEN line number or #ﬂ E_rl-ﬂ through 9)
3 command or substitution statement

The comparison expression following the "IF"* compares the right side and the left

side of fequal to) or "#" [not egual tol signs, and if the condition is satisfied,

program execution proceeds to the specified location. If the condition is not satis i

axacution proceeds to the next line.

This operation is shown in the flowchart below,

As the flowchart shows, if the |F statement condition is fulfilled, the process goes in
the "YES" direction, but if the |F statement is not fulfilled, the process continues
in the “NO" diraction,

In other words, an IF statement indicates a branch and salects the next operation asa
direct result of judgement. An IF statement can be used to terminate a loop (repstition)
when the number of data is unknown or to select the next aperation basad on a calcula-
tion result, ete.
C: Mvari

imer ical expressh ACHEr CONS \aracter variables can be
used for this comparison,
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“THEN"or """ ) are used sep y dep g upon what follows,

56-5 Loop Command

* FOR-NEXT statement
A FOR-NEXT statement is used when you want 1o perform similar operations
repeatedly and the number of repetitions (loops) is known.

Format: FOR wariable=n TO m [S‘T‘EP 2]
s Gl T

initial  final increment
value valug
NEXT variable
{1tem enclosed in brackets may be omitted.)
{1, rreand £ are numerical expressions.

In other words, this is a command to repeatedly execute the command between “FOR"

and "NEXT" while a varisble changes from 1 ta m In incramants of €.
When execution reaches am, it proceeds to the command following “NEXT"",



Exampla:
To increase variable [ in increments of 2 betwsen Tand 10,
FOR I=1 TO 70 STEP 2
§

NEXT 1

To reduce variable A in increments of 0.5 between 50 and 1,
FOR A=58 TO 1 STEP-05

!

NEXT A

To increase variable P in increments of 1 between Q and R,
FOR P =0 TO R

!

NEXT P

* When increase is performed in increments of 1, “STEP" may be omitted,

* Nesting
Up to 4 FOR-NEXT loops can be stacked. This stacking is called

FOR A =seessssianin
—FOR B=-
FOR C=

FOR D=
s

NEXT D
NEXT C
NEXT 8
——NEXT A

This shows d-stack nesting.

Whan nesting is performed in this manner, attention must be paid to the NEXT
statement and its variable which correspond to the FOR statement.



-FOR =1 TO 5 STEPI
FOR J =2 TO 20 STEP2

x §
NEXT 1 This kin;lenf FD%QEXT loop
L eser cannot be assembled.

Furthermore, exit from FOR-NEXT loop is permitted but entry to FOR*NEXT loop is
not permitted.

x

5:6-6 Subroutine Command

® GOSUB statement

A subroutine s also called & "'subprogram®, Subroutines are separate programs to be
called out from a main routine,

The command to call out a subroutine is 8 GOSUB statement. Using this command,
program exacution jumps from the main routine to the subroutine. After the sub-
routine is executed, the program returns to the original location in the main program
{using the RETURMN statement in the subroutine).

o ‘numerical expression
Format: GOSUEB # numerical expression
RETURN ...

subroutine callout (jump) command
command 1o return to main routine
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The numerical expression following the GOSUB statement indicates the initial line
number of the subroutine area. Without a RETURN statement at the end of the
subrouting area, Program execution cannot return to the main routine,

Example:
1000 A=B

subroutine area

100 GOSUB 1060

1990 RETURN

999

The numerical expression following a GOSUB statemeant may be either a numerical
variable or a caleufation formula, In the case of avariable or a numerical expression, the
subroutine which is called out will be different depending on the numerical value
contained in the veriable or the result of the numerical expression. When a "#" is
attached prior to the numerical expression, another program area (P@ through P9 will
be used as the subroutine, This method is very convenient because even different
programs can use the same subroutine,

200 GOSUB #9 300 GOSUB #9

: 999 "RETURN
999 END 999 END
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® Nesting

Similar to the FOR-NEXT statement, GOSUB statements can aiso be stacked, The
number of times the subroutine is called out is fixed.

This nesting can be performed up to 8 levels. Consequantly, 3 subroutine can be called

out from a subroutine,

Main routine Main routine
Subroutine
st ibvel, 2nd level , 3rd level
Subroutine
Subroutine
Subroutineg
( Subroutine
In this example, the mbroutines This example shows thres levels of
ara ot stacked 50 you can use nesting. Up 1o 8 levels can be stackod,

s many a5 you like.
in order
when

is convenient for assembling common portions of 3 main ro
g portions sep y as

A subroutil
to save the number of steps or for

assembling a complicated program.
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5-6-7 Multistatement
A multistatement is used 10 connect two or more commends using 8 1" (colon),

Example:

18 PRINT *NO." il
2@ INPUT A

1@ PRINT "NO." iNi: INPUT A
Note: A VAC {memory clear) command cannot be used in a multistatement,

5-6-8 Stop Command

® STOP statement

A STOP statement is @ command to step program execution temporarily, When a
progrem s stopped using this command, press the EB Key to resume program
execution, .

Any number of STOP commands ¢an be written in a program.

5-6-9 End Command

® END statement

An END statement is a command 1o terminiate program execution, Program execution
cannot be resumed as it can with a STOP statement,

END statement is written at the end of a program. When a subroutine follows the main
program, be sure to write an END statement at the end of the main routine.

5-6-10 Execute Command
® RUN command
A RUN command is used to execute a program, It cannot be used by writing it in a
pragram.
Format: RUN [line number]  {ltem in brackets may be amitted)

When fallowed by a line number, the pregram will start from that line number. If it is
omitted, the program will start from the Initial line.

Example:
RUN  @--start from the beginning
RUN 26 start from line 20
RUN 55 start from line 55

When the designated line number does not exist, execution will start from tha line with
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5-6-11 List Command

@ LIST command

A LIST command is used to display the program contents. It can be used in both the
“RUN" mode and the "WRT"" mode.

Format: LIST [line number] {1tem in brackets may be omitted)
LIST A

When followed by a line number, the program will be displayed in sequence starting
from the designated line number of the currently designated program area. When no
fine number is designated, display will be made from the beginning of the program,

In the case of "LIST A™, this is a command to display the programs in all program areas,
It displays program contents sequentially fram P@ through PO, This command cannot be
used by writing it in a program,

When performed in the "RUN" mode, the program contents will be displayed
sequentially from the designated line. However, when performed in the "WRT"' mode,
one line is displayed each time the @0 Key is pressed.

Example:
(RUN mode) {WRT mode)
LisTm |10 A=e LIST 20@ [20 INPUT B_
20 INPUTB B} |30 A=A+B_
30 @ | 4¢ GOTO 20_

40 GOTO 20

Alsa, if performed in the “WRT" mode, program editing {refer to page 34} is possible.

5-6-12 Mode Designation
® MODE command
The MODE command is used to designate the angular unit or printer output condition
in a program,
Format: MODE n {n =4 through 8}
MODE 4 "DEG" designation
MODE 5 *RAD" designation | angular unit designation
MODE 6 “GRA" designation
MODE 7 PRINT mode designation
MODE 8 PRINT mode release

This MODE command s the same as the designation which is performed by pressing the
Key during manual operation.
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5-6-13 Output Format

*® SET command
A SET command is used to designata the display output format. It designates the
number of effective positions and the number of decimal positions,

Format: SET E oo designation of number of effective positions
{72=10 through 8)
SET F - designation of number of decimal pasitions

{rn =2 through 9)
SET N« désipnation releasa

* If SET E @ is used when designating tha number of effective positions, 8 positions
will be designated. This command can be performed manually or by writing it ina
program, Refer to page 26 for display contents,

5-6-14 Character Functions

® LEN

The LEN function is used to count the number of characters in a character variable, It
permits the size of the character variable to be known,

Format: LEN (character variable)

Example:
If A= "ABCDE" LEN(A$)=5.

® MID
The MID function is only used with the exclusive character variable (). It extracts a
certain number of characiers from the character string in the § variable.

Format: MID {m [.al) mand nare numerical exprassions and must
be betwsen 1 and 30,
{Items in [ | may be omitted.)

This means to extract n charactars from the mth character of the character string stored
in the exclusive character variable (§).

Numerical expression #t should not exceed the number of characters stored. Also, #12+ 7
should not exceed the number of stored characters + 1.

Furthermore, when numerical expression 2 is omittad, all of the characters from mon
will be extracted.

Example:
If $="pPCc—2a"
MID (2.3} = *C—4% and MID (4) = "4*



* VAL

The VAL function changes the numbers in a character variable into a numerical value.
Format: VAL {character variable)

Since this function changes the numbers in the character variable Into 8 numerical value,

when there are no numbers in the character variable (for example, “ABC"), an errar will
oceur,

Example: If Z$= "78%63", VAL (Z§)=T8%63

Note: When this function is used in a program and an error occurs as a result of lacking
numbers in the data, "ERR 2'"will be displayed but not the program area and
line number,

56-15 Memory Clear

® VAC

The VAC command clears the data in all variables. It makes numerical variables "@" and
makes character veriables “null”;

This command can be used by writing it in a program or manually. Therefore, when you
wanl ta clear all data priar to executing a program, input VAC at the beginning of the
program.

Example: Writing in the program
18 VAC
Manual execution
VAC @

Note: This VAC command cannat be used in 8 multistaterent (refer to page 54).
Therefore, write it independently on one line.

5-6-16 Program Clear

® Clear command

A CLEAR command is used to clear a program which has been written. It is executed
manually in the “WRT"" mode,

Format: GLEAR

CLEAR A

A “CLEAR" command only clears the program in the currently designated program
area (P@, P1, etc) A "CLEAR A" command clears all programs in all program areas
from P@ thraugh P9,
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Example:

@M CLEAR  @-----Cledrsa single program
) CLEAR A @ clears all programs in all sreas,

5-6-17 Option Specifications

® Cassette Magnetic Tape

In order to record programs or tata stored in this unit on & cassette tape with the PC-4,
use the PC-4 cassette interface and an ordinary tape recorder. I the tape recarder hasa
remote terminal, remote control can be conveniently controlled from the PC4 through
the Cassette Interface. .

For tape recorder connection procedures and detailed operating procedures, refer to the
PC-4 Cassetta Interface operation manual,

® Program recording
Format: SAVE [''filename"] {Hem in brackets may be ormitted.}

The filename may be composed of alphabetical letters, numbers, symbols, enclosed in
quotation marks and contain up 10 § characters,

Example:
*ABC*
*NO.TY
This command starts the tape recorder in the RECORD position.
Operation:  SAVE [“filename”] BB
A SAVE command can only be used manually.
® Program callout
Format: [QAD [“filename”] {Item in brackets may be omitted.)
This command starts the tape recorder in the PLAYBACK position.
Operation: LOAD [“filename”] @@

Display during program load

rogaa e haname

A program that has been written in a designated area will be erased starting with the
Initial line number of the program ta be loaded if a call out is performed,



@ Recording All Programs
Format: SAVE A [“filename”]  (ltern in brackets may be omitted,)

This command simultaneously ‘records all the programs which are written in all
program areas from P@ through P9,
The operation method is similar 10 the SAVE command and the tape recorder is started
in the RECORD position.
Operation:

SAVE A [“filename”] G0

® Callout of all programs

Format: LOAD A [“filename”]  (Item in brackets may be omitted.}

This command simultangously calls out all the programs from all the program eress
which were previously recorded using the SAVE A command. The operation is similar
0 the LOAD command and the tape recorder is started in the PLAYBACK position,
Operation:
LOAD A [“filename’] @0 e —
Display during program load AF:P
e
Alifiles  filansme

Programs that are already written in program areas prior to callout will be cleared and
the new pregrams will replace tham,
The SAVE A command and the LOAD A command can be used manually,

® Data recording
Format: PUT [“fllename™] variable 1 [, variable 2]
{ltams in brackets may be omitted.)

The dats which |5 recorded on the tape is the data In the variables from variable 1
thraugh variable 2.

Example: pUT *PBA  'vvidata of variable A
PUT *1=2"A,Z e data of variables A through Z
PUT *DT*$,A,Z(10) - data of character variable $ and variables A
through Z(10)

When recording the data in the exclusive character variable $, write § first,
This command can be usad either manually or by writing it in a program.
For manual operation, start the tape recorder in the RECORD position.
Opaeration:

PUT [“filename”] variable 1 [, variable 2] €

When using the PUT command |n a program, write [t along with the line number and
start the written program,
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® Data callout
Format: GE T [“filename”] variable 1 [, variable 2]
(Items in brackets may be omitted.)
This command can be used efther manually or by writing it in a program.,
Far manual use, start the tape recorder in tha PLAYBACK position and operate as
follows.
GET [“filename”] variable 1 [, variable 2} B3

For use in & program, write it in along a line number attached and start the program.

® Checking the file which has been recorded on the tape
A VER command is used to chack whether the programs or data have besn recorded
properly.

Format: VER [“filename”’]  (Item in brackets may be omitted.}

The operation sequence is similar to program load.

= Printer

An exclusive mini printer can be connected to the PC-4. By connecting this printer,
-program lists, data and even calculation results during execution can be printed out.
For printer connection and operating proceduras, refer to the Mini Printer Operation
Manual.

“To print a program list, press 88 (#) and designate the PRT moda,
Program Hst
o) (©3) ) (7)
LIST @8 or LIST A &8
@B (PRT mode release)

After printout is complete, be sure o press @ @) and release the PRT mode.
Alsa, to print calculation results or operation contents, printout can ba performed
autamatically by writing *MODE 7'* and "MODE 8" in'the program.

Example:
i
10@ MODE 7
112 PRINT A
120 MODE 8

When "MODE 7" is written in the program, be sure to write “MODE 8" prior to
program termination and release the PRT mode.
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INPUT varisble string

Causas dama to be entered from
the keyboard during exscution of
a program. The program execu-
||nn 13 stoapeﬂ until after mn emj

Character varisble = KEY
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output sloment | 3}
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=
eLag )
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position,
P46
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son fs trus.
Causes control 1o procesd 1o
next line number if the tewliuf
comparison is falss.  P.48

Iine number

GOSUB (oo

out thc mbmullm of thn
ted i mber for gxacy

o Aiter I mirorHion s wxer
control

RETURN

Signifies the end of a subroutine;
returns control to o ‘command/
funnion next 1o m- GosuB
statamont P.51

FOR=¢, TO¢, [STERa,]
v dmom A numerical
e, and

Declares hs beginning of @ mn
in which  numeri volue

changas from initial valus e, W
terminal value e, in increments of

ﬁ-lanmsrnu-m-c
[uz =2, ]* y  times
between the FOR and NEXT

watemants. | the \nwm: €
is omitted, ¢, is regarded as
-‘L;
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NEXT ¥

Sianities the exd of a FOR oop.

the result of v plus e, s equal

o e ol loop iz

repasted again, H it i greater than

€4, control proceads to the line
et o the NEXT sstement.

A9

STOP

Stops the oxecution of s Fa progrom
temporarily 1o tha _system

into a m am m.d Twhemz-
cution can be continued by press.
ing the [ Key. P.54

Signifies the end of a program,
the system returning to its pre:
execution state. The lxlcu!mn of
a program, once

eur“musd even if the - Kw s

VAC

cmm all varisble data for a pro-
aram. P57

LIST [line number]

Displays a listing of all the state-
mants in 8 program fram the
designated line number  dawn-
ward,

LIST A

Displays & listing of the stto-
ments in all programs, P.55

RUN [line numbar]

Couses & projram 1o stari fram
the designated line number. P54

Clears the currantly designated

SEEA program ares of a program. | P.67
CLEAR A Qaprsall theprograms.
4 Dasignates trigonometric angular
MOC\E{ s} unit 43 degrea 14). escan (51 o1
6 qradien
Doclg\alis T aﬂm
er|En 3030 tlve positions or number of decl-
'l mal positions for the displayed
numerical value, P
LEN [character Calculates the size of tha l:h.lrlo
warigbie} tee variable.
Extracts n_characters fmm e
MID (ml.al) I a0 achove
charsttar varlable {$),
VAL (character Converts the numbers lnucﬁm
variable)

ter varisble to a numarical value.
P.57
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SAVE [“filename”)

Records anly. the program in the
currantly designated program area
on 1aps.

P58

LOAD [“filename"]

Calls out tha program from the
tape and 1oads it 10 the currently
mnnnw-dn-w ore0. P58

BAVE A [filename"]

Records the progamms in all pro-
grem areas on tapn at the same
time, P.59

LOAD A [“filename'"]

Calls out all programs from the
tape and |oads them to the respec-
tive areas. P.5%

PUT [“filenanme"]
variable

Becords the data n the varisbls
on tape. P.59

GET [“filename"]
varisble

Calls 6ut the data from tha tapa
and loads (L in the variable. P.60

VER [“filename"]

Checks to confirm that the pro-
recorded
on tha tape proparly. P.60

* Items enclosed in [ ] may be omitted.
Either one of the items enclosed in | | may be used.
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=Type
PC4,

® Fundamental caleulation functions
Megative numbers, exponentials, parenthetical addition, subtraction, multiplication and
division (with priarity sequence judgemant function {true algebrsic logich

®Built-in function
Trigonometricfinversa trigonometric functions fangular units — degree/radian/:
gradient), logarithmic/exponential functions, square root, powers, conversion to
integer, deletion of integer portion, absolute value, symbolization, designation of
number of effective positions, designation of number of decimal positions, randem
numbers, 7

® Commands
INPUT, PRINT, GOTO, FOR-NEXT, IF-THEN, GOSUB, RETURN, STOP, END,
RUN, LIST, LIST A, MODE, SET, VAC, CLEAR, CLEAR A, DEFM, SAVE, SAVE A,
LOAD, LOAD A, PUT, GET, VER

®=Program functions
KEY, CSR, LEN, MID, VAL
®Calculation range
%1 x 10710 49.999999999 x 10% and O (internal calculation Uses 12 mantissa
positions)
®Program system
Stored system
®Program language
BASIC
®Number of steps
Maximum 544 steps (maximum 1,668 steps when optional RAM pack is loaded)

®Program capacity
Maximum 10 programs (P@ through P3)

®Number of memories
Standard 26, i to 94 222 ies when optional RAM pack Is
loaded) and exclusive character variable ($)

®Number of stacks

Subroutine — 8 levels
FOR<NEXT loop — 4 levals
Numerical value — 6 levels
Calculation elements — 12 levels
®Display system and contents
10 mantissa positions (including minus sign) or 8 mantissa positions (7 positions for
negative number) and 2 exponential positions. Also, display of respective conditions
such as EXT, (8], RUN, WRT. DEG, RAD. GRA, TR, PRT, STOP
—B5-



wDisplay elements
12-position dot matrix display {liquid crystal)

=Main components
C-MOS VLSI and others
uPower supply
2 lithium batteries (CR2032 Cat. No. 23-162)
wPower consumption
Maximum 0.02 W
® Battery life
Mainframe only — approximately 360 hours {Continuous use}
®Auto power-off
Power is turned off au:umatiaailv approximately 7 minutes after last operation,
-Amb-m nmpmr-
0°C 10 40°C {32 Flu104 Fl

sDimensians

9.8H x 165W x 71mmD (3/8"H x 6-1/2"W x 2:314"D)
=Weight
116g {4.1 oz including batter,

GUIDELINES LAID DOWN BY FCC RULES FOR USE OF THE UNIT IN THE USA.
(not applicable to other areas).

This equipment generates and uses radio frequency energy and if ot instalted and usad properly, that is, (n
strict accordance wath the mamufacturer's nstructions, may cause interference fo radio and talevison
recoption, 11 has been Type tested and found 1o comply with the limits for a Class 8 computing dovice in
accortante with the specifications in Subpart J of Part 15 of FCC Rules, which ore designed 1o provide
riasonADEe BOTECTiON Bgainst such interference In o residential installation. However, theve 1s no guarantee
that (nterference will not oceur in @ particular installation, If is equipment does cause Interference 10
radio o television raception, which can be determined by wining The equipment off and on, the user i
encouraged to-try 10 cotrect the interference by one Gr more of the following massures:
.. reorient the reeiving anterina
. relocate the computer with fA0ect 10 The receiver
move ihe computer dwdy from the receiver
_. g the computer (nta A different cutlet so that computer and receiver are on different branch
Greults.
If necessary, the user should consult the desler or sn expecionced radioftelevision techiician for additional
suggestions. The user may find the following book et arepared by the Federsl Communications Commission
helpful: "How to Identiy and Resolve Radio- TV Interference Probiems”. This baoklet is avallable from the
US Gavernment Printing Office, Washington, D.C., 20402, Stock No.




SERVICE POLICY

Radio Shack's nationwide network of service facilities provides quick, conve-
nient, and reliable repair services for all of its gomputer products.-in most
instances. Warranty service will be performed in accordance with Radic
Shack's Limited Warranty. Non-warranty service will be provided at reasonable
parts and labor costs

Because of the sensitivity of computerequipment, and the problems which can
result from impraper servicing; the following limitatiéns also apply to the
services offered by Radio Shack:

1. I any of the warranty seals on any Radio Shack computer products are.

broken, Radio Shack reserves the right to refuse (o service the equi
to yoid any remaining warranty on the equipment.

<3

' If any Radio Shack computer eguipment has been modified so that it is not
wilhin manufacturer’s specifications, including, but nat limited to, the in-
stallation of any non-Radio: Shack parts, components, or replacement
boards, then Radie Shack reserves the right to refuse to service the equip-
ment, void any remaining warranty, remove and replace any non-Radic
Shack part found in the equipment, and perform whatever modifications are
necessary to return the equipment to-original factory manufacturer's speci-
fications

=

The cost for the labor and parts required fo return the Radio Shack com-
puterequipment to original manufacturer's specifications will be charged to
the customer in addition to the normal repair charge

RADIO SHACK, A DIVISION OF TANDY CORPORATION

U.S.A.: FORT WORTH, TEXAS 76102
CANADA: BARRIE, ONTARIO,L4M 4W5
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