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Introductory Note

Welcome to the world of SHARP owners!

Few industries in the world today can match the rapid growth and technological
advances being made in the field of personal computers. Computers which just a short
time ago would have filled a huge room, required a Ph.D. o program, and cost
thousands of dollars, now fit in the palm of your hand, are easily programmed, and
cost so little that they are within the reach of nearly everyone.

Your new SHARP COMPUTER was designed to bring you all of the latest state-of-the-

art features of this computing revolution and it incorporates many advanced

capabilities:

* SCIENTIFIC CALCULATOR - It had been normal to use two different tasks,
scientific calculation {including statistics) and computing, before this computer.
But now only one tool is enough. The computer operates both as a scientific
calculator and a pocket computer incorporating many programmed scientific func-
tions plus BASIC command keys for simple programming.

* MEMORY SAFEGUARD — The computer remembers stored programs and variab-
les even when you turn it off.

* Battery-powered operation for true portability.

*  AUTO POWER OFF function which conserves the batteries by turning the power off
if no activity takes place within a specified time limit.

*  An expanded version of BASIC which provides formatied output, iwo dimensional
arrays, variabie length strings, and many other advanced features.

* Optional printers and cassette interfaces are available.

Congraiulations on entering an exciiing and enjoyable new world. We are sure that you
will find this purchase one of the wisest you have ever made. The SHARP COMPUTER
is a powerful tool, designed to meet your specific mathematical, scieniific, engineer-
ing, business, and personal computing needs. With the SHARP COMPUTER you
can begin NOW providing the solutions you'll need tomorrow!

Please noie that ihe auxiliary RAM card is required for computer operation. If the power
is turned on without the RAM card installed, none of the keys will function.






How to Use this Manual

'CHAPTER1

HOW TO USE THIS MANUAL

This manual is designed to introduce you to the capabilities and features of your
COMPUTER and to serve as a valuable reference tocl. Whether you are a “first-time
user” or an “old hand” with computers, you should acquaint yourself with the
COMPUTER by reading and working through Chapters 2 through 6.

* Chapter 2 describes the physical features of the COMPUTER.
* Chapter 3 demonstrates the use of the COMPUTER as a scientific calculator.

*  Chapter 4 defines some terms and concepts which are essential for BASIC program-
ming, and tells you about the special considerations of these concepts on the
COMPUTER.

* Chapter 5introduces you to BASIC programming an the COMPUTER, showing you
how to enter, correct, and run programs.

* Chapter & discusses some short cuts that make using your new COMPUTER ezsier
and more enjoyable.

Chapter 9 is a reference section covering all the commands, verbs, and functions of
BASIC that are grouped and alphabetically arranged within each group for your
convenience.

Experienced BASIC programmers may go direct from Chapter 6 to Chapter 9 tc learn
the specific features of BASIC as implemented on the COMPUTER. Since every
dialect of BASIC is somewhat different, read through this material at least once before
starting serious programming.

If you have never programmed in BASIC before, we suggest that you buy a separate
book on beginning BASIC programming or attend a BASIC class, before frying to work
through these chapters. This manual is not intended to teach you how to program.

The remainder of the manual consists of:
* Chapter 7 — Basic information on the optional printers and cassette interfaces.
* Chapter 8 — An explanation on the use of the RAM card.

* Chapier 10 — A troubleshooting guide to help you solve some operating and
programming problems.

* Chapter 11 — The care and maintenance of your new COMPUTER.
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Detailed Appendixes provide you with useful charts, comparisons, and special
discussions concerning the use and operation of the COMPUTER,

Using the Hard Cover
When the computer is not being used, place the hard (plastic) cover over the

operation panel of the computer.
& When the computer is to be used © !
Héfﬁov;é__ the hard cover from the,éombdfér‘_as "s‘.how'n in fiig(j:'re below.

Step(

ooo

.

» When the computer is not used




Introduction 1o the Computer

. CHAPTER 2
 INTRODUCTIONTO THE COMPUTER

' Description of System -
The SHARP COMPUTER system consists of:

*

78-character keyboard.

*

24-digit display.
*  Powerful BASIC in 72K-byte ROM.
*  B-bit CMOS processor.

* Options: CE-126P Printer/Cassette Interface
CE-140P Color Dot Printer
CE-515P Color Plotter/Printer
1/2-size RAM cards (CE-212M, etc.}
Regular-size RAM cards (CE-201M, etc))

SHARP  rockst caveuter R

POWER
ON oea

= ﬁ'ﬂﬂ_ﬁET COHPUTER F'E-l#i]

oFF

Chu i rrit R MATRI STAT MAINT

NS

MDEIE oM = i = ik

[ 8] Doot = =

[TE S S S W N ST 4 5 X x

Elolnlolnluliololalala! - .,
INFUT IF THEN  GOTO FOR Ta STEF‘ NEXT s =

| o (53 (8 53 oo 69 653 (5 ¢ ) (6 () () [

PRINT usING  GOSUR RETURN DIM END CSAVE  CLOAD P
BB @ EDEE

Te familiarize you with ihe placement and functions of parts of the COMPUTER
keyboard, we will now take up each section of the keyboard. First, just locate the keys
and read the description of each. In Chapter 3 we will begin using your new machine,



Introduction to the Computer

This COMPUTER has 78 keys and one slide switch on its panel. Each key function is
identified by various letters, numbers, or symbols inscribed on or above the keys.

(1) Power on
To begin with, turn your computer on.

The POWER switch is located at the upper left corner of the computer Slide the switch
to the ON position. \

Power switch

L'AL

mmméé

‘NPT IF " THEMN  GOYR
E &
PRIMT  UBING GOSUB AETUAN

B

SHL

Yau Wi!l see the following initial information in the display:

DEG

———,
—

f - hY
T - T T T
k}AL RUN PRO Eﬂ!} . MATRIX STAT PRINT

A dash (=) indicator in the lower isft area of the disptay shows the mode in which the
computer is now set. When this computer has just been turned on, it functions as a
caiculator. To show that the computer is in the calculator mode, a dash mdrcator
appears above the CAL (CALculator) label.

For calcutator operatrons in the CAL mode, refer to CHAPTER 3, USING AS
A CALCULATOR:
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The computer can operate basically in three different modes. One mode is the CAL
mode, in which you can use your computer just like a calculator.

Another mode is the RUN mede, in which you can execute your program or manual
calculation using BASIC commands.

The third mode is the PRO mode, which allows you to store your program into the
computer or correct or amend a stored program.

Switching between these modes can be accomplished by the green [CAL] and
keys. The selected mode is identified with a dash (=) indicator cisplayed just above
the CAL, RUN, or PRO label in the lower left area of the display.

SHARP rof

MODE

Greenkeys ]
)

INPUT IF THEN  GOTO

) = =3 EE

PRINT  USING  GOSUB RETURN

Now switch your computer off, ther on again. The CAL mode will be selected.

.,...
L
=

RSN - £.51C]

If you press the key when in the CAL mode, the RUN mode will be selected.

CAL RUN PAC: FEEE

If you press the key when in the RUN mode, the PRO mode will be selected.

CAL [N PR
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Thus the RUN and PRO modes are selected alternately each time you press the
key., . . . P o
The computer will return' tg the CAL mode if you press the key.

Mode switching

| > CALmode, .
RUN mode
_ Press. [msg) BASIC mode
PR(;rmode

1. CAL mode : ‘
Now let's operate the keys.
Set your computer in° CAL mode
first. In CAL mode the keys and

-DEC_  ~OME  _#rE

functions shown at right can be used E@ Eui] () [ [ E
for calculatior. E]

o CEE-T-
OOEREE
= o B B B =
= ] () (3] (50
DATA GO
o @ EBEEE

r.r,yl

Display
{Red key) ~ Q.
o@D - 12,
3] > 3
= > 15
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2. RUN and PRO modes

Change the CAL mode to RUN or PRO by using the key, and press the
following keys while watching the display:

In RUN and PRO modes the keys shown below can be used for calculations.

SHARP  rocier covpuren  #Codin Ll
roren

ﬁtn‘} ET LOFTER F- 145 |

MATIEK ETAT SRINT

~DEC

DH

WEMDAY EATE QUARD AU IR OFF

wcu@-[zlm---m@m-@--
INPUT THEM GOTO IO T STEF  HEXT LIST RUIN - - @ @
i EIEI------EJ

PRINT  USING GOSUR RETURN =11 %) F D CSAVE CLGAD et
-----mmm w0 L] =)
)

-
Hl
9

Example:

PAINT  usiNG en& - ZXC_

i] iDIRGJ - ZXC12.3.

- >

il_mﬁ = L%_] -+ A=4 + 5¥
Cursor

If you press an alphabet or number key, the itern denoted on the key will be entered.
When you wish 1o enter the character or symbol denoted in brown above each key,
press the yellow [(SAFd key before operating the key.

(57 - PRINT_
) (0 > PRINT “ VvV _

The key is used to enter the characters or symbois inscribed in brown above
each key that has two or three functions. If you repeatedly press the key, the
SHIFT symboal at the top of the display will go on and off. The SHIFT symbol indicates
that the key is activated and the characters in brown can be entered.
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ALL RESET: Reset button. This button is used to reset the computer when Clear
(le8)) or CA s not sufficient to correct a problern: b

Ta reset the.computer;hold down any key on the keyboard and simultaneously press
the RESET button on the back. This preserves ali programs and variables in rnemory

Ve

"\\\—Hesetbunon o

Hold down
any key

Note: When you press the RESET button, keep pressing it for at least 2 or 3 seconds,
If you press the button for a shorter duration, the RESET button may not be
activated,

Press the RESET button with a pointed object such as a ballpoint pen. Do not
use easily broken points, such as mechanical pencils or the tips of needles, nor
points thicker than the hole for the button.

If you get no response from any key even when the above operation is performed, push
the RESET button only and the foI!owmg message will appear on the. display.

| i'\“;iismoRYALL CLEAR 0.K.?

Then press one of the (ENTER], [V, and =1 keys

Note: If none of the keys is pressed for about 2 minutes after the above display, the
COMPUTER is automatically powered off. (See AUTO OFF on page 17.)
This operation will clear all the memory. contents (program-and data) of the
RAM card, so do not press the RESET button without depressmg any key
unless absolutely necessary.

If the unit still does not-operate normally, remove the lithiurn cells. After waiting about
10 seconds, insert the cells and press thé RESET, button. - S

10
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Contrast Control

Your computer has on its right side when viewed from the front, a control for adjusting
the contrast of ihe display. Adjust the display for visibility.

Contrast Control

Turn the control in the arrow direction (coun-
terclockwise) for a higher contrast and in the
opposite direction {clockwise) for & lower con-
trast.

Cell Replacement (Main Power Supply)
The COMPUTER normally operates on the two built-in lithium cells.

When replacing the cells, following these cautionary instructions will eliminate many
problems:

e Always replace both celis at the same time.
& Do not mix a new cell with a used cell.

e Use only the specified type of lithium cells (CR-2032) {two required).

When to Replace the Cells

Ifthe display is dim and difficult to see when viewed from the front even after the contrast
control has been tumed counterclockwise as far as it goes, the cell voltage is too low.
In‘this case, replace the cells promptly.

Note: If you are using the optional CE-126P cassette interface and CE-152 cassette
tape recorder, save your programs and data in memory onto & cassette tape
before replacing the cells. ‘



Introduction'to the Computer

How to Replace the Celis
{1} Turn off the .computer, by sliding the power: swutch to'the OFE posntlon

(2) Remove the back cover from the computer by slldmg the lock swwitch i in the arrow
direction shown in Figure 1.

SRR - N R N

(3) If there is a RAM card ini the card slot, removeit in accerdance with the-procedure
on page 118 or 120

i

(4) Remove the cell cover by slldlng itin the arrow dlrectmn shown in the flgure below

Cell cover

Fig.-2

— Lithium celi’

(6) Replace the cell cover by sfiding it back in.

12
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{(7) Replace the back cover and slide the lock switch to the LOCK position.

Note: Be sure to set the lock switch to the LOCK position, as otherwise the COM-
PUTER will not operate. Ifthe power has been turned on without sliding the lock
switch to the LOCK position, slide the lock switch to the LOCK position, turn off
the power, and then turn it on again.

{8} Turn on the computer by sliding the power switch to the ON position and press the
RESET button to clear the computer.

|
a/ W

h=d

RESET butlon

{9) The display should look like this:

iIf the display is blank or displays any symbol other than "3, remove the cells
and install them again, then check the display.

(10) Turn the power off and insert the RAM card. (See Chapter 8.}

Note: After replacing the cells, be sure to go through above steps {8) and (9)
before inserting the RAM card. If the RAM card is installed without
turning off the power in step (8), all the RAM card contents will be
erased.

13
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When to Replace Battery

RAM card contents can be retained for the following periods after inserting a lithium

battery (CR-1618) into the RAM card. The lengths of times at a storage temperature

of 20°C are specified as follows:

* Approx. & years when the card is installed in the computier.

* Approx. 15 months when the card is removed from the computer and kept in
storage.

Be sure to install a new battery before these penods expire.

Record the date the baltery was replacad on the line provided alongside the battery

compartment and be guided accordingly for subsequent battery replacement.

Extreme temperatures, high or low, may decrease battery life, resulting in RAM card

content erasure earlier than the above., . That the batterles requnre replacement will be

stgnaled hy the followmg ,

(1) Programs in the memory will be mexecutabie

(2) Meaningléss data and indications will appear on the dtsplay

{3) Errors will occur frequently and without apparent cause.

How to Replace Battery
The following is the procedure for replacing the RAM card battery in the optlonat CE-
212M.

Note: RAM card contents must be recorded onito a tape before replacing the battery,

as otherwise, ALL DATA AND PROGRAMS WILL BE LOST WHEN THE BATTERY IS

REMOVED FROM THE RAM CARD.

* The battery in any of the optional reguiar-size RAM cards can be replaced while the
card is still in the computer. RAM card contents will be retained by the computer's
battery power. (See Chapter 8 for RAM cards.)

14
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(1) Remove the four screws with a Phillips screwdriver and remove the back cover.

(2) Remove the old battery. Wipe the new battery off with a soft, dry cloth and insert it
with its plus side up.

(3) Replace the back cover and tighten the screws.
(4) Record the date of replacement in the DATE line.

Daieline

* Record the name of the program(s) stored in the RAM card in the TITLE iine.
* Reinstall the RAM card into the computer and read in the programs stored on tape,
or key in manually.

Note:

sKeeping a dead cell in the computer may result in damage to the computer from
solution leakage of the cell. Remove a dead cell promptly.

| CAUTION: Keep cell out of reach of children. _|

15






Using as a Calculator

CHAPTER3

USING ASACALCULATOR

Now that you are familiar with the layout and components of your new SHARP
COMPUTER, we will begin investigating its exciling capabilities.

Because the COMPUTER allows you ihe full range of calculating functions, plus the
increased power of BASIC programming ahilities {usefu! in more complex calcula-
tions), it is commonly referred to as a "smart” calculator. That, of course, makes

you a "smart” user!

(Before using the COMPUTER, be sure that the two lithium cells supplied as an
accessory have been correctly installed.)

To turn ON the COMPUTER, slide the power swiich up.

When you wish to use your COMPUTER as a scientific calculator, place the COMPUT-
ERin the CAL mode. The CAL maode is selected when the COMPUTER is switched on
or the key is pressed. When the CAL mode has been selected, a dash (=)
indicator will appear just above the CAL label in the lower left area of the display

LA [ PR EREE

If the dash (=) indicator is above the RUN or PRO label, press the key or turn the
power off and then on again 1o select the CAL mode.

To turn off the COMPUTER, slide the power switch to the OFF position.

Each time you turn off the machine, the display will be cleared.

To conserve on battery power, the COMPUTER automatically turns off when no keys
have been pressed for about 11 minutes. (Note: The COMPUTER will not AUTO OFF
while you are executing a program.)

ON
To restart the COMPUTER after an AUTO OFF, press the key located at the right
of the green key.

17
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Note that the computer returns to the CAL maode when the - key is pressed after the
AUTQ OFF.

Calculations in the CAL Mode.

In the CAL mode, the keys and functions
shown at right can be used for calculation

Note: In the CAL mode the resutts of:
calculations cannot be output on the
printer. : BRI e L

. ‘EI O&E

 S— J

Now let us try some simple calculations. Press the tollowung keys wh|le watchmg the
d|splay

Input | Diselay

r a b s . . -

o 2 @3 DL -
123. |

Oz Sx I ; :

6] (3) (4] o | 654. |
= 777. |
T

(123 + 654 = 777)
Press the equal key e

Did you get the correct answer? K you didnt, furn the computer off, then on again,
and try the same calculation. :

Now let us ca[l the value of pi {=). . o

Symbol “7" is inscribed just above the - key in brown The functlons ldentlﬂed by
brown letters can be used by first pressmg the yellow W key, and then pressmg the
required function key.

Now press [suet] [ExP] .
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=

Yellow key
0 @

Input Display
TA
3.141592654
{(753.141592654)

What you see in the dispiay is the value of 7.

Nexi, let us compute 10%, For this caiculation, you should use the function 10*. This
function is also identified by a brown letter, so the key must be pressed before
the function key is pressed:

Red key

Input Display
S 105 F
Ca) (5w o) 10000.
(10" = 10000}

The following outlines the major key functions:

* [c-ce] (clear) (red key)

If this key is pressed immediately after numeric data is entered or the contents of the
memory are recalled, that data will be cleared. In any other case, operation of the
e key will clear the operators and/or numeric data that have been entered. The
contents of the mesmory are not cleared with the €€/ key operation.
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input " Display o lnput Display
123 [F] 456 - 456. (s X] 2 (&7 12.
ccE 0. - ocE 0.
789 =] 912. &= 2 Y —|
(123 +783=912) ' - 5.‘ =] 8 "‘
The key may also be used to clear an error.
Input Display
sClo(=y @ TR
c-cE ‘ &,

* {display mode swiich)

This key is used to switch the display mode for the result of a calculation from the
floating point decimal system (normal mode) to the fixed point decimal, scientific
notation, or engineering notation system, or vice versa.

~ Input . Display
s e =] T 23000, | (Normai)
FSE) | FIX 23990.000 | FX
FSE | SCI 2 .300E 94 |(SCH
Fs2) |ENG 23. 9POE 93| (ENG)

* (specifies the number of decimal places) -

This key is used to specify the number of decimal places when used in conjunction with
a numeral key. Turn off the power switch and then on again. Press [FSB key and the
dlsplay W|[I show "0.80@”. (FIX mode) -

“Ipput . Display

TAB
(1) Specifies 2 decimal [Fs8 [2) FIX 0.00
places. (1)

20
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s s (=) | FIX 0.63
Input Display
(2) Specifies 5 decimal =] FIX 0.62500
places. (2)

* bRG| (specifies angular unit.)

This key is used to specify the angular units for numeric data used in trigonometric
functions, inverse trigonometric functions, or coordinaies conversion.

Input Display
" (Degrees)

DRG AT _
= l {Radians)

DRG GAAD
] J (Grads)

DRG 0EG
o] | mesree)

180° = « {rad) = 2009 DEG: Degree [°]

RAD: Radian [rad]
GRAD: Grad [g]

* 00 to (80, (=] . [Exe] and (3]

[EXP] - Used to enter a number in exponential form (the display shows "E”
following the number entered).

21
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I . . Input Display
' 4 e 3 4.E 03|
- (4 3 109
7\ N . E = ! . : T P R ";4& 0@ | l
72 —4000. |

E Used to enter a negatlve number (or to reverse the S|gn from nega’uve to
' posmve) ‘

Eggﬁeee.‘,_g_,gﬂﬁﬁ
123 @m0 -1.23
: 5 -1.23E- 05
{(—1.23 x 10°%. .
=] —-0.0000123
i p.0000123 |

This section describes the display formats and symbols used in the CAL mode.

DEG
Normal display format . 1-‘;';"4 i_"'"r u_lx:
Py S o Lasgonfodo, .
== m .
T
CAL RUN PRO MATH:}( STAT PRINT

- DEG

Exponential display format g B Ao
penential display forma - Ll ::1_[ "-'-l'-j

7 i i | Y

-
4

T I—Im T T T
CAL RAUN PRO MATRIX STAT PRINT

Mantissa (12 digits) ~ Expanent (4 digits}

The computer has a 24-digit display, of which 16 digits are used to display numbers. In
the CAL mode, calculation results are normally dlsplayed in the ﬂoa’ung decimal point
system. If the result s smaller than 0.000000001 or greater than 9989999999
(greater than 20 000000001 or” smaller 'than’ —9999999999) it is dlsplayed in
exponential format. In the exponential format “the' mantissa’ ‘part 'of ‘& number is
displayed to 12 significant digits, while the exponent part is displayed to 4 significant
digits (including a decimal point, sign, and symbol).

22
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Display symbols
The following describes the symbols and indicators that appear in the display to show
the mode, status, or condition of the computer.

BUSY SHIFT HYP SML DEGRAD () @ME

T T T T
CAL RUN PRO MATRIX STAT PRINT

The computer uses the symbols and indicators shown above, whose meanings are the
following:

SHIFT: This word comes cn when the or key is activated, indicating
that the second function of a key identified by a brown label can be selected.
To release the SHIFT mode, press the or key a second time.
To sustain the SHIFT mode, press the key.

HYP: This word comes on when the key is pressed, indicating that a
hyperbolic function has been selected. If are pressed, a
phrase, SHIFT HYP, comes on to indicate that an inverse hyperbolic
function has heen selected.

SML: This word comes on when the key is pressed,indicating that the low-
er case mode for the alphabetic characters is selected.

DEG
RAD
GRAD: These words are selected sequentially each time ;micj keys are
operated. Each of these words indicates the angular units for trigonometric
functions, inverse trigonometric functions, and coordinates conversion,
respectively.
DEG: Degree [

RAD: Radian [rad]
GRAD: Grad [g]
(180 deg. = 7 rad = 200q)

( ) This symbel comes on when parentheses are used in a calculation formuia
by means of the [ key.

[M: This symbol comes on when a number other than zero is stored in the
calculation memory, to indicate that the memory is in use.

E: This symbol comes on if an error has occurred. The error can be cleared by
operating the key.

23
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STAT

ST-AT: Pressing the (3] keys in the CAL mode causes a dash (=)

'+ indicator to appear just above the STAT label in the [ower right area of the
display. The STAT stands for statistics and indicates that the computer is in
the STAT (statistical calculation) mode.

CEL: If a dash { = )indicator appears just above the CAL label in the lower left area
of the display, it indicates that the computer is in the CAL (calcutation)
maode.

BUSY: This indicator comes on whilg thé computer is performing an arithmetic
operation.

MATRIX: Pressing (smer] (3] or [8T] (] in the CAL mode causes a dash indicator
""" (=yto appear above the MATRIX label in the lower right area of the display.
The MATRIX indicator indicates that the computer is ready to perform a

o matrix operation.
. Torelease the MATRIX mode, press elther key combmatlon a second time.

This.section describes:the basic operations of the computer in the CAL mode. Before
starting, turn -on the power of your computer. First, press the key to place the
computerin the CAL moede. Then press , and make sure that the display
shows the following initial information, L

©) @
¥ +
T {8
i, 0
cAL RUN PRO EER MATRIX STAT PRINT
— ‘ ¥ _
@

If not, read the following description and take the necessary action:

(1 More than one zero is displayed (e.g., 2.00):
The number of fractional digits is being specified. Clear the TAB setting by turning
off the power switch then on again. The COMPUTER is now.in the normal display
mode.

(@) A dash (=) indicator is displayed at the STAT or MATRIX label:
The computer is in the statistical calculation mode. Press [SHFT] 57a7 to release
the STAT mode. Press (shert (1] or. [5niFT] IIJ to release the MATRIX mode.

(@) BAD or GRAD is displayed instead of DEG:
-The RAD, GRAD, and DEG indicate angular units for display data. Any of these
symbols may be displayed unless & trigonometri¢ function, inverse trigonometric
. function, or coordinate conversion is to be executed. Each of these symbols can be
'sequentlally selected by operating [SfFr] [oHg) -
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@ Symbol [N is displayed:
Numeric data is already in the memory. This symbol can be cleared by

X+M

(8) All symbols displayed in the upper aree of the display can be cleared with the [c-ce]
key, with the exception of those described in the above items (3) and ().

In this manual, the key functions are shown as follows:
S : SinT key
sin?
(sin]
J S (sin] . Sin key

o . Deletion key
DEL
(=]

(=) * Left arrow key

<‘——+ : Facterial key
1

:@_:——" ] ! Close parenthesis key
l——» These keys are operable when
the statistical calculation mode
is set.

1. Addition, Subtraction
Key in the following: 12 456 (=] 32.1 789 (=] 741 213 (=]
Answer: 286.5

2. Multiplication, Division
a. Key in the following: 841 586 (=] 12 [=]
Answer: 41068.83333

b. Key in the following: 427 54 3217 =7 39 2[=]
Answer: 595.8571429

Note that multiplication and division have priority over addition and subtraction. In
other words, multiplication and division will occur before additicn and subtraction.
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Constant Multlplrcatlon The first number entered is a ccnstant

Kay in: stsrsy Answer 15" K
Constant Dwrsaon The number“entered Va.fter rhe d|w5|er; .s.rglln is:a constant ! ‘
Key in: 15 [(£13 (=] i _Answer:5- T | N

Key in: 30 =1 o Answr. 10 - ‘

Note. The machine places some calculatlons in pending status depend[ng an thelr
priority levels. Accordingly, iri successiva calculations the operator and numer-
ical value of the calculation last performed in the computer are handled as a-
caleulating instruction and a constant for the rext calculation, respectively.

arbxe=  +he (Constant addition)
axbtc= Tc (Constant division)
atbxc= ; .%X . (Constant multiplication)
axb—c= _c (Constant subtraction)

3. Memory Calculations

The independently accessible memory can be accessed by using the three keys: .
W] . Before starting a calculation, clear the memory by pressing and
ez o

——=Key in: 12 5 Answer: 17
To subtract, key in: 2 [¥] 5 (=]
Answer to this equation: =7 :
Key in [BM) to recall memory: 10 is dlsplayed
Keyin: 12 [X] 2 [=] &w
Answer: 24 (Also takes place of 10 in memory)
Keyin: 8 [£] 2 MH
Answer: 4 [RM] : 28

Note: Memory calculations are impossible’ in the STAT“(Statlstlcal calcula‘flon)
mode.

— When subtracting a number from.the memory, press the .and (M¥] keys.

26



Using as a Calculator

Scientific Calculations inthe CAL mode

To perform trigonometric or inverse trigpnometric functions, and coordinates conver-
sion, designate the angular unit for the calculation. The angular unit "DEG, RAD, or
GRAD" is designated by the and [ORG) keys.

1. Trigonometric functions

Set the angular unit to “DEG".

Calculate: Sin 30° + Cos 40° =

Key in the following: 30 (i} + 40 [ges] (=]
Answer: 1.266044443

Calculate: Cos 0.257

Set the angular unit to "RAD".

Key in: .25 [ X O] =] [eosi (Rememper to use the [EHIFT) key )
Answer: 0.707106781

2. Inverse Trigonometric Functions:
Calculate: Sin™ 0.5
Set the angular unit to "DEG”.
Key in: .5 [sin7] Answer: 30
Calculate: Cos™ —1
Set the angular unit to "RAD".
Keyin: 1 A4 ios’ To enter a negative number, press the key
after a number.
Answer: 3.1415926564 (Value of 7)

The calculation results of the respective inverse frigonometric functions will be
displayed within the following limits.

9=sin"y, G=tany A=cos™y

DEG: —90=6<90[°] DEG: 0<0<180[°]
RAD: — 7/2 <0=g/2 [rad] RAD: O=8=w [rad]
GRAD: —100=<6<100[g ] GRAD: 0=0=200g]

3. Hyperbolic and Inverse Hyperbolic Functions
Calculate: Sinh 4

Key in: 4 [Rye] [sin] Answer: 27.2809172
Calculate: Sinh™ 9
Key in: 8 (e [sin] Answer; 2.893443988

4. Power Functions
Calculate: 207
Key in: 20 [¥%] Answer. 400
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Calculate: 3% and 34

CKeyim 3 (K13 [= Answer 27 o
Reyin: 3034 (=1 " " "' 'Ahswer; 81

5. Roots o
Calculate: V25
Key in: 25 Answer: 5 | C
Calculate: Cubic root of 27 : DR N
Keyin: 27 = Answer: -3 '
Calculate: Fourth root of 81 s
Key in: 81 4 (=] Answer: 3

6. Logarithmic Functions
Calculate: In 21, log 173
Natural Logarithms:

Key in: 21 (dn] Answer: 3.044522438
Common Logarithms: : B
Key in. 173 Answer:- 2.238046103 ..

7. Exponential Functions
Calculate; %045
Key in: 3.0445
‘Answer: 20.99952881 (21 as in item “8” above)
Calculate; 10?2
Key in: 2.238
Answer: 172.9816359 (173 as in.item “6" above)

8. Reciprocals
Calculate: 1/6 + 1/7

Key in: 6 7 =] Answer: 0.309523809
9. Factorial
Caleulate: 69!

Key in: 69 (@D
Answer: 1.711224524E 98 (=1.71 1224524 % 10%)

Note that the section on Errors deals with the calculation li'mits of thé’bompufér.

o !
Calculate: 4P, = (a_fT)

Key in: 8 (swiFt] (@D (3] (1) 8 (=] 3 (M i) @y (=5
Answer: 336

10. Percent calculations 45
Calculate: 45% of 2,780 (2’780Xﬁ)

Key in: 2780 45 Answer: 1251
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Calculate:

Key in: 547 [=] 473 (2%)
Answer: 15.6448203

547 — 473 400
73

Angle/Time conversions
To convert an angle given in the sexagesimal system {degrees/minutes/sec-
onds) to its decimal equivalent, & value in degrees must be entered as an integer
and values in minutes and seconds as decimal fractions, respectively.
Convert 12°47' 52" to its decimal eguivalent.
Key in: 12.4752
Answer: 12.79777778

When converiing an angle in decimal degrees fo its sexagesimal equivalent
(degrees/minutes/seconds), the answer is broken down: integer part =
degrees; 1st and 2nd decimal digits = minutes; 3rd and 4th digits = seconds;
and the 5th digit and up = fractional seconds.
Convert 24.7256 to its sexagesimal equivalent (degrees/minutes/seconds)
Key in: 24.7256
Answer: 24.433216 or 24°43'32"

A racehorse has the track times of 2 minutes 25 seconds, 2 minutes 38 seconds,
and 2 minutes 22 seconds. What is the average running time of the horse?
Key in: .0225 .0238 [(*1.0222 =]
Answer 1. 0.123611111
Key in: [£] 3 [=]
Answer 2: 0.041203703
Key in:
Arswer 3: 0.022833333 or the average time is 2 minutes 28 seconds

Coordinates Conversion
Converting rectangular coordinates to polar K, y—r 8)

P ir gf = Vx* +y? DEG: 0g£l01g180
7 . RAD: 0<ZIf8IgT
6 = tan! )7 GRAD: 0< 18 1< 200

Solvefory=6andy =4
Angular unit: DEG

Keyin: 6 (3] 4 [=7¢] Answer: 7.211102551 (r)
Key in: (3] Answer: 33.69006753 (6)
Calculate the magnitude and direction (phase) in vector i = 12 + i9
Keyin: 12 33 9 [re] Answer: 15 (1)

Key in: (3] Answer: 36.86989765 (6)
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Converting polar coordinates to rectangular (r, & — i, ¥}
Solve for P (14, #/3), r = 14, 0 = 7/3)
Angular unii: RAD

Key in: [mrD) [T] (2] 3 (=] zzlmzim-

Answer: 7. 000000002 (x) T
Keym e8] R RISV I S
- Answer;.12, 212435565 (y) ~| In the. above. axample; .0

Jw= 7/3.is input first andis ). -
replaced with. r-= 14 by Lo
pushing the (3] key aﬂer R :
r is input.

The parentheses keys are needed to.clusier together 2 series of opetations when it is
necessary to override the priority system of algebra. When parentheses are:in' use on
the COMPUTER, the symbol-“(. ) will appear in the display. : :
Calculations in parentheses have priority over other calculatlons Parentheses inthe
CAL made can be used up to 15 times iri- a -single: level.’ A cilculation within the
innermost set of parentheses will be pg;fqrmed_ﬂrs‘tl.l .

Calculate: 12 + 42 + (8 — 6) o
Keyin: 12 [#]42 (] (8 (=1 6 (O3] [=])
Answer: 33
Calculate: 126 + [(3 + 4)x (3 — 1)]
Keyin: 126 (=1 (1] (213 [#)4 O] (X IES[EH: m @

Answer 8

Note: The (1] keys Iocated Just before the EI or m key can be omltted

The (sHIFT). and [T2B) keys are used to specify the number of decimal places in the
calculation resuk, The number of decimal places after the decimal pointis specified by
the numeral key ( [B] ~ (8] ) pressed after the (Earr) and [TAB) keys. In this
case, the display mode must be FiX ({fixed decimal pomt ), SCI (smenhﬂc notatlon)
or ENG (engineering notation). . D . :

=) — Designates 0 decimal place.
(The 1st decimal place is rounded.)

m (148 [I] — DeS|gnates 1 decimal place.
(. ‘ (The 2nd decimal place is rounded. )

(SmFT) (TAB] @ — Designates 9 decimal places:. ‘ ST ;
(The 10th decimal place is rounded.) - Con
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To clear the TAB setting (designation of the decimal places), turn ofi the power switch
and then on again. The display is now in the normal dispiay mode.

Example:
[(stiFT) [TAB] @ = 0.055555556 (FIX mede)
I &) +1 0@ =1 (The 10th cecimal piace is rounded.)
FSE —s 5.555555556E-02 (SCIl mode)
(The 10th decimal place of the mantissa part is rounded.)
SHiFT] [TAE] —> 5.556E-02 {SCI mode}
(The 4th decimal place of the mantissa part is rounded.)
ESE — 55.556E-03 {ENG mode)
[FSE — 0.055555555

This is determined by the computer in the
form of 5.55555555555 x 102 Rounding
the i1th digit of the mantissa resuits in
5.555555556 % 10 When changed to
the fioating decimal point display, the
rounded part may not be displayed as in
this example.

Priority Levelsin CAL Mode -

The machine is provided with a function that judges the priority levels of individual
calculations, which permits keys to be operated according to a given mathematical
formula. The following shows the pricrity levels of individuai calculations.

Level Operations
(1)  Functions, such as sin, x*

@ ¥V

@ x =+ {Calculations which are given the same priotity level are executed in
their sequence of input.}

4 -+ -

(5 =, M+, A%
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Ex.-  Key.operation and sequence of calculation in 5 + 2xsin 30 + 24 x5% =

5 (3] 2 (X130 Bm (31 24 X1 5 5 3 (=)
0 ! |

!
I
1
1

The numbers (1) ~ (&) indicate the sequence in which the caiculations are carried out.

When calculations are executed from the higher priority one in sequence, a lower
priority one must be set aside. The machine is prowded with a memory area for up to
eight levels of pending operations. *

As the memory area -canalso ba used in a calculation including parentheses,
calculations can be performed according to a givén mathematical formula unless the
levels of parent'heses ahd/or pending operations exceed 8 in total.

# Single-variable functions are calculated lmmedlately after key operation without
being retained. (x?, 1/x, n!, >DEG, —DMS, etc.)

Calculation without using parentheses

Ex. 1 2 =1 Pending of 1 level
1 2 -[Xj 3 =] Pending.of 2 levels .
® @
- xXJ 3 4 =] Pending. of 3 levels
@ & @ o |
2 (%] 3 4 (15 With the pressed, 3 calculations
"’"‘6"" @ @ remain pending. Pressing the (5] key
executes the calculations of “y** high-
@ est in priority level and "x” identical in

priority level. After the [T key is
pressed, the other 2 calculations will
remain pending.
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Calculation using pareniheses

Ex. 0 132 3 Ci 4 numerals and calculation instructions
= . are ieft pending.

A '2 3
4[%)5
a
iy 1 P 1] 3 [=] Pressing the [ )7} key executes the cal-
o """é“"‘ "“"3”“ culation of 3 — 4 + 5 in the paren-
e theses, leaving 2 calculations pending.
4 [£) 5[]

e Parentheses can be used unless pending calculations exceed 8. However, paren-
theses can be continuously used up to 15 times.

Ex. ax({(b — cx

¥

—_—

((d+ e}xf) = g oo

=

Parentheses, if continued, can be used up to 15.

Conversion between Decimal and Hex Numbers, and Hex Calculations
( Eox , Foed) )
formex] Allows you to convert a decimal number into its hexadecimal equiva-
lent and, at the same time, places the computer in the HEX mode.
(The display shows the symbol “HEX".)

-pEc) :  Allows you to convert a hexadecimal number into its decimal equiva-
lent and, at the same time, releases the computer from the HEX
mode. (Symbaol “HEX" disappears from the display.)

Hexadecimal notation is one of the notation systems broadly usedin the computer field.
The radix for hex notation is 16 and hex numbers consist of numerals 0 through 8 and
uppercase letters A through F used in place of 10 through 15 of decimal notation.

{Hexadecimal) (Decimal)
A _— 10
§ §
F — 15
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Hex numbers Athrough F can be entered by first placing your computerin the Hexmdde
(Withle..".]- key), then pressing the respective keys shown in figure.

The symbol HEX indicates that the ‘humeric
data shown in the display is a hex number,
and that you can perform any basic arithmetic
operations on hex numbers.

e

To clear the Hex mode, operate [-oed . You cannot clear it with the key.

1. Decimal to hex conversion
) Exampte_ Convert demmal number 30 lnto |ts hexadeclmal equwalent

t“‘rf .

Key in: 30 @l Answer:: Lo ~1E: .;HHEx

To perform a new conversion, temperarily clear the HEX mode-iith

Example: Convert decimal number —2, into its hexadecimal equivalent.
Ternporan!y clear the HEX mode wrth - m -

Keym @ ) @ :
o ' Answerf FFFFFFFFFE HEX

* If you attempt decrmal to—hex conversion on.a negative decimal
. number the computer mternally performs "two's complement"
. " caletilation and shows the resulf i |n 16's complement '
‘' The m key may be used to reverse the posmve or negative sign
" ofthe numeric data now iA the dreplay If the S|gn of a positive hex
.. - numberis reversed, the complement of the: posmve number will be
AT -obtained in the dtsplay :

ES(aran:e: Convert demmal number 123 4 into its hexadecrmal equwalent
Key in: [SniET] [roee | 123.4 [mnex)
' Answer: 7B, HEX

¢ |f & detimal number having a fractional part is converted
into a hex number, the fractional part of the decimal
number is truncated and only its integer part is converted
into a hex number,
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2. Hex to decimal conversion

Example:

Example:

Convert hex number 2BC into its decimal equivaient
Key in: [ece] (el 2BC [-nec]

Answer: : 700.

Convert hex-number FFFFFFFF12 into its decimal equivalent:
Key in: frex) FFFFFFFF 12 [-pec]

Answer: FFFFFFFF1i2.

HEX

—238.

3. Hexadecimal calculations
Hexadecimal calculations can be done after your compuier is placed in the Hex
mode. Press ceel [ and the symbol HEX will be displayed.

Example:

Example:

Example:

A4 + BA =
Key in: A4 (F]1 BA (=)

e |f any of hex numbers FFFFFFFFFF to FDABF41C01 is converted
into its decimal equivalent, the corresponding decimal number will
become negative.

Answer: 15 E.

HEX |

{350 in decimal}

8x3 =
Key in: 8 3 =)

Answer: 18.

HEX

{24 in decimal}

(12 + D)xB =
Keyin: B8 [1) 12 (%) D (1] (X1B X

Answer: 155.

HEX

{341 in decimal)
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Example: 43A — 3CB
"4:')'A38*—='2FB

el L - Total
Keym ce] (mem)
43A- 3 C B. [MH -

Answer R 1 HESJ(

I

A38 (=12FB B
Answer 73D. HEX

- (BM]

Answer: ' 7AC. HEX

For hex calculations, you should note the following Apolints:"' '

® In hex calculations; the'complter-igriores all fractional parts. This Trieans that the
decimal point key, (=] , is meaningless even if pressed for a hex calculation.

If an intermediate result in successive hex calculations includes a fractional part, an
-error will result.

Example: B E 3 (XJ ... Error (Symbol “E” is displayed.)

lfa fractmnal part is in the result of the final calculation, it will be truncated and only
the integer part of the result will be displayed,

Example:- B [+1 3 (=] ... 3. HEX

» In the Hex mode, the F7= key may be used to obtain a complement for the hex
number now shown i the display.

Example: AB — FFFFFFFF55. HEX
_ — AB. HEX
In the Hex made, the function keys on the computer are not usable.

When the'computer is in the STAT or MATRIX mode (a dash () indicator is shown
at the STAT or MATRIX label), neither conversion between decimal and hex
numbers nor a hex calculation is executable.
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Statistical Calculations

To perform siatistical calculation, press the and keys {under the red [-ce]
key) in the CAL mode, a dash (~} indicator will appear just above the "STAT” label
in the lower right area of the display. The “STAT" stands for STATistics, and
indicates that the computer is in the statistical calculation mode.

When the computer is in the RUN or PRO mode, press the [€al) and then
to perform a statistical calculation.

RAEYS

T— Display a dash indicator in this position by
pressing the and(statikeys.

Keys that are used mainly in the statistical calculation mode.

When a statistical calculation is performed, the following statistics are automatically
stored in the memory area for fixed variables used in the BASIC mode. And these
statistics can be used in the BASIC mode, because these stalistics are retained even
when the statistical calculation mode is reset. These statistics are cleared when the
statistical calculation mode is reset and then set again for another statisticat calcula-
tion.

Memory z Y X W Vv U

Statistic n Tx x| Zxy | Zyp zy?
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To clear previous statistical inputs and calculations, reset the statistical calcuiation
mode once and set this mode again. Otherwise, when a new statistical calculatlon IS
pen‘ormed |ncorrect answers will be obtalned '

' i

When the statlstlcal calculatton mode is set the followmg cannot be performed
* Memory calculatlon e
* Calculatlon wtth parentheses

*

Coordinates conversion
*

Conversion between hexadecimal and decimal numbers

* Hexadecimal calculation

1. Single-variable Statistical Calculation
The following statistics are obtainable in a single-variable statistic calculation:

(1) n: Number of sampies

(2) Zx: Sum total of samples

3) o Sum of squares of samples

{4) X Mean value of samples ; _ Zx

. n
Standard deviation with population parameter taken to be

(5} Sx: i

3 —,— (Used to estimate the standard deviation of
Sx=_/EX =M% population from the sample data extracted
n—1 from that population.)

(6) ox: Standard deviation with population parameter taken to be
-~

(Used when all the populations are taken as
Tx?* - nx? sample data or when finding the standard
n deviation of a population with samples taken

as that population.)

ox =

Data for smgie -variable statistic calculations are lnput by the following key operatlons
(1) Data BA {Used to enter data ohe by one)
(2) Data EI Frequency m bata] (used to enter two or more of the same data)

Example

Caleulate standard deviation, mean, and variance (Sx)? from the following data:
Set the computer in the statistical calculation mode.

Value 35 45 b5 6b

Frequency 1 i b 2
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As each sample is entered, the number of data of that sample will appear at the right of
the display.

Key in; Display

(SHIFT] [s7aT] 0.

35 DATA]

45
555
B5x2

©~NMn 2

Notes: 1. After all the data have been entered, statistics such as mean value,
standard deviation, etc., may be obtained in any desired order.

2. After a mean value, standard deviation, or any other statistic has been

obtained as an intermediate result, more data can be entered and

statistical calculations can be performed continuously on additional data

eniry.
Key in: Display:
Mean: =] 53.88888889
Standard Deviation: 1 9.279607271
Variance: 86.11111111

Correct Data {CD): The last data entry in the above example is an error and must be
changed to 60X2.

Key in: Display:
65 [XJ 2 7.
60 2 9.

2. Two-variable Statistics and Linear Regression
In addition to the statistics for both variables x and y which are the same as those of x in
single-variable statistics, the sum of the products of samples Zxy is obtained in two-
variable statistics. Two-variable statistics make possible the development of a relation-
ship (correlation) between two sets of data. Each pair of data has x and y values.
From these sets of data a line of regression can be established. The relationship of the
two sets of data by use of the siraight line method is called Linear Regression. In Linear
Regression there are three important values, r, a, and b.
The eguation of the straight line is y = a + bx, where a is the point at which the line
crosses the Y-axis and b is the slope of the line.
The correlation coefficient r shows the relationship between two sets of data. A perfect
correlation between two values is an r equal to 1 (—1 is a perfect negative correla-
tion); in other words, by knowing the value of one variable you can predict with 100%
accuracy the value of the other variable. The further the value of ris from 1, the less
reliable will your predictions be. The following table can be used as a set of definitions of
the values of the correlation coefficient:
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‘Valueofr. - - - . Callit .
+0.80 1o +1.00 Extra High
Positive +0.60 to +0.80 High -
Correlation +0.40 to +0.60 Moderate
+0.20 t0 +0.40 Low
—0.20 t0 +0.20 Nil
—0.20 to —0.40 Low
Negative —0.40 to —0.60 Moderate
Correlation —0.60 to —0.80 High
-0.80t0 ~1.00 Extra High
r: Correlation cosfficient - ,l S 7 .
‘,—;: Sxy .
A _Sxx f Sy'y s ) ,Sx.x = EIZ L (E:)
a a=y—hx (Zy)?
s . Coefficient of finear | Syy =Zy* ———
b: b= 2% regression equation .
Six ) y=a+bx Sey = Say — 22 BY

Example 1: If we know a student’s mark in mathernatrcs can we predlct the mark in
English?
The exam marks for five students chosen at random are given in the followmg table:

Student No. Mark in Math. Mark in English
n ¥ ‘ Ty
1 82 : .79
2 53 . . 50 .
4 74 e
5 5t 73,
6 51 73
" - Key in: -7 Display
82 79 S 1.
53 & 50 i} 2.
61 &=11 87 [am 3.
74 & 96 A
51 &R 73 2 [ 8 (Note To mput multlple ‘

7 ldentlcal samples pro-
ceed as mdlcated) '
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(] 0.571587901
(a] 34.26190476 (y-axis)
(2] 0.678571428 (slope)

The value of 0.571587901 for r indicates that the caorrelation is moderate. The
equation for the straight line for this data is y = 34.26 4 0.68x when fruncated to
second decimal places.

Key in: Display
90 95.33333333

If we had a student whose mark in mathematics was 90, the student would have a mark
of 95 in English based on this analysis.

Example 2: Is weight a good predictor of longevity among men 65 years of age? In

1950, 10 men, each six feet tall, were selected for an experiment to
determine if their weight effected their life span.

Sample 1 2 3 4 5 6 7 8 9 10

Age at death 72 &7 69 B5 91 68 77 74 70 82

Weight at age 65 | 185 226 200 169 170 195 175 174 188 172

ey in Display
B 0.
72 185 1.
67 226 2.

tinue t in all dat i
(Ezgmu[ezl oplace inalldata)  _ 295906167

The value for r indicates a relatively high negative correlation. A higher weight means a
shorter life span. To graph the regression line, coefficients a and b are used.

ra) 321.9292125 (y-axis)
) —1.795088908 (slope)

Predict the age of death of a 6-foot man weighing 120 pounds in 1950.
190 73.4945283 years

To reach age 90, what should a man’s weight be in 19607
90 160.3712108 pounds

To reach age 150, what should a man's weight be? Obviously, the answer will make
no sense, indicating the danger of carrying & straight-line extrapolation too far.
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CAUTION

The following statistical data obtained in the CAL mode ‘can be used in the BASIC

lMelﬁorv 'R N Z". . . ,!Y.' x-‘ W . i ..‘V. ‘U ;'l ; .
Statistic n Ix | Zx* | Zxy Ty Iyt

When performing calculations uéiing this statistical data, use 'th:e RUN mode.

For example, to determine the sum of squares (8% of four pieces of data, 205, 221,
226 and 220 operate your. computer as follows ‘ :

SZ

® Enter the data |n the CAL mode.

Z{x —%)2
L Zx? —~nx2
TxT L (Exll2

(CAY) '[SHIFT) (sTaT]

205 221

226 220

¢ Change the CAL made to RUN and calcuilate 2. -

M= OEE

42
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Calculation Range

Four arithmetic calculations:
1st operand, 2nd operand, and
calculation result; +1x10~% ~ £9.999999999x10%° and 0

Scientific functions:

Functions Dynamic range Note
DEG: Jx|<1x10'"
D:  Ixi< 2. x10"
RA 180 *
_ GRrAD: Ixi<8x1gm
sin X 2]
cos X i )
o x In tan x, however, the following cases are excluded,
DEG: x| =901(2n—1)
AAD:  lxl= % {(Zn — 1} n = integer
GRAD: [(x1=100(2n — 1)
S B
sin _lz < x <
cos™' X =" =
tan~! x Ix1 < 1x10'%
In x -99 100
1x10°7 < x < 1x 10 {In x = logg Xx)
log .x = e
X _ 100 ¢y & ] {e =
] 1x 10" <x < 230.2585092 5 718281828)
1c¥ —1x 10" < x < 100
ey >0 —1x10'" <xlogy <100
pX (~) ey=0 x>0 1 ¥ 1px-logy
e p < 0: Xx:integer or = odd number Y
—1x 10" <xlogly 1< 100
ey >0 —1x10 < 1—_Iogy <100, x # 0
x oyp=0 x>0 x l-!ogy
3 - = X
vy sy <0 x or 17: integer (x # 0) Vy=10
1 x 1010 < ;—Iog Ly 1< 100
Ux Ix1<1x10"®
sinh X
cosh x —227.9559242 < x < 230.2585092
tanh x
sinh™! x Px | <1x10%
cosh™! x 1Tgx <1x10%
tanh ! x Ixl<1
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Functions

Dynamic range

NE

Ogx<1x10"

x'.l

X< x10%

4
x

xI<1x108

x#0

" nl

o< n <69 (n: Integer)

DMS—DEG- ;---

Ix1<1x101% "

DEG — D.MS

lx1<1x101%

HEX — DEC

0 < x < 2640BE3FF
FDABF41C01 £ x < FFFFFFFFEF

X is an integer
in HEX mode

DEC - HEX..

¥ | < 9999999999

X is an integer.

X, y—r 6

x? + 7} <1 x 100

T <rx1g
x

r=+/x+ p2
6 =tan~! el
x

rnLe—xy

F<1x 10100,
lrsing | <1x10'%®
Ircos8 | <1x 100

X=rcoséd

Yy =rsing

g is in the same
condition as x
of sin x, cos x.

DATA
cb

Ix|<1x10%
Iyl <1x10%

[ Zx1<1x10'
Zx? <1x10'®
IZypl<1x10'®
Zy? < 1x 10
lZxyl<1x101%
lni<1x10"%

nx0""

Statistical §x

caleulation

n#1 ]
zx? — nk?
n—1

0s <1x10°°

Ox

n#0

2 _ -2
Oézx—nnx— <1x10100

-]

n+0

sy

<1x10'%®

Uyr

< 1'x 1010
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Functions Dynamic range Nota
n#0
0<I{Ex? —nx?) - (Zy? —nP?HI <1 x10'°°
s Y
Lxy — Ix-xny ' <1 x101%°
n
r x- Ly
)_;X}l L e—
—_ < 1x%10'%

{(xx? —nk?)-{Ey? —np?)

n#+0
0<|xx? —nk?l<1x10'%
" r
xxyf———-fzx 2'} <1 x 10400
n

Zx-ZY
n <1 x10'

£x* — nk?

Statistical | b
calculation Lxy —

a is the same condition as b, and
|7 —bx1l<1x10"

y' latbx)l < 1x10™®

< 1x%10'"

b

' |J’—3

For the accuracy of functions other than shown above, the erroris +1 at the 10th digit,
as a rule. (In the scientific notation system, the error is =1 at the lowest digit of
mantissa display.)

However, the accuracy will become low around singutar points and inflection points of
functions.

Therefore, errors are accumulated in each stage of the continuous calculations,
causing the accuracy to deteriorate. {The same applies to other continuous calcula-
tions made by the computer such as y* and Vy.)
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In the CAL mode, the COMPUTEFI hasg a- funotlon to calculate matrixes or thelr
. determinant values.

‘A matrix is a rectangular array ay (i = 1 2...mk=1,2_, h) of a given set of
,numbers {mxn elements) as shown below. 3 :

‘With this computer, such an array |s expressed as matnx X, Y orM. One of the sets
'of numbers which form a matrix is called a matrix element. Matrix element ay IS
expressed as X(1,1), ¥(1,1), or M(1,1).! The horizontal arrangement of matrix
elements is called a row while the vertical arrangement is called a column.

Matrix Conftguratlon

With the COMPUTER, three matrixes X, ¥, and M can be defined. Each matrix can be
defined within g range of 1 to 99 both vertically. (i.e., columns) and horizontally
{i.e., rows). However, the total matrix size is dependent upon the memory capacity
of the COMPUTER.

In addition, matrixes X, ¥, and M are stored in the same memory area as BASIC
arrays X(k:x), Y(%%), and M(k%). In other words, the values of the matrix
elements.entered i the BASIC mode can be calculated in the-CAL mode. -

When entering the values of matnx elements in the BASlC mode pay attentton i the

following points;

(1) Matrix elements X(i,k} correspond to BASIC array elements X(|~1 k— 1) For
- example, X(1,2) correspond to'array X(0,1). - ' P

{2) All the matrix element values stored-in memory W|ll be cleared by BASIC
command RUN, CLEAR, or NEW. : : :

Input of Matrix Element

In the CAL mode, pressing or [ causes the COMPUTER to
enter the MATRIX mode. In this mode, you can enter the elements of a matrix for
calculation of the matrix, as well as o have the computer perform matrix operations
and display the matrix elements entered.

The keys and their functions used to enter and display matrix elements are as
described below.
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Key

Function

I

e Puts the computer in the MATRIX mode.

» Allows you to enter the elements of matrix X and then the
elements of matrix ¥, and the computer fo calculate the
matrixes.

e Releases the computer from the MATRIX mode when these
keys are pressed a second time,

® Puis the computer in the MATRIX mode.

e Allows the computer to perform matrix caiculations.

e Releases the computer from the MATRIX mode when these
keys are pressed a second time.

e Stores in memory the number of rows and number of columns
which form a matrix and other matrix element data, and then
the computer waits for the next data entry.

® Shifts the cursor to the right by one column. (When the cursor
is at the rightmost column, the cursor moves to the next
element.)

® Shifts the cursor to the left by one column. (When the cursor
is at the leftmost column, the cursor moves to the preceding
element.)

» Shifts the cursor up by one row (i.e., to the element immedi-
ately ahove the current column).
e Returns the computer to the previous step in operation.

e Shifts the cursor down by cone row (i.e., to the element
immediately below the current column).
e Puis the computer in the wait state for next step in operation.

When you input the respective elements of a matrix, you may use any of the keys that
you use in the CAL mode for four basic operations and scientific calculations.

Example 1: To enter the following two mairixes:

_-10/3 -5 2
X*[a 2 23:|

yo[53 8 2]

-1 0o -8
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Using as a Calculator
Operation:

EGif s o  MATRIX:X(0—, 0)

Because matnx X IS undefmed (0 O) is dlsplayed when the computer is put in the
MATFHX mode.

TR T "-5"MATHIX:X(‘2_','@)
9" ig entered as the number of fows. o
Ewes .. [mATRIXX(2,0_)

slver U (xay 0.

Then enter the number of columns as “3” and define matnxX as a matrix with a size of
(2 3) and the computer |s ready for your |nput of the value of element X(i, 1).

s [xay o 10.
Jem 0 [X@ sassasases
X(1,2) a.

After you-r input of ere'me:nt‘X(L 1), the. computer wai'ts_‘fOr your input of the next
element X(1, 2). o :

s PG R -5

EwERiz X3 3

(exea] & o xen 8,

2 - [xeay 2,

mElz . [x@e® | 28
- MATRIX:Y( 0 -, 0)
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After you have completed the input of all the element data of matrix X, you must define
the size of matrix ¥ and then enter the elements of matrix ¥ in the same manner as you

did for matrix X.

2 MATRIX:Y(2, 0_)

3 MATRIX:Y(2, 3_)

5(F13 (5] Y(1,1) 1.666666667
3 Y(1,2) 3,
2 Y(1,3) 2,
[ENTER]1 Bz Y2, 1) ~1.
0 Y(2,2) 0.
8 &7 Y(2,3) —8.
MATRIX OPERATION

On input of all the elements of matrix ¥, the message “MATRIX OPERATION" will
appear on the display, indicating that the COMPUTER is ready to perform matrix
calculations. If only matrix X needs to be calculated, press when you
input the number of rows and number of columns, respectively, for matrix ¥.
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Matrix Calculations - ‘ ‘ : i
Whlle the message “MATFHX OPEFiATION" s on the dlsplay, pressmg each of the
following keys causes the COMPUTER to perform the matrix operation designated by

the key.

S Key E

- Function

3

_To perform addition, matrixes X and ¥ must be equal to each

X +Y = X ‘, Performs addition.
The result of adding matrix X to matrix ¥ becomes riew matrix X,

other in both the number of rows and the number of columns.

|x-y—x- Performs subtraction,
_The resuit of subtracting some elements of matrlx Y from the

_elements of new matrix X.

_ the number of rows and the number of columns,

corresponding elements of matrix X becomes the corresponding

To perform subtraction, matrixes X and ¥ must be equal in both

(Example) =~

'[2 S S, )

X Y — X: Performs multlpllcatlon
To perform multiplication, the number of columns in matrix' X
rmust.be equal to the number of rows in matrix ¥,

X - Y '= X: Performs the multiplication of matrix X and inverse
matrix ¥.

To perform this operation, the number of columns in mairix X

must be equal to the number of rows in matrix ¥'.

X~ X: Performs the inverse matrix caleulation of matrix X.
The result of this operation becomes new mairix X,

To perform this operation, matrix X must be a square matrix
(which has the same number of rows as the number of col-
umns).

n (&)

n + X — X: Performs the addition of scalar n to matrix X
elements.
In this operation, n is added to sach element of matrix X.
NOTE: Mathematically, such an operation as this does not
exist. The addition of scalars is one of the features
unigue to the COMPUTER, ]
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Key Functicn
n —=J n — X — X: Performs the subtraction of matrix X elements from
scalar n.

In this operation, each element of matrix X is subtracted from n

and the result becomes the corresponding elements of new

matrix X.

NOTE: Mathematically, such an operation as this does not
exist. The subtraction of scalars is another feature uni-
gue to the COMPUTER.

(Example)
1 6 1 —4
L S
3 -1 -1 3
n ¥ n-¥ ¥ Parorms the multiplication of mairix X elements by
scalar n.
n (=] n- X' — X: Performs ihe multiplication of inverse matrix X~
elements by scalar n.
To perform this operation, matrix X must be a square matrix.
E3 X < Y: Exchange matrix X for matrix ¥.
X' & X: Performs the iransposition of matrix X, giving the
transposed mairix as new matrix X.
oy |X| — X (Display): Displays the value of the determinant of
matrix X.
To perfarm this operation, matrix X must be a square matrix.
+/= —X — X Reverses the positive or negative sign of each element
of matrix X.
[x2) X - X — X: Perform the squaring of matrix X.
To perform this cperation, matrix X must be a square mairix.
[xem) X —» M: Stores the value of matrix X in the memory location of

matrix M {while clearing the previous contents of matrix
M).
This key is used when you wish to retain the value of matrix X
even after the matrix calculation.
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Key et Function

: <o | M — X Invokes the memory contents of matrix M into matrix X
(while clearing the prevrous contents of matrix X.)

SR X + M > M Adds the’ value of matnx X cumulattvely to the
R : ‘memory contents of matrix M.

To perform this operation, matrixes X and M must be equal to

‘each’ other |n both the number of rows and the number of
colurring;’

1

Note: e Pressing the key during the execution of a matrix calculation causes the
calculation to be suspended. At this point, the values of matrixes X, ¥, and
M will be retained as those before the execution of the éalculation,
® Press the n {7z (XJ in this- order to perform the division of matrix X
elements by scalar n.

-8 If most of the elements of a matrix have the same value, execute the n
operation with all the matrix elements set as 0 and then correct only the value
of each element havinga value other than n. This will facilitate the input of the
matrix elements.

On compietion of the matrix calculation the message. “MATRIX OPERATION"
appears again én the drsplay, |nd|oat|ng that the COMPUTER is ready for the next
matrix calculation. After the determinant value of matrix X is displayed by pressing the
(DT key, the message “MATRIX OPERATION” will appear again if you press one of

the (21, (0. =71 (= &e< , and (ENTER) keys.

Example 2: To calculate X + ¥, using the values of the respective elements of
" matrixes X and ¥ entered (stored in memory) in Exarhple 1

103 -5 -2 N 3 2
8 2 23 ‘ —1 0 —8

Operation: _‘
MATRIX OPERATION

¥y A X+Y-X

{The message “BUSY" appears
indicating that the computer is
performing a calculation.)

MATRIX OPERATION

52



Using as a Calculator

Now, let's see the result of addition.

n MATRIX:X(2 _, 3)
N X(1,1) 5.
=) X(1,2) —2.
0.

The COMPUTER is now released from the MATRIX mode.

If you press any of the numeric keys or the [+ key while the message “MATRIX
OPERATION?” is being displayed, the COMPUTER can perform scalar calculations.

Example 3: To calculate 1/25% X — X, using the calculation result of matrix X in

Example 2
Operaticn:

] MATRIX OPERATION
2 SCALAR 2.
5 SCALAR 25.
SCALAR @.p4
0.04%X—-X

MATRIX OPERATION
MATRIX:X{ 2, 3)
O X(,1) @.2
1] 2.

Example 4; To solve the following simultaneous linear equations with three unknowns
using matrix calculations

2x + By —z = —1
XxX—y+4z=12
x+2y+z= 9
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HINTS: Enter matrixes X and ¥ as shown below and calculate X' + ¥ to obtain the
solutions x; v, and z of the equations.

e 23

Operatlon

5

-1
2

1

4
-1

J e[l

Press'the’ (SwFr) and (3] keys to put the computer in the MATRIX mode and then
enter the matrix element data of X and ¥ according to Example 1. -

¥

H“

BH

"MATRIX OPERATION

[invx—x

:‘ MATRI-XOPEFIAT!ON

XAR¥--X

MATRIX OPERATION

MATRIX:X(3 _, 1)

X(1,1) 3,
’7(2,1) iy
X(3,1) Y

Thus;-the eelutlons X ¥, and z of the equataons are as follows:
x*3y~'~1zﬁ2 i

Note: Matrix calculanons ae based on the method of elimination being widely used.
_ However due to the nature of nnumerical calcutations by any computer, an error
‘may occur in the ca!culatlon of a determinant or an inverse matrix because ot

truncation or some cther reasons.
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. . 3 1
Example 5: To solve for the inverse matrix of [1 1/3]

This matrix is not a regular matrix and thus has no inverse matrix
theoretically. With any computer, however, the value 1/3 is input as
“0.33 ... 3" and thus an inverse matrix exists, resulling in the

following.
[3 1i|—1 |:—33---3. 1.E10:|
1 033..3 1.E10 —-3.E10
So the results obtained by computers may have such an error. Please
note that verification by any other method may be required depending on
how matrix calculations will be applied.
In the above example, when you obtain the determinant value by muliply-

ing the original matrix X by 3, you can confirm that matrix X is not a reguiar
matrix because the result of the multiplicaiton becomes 0 (|3 3| =0).

Note: Because a matrix calculation will not be completed by a single
operation {e.g., one-time multiplication), it will take some time
to complete the calculation. It will take about 6 seconds 1o solve for
the inverse matrix of a unit matrix consisting of 7 rows and 7
columns. This calculation time varies depending on the values of
matrix elements.

Memory Capacity Required for Matrix Calculations

e Because matrix calculations share the same memory area as that used for BASIC
programs, unused memory capacity (i.e., capacity determinable by MEM
in BASIC mode) must be larger than the capacity determined by the following
formula:

[(No. of rows of matrix X) X (No. of columns of matrix X) x 8 + 7] byles

+ [(No. of rows of matrix ¥) x (No. of columns of matrix ¥) x 8 + 7] bytes

+ [No. of rows of matrix M} x (No. of columns of matrix M) x 8 + 7] byles

+ [No. of rows of resultant matrix) x (No. of columns of resultant matrix) x 8 + 7]

hytes
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However, when neither matrix ¥ nor matrix M is used, the values (no. of rows and
no. of columns) in brackets of each unused matrix will be treated as 0 for the
capacity calculation. The resultant matrix is, only required during the calculation and

. will be cleared on completlon of the calculation. For mformatlon no resuftant matrix

~ is required for the execution of zeM , [RM] , or @ Two resultant matrixes are
required for matrix operations using [E_I andn [¥], since these operations involve
two calculations (l.e., inversion and multiplication).

e If the message "MEMOHY OVER” appears on. the disptay: while in the MATRIX
mode, erase the variables or programs used in BASIC in order o increase the
unused memory capacity for matrix calculations.

When calculatlng mairixes c0n8|st|ng of numerous eiements use a RAM card
_ hawng a larger capacﬂy

Exampe 6: To calculate the multiplidatidn of the followiﬁg two mairixes (X - ¥ — X)

<[00l

(matrlx M undefined)
The requjfed'm.ernory capacity wil be'caIcUI'afed as follows:

[2><'2><8+'7]+‘[2><2x8‘+7]+[2><f2><8+'?]=117by1es
Matrix X Matrixy Resultant matrix

Printing of Matrixes

To pfint the data {&.g.; value of each element) of mairix X, prepare and executs the
following program. If you exscute. the praogram by typing “RUN” and pressing
(enteR], however, all the matrix data will be cleared from memory. So be sure to
execute the program with the - [DEF key.

100 "M™INPUT “ROW” i1l

110 INPUT “COLUMN”;JJ

120 FOR I=0 TO Il—-1 =

130 FOR J=0 TO JJ—1

140 LPRINT “X(";1+1;" " +1;%)="X{l,J)

150 NEXT JINEXT LEND
If the data of matrix ¥ or M s to be printed, change “X” at the two places in line 140 of
the above program to read “Y" ar “M™.

(Operation) Press the OEF (W] keys in the RUN mode, and the designated matrix
data will be output on the printer.
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Error Messages

If an etror occurs during the calculation of a matrix, one of the following messages
appears on the display, together with the “E" (Error) sign. Press the key to
release the COMPUTER from the error condition and the “E" sign will go off and the
message “MATRIX OPERATION” will appear on the display. At this point, the matrix
data before the execution of the matrix calcutation is retained in memory.

Error Message Cause of Error
IMPOSSIBLE ¢ Matrixes do not match in size.
CALCULATION Matrixes do not match in size in addition, subtrac-

tion, or multiplication, or an attempt was made to
calculate the inverse matrix, or to perform the
squaring, of a matrix which is not a sguare
matrix.

MEMORY OVER » |nsufficient memory
In X — M operation, memory space is not encugh
to store matrix M, or no work area is available for
arithmetic operation.

DIVISION BY ZERO ® 0 (zero) is used as divisor.
In an inverse matrix calculation, an attempt was
made to divide a number by zero.

OVER FLOW e Overflow has occurred during an arithmetic oper-
ation.

Manual Calculations in BASIC Mode

What is Manual Calculation?

The COMPUTER may be basically used in two ways. One way lels you store in
advance the whole calculation procedure or steps into the computer's memory as a
program, then lets the computer automatically execute it later. The other lets you
calculate step by step through manual key operations. The latter is called & manual
calculaiion.

Of course, in the CAL mode, all calculations are performed manually, but here only
those performed in the BASIC mode (RUN or PROgram mode) are called manual
calculations.
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How to Manually Calculate R B T

Let's try. manual-calculation-in the RUN mode. Press.theé BASIC key to.place your

computer-in thes RUN mode. - S R L s

R T U SR L IR T PR s g e g T e
RUN ) T T

' L Press [@); an indicator' will appear’ "~ "
. with the RUN Jabel.- -
In the'RUN ‘mode, the key fufctions éhéwﬁ lnthe following figure are o"pjéféti'vé'f‘("‘fhe

same s trué in the PROgraim mods.y ™ ' " *

. |

r.:‘."

SHARP  rocker comruTer  Foasn

|FOLYET LD i |

BT c T STAT AT

... DFF;.

L IDE ON . . .
BEE® O8I =@

<
T mODdnnohmm B ERE
HO@ODEOCAR 058 | g
S [ INPUT L R THENE GATO " FOR TO.  .STEP ; NEXT LIST FUN
BEEEECEGEOE O E E

PRINT  USING GOSUS RETUAN Ditd Enb’ CSaVE ''Closo |  peiw SAG &
e |
I AN

SML

(9 &9 885 B = &5 B9 5

S i

Before going into operation examples, let's touch on some important points in
operation. : . . PR

Whereas we usually use operators +, —, x, or + for ourmathematical caleulations on
paper, we don’t use the operators x and = for-our arithmetic operations'in BASIC.
instead of X and: -+, we Usé: an asterisk (%) and slash:(/}, respectively.

The operators *'and / can be entered by pressmg IE] :and &2 keys, réspectiveiy,
To get the result of a manual calculation, operate thé key instead of
S key. . : ‘ o

Do not use dollar. signs ori commas when entering a ‘calculation: formula or
expression into the COMPUTER. These characters have special meaning in the
BASIC programming language. Now try these simple arithmetic examples.
Remember to clear with the E<g between calculations.

i T
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Input Display_

(= (8) (] (5] (&) [ENTem) 100. |
0 ) (8] (=0 (5] (4 [Evew) 50.
(e [g) () C71 (2] [Even) B 600. |
() () (8 () (5] [EvieR) 60. |
(T (7)) &5 2 (ewien) 109. |
) ) (e () [ENTER) 6.283185307
) (%) (&) (iR 8. |

Recalling Entries
Even after the COMPUTER has displayed the results of your calculation, you can
display your last entry again. To recall, use the left (=] and right =) arrows.

The left arrow, [ =), recalls the expression that has the cursor positioned after its last
character.

The right arrow, (™1, recalls the expression that has the cursor positioned “on top
of” its first character.

Remember that the left and right arrows are also used to position the cursor within a
line. The right and left arrows are very helpful in editing (or modifying) entries without
having to retype the entire expression.

You will become familiar with the use of the right and left arrows in the following
examples. Now, take the role of the manager and perform the calculations as we
discuss them.

As ihe head of personnel in a large marketing division, you are responsible for planning
the annual sales meeting. You expect 300 people to attend the three-day conference.
For part of this time, the sales force will meet in small groups. You believe that groups
of six would be a good size. How many groups would this be?

Input Display

(57 o) (83 77 (57 (B 50
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On second thought, you decide that groups containing an odd number of participants
might be more effective. Recall your last entry, using the (=1 key :

Input Display
= - [300/6_

To calculate the new number of groups, you must replace the six with an odd number.
Five seems to make more sense than seven. Because you recalled by using the (=]
arrow, the cursor is positioned at the end of the display. Use the (=] to move the
cursor ang space to the left.

H ‘ | 300/6

Notice that after you move the cursor it becornes a flashing block E . Whenever you
position the cursor “on top of” an existing character, it will be displayed as a fiashing
cursor. ;

Type in a 5 to reptace the 6. One caution in replacing cha‘rac‘ters—o'nce you type a new
character over an existing charagter, the original is gone forever! You cannot recall an
expression that has been typed over.

{nput . Display
=1 300/5_

Sixty seems like a reasonable number of groups, so you decide that each small group
will consist of five participants. o )

Recall is also useful to verify your last entry, especially when your results do not seem
to make sense. For instance, suppose you had performed this calculation:

Input SR R : Display

(3 () 7 (3] (enven) R : " 6.
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Even a tired, overworked manager like you reaiizes that six does not seem to be a
reasonable result when you are dealing with hundreds of people! Recall your entry
using the (. .

Input Display

30/5

f
L=

Because you recalled by using the [ ] , the flashing cursor is now positioned over the
first character in the dispiay. To correct this eniry you wish to insert an added zero.
Using the (=1 , move the cursor until it is positioned over the zero. When making an
INSert, you position the flashing cursor over the character before which you wish to

make the inserticn.

Input Display

| 30/5

@

Use the INSert key to make space for the needed character.

Input Display
(ins] 3..@/5

Pressing INSert moves all the characters one space 1o the right, and inserts a
bracketed open slot. The flashing cursor is now positioned over this open space,
indicating the location of the next typed input. Type in your zero. Once the entry is
corrected, display your new result.

Input Dispiay
308/5
60.

On the other hand, suppose that you had entered this calculation:

Input Display

(31 (& @) (@) [7) (5] [ENTER] 600.
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The results seem much too large: If you only have 300 people attending the mesting,
how could you have 600 “small groups”? Recall your entry using the =3 .. . :

Input : Display
= [ 3eeess

The flashing cursor is now positioned over the first character in the disptay. To correct
this entry-eliminate one of the zeros. Using the (»7] ; move the cursor to the first. zero
(or any zéro). When deleting a:character, you: position.the cursdr.“on top of” the
charactertobe deleted.. & s w0 TR

input Display

(=] = 3980/5

Now use the DELete key to gét‘ rid 'of one of the zeros.

Input o . Display | ‘ - SRE
| 360/5

Pressing DELete causes all'tha characters to shift one space o the left. It deletes the
charagter it is “on top of” and the space the character occupied. The flashing cursor
stays in the same position indicating. the ‘next location for input. Since you have no
other changes to make, complete the: caleulation. .. .+ T

Input Dfsplay r

o 69. |

Note: Pressing the SPaCe key, when it is positioned over a character, replaces the
character leaving a blank space. DELete eliminates the character and the
space it occupied. S

Errors _ o o : S
Recalling your last entry is essential when you get the dreaded ERROR message.
Let us imagine that, unintentionally, you typed this entry into the computer.

Input Display

(% (00 @ DA (5] @ | ERROR 1
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Naturally you are surprised when this message appears! ERROCR 1 is simply the
computer's way of saying, ‘I don't know what you want me o do here”. To find out
what the problem is, recall your entry using either the (=] or =) arrow.

Input Display

(=] 380/ /5

When you use the [ =] or [ key, the flashing cursor indicates the point at which the
computer got confused. And no wonder, you have too many operators! To correct this
error use the DELete key.

Input Display
60.

If, upon recalling your entry afier an ERROR 1, you find that you have omitted a
character, use the INSert sequence to correct it.

When using the computer as a calculator, the majority of the errors you encounter will
he ERROR 1 {an error in syntax). For a complete listing of error messages, see
Appendix A,

Serial Calculations
The computer allows you to use the results of one calculation as part of the following

calculation.

Part of your responsibility in planning this conference is todraw up a detailed budget for
approval. You know that your total budget is $150.00 for each attendant. Figure your
total budget:

Input Display
(3) (@] (@) %) [1)[5] (8] [ENTER] 45000.

Of this amount you plan to use 15% for the final night’s awards presentation. When
performing serial calculations, it is not necessary to retype your previous results, but
DO NOT clear between entries (do not use the [e-ce| at this time). What is the awards
budget? '

Input Display

o Ol E) 45000 .%.156_

83



Using as.a Calculator

Notice that as you type in the second calculation {*.15), the computer automati-
cally disptays the result of your first calculation at the left of the screen and includes it
in the new calculation. In serial calculations, the entry must begin with an opera-
tor. As always, you end the entry with :

Note: The [i—°| and [Ai—f] keys cannot be used in the calculation. The é key should
be used as a character only and the ﬁ key is inoperative.
Example: 45008 [*%]15 — ERRORT

Input S " 7" Display - |
6750, |

Continue allocating your budget. The hotel will cater you dinner for $4000:

In|:3u't Display
(=2 @Ze]E® @ - |'6750.—-4000_.
‘ 2750,

Decorations will be $1225;

input Display
(=1 0027 (2] (5] [Enter] 1525..

Finally, you must allocate $2200 for the guest speaker and entertainment:

[nput Display
= @ @D @) (&) (&) _ —675. |

Obviously, you will have ta change either your plans or your ailocation of resources!
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Negative Numbers

Since you want the awards dinner to be really special, you decide to stay with the
planned agenda and spend the additional money. However, you wonder what
percentage of the total budget will be used up by this item. First, change the sign of the
remaining sum:

Input Display
(=1 1] —676.%x—1_
675.

Now you add this result to your original presentation budget:

Input Display

+) [6) (1) (51 (@) [ENTER] 7425,

Dividing by 45000 gives you the percentage of the total budget this new figure
represents.

Input Display

(/) @] (5] @[] (&) [EnTeR] P.165

Fine, you decide to allocate 16.5% to the awards presentation.

Compound Calculations and Parentheses

In performing the above calculations, you could have combined severai of these
operations into one step. For instance, you might have typed both these operations on
one line:

675+6750/45000
Compound calculations, however, must be entered very carefully:

675+6750/45000 might he interpreted as

675+6750 or 675+ 6750

45000 45000
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When performing compound calculations, the computer has specific tules.of éxpres:
slon. evaluation and operator priority (see page 78). Be sure. you-get the calculatlon
you.-want by usmg parentheses to. clarlfy your: expressuons i hi

(675+6750)/45000 or 675+(6750/45000)

. Tt
To illustrate the difference that the placement of parentheses can make iry these two
examples:

Input hee ‘ Display

FIEEO O 0.165
(5.)(e]) (8] (8] [enten] L T TP I SO HE

M E]E A EEE 675. 15

Note: In BASIC (PRO or. RUN) mode, the close parenthesis befre the(ENTER]key
cannot be omitted. In CAL mode, however, you can omit it before the [=) =
key.

<z

Using Variables in Calculations

The computer can store up to 26 fixed variabiés Under the alphabetic characters A to Z.
If you are unfamiliar with the concept of variables, they are more fully explained in
Chapter 4. You designate variables with an. Assigriment Statement: - BRI

A=5 e
B=-2 E I T A A ik
You €an also dssign' the valus of one variable (right) to anathier variable (lef).
C=A+3
D=E
A variable may be used in place ofa number in any calculatlon | e
Now that you have planned your awards dlnner you need to complete arrangements
for your conference. You wish to allocate the rest of your budget by percentages also.

First you must find out how much money is still available. Assign a variable-(R} to be
the amount remaining from the total:
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fnput Display

.

.

) [=) @ B (8] () = —74
e lvheales R=45000—-7425_

37575.

As you press [ENTER], the computer performs the calculation and displays the new
value of R. You can display the current value of any variable by entering the alphabetic
character it is stored under:

input Display

A 37575,

You can then perform calculations using your variable. The value of (R) will not
change until you assign it a new value.

You wish 1o allocate 60% of the remaining money to room rental:

Input Display
) 0] ) (8 [Rx.60_
22545,

Similarly, you want allocate 256% of your remaining budget to conduct management
training seminars:

Input Display

("1 () ] (2] (5] [EnTER] 9393.75

Variables will retain their assigned values even if the machine is turned OFF or
undergoes an AUTO OFF. Variables are lost only when you:

* assign a new value fo the same variable.

* type in CLEAR (not the clear key ( 3.
* clear the machine using the RESET bution.
* change the baiteries.

These are certain limitations on the assignment of variables, and certain programming
procedures which cause them to be changed. See Chapter 4 for a discussion of
assignment. See Chapter 5 for a discussion of the use of variables in programming.
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Chained Calculations

In addition to combining several operators in one calculation, the computer also allows
you to perform several calculations one after another—without having to press [ENTER]
before moving on. You must separatel the equations with commas. Only the result of
the final calculation is “displayed. {Remember too that the maximum line fength
accepted by the computer is 80 characters including [ENTER] .)

Youlworider how much money would have been available for rooms if you had kept to
your orlginai aI[ocatlon of 15% for the awards dlnner

PiTnputs !t e e e Display’ l“ Lo

(8] (=1 (2] (8 (53 ) (&) (5]

EileilEnlaales) E.ssmsmom,ﬂ*.so_
0 ) | | _

Although the computer performs all the calculattons in the cham it d|splays onfy the
final Fesult: S

Input _ Display
22959,

To find the value of R used in this calculation, enter R;

In'hut= L Display
W | 38250,
Error Message

If an‘error occurred as a result of a manual calculation, an error message will appear in
the dlsplay such as:

ERRCR 1 or ERRCR 2

The error staté canbe cleared with'either the - &< or (=] or (=] key. lfthe (= or
=] key is used to clear the error state, the portion of the formula where 'the error
occurred is recalled in the display (see the descrlptlon for the recall, feature)

Scientific Notation

People who need to deal with very large and very small numbers oftén use a spegial
exponential format called scientific netation. In scientific notatior, a numberls broken
down, rnto two parts. :
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The first part (called mantissa part) consists of a regular decimal number between 1
and 10, The second part (called exponent part) represents how large or small the
number is in powers of 10.

As you know, the first number to the left of the decimal point in a regular decimal
number shows the number of 1's, the second shows the number of 10’s, the third
the number of 100's, and the fourth the number of 1000's. These are simply
increasing powers of 10:

10° = 1, 10" = 10, 10? = 100, 10° = 1000, etc.

Scientific notation breaks down a decimal number into two parts: one shows what the
numbers are, the other shows how far a number is 1o the left, or right, of the decimal
point. For example:

1234 becomes 1.234 times 10* (3 places to the right)
654321 becomes 6.54321 times 10° (5 places to the right)
000125 becomes 1.25 times 107* (4 places to the left)

Scientific notation is useful for many short cuts. you can see i would take a lot of
writing to show 1.0 times 1087 or 1 and 87 zeros! But, in scientific notation, this number
looks like this:

1.0 x 10* or 1.0E 87

The computer uses scientific notation whenever numbers become toe large to display
using decimal notation. This computer uses the capital letter E to mean “times ten to
the":

1234567890000 is displayed as 1.23456789E 12
.000000000001 is displayed as 1. E =12

Those of you who are unfamiliar with this type of notation should take some time to put
in a few very large and very small numbers io note how they are displayed.

Limits

The largest number which the computer can handle is ten significant digits, with two
digit exponents. In other words, the largest number is:

9.999999999E 99 = 9999999992000000000000000000000000
0000000000000000000000000000000000
00000000000000000000000000000000

and the smallest number is:

9.999999989E —99 = .000000000000000000000000000000000
£00000000003000000000000000000000
0000000000000000000000000000000029
99999999

69



Using-as a Calculator

Under certain circumstances, when numbers: will be used frequently, the computer
uses a special compact form. In these cases, there are special limits imposed on the
size of numbers, usually either 0 to 65535 or —32768 to +32767. Numbers within this
range can be represented in 16 blnary bits. The crrcumstances in WhICh this form is
used are noted in Chapter 8. .

Last Answer Feature

Inthe case of the serial calculation, you could use the result of the calculation only as
the first member of the subsequent calculation formula.

Refer to the following example.

dnput’ 0 Display
3 081 4 (wE T
- [emmer] - | s - 35.

Press [ecg | then the (3] or [T key. i you operated these keys just dfter
completing the calculation example above, you should see *35.” in. your display.
The numerlc data drsplayed is the resuft of the last calcuiatlon ‘

The computer-can “remember” the last answer (result) obiained through a manual
calculation, and recall it on its display with the (3] or 1] key.

In the case of the serial calculation described above, you could use the result of the
previous calculation only as the first member of the subsequent caleulation formula.
With the last answer feature, however, you can place the result of the prewous
catculatlon ln any poeltlon of the subsequent calculatlon formula ‘
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Example: Use the result (6.25) of the operation, 50 = 8, to compute 12 x 5 +~ 6.25
+ 24 x 3 + 6,25 =

Input Display
50 (71 8 6.25
Last answer —
12 (%] 5 4] [0 | 12%5/6.25_
Last answer recalled
24 () 3 (718  [12%5/6.25+24%3/6.25_
Last answer recalled
21.12
e (1] |21.12_

The last answer is re-
.placed with the result
of the previous cal-
culation by perform-
ing a manual calcula-
tion with the
key.

As shown in this example, the last answer can be recalled as many times as required,
but will be replaced with a new last answer resuliing from the last calculation.

The last answer is not cleared by the or key operation.

Note: The last answer cannot be recalled when the program execution is temporarily
halted in other than the RUN mode, or when the program is under execution in
the TRACE mode.
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Length.of Formula .

The length of aformula you can put into your computer has a certain limitation. Wlth the
computer, up to 79 key sirokes can be used to enter a single caleulation formula
(excluding the [ENTER] key). If you ‘attempt the 80th key stroke, the cursor (- Eﬂ ) will

start btlnklng on that character, indicating that the 80th key entry is not valrd

Sclentlﬂc Calculatlons inthe BASIC mode
This computeér has many smenttﬂc functions which can be used in BASIC mode

To perform scientific functlons yoll must press [ENTER] at the end of the input, or your

calculations WI” not be acted upon by the computer,

These functlons wtll be descrlbed as follows:

“Functions

. Notation Operation . Remark
Trigonornetric fufictions
e gin SIN [sin]
- COs cos
-~ tan TAN
Inverse, trlgonometrlc
functlons
sin~! ASN
cos™! ACS
tant - ATN
Hyperbolic functions ‘ o
- sinh ASN (R ) [sin]
cosh .. ACS.
tanh CATN (hve]
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Functions Notation Operation Remark
Inverse hyperbolic func-
tions
sinh ! AHS
cosh™! AHS wies)  [gow
tanh ™" AHT foremd
Logarithmic functions
In LN (n] logex
log LOG logipx
Exponential functions
e* EXP es
2.718281828
10F TEN
Reciprocal 1
. RCP 17x
X
Square e sQu
Squareroot /T V" orSQR
Cubicroot /™ CUR al
Factorial n! FACT (Y]
Pi worPl TE
3.141592654
DMS — DEG DEG foed
DEG— DMS DMS
Power b A (%] or »¥ yAx oyt
Powerroot {7, ROT yROTx : V3
Rectangular coor-
dinates
— Polar coordinates POL [+re|
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--.-Functions . |- - Notation 11, Operation - ... Remark
Polar coordinates
- Rectangular coor- REC
| dinates o < T . . .
Integer b INT (1) W) 'INT (x)
Absolute  |x | ABS A (8 s] | aBSE
Sign o seN | m g | seN
' o : : | x>0:1
x=0:0 ]
_ o X
Modify (Rounding) MDF M) (&)

Of these functions, the INT, ABS, SGN, and MDF can be entered by using letter
keys. Some other functions may also be entered with letter keys. For example, “sin
30" may be entered either by operating (sin) 30 of ‘(5] LJ(N] 30. For trigonomet-
ric and inverse trigonometric funciions and coordinates conversion, the desired
angular unit must be specified in advance. In manual calgulations, angular units may
e specified either by operating as in the CAL mode or with the following
commands: ‘ : :

N | Display .
Angulﬁr.unllt : Command Symbol f Description
Degree DEGREE DEG Repréesents a right angle as 907
Radian RADIAN | RAD Represents aJright angleasn/2[rad]. . .
Grad GRAD GRAD | Represents aright angle as 100 gl

These commands are used to specify angular units in a;program. Far practice, use
themn in the fellowing calculation eximples: -

Example:” sin 30°=
Operation: DEGREE {Specifies “degrees” for angular unit.)

SIN 30 9.5

74



Example:

Operation:

Example:

Qperation:

Example:

Operation:

Example:

Operation:

Example:

Operation:

Example:

Operation:

Example:

Operation:

Example:

Operation:

Using as a Calculator

fan % =

RADIAN (Specifies “radians” for angular unit.)

TAN (PI/4) . ’

cos™' (-0.5) = .

DEGREE (Specifies “degrees” for angular unit.}

ACS-0.5 120 ’
(120°)

log5+Ind =

LOG5 + LN 5 2.308407917 l

o2+ =

EXP (2 + 3) [ENTER) 148.4131591 |

(Do not use the key.)

Va8 =

CUR (4"3+5"3) 5.738793548 |

Convert 30 deg. 30 min. in sexagenary notation into its decimal equiva-

lent (in degrees).

DEG 30.30 30.5 |
(30.5 degrees)

Convert 30.755 deg. in decimal notation into its sexagenary equivalent
{in degrees, minutes, seconds).

DMS 30.755 30.4518
{30 deg. 45 min. 18 sec.)
Conversion from rectangular into polar coordinates: Determine polar

coordinate (r,8) for point P (3, 8) on a rectangular coordinaie:
DEGREE (Specifies “cegrees” for angular unit.)

POL (3. 8) (r) 8.5440993745 |
z (9) 69.44395478 |

* The value of 0 is stored in variable Z, and the value of r in variable Y.
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Exarnple: Conversion from polar into rectangular coordinates: Determine rectangu-
lar coordinates (x, y).for point P {12, 4/5m) on polar-codrdinates.,

Operation: RADIAN Specifies “radians” for angular unit) .

! " REC (12, (4/5%P1)) -

T s ‘—9.7_082’939’33‘“]
7 e e S =-e7
oz (Y 7.053423028 |

(y%7.1J

v ¥ The values of y and x are stored in variables Z-and Y, réspectively.

Note: For coordinates conversion, the conversion results are stored in variables Z
and Y. Therefore, the previous contents of Z and Y (or Z$ and Y$) will be.
", cleared. ' o L
—Reference -~ - '

Equations composed of logical operators (=, >, <, >=, <=, <>} can take on the
-values listed in the following table:
x and y represent numeric values.

R T EES 1 ifxzy

= >=
0 ifx#y 0 ifx<y
> 1 ifx>y <= 1T ifx<y,
R 0 ifxgy 0 ifx>y
< 1 ifx<y <> 1 fx#y ”<>"“#:“}
- O ifxy e L Qrifx=y - MEANS T,

*If,.for‘éxample, “A = numeric value” or "B = formula” is used in a logical
equation, the computer will not treat it as a logical equation but as an assignment
statement for variables. When using an equal (=) sign for a logical equation, use

it in the form of “numeric value = A” or “formula = B”, with the. eéxception -of
conditional-expressions Used in IF statements. T

Direct Calculation Feature ' . | S

In the. manual calculations described up to now, we always used the key io

terminate a formula and obtain the calculation result of the formula. However, you can

directly operate the functions of the computer with the desired furiction key (without
operating the key) when the objective numeric data is in the display.
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Exampie:  Determine sin 30° and 8l

Operation: DEGREE

[cce) 30 EO__

[sin]
[sin] O.SJ
Operation: B8 ‘78

a8 40320

5 5
Example: Fortan™1 %— Jfirst check the result of 1 then determine tan™’ 17

Operation: DEGREE
5/12
22.61986495 |

4.166666667E—01T

It should be noted, however, that this “direct” calculation mode is not available for
functions requiring the entry of more than one numeric value (binominal functions)
such as power, power root, or coordinates conversion.

The direct calculation fealure is not effective for farmulas:

e.q., 5%4 - 5%4_
(log] — 5%4L0G _

The direct calculation feature is effective only for numeric values. Therefore, if hex
numbers A to F are entered for hex to decimal conversion, the direct calculation feature
will remain inoperative. In such a case, use the ordinary manual calculation using the

key.

Note: After a direct calculation is done, the recall feature is not operative. Operation
ot the (=) or (=] key will only display the cursor.
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Priority in Manual Calculations . ‘ S
In the BASIC mode, you can type in formuias in the exact order.in which they are
written, including parentheses or functions. The order of priority in calculation and
treatment of intermediate results will be taken care of by the computéif itself.

The internal order of priorfty in manual calculations is as follows:
1) ‘Recalling variables or x.

2) Functions (SIN, COS, etc.)

3) Power (") and power root (ROT)

4) Signs (+, —) I

5) Multiplication and division (%, / }

8) Addition and subtraction (+, ~)

7) Comparison of magnitude (>,>=, <, <=, <)

8) Logical operations (AND, OR; NOT, and XOR)

Notfes: @ If parentheses are used in a formula, the opefation given within the
~ parentheses has the highest priority. SR R
. ® Gomposite functions are operated from right to left (sin cos ' 0.6).
e Chained power (3* or 3°472) or power root are opetated from right to left.
® [For the above items 3) and 4}, the last entry in the calculation formula has
-« @ higher priority. . +.. : : Lo ‘ '
i(eg) ~274 5 —(24
37—2 - 372
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CHAPTER 4

CONCEPTS AND TERMS OF BASIC

In this chapter, we will examine some conceplts and terms of the BASIC language.

String Constants

In addition to numbers, there are many ways that the SHARP COMPUTER uses letters
and special symbols. These letters, numbers, and special symbols are called
characters. These characiers are available on the computer.

1234567890
ABCDEFGHI J KLMNOPQRSTUVWXY/Z

o #S %& ()R, — . <=7 @ TA

In BASIC, a collection of characters is called a string. For the computer to tell the
difference between a string and other paris of a program, such as verbs or variable
name, you must enclose the characters of the string in quotation marks {"}.

The following are exampies of string constants:

“HELLO"
“GOODBYE”
“SHARP COMPUTER"

The following are not valid string constants:

“COMPUTER No ending guote
“ISN"T” Quote can't be used within a string

Hexadecimal Numbers

The decimal system is only one of many different systems to represent numbers.
Anocther which has become guite important when using computers is the hexadecimal
numbering system. The hexadecimal system is based on 16 instead of 10. To write
hexadecimal numbers, you use the familiar 0 to 9 and 6 more “digits™: A, B, C, D,
E, and F. These correspond to 10, 11, 12, 13, 14, and 15. When you want the
computer to treat a number as hexadecimai, put an ampersand ‘&’ character in
front of the numeral:

SA =18
810 = 16
&10@ = 256

&FFFF = 65535
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Those with some computer background may notice that the last number (65535) is the
same as the largest number in the special group of limits discussed in the paragraph
“Limits” on page 69. Hexadecimal notation is never absolutely necessary in using the
computer, but there are special applications where it is convenient.

Computers are made up of many tiny memory areas called bytes. Eaeh'byte can he
thought of as a single character. For instance, the word byte requires four bytes of.
memory because there are four characters in it. To see how many bytes are available
for use, simply type in MEM . The number displayed is the number of bytes.
avaiiable for writing programs. This technique works fine for words, but is, very
inefficient when you try to store numbers. For this reason, numbers are stored in a
coded fashion. Thanks to this coding technique, your computer can store large
numbers in only eight bytes. The largest number that can be stored is +9.999999999
E +%89. S S A T
The smallest. number is +1.E—99. This gives you quite a range to choose from.
However, if the result of a, calculation exceeds this range, the computer will let you
know by turning on the error annunciaior and by displaying the error message in the
screen. This annungiator.is a small E in the upper right-hand corner of the screen. For
the error message, refer to Appendix A. To see it right now type in:

9 ([EXF) 99 * 9 [ENTER)

To get the computer working properly again, just press the key. But how do'you
go about storing ail this information? It's really very easy. The computer likes 1o lse
names for different pieces of data. Let’s store the number 556 into the computer. You
may call this number by any name that ydu wish, but for this exércise, let's use the
leiter R. The statement, LET, can be used to instruct the comptiter to assigh 2 valtie to
a variable name but only in & program statement. However; the LET command is not
necessary, so we will not use it very often. Now, type in R = 556 and press the
(ENTER]. The computer now has the value 556 associated with the lotter B. These
letters that are used to store information are calied variables. To see the content of the
variable R, press the {&<d key, the letter R key, and the key. The computer
responds by showing you the value 556 on the right of your screen. This ability can
b_élclzdme very useful when you are writing programs and forrnulas.“ ‘ '

Next, let's use -the R variable in a simple formuta. In- this formuld; the variable R
stands for the radius of a circle whose area we'want to find. Thé formula for the area of a
circle is: A = m% R2. Type in R 2 [*] (7] [ENTER]. The result is
971179.3866. This technique of using variables in equations will become more
understandable as we get into writing programs. '
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So far, we've only discussed numeric variables. What about storing alphabetic
characters? Well, ihe idea is the same, but, so the computer will know the differenice
between the two kinds of variables, add a § to the variable name. For instance, let's
store the word BYTE in the variable B$. Notice the § after the B?

This tells the computer that the contents of the letter B are alphabstic, or string data.

To illustrate this, key in B l;!: = LW} BYTE ( \"\I"J )
The value BYTE is now stored in the variable B$. To make sure of this, type in B
@ [EnTER]. The screen shows BYTE. This time the dispiay is on the left side of the
screen, instead of the right.

Variables handled by the SHARP COMPUTER are divided into the following;

NUmeric Fixed numeric variables {A to Z)

) % Simple numeric variables (AB, C1, etc.)
variables . .

Variable Numeric array variables
arl s Strin Fixed character variables (A$ to Z%)

, g Simple character variables (BB§, C2%, etc.)

variables :
Character array variables

Fixed Variables

The first section, fixed variables, is always used by the computer for storing data. ltcan
be thought of as pre-allocated variable space. in other words, no matter how much
memory your program uses up, you will always have at least 26 variables io choose
from to store data in. This data can be one of two types: NUMERIC or STRING
(alphabetic character). Fixed memory locations are eight bytes long and can be used
for only one type of data at a time. To illustrate this, type in the following examples:

A = 123 [ENTER]
A$ [ENTER]

You get the message:
ERROR 9

This means that you have put numeric data into the area of memory called A and then
told the computer to show you that infermation again as STRING data. This confuses
the computer so it says that there is an error condition. Press the fece) key to clear the
error condition. Now try the following example:

A$ = “ABC”
A
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Again, the computer.is confuséd and gives the ERROR 9 message. Look at the figure’
shown below to see that the variable name A equals the same area in memory as tha
variable name A$, and that B equals B$; and so on for all the letiers of the alphabeét.
Figure: el . F A . .

- A =A% = A1) = As()
B =B$ = A2 = A3@2)
C = C% = A@B) = A$(3)
D = D$ = A@4) = .A5{4) .
E =E$ = AB) = A$(5)
F=F$ =A®6 =A$8) . . .
G=G$ =A7) =Ayn) o
H = H$ = A(8) = AS(8)
I =18, = A@). = A9
J = J8 = A0y = A$(10)
K = K$ = A(11) = A$(11)
L = L$ = A(12) = A$(i2)
M = M$ = A(13) = A$(13)
N = N§ = A(14) = A$(14)
O = 0% = A(15) = A%(15)
P = P$ = A{16) = A$(i6)
Q =Q$ = A(17) = A$(17)
R =R$ = A(18) = A$(18) .
S = 8% = A(19) = A$(19)
' To=T$ = A(20) = A$(20)
U = US = A@2T) =-A$(21)
Vi=iV§ = A(22) = A$(22)
W = WS = A(23) = A3(23)."
X = X$ = A(24) = A$(24)
Y = Y§ = A(25) = A$(25)
Z = 7% = A(26) = A$(26)

Simple Variables

Simple variable names are specified by twa or more alphanumeric characters, such as
AA or B1. Unlike fixed variables, simple variables have no dedicated storage area in
the memiory. The area for simple variables is automatically set aside (within the
program and data area) when a simple variable is first used. o

Sirice separate memory areas are defined for simple numeric variables and simple
character variables even if they have the same name, variables such as AB and ABS,
for example, may be used at the same time. :
Whereas alphanumeric characters are usable for simple variable names, the first
character of a variable name must always be alphabetic and uppercase. If more than
two characters are used to define a variable name, only the first two characters are
meaningful.
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Notes: e The funciions and BASIC commands inherent to the compuier are not
usable as variable names.
a.g., P, IF, TO, ON, SIN, etc.
& Each simple character variable can hold up to 16 characters and symbols.

Array Variables

For some purposes, it is useful to deal with numbers as an organized group, such as a
list of scores or a tax table. in BASIC these groups are called arrays. An array can be
either one-dimensional, like a list, or two-dimensional, like a table.

To define an array, the DIM (short for dimension) statement is used. Arrays must
always be “declared” (defined) before they are used (not like the single-value
variables we have been using). The form for the numeric DIMension statement is:

DIM nurmeric-variabie-name (size)
where:

numeric-variable-name is a variable name which conforms to the normal rules for
numeric variable names previously discussed.

size is the number of storage locations and must be a number in the range 0 through
o55. Note that when you specify a number for the size, you get one more location
than you specified.

Examples of legal numeric DiMension statements are:

DIM X(5)
DIM AA(24)
DIM Q5(0)

The first statement creates an array X with 6 siorage locations. The second statement
creates an array AA with 25 locations. The third statement creates an array with one
location and is actually rather silly since (for numbers at least), it is the same as
declaring a single-value numeric variabie.

Itis important to know that array variable X and variable X are separate, and unigue to
SHARP. The first X denotes a series of numeric storage locations, and the second a
single and different location.

Now that you know how to create arrays, you might be wondering how to refer to each
storage location. Since the entire group has only one name, the way in which we refer
to a single location {called an “glement”) is ta follow the group name with a number in
parentheses. This number is called “subscript®. Thus, for examole, to store the
number 8 into the fifth element of our array X (declared previously), we would write:

X(4) = 8
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itthe use of 4 is puzzling, remember that the nurmbering of elements begins at zerg and
continues through the size number declared in the DIM statement, - - o

The real power of arrays lies in the ability touse an éxpr_ession or eif Variable__name asa
subscripd. ' T T T Eee T
To declare a character array, a slightly different form of the DIM statement is used:..

DIM chatacter-variable:riamé (size) * fengthi

where:

- character-variable-name is a variable name which conforms to the rules for. normal;
- character variables as discussed previously. , ' Do
size is'thie flimber of storage locations and must be in the range 0 to'255. Note that
when you specify a number, you get one more location than you specified.
*length is optional. If used, it specifies the length of each of the strings that
compose the array. Length is a number in the range 1 to 80. If this clause ig not
" used, the strings will have thé default length of 16 characters. a

Examples of legal character array declarations are:

DIM X$(4)
DIM NM$(10)%10
DIM IN$(1)%80
DIM R$(0)%26

The first example creates an array of five strings, each able io store 16 characters. The
second DIM statement declares an array NM with eleven strings of 10 characters each.
Explicit definition of strings smaller than the default helps to conserve memory space.
The third example declares a two-glement array of 80-character strings and the |ast
example declares a single string of twenty-six characters.

Besides the Eésfmprle arrays 'we have just studied, the comiputer allows “two-dimen-
sional” arrays. By analogy, a one-dimensional array'is a list of data arfanged in a

single column. A two-dimensional array is a table of data with rows and columns. The
two-dimensionat-array is declared by the statement:
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DIM numeric-variable-name (rows, columns)

or

DIM character-variable-name {rows, columns)length

where:

rows specifies the number of rows in the array. This must be a numberinthe range 0
through 255. Note that when you specify the number of rows you get one more row
than the specification.

columns specifies the number of columns in the array. This must be a number in the

range O through 255. Note that when you specify the number of columns you get
one more column than the specification.

The following diagram illustrates the storage locations that result from the declaration
DIM T (2, 3) and the subscripts (now composed of two numbers) that pertain to each

storage location:

Column 1 Colurin2 Column3 Column 4
Row 0 T4{0,0} T(0,1) T {0, 2) T1{0,3)
Row 1 T(1,0) Ti{1,1) T{1,2) T(1,3)
Row 2 T(2,0) T2, 1) T(2,2) T(2,3)

Note: Two-dimensional arrays can rapidly eat up storage space. For example, an
array with 25 rows and 35 columns uses 875 storage locations!

Arrays are very powerful programming tools.

The following table shows the number of bytes used to define each variable and the
number used by each program statement.

Variable Variable name Data
Numeric variable 7 bytes 8 bytes
Array variable Specified number
String variable 7 bytes Sirmple variable
{two-character 16 bytes
variable)

* For example, if DIM Z§ (2,3)%10 is specified, 12 variables, each capable of
storing 10 characters, are reserved. This requires 7 bytes (variable name) + 10
bytes (number of characters) x 12 = 127 bytes.
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ey : S TR AT RO )

Element Line number | Statement & function | Others,
Number of bytes used || ;3 bytes...- [.. 1 byte or 2 bytes -, - - . 1, byte% !

Variablesin the Form of A( )

Whereas a data area on thie computers memory is set aSIde for flxed varrab!es rt may
also be used to défine subscripted variables' which have the same form as array

variables. '

There are 26 ﬂxed variable names avallabte . e VA through Z (A$ through Z$) Each
of these names can be subscrlpted with numbers 1 through 26, such ds Ay = (26)
or A$(1) — A$(26). This means that variable A(1) may be used i ptace of varlable
A, A2)iin place of B; A{8) in place of C, and so forthoo i o L

However it an array named A or A$ has already been defined by the DIM statement
subscripted variables named A cannot be defined. For example, if array A is defined by
DIM A(5), the locations for A(0) through A(5) are set aside in the program/data
area. So if you specify variable A(2), it does not tefer to fixed variable B, but refers to
the array variable A2} defined in the program/data area. If you specify A(9), it will
cause ani efror since A(9) is ouiside the range of the dlmensmn specified by the DIM
A(5) statemeént.

In turn, if subscripted variables are atready defined in the form of A( ), it is not
possible to define array Aor AS by using the DiM statement, unless the definition forthe
subscrrpted vanables is cleared W|th the CLEAFt statement o

* Usmg subscrlpts in excess of 26: C o \
If subscripts greater than 26 are used for subscrlpted vanables A( ) when array A
is not defined by a DIM statement, the corresponding Iocatlons in the program/data
drea dre set aside for these Al ) varlables For instarice, if you execute A(35)
9, locations for variables A(27) to A(35) will be reserved in the program/data
area. -
While variables subscrlpted in excess of 26 are treated as array varlables they are
: subject to the followmg special restrlctlons

(1) LOCEltIOHS for an array with the séme name must be contlguous in the program/:
data area Otherwise, an error will oceur.

10 DIM B(2)
20 A(28)=5
30 BC=i2

40 A(30)=9'
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If this program is executed, the array named "A” is not defined in two consecu-
tive segments in the program data area, and an error will result at line 40.

[Program/data areal

(2) Numeric array variables and character array variables with the same subscript
cannot be defined at the same time. For example, A(30) and A$(30) cannot be
defined at the same time as they use the same location in the program/data area.

(3) Two dimensional arrays cannot be defined, nor is it possible to specify the length
of character strings to be held in character array variables. For example, the
length of a character string which can be held in character array variable AB( }is
limited to seven characters or less.

{4) Variables subscripted with zero (0) cannot be defined. If A{D) or A%(0) is
defined, an error will result.

{5) When subscripis greater than A{27) or A${27) are first used, 7 bytes are used
for the variable name, and 8 bytes are used for each variable.

Expressions .

An expression is some combination of variables, constants, and operators which can
be evaluated to a single value. The calculations which you entered in Chapter 3 were
examples of expressions. Expressions are an intrinsic part of BASIC programs. For
example, an expression might be a formula that computes an answer {o some
equation, a test to determine the relationship between two quantities, or a means fo
format a set of strings.
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Numeric Operators | _
The computer has five numeric operators. These are the arithimetic operators which
you used when exploring the use of the computer as a calculator in Chapter 3:

+ Addition

— Subtraction

* Multiplication

/ Division

~ Power
A numeric expression is ccmstructed in the same way that you entered compound
calculator operations. Numeric expressmns can contain any meaningful combination
of numeric constants, numeric vanab!es and these numeric operators:

(A % B}~ 2
A(23) + A (34) + 5.0-C
(A/B) * (C+D)

String Expressions

String expressions are similar to numeric expressions except that there is only one
stfing operator — concatenation (+). This is the same symbol as used for pius. When
used with a pair of strings, the + attaches the second- string to the end of the first string
and makes one longer string. You should take care in making more complex string
concatenations and other string operations because the work space used by the
computer for strmg calculatlons IS limited to only 79 characters.

Note: 3iring quantities and numeric quantities cannot be' combined in the same
expression unless one uses one of the functlons which convert a strlng value
into @ numeric value or vice versa:

15" + 10 is illegal
“15" + “10” is “1510”, not “25"

Relational Expressions
A relational expression compares two expressions and determines whetherthe stated
relat:onshlp is True or False. The relational operators are:

)

>  Greater Than
>= Greater Thah or Equal To

= Equals

<> Not Equal To

<= Less Than or Equal To

< lLess Than
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The following are valid relational expressions:

A<B
C(1,2)>=5
D(3}<>8

If A was equal to 10, B equal 1o 12, C{1,2) equal to 6, and D(3) equal to 9, all of
these relational expressions would be True.

Chapter strings can also be compared in relational expressions. The two strings are
compared character by character according to their ASCI| value starting at the first
character (see Appendix B for ASCII values). If one string is shorter than the other, a
0 or NUL will be used for any missing positions. All of the following relational
expressions are True:

“ABCDEF" = "ABCDEF"
“ABCDEF” <> "ABCDE"
“ABCDEF” > "ABCDE”

Relational expressions evaluate to either True or False. The computer represenis True
by a 1; False is represented by a 0. in any logical test, an expression which evaluates
to 1 or more will be regarded as True, whereas one which evaluates to 0 or less will be
considered False. Good programming practice, however, dictates the use of an
explicit relational expression instead of relying on this coincidence.

Logical Expressions

Logical expressions are relational expressions which use operators AND, OR,
XOR, and NOT. AND, OR, and XOR are used to connect two relational expres-
sions; the values of the combined expressions are as shown in the following tables.

A AND B Value of A AORB Value of A
True False True False
Value True True False Value True True True
of B False False False of B False True False
AXORB Value of A
True False
Value True False True
of B False True False

Note: Value of A and B must be 0 (false) or 1 (true).
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The XOR instruction cannot be used in combination with the AND or. OR instructioniin
an expression, To execute expression D=(A XOR B) AND G, for example, divide the
expression into two parts for execution: D=A XOR B and D=D AND C.

® Decimal numbers can be expressed in the binary notation of 16 bits &s follows:

" Decimal " {6-bit binary’ B
hotation . notation < e
Lo gerer  Totfttittiniin

3 ' 0000000000000011

2 " 0000000000000010

1 0000000000000001

0 Q000000000000000 : | & .
—1 tARRRARREFREEREE RN

-2 A111111911111410

-3 At 111101

© 1 <82768 " '1000000000000006

The' hegatiori (NOT) of a binary number 0000000000000001 is taken as follows:
NOT  0000000000000001
{Negative)— 1111110

This, 1 is iriverted to 0, and 0 to 1 for each bit, which is called “negation (NOT

oparationy.” Then, thé

following will resulf whén 1 and NOT 1 are’ added together:

0000000000000001 (1) SR o . Y
+) T T IIIOINOTA) oL Ones complement
TN PAI(=) ) .-.-;..'twoscomplement

Thus, all bits become ﬂ According to the above -nur’nbér list; the bits. become —1in
decimal notation, that js, 1 + NOT 1 = —1. A

Tlhe"relationship'betweén numerical value X and its negated (or inverted) value NOT X
is:
X+ NOT X = —1

This results in an equation of NOT X = —X—1, i.e.,
NOT X = —(X + 1)
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From the equation, the following results are obtained:

NOT QO = —1
NOT -1 =0
NOT -2 =1

More than two relational expressions can be combined with these operators. You
should take care to use parentheses to make the intended comparison ciear.

(A<9) AND (B>5)
(A>=10) AND NOT (A>20)
(C=5) OR {C=6) OR (C=7)
(X=>=50) XOR (X<70)

The COMPUTER implements logical operators as “bitwise™ logical functions on 16-
hit quantities. (See note on relational expressions and True and False.) In normal
operations, this is not significant because the simple 1 and 0 (True and False) which
result from a relational expression uses only a single bit. If you apply a logical operator
10 a value other than 0 or 1, it works on each bit independently. For exampie, ifAis 17
and B is 22, (A OR B) is 23

17 OR 22 is 10001 .. 17 .
10110 .. 22 } OR operation
10111 .. 23 in decimal number

17 and 22 are first converted into binary numbers. Then for each digit, logical 1 is left if
gither bit is 1. Otherwise, logical 0 is ieft.

For example, if Ais 41 and B is 27, (A XOR B) is 50:

41 XOR 27 is 101001 .. 41 .
011011 .. 27 1XOR operation
110010 .. 50 in decimal number

41 and 27 are first converted into binary numbers. Then, for each digit, logical 0 is left if
both bits are 1 or 0.

If you are a proficient programmer, there are certain applications where this type of
‘operation can be very useful. Beginner programmers should stick to clear, simple
True or False relational expressions.

Parentheses and Operator Precedence

When evaluating complex expressions, the computer follows a predefined set of
priorities which determine the segquence in which operators are evaluated. This can be
quite significant;
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5+ 2 3 could be
5+2=7 or
7% 3 = 21

2%3Lle
6+5=11
The exact rules of operator precedence” are given in Appendlx D.

To avoid having to rememberall these rules and to make your program clearer always
use parentheses fo determine the sequence of evaluation. The above example is
clarified by writing either; : o ‘

5+ 2) %3 or 5+ (2'*‘ 3}

In general any of the above expressrons can be used in the HUN mode weII as.in
programming.a BASIC statement. In the RUN mode an expressmn is computed and
drsplayed lmmedlately For example :

Input Display

(5>3) AND (2<6) | N

The 1 means that the expression is True.

Functions are special components of the BASIC Ianguage Wthh take one value and
transform it into anather value, Functions act like variables whose value is determined
by the value of other variables or expreesrons ABS isa functron Wthh produces the
absolute value of its argument; .

ABS (-bH)is 5

"‘ABS'(8) is6 - . ‘ : ‘ :
LOG is a function which computes the log to the base 10 of its argument.

LOG {100) is 2

LOG (1000)'is 3
A function can be used any place that a vanab!e can be used. Many funchons do not
require the use of parentheses:

LOG 100 is the same as LOG (100)

You must use parentheses for functrons which have more than ane argument
Using parentheses always makes programs clearer. \

See Chapter 9 for a complete list of functions avaifable on the computer.
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CHAPTERS

PROGRAMMING THE COMPUTER

in the previous chapter, we examined some of the concepts and terms of the BASIC
programming language. In this chapter, you will use these elements to create
programs on the computer. Let us reiterate, however, that this is not a manual on how
to program in BASIC. What this chapter will do is to familiarize you with the use of
BASIC on your computer.

Programs

A program consists of a set of instructions to the computer. Remetnber the computer
is only a machine. It will perform the exact operations that you specify. You, the
programmer, are responsible for issuing the correct instructions.

BASIC Statements

The computer interprets instructions according 1o a predetermined format. This format
is called a statement. You always enter BASIC statements in the same pattern.
Statements must start with a line number:

1¢: PRINT “HELLO"
2¢: END
3@:

Each fine of a program must have a unigue line number—any integer between 1 and
65279, Line numbers are the reference for the computer. They tell the computer the
order in which to execute the program. You need not enter lines in sequential order
(although if you are a beginning programmer, itis probably less confusing for you to do
so). The computer always begins execution with the lowest line number and moves
sequentially through the lines of a program in ascending order.

When programming, it is wise to allow increments in your line numbering (10, 20, 30,
... 10, 30, 50, etc.). This enables you to insert additional lines if necessary.
CAUTION: Do not use the same line numbers in different programs, if you use the
same line number, the oldest line with that number is deleted when you enter the new
line.
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All BASIC statements must contain verbs. Verbs teil the computer what action to
perform. A verb is always contained within a program, and as such is not acted upon
immediately.

1@: PRINT “HELLQ"
2@:END. .
R N '

Some staternents require 'or allow an operand:
1@: PRINT "HELLO”

20: END
SG_JI: .

Operands provide information o the computer telling it what data the verb will act upon.
Some verbs require operands; with other verbs they are optional. Certain verbs do
not allow operands. (
on th'e.é(;)mputé'r.)

See Chapter 9fora complete fisting of BASIC verbs and their use

Commands are instructions to the computer which are entered outside of a program.
Commands instruct the computer to perform some action with your program or to set
modes which affect how your programs are executed.

Unfike verbs, commands have immediate effects—as soon as you complete entering

the command (by pressing the key), the command will be executed.
Commands are not preceded by a ling number:
cRUN s

~NEW
-RADIAN

Some verbs maly also be used as commands. (See Chapter 9 for a complete listing of
BASIC commands and their use on the comptiter.) S J

The RUN mode is used to execute the programs you create, -

The PROgram mode is used to enter and edit your programs.
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Computer

_Beginning to Program on the

After all your practice in using the computer as a calculator, you are probably quite at
home with the keyboard. From now on, when we show an eniry, we will not show
every keystroke. Remember to use to access characters above the keys and
END EVERY LINE BY PRESSING THE KEY.

Now you are ready to program.
Slide the POWER SWITCH to the ON position and then press the [88¢] key twice. You
will see the following initial information in the display.

The above display shows that the computer is in PROgram mode.
(f a dash indicator is at the CAL or RUN label, press the key once or twice.)
Enter the NEW command.

Input Display

NEW [ENTER] >

The NEW command clears the computer's memory of ali existing programs and data.
The prompt appears after you press [ENTER], indicating that the computer is awaiting
input.

~Example 1 - Entering and Running a Program -

Make sure the computer is in the PRO mode and enter the following program:

Input Display

1@ PRINT “HELLO" 19 PRINT "HELLO" _

Notice that when you press , the computer cisplays your input, automatically
inserting a colon ( : } between the line number and the verb. Verify that the statement
is in the correct format.

Now press the key to set the RUN mode.

-
T EREC B/ 5]

Input Display

RUN [ENTER] HELLO
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Since this is the only line of the program, the computer will stop executing at this paint.
Press [ENTER] to get out of the program and reenter RUN if you wish to execute the
program again. ‘ :

gaProgram .

Suppose you wanted to change the message that your program was displaying, that
Is, you wanted to edit your program. With a single line program, you cauld just retype
the entry, but as you develop mdre complex programs, editing becomes a very
important component of your programming. Let's edit the program you have just
written.

Are you still in the RUN made? If so change to the PRCgram mode.

You need to recall your program in order to edit it. Use.the Up Arrow () to recall your
program. If your program was completely executed, the (] key will recail the last
line of the program. If there was an error in the program, or if you used the BREAK
([enx]) key to stop execution, the [T key will recall the line in which the error or
BREAK accurred. To make changes in your program, use the 1) key to move up in
your program (recail the previous ling) and the (1) key to move down in your
program (display the next fine). If held down, the (1] and (3] keys will scroll
vertically, that is, they will display each line moving up or down in your program.

You will remember that to move the cursor within a‘]ine-g; you"u‘sé the » (right arrow)
and 4 (left arrow). Using the (=] key or (=] key, position the cursor over the first
character you wish to change:

Input Display
nal . EB:PRINf'"HELLo{*‘i
=== == (10 PRINT “HELLO"

Notice that the cursor is now in the flashing block form indicating that it is “on to'p of” an
existing character. Type in: T '

Input' | Diéplay
GOOD"! 10 PRINT“GOOD"!_

Don't forget to press at the end of the line. If you now change to the RUN
mode by pressing and enter the RUN command, the following appears;

Input o Display
RUN (ENTER] | ERROR 1 IN 19
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This is a new kind of arror message. Not only is the error type identified (our old friend
the syntax errar) but the line number in which the error occurs is also indicated.

Press the [6=8 and then retumn into the PROgram mode. You must be inthe PROgram
mode to make changes in a program. Using the [T , recall the jast line of your
program.

Input Display

(] 10: PRINT "GOOD" !

The fiashing cursor is positioned over the problem area. In Chapter 4, you learned that
when entering string constants in BASIC, all characters must be contained within
quotation marks. Use the key to eliminate the “I™;

Input Display
19 PRINT “GOOD" _

Now let's put the "t” in the correct location. When editing programs, DELete and
INSert are used in exactly the same way as they are in editing calculations (see
Chapter 3). Using the (], position the cursor on top of the character which will be
the first character following the insertion.

lnput Display

O] 19 PRINT “GOOD"”

Press the (W8] key. A ~ will indicate the spot where the new data will be entered:

Input Display
[EHiFT) [INS) 10 PRINT "GOODZ”

Type in the |. The display looks like this:

Input Display

! 19 PRINT “GOOD!”

Remember to press[ENTER], so the correction will be entered into the program.

NOTE: If you wish to DELete an entire line from your program, just type in the line
number and the original line will be eliminated.
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If you are urifamiliar with the use of numiéric and siring
these sections in Chapter 4. - . ;1o v 0 v

v
iy

riables in BASIC, feread

Using varidbles in programming allows' much more ébphisﬂcﬁféél use of the comph

ter's computing abilities. e

Remember, you assign numeric fixed variables using any letters from A to ;-
A=5" . R

To assign a string variable, you aiso use a letter, followed by a dollar sign. Do not use
theé:same letter in designating a numeéric arid a string fixed variable. You.cannot
designate A and A% in the same program.. . . . . ..ol

Remember that each string fixed Variablé miust not exéeed TI'cﬁafébtéfs'intl{é-ﬁgt(ﬁi"
A$ = "TOTAL" ‘ !

The value as_signedtda yar_iéble; can change during the execution of a program; taking
on the value typed in or computed during the program. One way to assign a variable is
to use the INPUT verb. In the following _program, the value of A$ will change in

responsd o tho e typedin
Enter this program:

nswer to the inquiry “WORD?"
10 INPUT “WORD?"; A$

20 B= LEN (A$)

30 PRINT “WORD IS "; B; * LTRS"

49 END -

means space

Betore you RUN the program, note.several new. features. Line -30. of this .program
exceeds the 24-character maximum of the computer’s display. When a line is longer
than 24 characters (up to the 79-character maximum), the computer moves the
characters to the left as the 24-character maximum is exceeded. This does not destroy
the previous input. This move to the left is referred to as horizontal scrolling:

The second new element in this program is the use of the END statement to signal the
completion of a program. END tells the computer that the program is compléted. it is
always good programming practice.te use an END statement. ‘

As your programs become more complex, you may wish to review them tiefore
beginning execution. To look at your program, use the LIST command. LIST, which
can only be used in the PROgram mode, displays programs beginning with the lowest
"nenumber: . i Toiniond Dot et e o [ N ity . ERETE A R
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Try listing this program:

Input Display

LIST [ENTER] 10: I NPUT “WORD?" ;: A$

Usethe (12 and (i keys to move through your program untii you have reviewed the
entire program. To review a line which contains more than 24 characters, move the
cursar o the extreme right of the display and the additional characters will appear on
the screen. After checking your program, run it:

_nput Display

RUN (ENTER] WORD?_

HELP [ENTER] WORD 1S 4. LTRS
>

Thig is the end of your program. Of course, you may begin it again by entering RUN.
However, this program would be a bit more entertaining if it presented more than one
opportunity for input. We will now modify the program, so it will keep running without
entering RUN after each answer.

Return to the PRO mode and use the up or down arrow (or LIST} io reach line 40.

You may type 40 to delete the entire line or use the =] key to position the cursor over
the E in END. Change line 40 so that it reads:

49: GOTO 1@
Now RUN the modified program.

The GOTO statement causes the program to loop (keep repeating the same opera-
tion). Since you put no limit on the loop, it will keep going forever (an “infinite”
loop). To stop this program, hit the BREAK ({enr]) key.

When you have stopped a program using the key, you can restart it using the
CONT command. CONT stands for CONTinue. With the CONT command, the
program will restart on the line that was being executed when the [erd key was
pressed.
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Although the computer has a factorial function, we will use an example of the factorial
computation in this section to explain more complex programming. The fallowing
program computes N Factorial {NI). The program begins with 1 and computes N! up
to the limit whi¢h you enter. Enter this program. EUEETEPU
g8 F = 1 WAIT 118 ... -+ -
o118 INPUT. “LIMIT?; L -
120 FOR N =.1. TO.L

130 F=F %N

140 PRINT N, F

150 NEXT N

160 END

Several new features are contained in this program. The WAIT verbir line 100 controls
the length of time that displays are held before the program continues. The numbers
and their factorials are displayed as they are computed. The time they appear on the
display is set by the WAIT statement to approximately 2 seconds, instead of waiting for

you to press [ENTER].

Also in line 100, notice that there are two statements on the same line separated by a
colon ( :). You may put as many statements as you wish on one line, separating
each by a calon, up to the 80-character maximum including . Multiple
statement lines can make a program hard to read and madify, however, so it is a good
programming practice to use them only where the statements are ‘very simple or there s
some special reason.to want the statements on one line, :

Also in this'program, we have used the FOR verb in line 120 and the NEXT verbin line
150 to create a loop. In Example 3,. you created an “infinite” loop. which kept
repeating the statements inside the loop until you pressed the (erx| key. With the FOR/
NEXT loop, the computer adds 1 to N each time execution reaches the NEXT verb. It
then tests to see if N is larger than the limit L. If N is less than or egual to L, execution
returns to the top of the loop and the statements are executed again. If Nis greater than
L, exécﬂtion_cdhﬁ_ques with line 160 and the program stops.

You may use any numeric variable in a FOR/NEXT loop. You also do not have o start
counting at 1 and you can add any amount at each step. See Chapier 9 fo; details.

We have labeled this pragram with line numbers starting with 100. Labeling programs
with different line numbers allows you to have several programs.in memory at one time.
To AUN this program instead of the one at line 10 enter:

RUN 100

In addtion to executing different programs by giving their starting line number, you can
give programs an alphzbetical name and start them with the key (see Chapter
B).

100



Programming the Computer

‘vou will notice that while the program is running, the BUSY indicator is lit at those times
that there is nothing on the display. RUN the program a few more times and try setting
N at several different values.

Storing Programs in Memory

Programs remain in memory when you turn off the computer, or it undergoes an AUTO
OFF. Even if you use the , 8, or key, the programs will remain in
memory.

Programs are lost from memory only when you:

= anter NEW before beginning programming.

* initialize the computer using the RESET button.

* create a new program using the SAME LINE NUMBERS as a program already in
memory.

* change the batteries.

This brief introduction to programming on the computer should serve to illustrate the
exciting programming possibilities of your new computer.
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Shert Cuts

‘CHAPTER6
SHORTCUTS
The computer includes several features which make programming more convenient by

reducing the number of keystrokes required to enter repelitive material.

One such feature is in the availability of abbreviations for verbs and commands (see
Chapter 9).

This chapter discusses the additional feature which can gliminate unnecessary typing—
the key. (DEF is short for “DEFINE".)

The DEF Key and Labeled Programs -

Often you will want to store several different programs in the computer memory at one
time. (Remember that each must have unigue line numbers.) Normally, to sfart a
program with a RUN or GOTO command, you need to remembaer the beginning line
number of each program (see Chapter 9). But, there is an easier way! You can label
each program with a letter and execuie the program using only two keystrokes. This is
how to label a program and execute it using DEF:

Note: Put a label on the first line of each program that you want to reference.
The label consists of a single character in quotes, followed by a colon ( : ).

1@: "A": PRINT "FIRST"
20: END

8g: “B”; PRINT "SECOND"
9¢: END

Any one of the following characiers can beused: A, S, D,F, G,H J, K L2 X,
C,V, B, N, M, and SPC. Notice that these are the keys in the bottom two rows of the
alphabetic portion of the keyboard.

Note: To execute the program, instead of typing RUN 88 or GOTO 18, you need only
press the key and then the letter used as a label. In the above example,
pressing ©EF and then ‘B’ would cause ‘SECOND’ to appear on the
display.

When DEF is used to execute a program, variables and mode settings are affected in
the same way as when GOTO is used. See Chapter 9 for details.
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One template is provided with the computer. You can use this template to help you
remember frequently used DEF key assignments.

For example, if you have one group of programs which you often use at the same time,
label the programs with letters and mark the tempiate and set it over the two bottom
rows of the keyboard S0 that you can easily begin executlon of any of the programs W|th
two keystrokes.

- Example:

AVER-
AGE

I o o e e s s
i e o e
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CHAPTER 7
USING PRINTERS AND

CASSETTE INTERFACE

Your computer can use the following printers, cassetie interfaces, and cassette
recorders as oplions:

e CE-126P Printer/Cassette Interface
e CE-140P Color Dot Printer

» CE-515P Color Plotter/Printer

e CE-152 Cassette Tape Recorder

This chapter describes the important points in using these options, as well as the
functions of the serial /O interface built into the computer to allow use of the opticnal
color printers and other peripheral units.

Using CE-126P Printer/Cassette Interface

The optional CE-126P Printer/Cassetie Interface allows you to add a printer and to
connect a cassette recorder to your SHARP COMPUTER.
The CE-126P features:

*  24-column thermal printer.

*  Convenient paper feed and tear bar,

*  Gimultaneous printing of calculation results as desired (except in the CAL mode)
* Easy conirol of display or printer outputs in BASIC.

*  Built-in cassette interface with remote function.

* Manual and programmed control of recorder for storing programs and data

* Dry battery operation for portabiity.

For connecting the computer io the CE-126P, refer to the instruction manual supplied
with ihe CE-126P.

1. Using Printer
If you are using the computer for manual calculations in BASIC mode, you may use
the CE-126P to simultaneously print the results of your calculations.
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CAUTION:
The results obiained by the direct calculation feature in manual caiculations cannot be
printed. Calculation results in the CAL mode also cannot be printed.

Printing is easily accomplished by pressing the key and then the key

(P—NP) while in the RUN mode. .

The printer indicator (a dash symbol) will appear just above the "PRINT” label in the

lower right area of the display. After this, when Yyou press the at the end of a

calculation, the contents of the display will be printed on one line and the results will be

printed ‘on the next. For example:’ ST
I nput Paper ‘

300/50

iy

300/5p T

A
'

Yolumay print output on the printer fro?h_ ;w;fh'jh-éASIC programs by using the LPRINT
statement (see Chapter 9 for details). LPRINT can be used in the same form as the
PRINT statement. The difference is that if you PRINT something longer than 24
characters to the display, there is no way for you to see the extra characters. With the
LPRINT verb, the extra characters will be printed on & second, and possibly a third,

liné as is required.- - .

Programs which have been written with PRINT can be converted to work with the
printer by including a PRINT=LPRINT statement in the program (see Chapter 9 for
details). All PRINT statements following this statement will act as if they were LPRINT
statements. PRINT=PRINT will reset this condition to its normal state. This structure
may also be included in a program in an IF statement allowing a choice of output at the
time thei program is used. '+ - T T

You may also list your programs on the printer with the L LIST corimand (see Chapterg
for details). If used without line numbers,_LL!S}'}" will.list all program lines currently in
memory in their numerical order by line number. A line number range may also be
given with LLIST to limit the liries which will be printed. When program lines areslonger
than 24 characters, two or more lines may be used to print one program line. The
second and succeeding lines will be indented four or six characters so that the line
numbiet-will clearly identify each separate programi-fing. (Line number, 1 to 999: four-
character indentation, over 999: six-character indentation) : S
Caution:
¢ In case an error (ERROR code 8) oceurs due to a paper jam, remove the jam by
“pullinig-the. paper toward the paper cutter and‘tearing offthe paper! Then press the
key toiclear thg error condition. - i o 0
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When the printer is exposed to strong external electrical noise, it may print numbers
at random. If this happens, depress the BRKl key to stop the printing. Turn the CE-
126P power off and on, and then press the key.

Pressing the -l key will return the printer to its normal condition,

When the printer causes a paper jamar is exposed to strong external electrical noise
while printing, it may not operate normaliy and only the symbol “BUSY" is
displayed. If this happens, depress the BRE] key to slop printing. (Remove the
paper jam.) Turn the CE-126P power off and on, and then press the € key.
When the CE-126P is not in use, turn off the printer switch to conserve the battery
life.

Using Cassette Interface

Using this cassette interface will allow you to store programs and data from the
computer onto cassette tape (of course, you'll also need for this pocket compu-
ter system the optional cassette tape recorder, model CE-152). Once on tape,
you can load these programs and data back into the computer with a simple
procedure.

Connecting the CE-126P to atape recorder
Only these three connections are necessary:
1. Red plug into the MICrophone jack on the cassette recorder.
2. Gray plug into the EARphone jack on the cassetie recorder.

3. Black plug into the REMote jack on the cassette recorder.

Cassette Tape Recorder

We recommend that you use an optional cassetle tape recorder CE-152 for your
computer system. The CE-152 designed to match the COMPUTER records
programs and data via the CE-126P cassetie interface. Any recorded program can
be retrieved and reloaded into the COMPUTER.

If you intend to use a cassette tape recorder other than the CE-152, the following
are the minimum tape recorder requirements for interfacing with the CE-126P:
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[tem

. Requirements .

1. Hecord_er“Typé “Any tape 'recorde‘r‘ standard cassette or rn|-
: o - crocassette recorder, may be used in accordance
_ o with the requwements outllned below. . .

2. Input Jaqk. -| The recorder should have a minijack mput [abeled

S RTEL ( “MIC”. Never use the “AUX" jack.
3. Input iImpedance The input jack should be a low impedance lnput
(200~1,000 ohms).
4. Minimum Input level Below 3 mV or —50 dB

Qutput Ja(':k‘

Should be a minijack labeled “EXT. (EXTernal
speaker)”, “MONITOR” . “EAR (EARphone)”
or equivalent. oo : T .

6. Output Impedance Should be below 10 ohms.
7. Cutput Level Should be above 1 V (practlcal maxamum ouiput
above 100 mv).
8. Distortion Should be withinn 15% wnthln a range of 2 kHz
through 4 kHz.
9. Wow and Fiutter 0.3% maximum (WRMS)
10. Others Recorder motor speed should not fluctuate.

* In case the minipiug provided with the CE-126P is not compatible with the input/

output jacks of your tape recorder; special line conversion

avaifable may be used.

plugs commermally

Note: Some tape recorders may reject cohnection due to different specufrcatlons
Those tape recorders having distortion, increased noise, and power deteriora-

tion after long years of use may not show satisfacto
- their electrical characteristics.

ry results owing to change in
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4. Operating the Cassette Interface and Recorder

Recording (saving) onto magnetic tape

See Tape Notes.

)
()
(3)

(8)

Turn off the REMOTE switch on the CE-126P.
Enter a program or data into the computer.

Load a tape into the tape recorder.

Determine the position on the tape where you want {0 record the program.

e When using a tape, be sure the tape moves past the clear leader (nonmagnet-
ic mylar material).

s When using a tape already partially recorded, search for a location where no
recording exists.

Connect the Interface's red plug to the tape recorder's MIG jack and the black
plug to the REM jack.

Turn on the REMOTE switch.

Simultaneous'y press the RECORD and PLAY buttons on the tape recorder (1o
put it in RECORD mode).

Input recording instructions (CSAVE statement, PRINT# statement), and
press the key for execution.

First set the computer in the "RUN" or “PRO" mode. Nexi operate the
following keys: [€J 3] Tal V. e ! (1 file name [airr] (]
[Enren)

{To write the contents of data memory onto tape, operate keys as follows: e.g.,
(F)(r] (10 ) O %) [EnTER] .

eg. (€l (8 [(A) [v] (E] (I ra) i a) ] [EnTer]}
When you press the key, tape motion will begin, leaving about an 8-
second no-signal blank. (A long pip sounds for a while at the beginning.} After
that, the file name and its contents are recorded (with continuous short beep
sounds).

When the recording is complete, the PROMPT symbol (=} will be displayed and
the tape recorder will automatically stop. Now you have your program oh tape (it
stili is in the computer also).

When data is to be automatically recorded by program execution (PRINT#
statement, not manual operation), sei up steps (1) thru (6} before executing
the program.

To aid you in locating programs on tapes, use the tape counter on the recorder.
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Verifying the computer and tape contents
See Tape Notes.

After loading or transferring a program to or from tape, you can verify that the program
on tape and program in the computer are identicat {(and thus be sure that everythi_ng is

OK before continuing your programming or execution 5f prograris). -
(1) Turn off the REMOTE switch.

(2) With cassette in the recorder, operate the tape maotion controls to positiori'tape at
the point just before the appiopriate file name to-ba checked, - e

[ S R ERTRT HEEE o g AT

(3} Connect the gray plug to the EARphone and the black plug to the!ﬁEMpte‘_jacks.

(4) Turh-on the'HEMOTE switch. © o

(6} Press the PLAY button of the recorder.

(6) Input a CLOAD? staterent and start execution with [ENTER] key. Do this as
follows: Set the computer in the “RUN" or “PRO” mode. The file name

‘ : high d
Enter the folllowing keys:— ‘ ;1;3,-';52.3_”59
(€7 (L) (0] [a1 0] (380) (7] Gt () () (& (smem) ()
The computer will automatically search for the specified file name and will compare
the contents on tape with the contents in memory. IR
During the verification, the mark “*” is shown at the rightmost digit of the
display. The **” Wil disappear when the verification is completed: While a file
" hame is being retrieved, no %" will be displayed as the verification- has not
started yet. .
(The same occurs wtien the first program'is read without a file name:):

If the programs are verified as being identical, a PROMF"LF symbal (=) will be
displayed on the computer.

I the-prograrhé diffef, _exécutibn‘ﬁvill 'be_ interrupted and Error code, 8 '\'Nill be
displayed. If this occurs, try again.

Loading from a magnetic tape
See Tape No'tes,.‘ S

To load, transfer, or read out programs and data from magnetic tape into the

computer, use the following procedure. e R

(1) Turn off the REMOTE switch. |

(2) Load the tape in the tape recorder. Move the tape to a point just before the portion
to be read out. '
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Connect the gray plug to the EAR jack on the tape recorder, and the black plug to
the REM jack.

In using a tape recorder having nc REM terminal, press the PAUSE button te
make & temporary stop.

Turn on the REMOTE switch.
Push the PLAY button on the tape recorder (fo put unit in playback mode).

Set the VOLUME control to middle or maximum.

If the tape recorder does not function properly when the volume is set to
maximum, turn the volume down and try again.

Set Tone to maximum treble.

Input transfer instructions (CLOAD statement, INPUT# statement), and press

key for execution,

Put the computer in the “RUN" mode. Then operate the following keys:

re (X! [oJ (Al (5] Gl 71 file name {swer) () :

{To load the contents of the data memory, operate keys as follows:

e.g., (17 [N (B (0] (7] (sAem) ) [ENTER] .

e.g., €3 L] ['6) (A1 (b [sarg [ (A (A} [swer) (1) (ENTER].)

The specified file name will be automaticaily searched for and its contenis will be
transferred into the computer.

The “*¥" appears while loading the designated GSAVEd program from the tape
to the computer's memaory.

(The same occurs when the first program is read without a file name.)

The “*k” disappears when the load is performed completely.

When the program has been transferred, the computer will automaticaily stop the
tape motion and display the PROMPT (=) symbal.

To transfer data (INPUT# statement} in the course of a program, set up steps
(1) thru (5) prior to executing the program.

Notes:

e If an error occurs (error code “8" is displayed), start over from the begin-
ning.
If the error continues, adjust volume slightly up or down.

| the error code is not displayed but the tape motion continues (while the
computer is displaying the symbol "BUSY"), transfer is not being properly
executed.
Press [% key (“break”) to stop the tape. Repeat steps from the begin-
ning.

e If the error remains or the tape continues to run after several attempts to correct
the problem, try cleaning and demagnetizing the recorder's tape head.
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Tape Notes' o
{1) For any transfer or verification, use the lape recorder that was used for recording.

(@)

(3)

(4)

S}

(6)

(7)
(8)

It another tape recorder is uséd, transfer or verification may not be possible.

Always use only the highest quality tape for programs and data storage
(economy grade audio type tape may not provide the proper characteristics for
digital recordings). - ‘ ' : ‘

Keep the tape heads and other parts that contact tape ciean. Use a cassette
cleaner tape for this purpose. - . . : :

Volume setting — Set to middle or maximum level o ‘
Volume level can be very important when reading in data from the recorder;
make slight adjustments as required to obtain error-fiee data transfer. A slight
adjustrent either up or down may help produce perfect results every time.

Be sure all connections between the.computer and.cassette interface are secure.
And be sure the connections belween ifterface and recorder are secure and free
of foreign matter. ‘ ‘ ' K

If problems occur when using AC power for the CE-126P and/or the recorder, use
battery power instead (sometimes the AG power connection adds some "hum”
to the signal which may upset proper digital recording).

¢ To connect the AC adaptor to the CE-126P, tu.rnJ the CE-126P power off and
then connect the adaptor to the CE-126P. ‘

Tone control — Set to maximum treble.

When recording programs or data on used tape, erase some beginning portion of
the used type before writing.and then execute the BASIC command for recording.
(Make sure that the previous program is completely erased without any ‘portion
remaining.)
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Using Color Printers

Connection of the optional CE-140P Color Dot Printer or CE-515P Color Plottet/Printer
to the COMPUTER allows you to have hard-copy outputs of programs and calculation
results as well as graphic printouts in multiple colors. The CE-140P can draw a figure in
seven different colors using four color cartridge inks, whereas the CE-515P draws a
chart or diagram with four different color pens. The CE-140P printer can be connected
directly to the serial I/O interface of the computer. However, the CE-515P requires
cable (CE-516L) for connection to the setial /O interface.

Color Printer Notes

The BASIC commands used in the COMPUTER include various printer commands
applicable 10 a color dot printer or color plotter/printer, as well as the LLIST and
LPRINT commands for printing programs and calculation results.

The CE-515P color plotter/printer can be used only when the serial input/output
interface of the COMPUTER is in the “Open” state. Therefore, be sure to execute
the OPEN command before executing any printer command to the plotter/printer.

Drawing Range and Coordinates of Graphics

When printing data in graphic form with the CE-140P or CE-515P, you may use a
printer function called scissoring, whereby that portion of a figure or diagram that
should fall on the printing paper is actually drawn and that portion that should fall
outside the printing paper is imaginarily drawn. This function is very convenient when
you wish to draw only a part of a figure, but it is easier for you to prepare a program for
drawing the entire figure, or when you draw a large diagram by dividing it into some
parts according to the size of the printing paper.

However, if your program is incorrect, the figure intended to be drawn on the printing
paper may be drawn in the imaginary area. So be sure to program correctly when you
use this function.

The directions and positions required for drawing a line in graphics printing are
expressed by X and Y coordinates. With regard to coordinate X for horizontal
direction, “—" indicates the leftward direction and “+", the rightward direction.
With regard to coordinate Y for vertical direction, “+" indicates the upward direction
and “—", the downward direction.

When using any of the optional color printers, refer to the operation manual supplied
with each printer for detailed information.
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The' COMPUTER is equipped with a serial Q'interface. This interface function can be
used to connect the optiorial CE-140P or-CE-515P colar printer to the COMPUTER for
graphic:printing in multiple colofs and to allow data transfer between the COMPUTER
andthehostccmputer e el Y e TT A AT S

Note Exercrse care srnce applylng to the IO termlnal a voltage exceedmg the
" dllowable range of the COMPUTEH may damage the mternal parts

Basics on Use of the Serial /0 Interface G

The circuit of the serial I/O interface is usually closed. If closed, data trorn the sertat I/O
terminal canndt be sent and the received data.cannot be read.. How :
Therefore, you must open the: citcuit using the OPEN ‘command. (Am attempt to
execute thls command when aiready open. will result in EHHOH 8)

Further the condlttcns to perform data 1/Q with the host computer connected o the
COMPUTER must be satisfied: In other words, the conditions for /O signais must be
the same for both the COMPUTER and the connected. host. If the conditions are
different, the /O .signals (data) cannot be, read correctly and this wHI result in data
errors. The OPEN command can be used to set or modlfy the /0 condltlons ‘
After the condttlons for both sending and recervmg S|des are satisfied and the C!I’CUIT
opened the fcllowmg commands are used to perform data or program I/O

LPFIINT LLIST SAVE, LOAD PHINT #1 INPUT #1

At the end of the data (or prcgram} transfer ithe ctrcmt of the serlal I!O lnterface is
closed, Although the CLOSE command Is used to close the circuit, the circuit is also
cloged whén the program ends (such as when the END command rs executed) or
when theé RUN comimand is executed,

When writing a program which uses the serial IO interface, the Gircuit must be
opened, the I/O operation pen‘ormed and then the circuit must be ctosed as descnbed
above.. S : :

Note The COMPUTER is not equtpped with a tlmerfunctlon to interrupt communica-
tion with the connected equipment By measurlng the wartrng tlme for each /O
command to the serial IO interface.

: Therefore, if the connected equipment is not ready to communicate (such as
when the power is off) while a command is being executed or if communication
at the connected equipment is interrupted, the COMPUTER cannot terminate
its command execution.

If this is the case, press the key and stop the command execution.

114



Using the Options

Serial I/0 Function during CE-140P Use

Connection of the COMPUTER with the optional CE-140P color dot matrix printer
enables on-the-spot printout with a single compact unit.

A serial O interface is provided on the side of the CE-140P printer to enable
connection of the computer ang printer to another personal computer.

*  The CE-140P switch should nermally be set to SIO. The printer can be used as
follows depending on the system configuration.

CE-140P switch Serial IO CE-140P only CE-140P and
position interface connected CE-126P connected”
510 {Setherefor OPEN 110 performed from | Same as left
normal use.) CE-140F /O
interface

CLOSED Outputprintedon | Output printed on

CE-140P CE-126P7
PRINTER OPEN™ Outputprintedon | Same as left
CE-140P

CLOSED QOutput printedon | Output printed on
CE-140P CE-126P7

*{ In this case, the CE-126P printer is connected 1o the connector on the left side of
the COMPUTER together with the CE-140P printer.

*2  When using the CE-140P in this setting, specify serial IYO conditions with the
OPEN command as described below (Initialized: refer to the OPEN command.)
OPEN “1200, N, 8, 1, A, C, &1A”

If the /O condition setting is not correct, the CE-140P printer will not operate
properly.

*3  Commands related to graphics are output to the CE-140P.

Motes: 1. Before connecting the CE-140P to the computer, be sure to turn off the
power of the computer.

2 While the LOW BATTERY indicator of the CE-140P is illuminating, an
atternpt to produce any outputs on the CE-140P by commands from the
computer will result in an error (Error code 8).

3. When the CE-140P is in the ink replaceable state, the power of the
computer cannot be turned off even if you slide the power switch to the OFF
position. Press the key of the CE-140P and then turn off the power of
the computer.
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CHAPTERS

USING THE RAM CARD

The COMPUTER stores all programs and data (fixed variables, simple variables,
string variables, others) in the RAM (Random Access Memary) card. RAM card CE-
212M (8K bytes) is an option, but one card has already been included in your
computer as a built-in accessory. Six other optional RAM cards are also available and
can be easily installed in the COMPUTER. These RAM cards offer storage capacities
ranging from 2K bytes to 32K bytes.

Use of a larger-capacity RAM card expands computer program and data storage area
quickly and easily. Furthermore, multiple RAM cards can be interchangeably used to
store programs not currently needed.

The program written into the RAM card is retained (by the battery inserted into the RAM
card) even il the RAM card is removed from the computer. Therefore, the same
program can be used by reinserting the RAM card into the computer.

RAM CARD Options

Card size Type Capacity | Program/data area | Data retention period

1/2 CE-210M 2K byltes 734 hytes 40 months
CE-211M 4K bytes 2,782 bytes 24 months
CE-212M 8K bytes 6,878 bytes 15 months
CE-2H16M | 16K bytes 15,070 bytes 14 months

Regular |CE-201M 8K bytes 6,878 bytes 34 months
CE-202M 16K bytes 15,070 bytes 18 months
CE-203M 32K bytes 31,454 byltes 18 months

Notes: 1. 1/2-size card types are about half the size of the regular-size card types.
5 RAM card can be also used as an exclusive data area or system area.
3. "Data retention period” refers to an approximate duration for which the
contents of the RAM card with a new battery can be retained when the
RAM card is removed from the computer and stored.
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¢ Do not remove the RAM card from the computer exceptwhen replacing the card with
another RAM card or when replacing the RAM card battery or main batteries.
* After an unused RAM card has been installed or when the BAM card ramoved for
battery replacement has been reinstalled, be sure to perform the following:
Turn off the power of the computer and press the RESET button and the following
: message will appear on the display. ‘ o B L

MEMORY ALL CLEAR 0K? |

Then press the [ENTER],.C¥] , or:{=] key. This will clear all the previous contents, if
any, ofthe RAM card. . . .. - . . ‘ S G

1 . .

The stored program and data are cieared when the béttéfy in the RAM card is réplacéd
(or removed). Therefore,. if a valuable program is: stored in the' RAM card,. it. is
recommended that the program be recorded on tape beforehand.

As for the regular size RAM card, however, if the battery in the RAM card i replaced
while the RAM card is installed in the COMPUTER, the contents are not cleared.

Note: Do not press the RESET button on the rear of the COMPUTER whils the RAM
card is installed.

The program and data stored within the RAM card are cleared if the RESET button is
pressed. lf it becomes necessary io press the RESET button, refer to page 10, and
press it while holding down the appropriate key. '

1. Replacing 1/2-Sfze RAM Card . . o
If the replacement RAM card is to be used for the first time, be sure to insert the
batiery into the RAM card. ' ' o

{1) Turn the power of the COMPUTER ofi,
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Using the RAM Card

(2) Slide the rear cover lock switch in the arrow direction shown in the figure and
remove the rear cover.
Note: Do not touch the circuits, compaonents, rubber terminals, etc., found
within the computer.

Rearcover Rubber terminal

__/
~_/% '

Lock switch

(3) Remove the guard plate and then remove the RAM card while lifting the spring clip
holding the RAM card in place.

Spring clip holding
RAM card

Guard plate
f

(4) Take out ancther RAM card from its case, and keep the replaced RAM card in the
RAM card case.

Note: When replacingthe 1/2-size
card with a regular-size card, y \
keep the replaced 1/2-size
card in the regular-size card
case.

RAMcard case
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Using the RAM Card

{5). Lift the spring clip and insert the RAM card into the RAM siot with the terminals
down. Insert at an angle so the terminals fit into the slot, then towar the back until
- the card lies flat. Release the spring clip. :

Note: Do not insert the card upside down. improper RAM card insertion could
cause the card and computer to short, resulting in serious damage to
both. :

(6) Cover the RAM card with the guard plate, attach the rear cover to the computer,
and slide the lock switch to the “LOCK" position.

Note: Be sure to slide the lock switch to the “LOCK" position. Otherwrse the
computer will not operate. If the power is turned on with the lock switch
unlocked be sure to lock the switch and turn the power off Then turn the
power on again to operate the computer o

2. Fleplaclng Regular-Srze RAM Card
If the replacement RAM card is to be used for the first time, be sure to insert the
battery into the RAM caid.

{1} Turn off the power of the computer.
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Using the RAM Card

(2) Slide the rear cover lock switch in the arrow direction shown in the figure and
remove the rear cover.

Rubber terminal

]
\O @\ ﬁwg

Raar cover

Lock switeh

Note: Do not touch the circuits, components, rubber terminals, etc., found
within the computer.

(3) Puil the card mountingfremoval lever in the arrow direction shown in the figure.
This releases the RAM card from the tab so that it can be removed.

(4) Close the terminal cover of the replaced RAM card upon its removal.

Note: Be sure fo close the terminal cover completely.
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Using the RAM Card

(5) Take-out another RAM card from its case and 6

pen the terminat cover of the RAM
card. A SR

it Terminal cover

Terminals

Note: Cémbletely open the terminal cover (to bring the terminals into full view),

but do not touch the terminals. '

{6} Insert the terminal end of the:RAM card:down into the computer as shownvin the
figure.

Card mounting/removal lever

Note: Do not insert the RAM card backwards nor insert it with the terminal cover

not completely open. Doing so may short the terminals and damage the
computer.
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Using the RAM Card

(7} Then, gently press the battery cover. The card will snap onto the tab of the card
mounting/removal lever.

(8) Attach the rear cover and slide the lock switch to the “LLOCK" position.

Note: Be sure to slide the lock switch to the "LOCK™ position. Otherwise, the
computer will not operate. If the power is turned on with the lock switch
unlocked, be sure to lock the switch and turn the power off. Then turn the
power on again 1o operate the computer.

Using BAM Card with Other Models

The RAM cards used with the COMPUTER can also be used with PC-1350, PC-1450,
PC-2500, or PC-1100. RAM cards used with these models can also be used with the
COMPUTER.

(1) When not using programs inierchangeably
After the RAM card has been installed, turn the power on and then push the
RESET button on the back of the computer without pressing any key.

{2) When using programs interchangeably

1) Programs written on other models
These programs can be used as they are. However, be sure to note the following:

* Some modifications of the program are required if it uses any commands not
available with the COMPUTER.

* Previously input data in the computer cannot be used for the program execution as
they will all be erased.
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Using the RAM Card;

* Thefollowing message will appear in the display when: the. program istoo targe fobe
handled with the COMPUTER. Do

MEMORY ALL CLEAR O.K.?

Should this message appear, just turn the power off. The prbgram will be retained.
To erase the program, press m - or l}‘l key while the message is on
display.

(The COMPUTER must be able to secure data area and system area within the
RAM card. When this cannot be done, the above message will appear in the
display.)

If no key is pressed for about 2 minutes after the above “CLEAR QK.?"
message, the COMPUTER will be automatically put in the AUTO OFF state..

2). Programs wntten on the COMPUTER o

‘With the RAM:-card mounted on the COMPUTER operate CONVERT m in
.the RUN maode.: The program(s) in the RAM card will be autematically converted
into prograrns executable by other models and the- display of the COMPUTER will
disappear, indicating the end of the conversion. {During the conversion, do not
press the BEK key. Otherwise, you must again perform the conversion process
from the beginning.) Note that RAM card CM-203M can be used with the
COMPUTER only. An error W|II result |f you attempt to convert the programs in the
CE- 203M

* Programs contammg commands not available to PC 1350 PC 1450 PC 2500
or PC-1100 must be modified,

* Previously.input data in. the other model cannot be used and wi,lt all be erased.
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BASIC Reference

CHAPTER9

BASIC REFERENCE

This chapter is divided into three sections:

Commands: Instructions which are used outside a program to change the waorking
environment, perform utilities, or control programs

Verbs: Action words used in programs to construct BASIC statementis
Functions: Special operators used in BASIC programs to change one variable to
another

However, setial /0 related commands, graphics-related verbs, and text functions
are summarized in the following pages.

Graphics related verbs ........... pages 195~ 213
Serial /O related commands ... pages 225 ~ 240
Textfunctions ......ccoevvicvnnnns pages 241 ~ 243

Commands and verbs are arranged alphabetically within each category in the respac-
iive sections. Each eniry is on a separate page for easy reference. Functions are
grouped into four categories and arranged alphabetically within each category. The
contents of each section are listed on the following three pages so that you can quickly
identify the category te which an operator belongs.
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BASIC Reference

Program Caontrol

CONT
DELETE
GOTO*
NEW
RENUM.
RUN -

' Cassetie Cdntrol

CLOAD

CLOAD?

CSAVE
INPUT#*
MERGE
PRINT#*

Debugging

- LsT
LLIsT -
TROFF*
TRON*

Serial /1O
CLOSE#1
CONSOLE
INPUT#1
LLIST
LOAD
LPRINT
OPEN
OPENS$
PRINT#1
SAVE

128
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Variables Control
CLEAR*
DIM*
MEM*

- Angle Mode Control

DEGREE*, .
GRAD™ . .
RADIAN® ..

~ Graphic Printing

CIRCLE*
COLOR* . . ...~
CROTATE"
CSIZE*
GLCURSOR*
GRAPH*
LF*

“LLINE*
LTEXT*
PAINT*
RLINE*
SORGN*

Others
BEEP*
MDF*
PASS
RANDOM*
USING*
WAIT*

* These commands are also BASIC verbs. Their effect as commands is identical to
their effect as verbs so they are not deseribed in the Commands section. See the
Vearbs section for more information.



BASIC Reference

Control and Branching Graphic Printing

CHAIN CIRCLE
END COLOR
FOR..TO...STEP CROTATE
GOSUB CSIZE
GOTO GLCURSOR
iF..THEN GRAPH
NEXT LF
ON...GOSUB LLINE
ON..GOTO LTEXT
RETURN PAINT
STCP RLINE

- SORGN

Assignmeni and Declaration
CLEAR Others
DIM BEEP
LET CLOSE #1
CONSOLE
Input and Output DEGREE

AREAD GRAD
CSAVE MDF
DATA OPEN
INPUT RADIAN
INPUT# RANDOM
INPUT#1 REM
LOAD TROFF
LPRINT TRON
PAUSE
PRINT
PRINT#
PRINT#1
READ
RESTORE
USING

WAIT



BASIC Reference

Pseudovariabies : Numeric Furictions .
INKEY$ O ABS
MEM ' ACS Col
Pl . AHC -

‘ AHS

String Functions - AHT
ASC R ASN
CHR$ : ATN
LEFTS : COos
LEN oo CUR
MID$ S DEG
RIGHTS . DMS
STRS$ s EXP
VAL : FACT .

: HCS

TEXT Functions . HSN
BASIC B HTN
TEXT . INT

LN .
LOG
POL
RCP
REC
RND
ROT
SGN
SIN

SQR
SQU
TAN
TEN
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Commands
CLOAD

1 CLOAD
2 CLOAD “filename”

Abbreviations: CLO., CLOA.
See also: CLOAD?, CSAVE, MERGE, PASS

The CLOAD command is used to load a program saved on cassette tape.

The first format of the CLOAD command clears existing programs in memory and loads
the first program stored on the tape, starting at the current position.

The second format of the CLOAD command clears the memory, searches the tape for
the program whose name is given by “filename”, and loads the program.

I the computer is in PROgram or RUN mode, program memory is loaded from the
tape.

CLOAD Loads the first program from the tape.
CLOAD “PRO3" Searches the tape for the program named ‘PRO3" and loads
it.

Notes: 1. Ifthe designated file name cannot be retrieved before the tape reaches the
end, the computer will continue to search the file name. In this case, stop
the retrieval function by pressing the key. This applies to MERGE,
CHAIN, CLOAD? and INPUT# commands to be described later.

o If an error occurs during execution of CLOAD or CHAIN command
(described later), the program stored in the computer will be invalid.

e During the loading, an asterisk “ <" is shown at the far right digit position of
display. The “*" will disappear when the loading is completed. While a file name
is being retrieved, no “#" will be displayed as the loading has not startea yet.
(The same oceurs when the first program is read without a file name.)
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Commands
CLOAD? -

1 CLOAD?
2 CLOAD? “filename”

Abbreviations: CLO.?, CLOA.?
See also: CLOAD, CSAVE, MERGE, PASS

The CLOAD? commandis usedto compare a program saved on cassette tape with one
stored in memory.

To verify that a program was saved correctly, rewind the cassette tape to the beginning
of the program and use the CLOAD? command. . SR T L
The firstformat of the CLOAD? command compares the program stored in memory with
the first program stored on the tape, starting at the current position. '

The second format of the GLOAD? command searches the tape for the program whose
name is given by “filename” and then compares it fo;the program stared in memory,

e

CLOAD?

Comparesthe fir§t pro_gram froni the tapé withthe one in
' memory. b o
CLOAD? "PRQ3” Searches the tape for a program named ‘PRO3’ and

compares it to the one stored in memory.

* An asterisk "*” will appear at the far right digit position of the display while the
program is being verified. The asterisk will disappear and the prompt wilt reappear

when verification is completed. -

130



Commands
CONT

1 CONT
Abbreviations: C., CO., CON.
See also: RUN, STOP verb

The CONT command is used to continue a program which has been temporarily
halted.

When the STOP verb is used to halt a program during execution, the program can be
continued by entering CONT in response to the prompt.

When a program is halted using the key, the program can be continued by
entering CONT in response 1o the prompt.

CONT also functions when the program is temporarily interrupted due to a command
such as PRINT.

CONT Continues an interrupted program execution.
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Commands
CSAVE

1 CSAVE

2 CSAVE “filename”

3 CSAVE, “password”

4 CSAVE “filename”, “password”

Abbreviations: CS., GSA., CSAYV.
See also: CLOAD, CLOAD?, MERGE, PASS.

“Purpose

The CSAVE command is used to save a program to cassette tape.

The first format of the CSAVE command writes all of the programs in memory onto the

cassette tape without a specified file name.

The second format of the CSAVE command writes all of the programs in memory onto

the cassette tape and assigns the indicated file name.

The third format of the CSAVE command writes all of the programs in memory onto the
cassetle tape without a specified file name and assigns the indicated password.
Programs saved with a password may be loaded by anyone, but only someone who
knows the password can list or modify the programs. (See discussion under PASS
command.)

The fourth format of the CSAVE command writes ail of the programs in memaory onto
the cassette tape and assigns them the indicated file name and password.

- Examples

CSAVE “PRO3”, “SECRET” Saves the programs now in memory onto the
tape under the name ‘PROSF, protected
with the password ‘SECRET",

Note: When savinga program to casselte tape via the CE-124 cassetie interface with
the COMPUTER connected to the CE-140P, use the COMPUTER after turning
off the power of the CE-140P. Saving a program from the computer without
turning off the CE-140P will put the computer in the AUTO OFF state immedi-
ately after the saving operation,

If you wish to perform the verification of the saved data, press the key to
turn on the power of the COMPUTER and then use the computer in BASIC
(RUN or PRO) mode for verification.
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Commands
DELETE

1 DELETE [starting line number]{,[ending line number]]
Abbreviations: DEL., DELE., DELET.
See also: NEW, PASS

The DELETE command is used to delete a program line or program lines. This
command is effective for manual operation in the PROgram mode.

It both the starting and ending line numbers are specified, all the program lines between
the two numbers inclusive are deleted. If either of the two specified line numbers is not
found, an error OCCUrs.

If only the starting line number is specified, that line number alone is deleted.

If the starting line number and comma {,) are specified, the starting line number and
all the subsequent line numbers are deleted.

If the comma (,) and ending line number are specified, all the lines from the beginning
of the program to the ending line number are deleted.

If both the starting and ending line numbers are omitted, an error occurs.

When the DELETE command is executed while a program file is being read based on
the MEAGE command, the DELETE command works on the program last read.

The DELETE command is ignored when any password is set in the program.

DELETE 1806, Deletes line 100 and all the subsequent line numbers.
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Commands
GOTO

1 GOTO expression .~ -0 . . : i ;;; .
Abbreviations: G., GO., GOT.
See also: RUN S e

ot
s iliad

The GOTO command can be used in place of the RUN command to start program
-execution atthe. line number spemfled by the: expressmn j

GOTO differs from RUN | in' six respects

1) The value of the interval for WAIT is not reset.

2) The dlsp[ay format estabhshed by USING statements is “not cleared.
-3} Variables and.arrays are preserved.

4) PRINT=LPRINT status is not reset. . -

5) The pointer for READ is not reset.

8) The serial I/ circuit is not closed

Execution of a program with GOTO is rdentlcal to execut:on with the [DER key

GOTO 108 ‘Begins pr'ogrém ‘exécution at line 100,
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Commands
LIST

1 LIST
2 LIST line number
3 LIST “label”

Abbreviations: L., LI, LIS.
See also: LLIST

The LIST command is used to display a program.

The LIST command may only be used in the PROgram made.

L

*

*

With format 1, the program is displayed from its first line until the display is full.
With format 2, the program is displayed from the line of the specified line number
until the display is full.

If the line for the specified number does not exist, the program will be displayed from
the line with the next largest number which does exist.

With format 3, the program is displayed from the line written with the specified label
untit the display is full.

When programs are merged with the MERGE command, the LIST command
functions for the last program.

However, if the label specified in format 3 does not exist in the last program, it is
searched for in sequence from the first program. If the specified label is found, the
line containing it is displayed.

If a password has been set, the LIST command is ignored.

LIST 100 Displays line number 100.
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Commands
LLIST

1 LLIST

2 LLIST expression

3 LLIST expression 1, expression 2
4 LLIST expression,

5 LLIST, expression

Abbreviations: LL., LLI., LLIS,
See also: LIST

* When the sét;ial /O interface is open according to the OPEN cbmmand, thﬁe“L‘L‘lST
command outpuis the program to the serial /O interface terminal of the printer.
(See page 228.) . :

To return the program print command to the printer, execute the CLOSE cormn-
mand.

The LLIST command may bé used in the PROgram or RUN mode.

The first format prints all of the programs in memory, '

The second format prints only the program line whose line numbér is given by the
expression. .

The third format prints the statements from the line number with the nearest line'équal
to or greater than the value of expression 1 to the nearest line equal to or greater than
the value of expression 2. There must be at least two lines between the two numbers.

The fourth format prints all program lines beginning with the line whose numbér is given
by the expression.

The fifth format prints all program lines up to, and including, the line whose number is
given by the expression.

* When programs are merged with the MERGE command, the LLIST command
functions for the last program. To list a program stored earlier, execute:

LLIST “tabel”,
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LLIST

If a password has been set, the LLIST command is ignored.

e For printing a program on the CE-140P printer, set the number of columns to be
printed per line to 24 or more. (Refer to the CONSOLE command.)
An error occurs if the number of columns to be printed per line is setto less than 24
and the LLIST command is executed (ERROR 3}.

. ® For printing the program cn the CE-140P printer, “v" " will be converted to SQR
and "#" to PL

LLIST 100,200 Lists the statements between line numbers 13@ and 200.

Note: LLINE, BLINE, GLCURSOR, LTEXT, GRAPH, LF, CSIZE, COLOR,
SORGN, CROTATE, CIRCLE, or PAINT verb should be written at the
peginning of a program line foliowing the line number. If any of these verbs is
written at any position after the 24th character of the program line, the desired
graphic data will not be properly output on the CE-140P printer.
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Commands
MERGE

1 MERGE e
| 2 MEHGE “filename”
J (effectlve for the manual operatlon ln the PFtOgram or RUN mode)

" Abbreviations: MEFt‘ MERG ;':'ri-‘ : R T T
See also: GLOAD ‘ A ' :

The MERGE command is used to load a program saved on cassetie tape and merge it
with the program extstlng |n memory

i

S T SR o (IR R - :
The MEFIGE command retalns the program aiready stored in the COMPUTER and
then loads a program recorded:on the:tape: Therefore, several dlt'terent programs can
be stored in the COMPUTER atthe same time. :

When programs with file names PRO-1, PRO-2, and PRO-3 are to be stored, PRO-1
is stored using the CLOAD command, whereas PRO-2 and PRO-3 are transferred to
the computer using the MERGE command. The state of the storage is as follows.

(Tape)
_Filename Program Filename Program Filename Program
CLOAD “PRO-1" MERGE “PRO-2” MERGE “PRO-3"
Program “PRO-1" Program “PRO-1" Program “PRO-1”
Program “PRO-2" Program “PRQ-2"
— | Program “PRQO-3"

Program area of the computer

Transfer the first program to the computer using the CLOAD command.
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MERGE

Programs loaded using the MERGE command are stored as in the example. The
programs are handled by their line numbpers as follows.

If the first line number of the program loaded using the MERGE command is larger
than the last line number of the previously loaded program, the two programs are
considered to be a single program.

If the first line number of the program loaded using the MERGE command is smaller
than the last line number of the previously loaded program, the two programs are
considered separate.

In the example above, where the line numbers for programs PRO-1, PRO-2, and
PRO-3 are 10 to 200, 50 to 150, and 160 to 300, respectively, PRO-1 and PRO-2
are considered separate, PRO-2 and PRO-3 are considered to be a single program
with line numbers 50 o 300.

Loading programs with the MERGE command may resultin two or more programs in
the computer with the same line numbers. In this case, the executed RUN or GOTO
(RUN expression, GOTO expression) is valid only for the last merged program.
There will be no way to execute the preceding program(s).

Therefore, put a label to the beginning of a programto be executed and execute the
program using a DEF (gefined) key.

Note, however, that only the last merged program can be edited after the MERGE
command has been executed and that the program(s) loaded earlier cannct be
adiied. Therefore, add the label to the program before merging the next program.

Merging password-protected programs

When loading programs with passwords (password-protected programs) using the
MERGE command, the handiing of the programs differs as outlined below, depending
on whether the programs within ithe computer are protected.

When protected
Password-protected programs carnot be loaded.

When not protected
If password—protected programs are loaded using the MERGE command, all

programs within the computer become protected.

When the programs within the computer are protected, even programs without
passwords become password-protected when loaded using the MERGE command.
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MERGE

Executlng merged programs
*’ The figure shows the memory when PHO 1 is Ioaded after
‘A" PHO 1 which PRO-2 and PRO-3 are Ivaded using the MERGE
A ik kbt lty command. If & program. is started using RUN or GOTO
"B !PHO-2 (RUN expression or GOTO expression), PRO-3 will: be
————————————— executed. On the other hand, if started using : RUN
"C"  PRO-3 “label”, GOTO “label”, or a DEF (defined) key, the
' | specified label is searched for from the beglnnlng of PHO 3

‘within the computer,

if not found in PRO-3, the search proceeds in PRO-1. If also rot found in PRO 1,
PRO-2 is searched. If the Iabel is found, the program is executed from. the labeled
line. ‘

Note that since the label is searched forin th|s manner, if a label used in PFIO 1 and
PRO-2 is also used in PF{O-S PHO—1 and PRO-2 cannot be executed
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NEW

1 NEW
Abbreviations: none

See also: CLEAR, PASS

The NEW command is used to ciear existing programs and data in memory.

When used in the PROgram mode, the NEW command clears all programs and data
(atray variables, simple variabies, and fixed variables) which are currently in mem-
ory. (The programs with passwords cannot be cleared.)

The NEW command is not defined in the RUN mode and will result in an ERROR 9.

NEW Clears programs and dala in memory.
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PASS

1 PASS “character string”
Abbreviations: PA., PAS.
| See also: CLOAD, CSAVE, DELETE, NEW, RENUM

The PASS ¢ommand is used'6 set and cancel passwords.+

Péasswords are-used to' protéct prograrms from 'inspection or modificatior By other
users: Aipasswdrd consists of 4 character string no more thian seven charasters long.
The seven characters may be alphabetic or one of the following special symbols:

Tt ‘Ii!#- $%&()*+ el et = =\>?@\/__7T T

Note: Do not use any BASIC command or verb as a password,

Once a PASS command has been given, the programs in memory are protacied. A
password-protected program cannctbe exidmined or modified inmemory. It cannaf be
sent to tape or listed with LIST or LLIST, ror is it possible to add or delete program
lines. If several programs are in memory and PASS is entered, all programs in
memory are protected. The only way to remove this protection is to execute another
PASS command with the same password,

Note: When a password with more than seven characters is declared, only the first
seven characters are valid and are set or removed from protection.
Press right after the password.
Wiiting characters or symbols after g password results in an error and he
password cannot be canceled.
(example) PASS“ABCDEFG":A=123 — Error 1

PASS “SECRET” Establishes the password ‘SECRET’ for all programs in
mernory.

When a password is set and the RAM card is removed, all the programs stored in the
RAM card are protected.
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RENUM

1 RENUM [new line number][,[old line number][,increment]]

Abbreviations: REN., RENU.

The RENUM command is used to renumber program fines. This command is effective
for manual operation in the PRO (Program) mode.

This command renumbers old ling numbers in the specified step increments, starting
from the specified new line number.

If the values of new line number and increment are omitted, 10 is assumed for both. If
old line number is omitted, renumbering starts from the first line of the program. If the
specified old line number is not found, an error occurs,

Example 1. RENUM

Renumbers all the program lines in increments of 10 steps from line 10.

Example 2: RENUM 189, 50, 18

Changes old line number 50 to new line number 100 and renumbers subsequent fine
numbers in increments of 10 steps.

The RENUM command automatically changes ali line number references following
GOTO, GOSUB, IF~THEN, ON-~GOTO, ON~GOSUB, RESTORE, efc., to
refiect the new line numbers. In this case, however, an error will result if expression
(e.g., GOTO 2%50}). If an error ocCUrs due to such incorrect line number reference,
renumbering of the incorrect line number cannot be effected by RENUM. In.such a
case, temporarily rewrite the command containing an incorrect line number to a REM
statement, and correct it (perhaps, change to ON~GOTQ) after the execution of the
RENUM command.

The RENUM command cannot be executed if the number of lines 1o be renumbered
exceeds 85279, or if the specification requires a change in the execution order of
program lines (for example, an attempt is made to execute RENUM 15, 30 when
three program lines 10, 20, and 30 exist).

It will take a little while to complete the execution of RENUM on a large program. If you
press the key to interrupt the program while one asterisk (k) is appearing at the
rightmost end of the display, the program will return to the original condition before the
execution of RENUM. However, this interruption by the key will be ignored when
two asterisks (%) are on the display.
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RENUM

The work area of “numbar of program-lines X4 bytes" is used only when the RENUM
command is executed. By renumbering program lines, line number references by
GOTO, GOSUE, etc., alsc change. As a result, the original program may have an
increase in the number of bytes used, In other words, new line GOTO 200 uses one
byte more than old line GOTO 20. The RENUM command cannot be executed if the
remaining capacity of the work area becomes short due to the increase in the number of
bytes used. In such a case, clear variables from memory by the CLEAR command and
you may be able to execute RENUM. =~ o T

(See APPENDIX A for error messages related to RENUM.}
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RUN

1 RUN
2 RUN line number

Abbreviations: R., RU.
See also: GOTO, MERGE

The RUN command is used to execule a program in memory.

The first format of the RUN command executes a program beginning with the lowest
numbered statement in memory.

The second format of the RUN command executes a program beginning with the
specified line number.

* When programs are merged with the MERGE command, the last merged program
will be executed with format 1 or “RUN expression™ in format 2.
RUN differs from GOTO in six respects:
1) The value of the interval for WAIT is reset.
2) The display format estabtished by USING statements is cleared.
3) Variables and arrays other than the fixed variables are cleared.
4) PRINT=PRINT status is set.
5) The pointer for READ is reset to the beginning DATA statement.
6) Cioses the serial /O circuit (serial port).

Execution of a program with GOTO is identical to execution with the DEF key. In all
three forms of program execution, FOR/NEXT and GOSUB nesting is cleared.

RUN 1¢@ Executes the program which begins at line number 100.
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Verbs ... . -
AREAD

1 AREAD variable name
‘Abbreviations: A., AR., ARE., AREA.

See also: INPUT verb and discussion of the use of the DEF key in Chapter 6

The AREAD verb is used to read ina smgle value to a program wh|ch is started usmg
the" [oEE' key. .

When a program is labeled with a letter so that it can be started using the [GER key, the
AREAD verb can be used to enter a.single starting value without the use of the INPUT
verb. The AREAD verb must appear on the firstline of the program foflowing the label.
If it appears elsewhere in the program, it will be ignored. Either a numeric or string
variable may be used, but only one can be used per program.

To use the AREAD Verb, type the desired value in the RUN maode, press the [GEF key,
followed by the letter whichridentifies the program. If a string variable is bemg used itis
not necessary to encfose the entered stnng in quotee

10 “X* AREAD N
20 PRINT N2 -
3¢ END

Entering "7 [DEH - X” will produce a dlsplay of “49",

Notes: 1. When the dlsplay lndlcates PHOMPT (">“) at the start of program
execution, the designated variable is cleared.
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2 When the contents are displayed by PRINT verb at the start of program
execution, the following is stored:

Example: When the program below is executed;
10 “A”: PRINT “ABC”, “DEFG"
20 “S”: AREAD A$: PRINT A%
RUN mode
[(A]— ABC DEFG
51— DEFG

e When the display indicates PRINT Numeric expression, Numeric expression, or
PRINT “String”, “String”, the contents displayed last are stored.

e When the display indicates PRINT Numeric expression; Numeric expression;
Numeric expression..., the contents displayed first (on the extreme left) are
stored.

e When the display indicates PRINT “String”; “String™; “String”..., the
contents of the “String” designated last (on the exireme right) are stored.
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.1 BEEP" éxpression

Abbreviations: B., BE., BEE.

The BEEP verb is used to produce an audible tone.

3

The BEEP verb causes the. COMPUTER io emit'ohé or miore audible tones at 4 Kz
The number of beeps: is determined by the expression, which must be numeatic
{positive number less than 9.999999999E+99). The expression is evaluated “but
arily ther integer part is used to determine the number of beeps.- g

BEEP may also be used as. a command using numeric literals and predefmed
variabies. In this case beeps occur |mmed|ately after the [ENTER] m key is pressed

10 A=5 B$="9"

20 BEEP 3 Produces 3 beeps.

30 BEEP A Produces 5 beaps.

49 BEEP(A+4)/2 Produces 4 beeps.

50 BEEP B$ This is illegal and will produce an ERROR 9 message.

60 BEEP —4 Produces no beeps, but does not produce an error message.
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1 CHAIN

2 CHAIN expression

3 GHAIN “filename”

4 CHAIN “filename”, expression

Abbreviations: CHA., CHAL.
See also: CLOAD, CSAVE, and RUN

The CHAIN verb is used to start the execution of a program which has been stored on
casselte tape. 1t can only be used in connection with the optional CE-126P and CE-
152,

Use

To use the CHAIN verb, one or more programs must be stored on a cassette. Then,
when the CHAIN verb is encountered in a running program, a program is loaded from
the cassette and executed.

The first format of CHAIN loads the first program stored on the tape and begins
execution with the lowest line number in the program. The effect is the same &s having
entered CLOAD and RUN when in the RUN mode.

The second format of CHAIN loads the first program stored on the tape and begins
execution with the line number specified by the expression.

“The third format of CHAIN searches the tape for the program whose name is indicated
by the filename, loads the program, and begins execution with the line number
indicated by the expression.

The fourth format of CHAIN will search the tape for the program whose name is
indicated by the filename, load the program, and begin execution with the line number
indicated by the expression.

1@ CHAIN Loads the first program from the tape and begins
execution with the lowest line number.
2@ CHAIN “PRO-2", 480 Searches the tape for a program named PRO-2,

loads it, and begins executian with line number 480.
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For example, let's assume you have three program sections named PRO-1, PHO 2,
PRO-3. Each of these sections ends with a CHAIN statement :

“PRO-1" G U

Magnetic tape . .
1@:
20: (V" indicates. the position of. the tape
) . recorder head.)
. Execution
400: CHAIN i e File name |. | File ‘name NNL
"PHO-2" IIPHO_SH -,
400: CHAIN "PRO-2", 419 —_—
"PRO-2"
410: —
Execution
Y
“700: CHAIN File_-name File name |-
L 1"PRO-2” “PRO-3"
700: CHAIN "PRO-3", 710
“PRO-3"
710 . g —
Execution e '
- File name| [File name )
“PRO-2" “PRO-3" : ‘
990 END

Durrng execution, when the computer encounters the CHAIN statement, the next
section is called into memaory and executed. in this manner, all of the sections are
eventually run.

Note: When a program containing a CHAIN command is foaded from a tape by the
MERGE command, check to be sure that the CHAIN command is correct.
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1 CLEAR
Abbreviations: CL., GLE., CLEA.

See also: DIM

The CLEAR verb is used to erase all variables which have been used in the program
and to reset all preallocated variables to zero or null.

The CLEAR verb recovers space which is being used to store variables. This might be
done when the variables used in the first part of a program are notrequired in the second
part and availables space is limited. CLEAR may also be used at the beginning of a
program when several programs are resident in memory and you want to clear out the
space used by execution of prior programs.

CLEAR does not free the space used by the variable A-Z, A$-Z$, or A(1)-A(26)
{(without DIM declaration) since they are permanently assigned (see Chapler 4).
CLEAR does reset numeric variables to zero and string variables to null.

18 A=5: DIM C(5)
2P CLEAR Frees the space assigned to C( ) and resels A to zero.
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1 DATA expression list
Where: expression list is: expression
or: expression, expressaon list’

Abbreviations: DA., DAT. .
See also: READ, RESTORE

FIE

The DATA verb is used to provide values for use by the READ verb.

When assigning initial values to an array, it is convenient to list the values in a DATA
statement'and use a READ statement in.a FOR...NEXT loop 1o load the values into
the array. When.the first READ is executed, the first vaiue in the first DATA staterent is
returned. Succeeding READs use succeeding values in the sequential order in which
they appear in the program, regardiess of how many values are Ilsted in each. DATA
statement or how many DATA statements are used

DATA statements have no. effect if encountered inthe course of regular executlon ofthe
program, so they can be inserted wherever it seems appropriate. Many programmers
like to include them immediately following the READ which uses them, if desired, the
values in a DATA statement can be read a second time by using the RESTORE
statement.

18 DIM B(1@) Sets up an array.

20 WAIT 128

3¢ FOR I1=1 TO 16

49 READ B() Loads the values from the DATA statement into
50 PRINT B(l) B( ). B(1) will be 10, B(2) will be 20, B(3)
60 NEXT | will be 30, etc.

70 DATA 10,20,30,40,50,60
80 DATA 7(,80,90,100
90 END
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1 DEGREE
Abbreviations: DE., DEG., DEGR., DEGRE.
See also: GRAD and RADIAN

The DEGREE verb is used to specify the unit of angle to decimal degrees.

The COMPUTER has three forms for representing values in angular units—decimal
degrees, radians, and grads. These forms are used in specifying the arguments to the
SIN, COS, and TAN functions and in returning the results from the ASN, ACS, and
ATN functions.

The DEGREE function changes the unit of angle for all values ta decimal degrees until a
GRAD or RADIAN verb is used. The DMS and DEG functions can be used to convert
values in decimal degrees into sexagesima! equivalent (degrees, minutes, seconds)
and vice versa,

1% DEGREE
20 X=ASN 1 X row has a value of 90, i.e., 90 degrees, the arc sine of 1.
30 PRINT X
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DIM : it
1 DIM dim list
Where: dim list is: dimension spec. -
or: dimension spec.; dim list
and: dimensfon spec. is: numeric dim spec.’
or: string dim spec,
and: numeric dim spec is: numeric name (size)
and: string dim spec is: string name (dims)
el * or: string hame (dims)*len-
and: numeric name is: valid numeric variable name
and: string name is: valid string variable name
- and: dims.. Coe L st size,
e ... OF: size, size ‘
and: size - - Is: number of elements - A
and: len is: length of each string in a strihg arra)}
Abbreyiations: ., Di. o

_Purpose. |

The DIM is used to reserve space for numeric and slring array variables.

Except for arrays in the form: A( ), A$( ), and simple variable like A1 or B2$,‘é DM
verb must be used to reserve space for any array variable. :

The maximum number of dimensions in any array is two; the maximum size of any
one dimension is 255. In addition to the number of elements specified in the dimension
statement, one additional “zeroth” element is reserved. For example, DIM B(3}
reserves B(0), B(1), B(2}, and B(3). In two dimensional arrays there is an extra
"zeroth” row and column.

In string arrays, one specifies the size of each string element in addition to the number
of elements. For example, DIM B$(3)*%12 reserves space for 4 strings which are each
amaxirmum of 12 characters long. If the length is not specified, each string can contain
a maximum of 16 characters.

When a numeric array is dimensioned, all values are initially set to zero; in a string
array, the values are set to null.

For the array A and A$ DIM declaration, refer to the paragraph discussing variables.
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Array variables can be cleared (or sel undefined) with the CLEAR command. When
the program is started using the RUN command, array variables are automatically
cleared.

The variable name once declared cannot be declared again. When a program once
executed is executed again with the GOTO command on using the key, the same
variable name as formerly deciared will be declared again if the line with the DIM
command is executed. In this case, clear the array variable with the CLEAR command

and then declare it again.

10 DIM B(19) Reserves space for a numeric array with 11 elements.

20 DIM C§(4, 4)*10 Reserves space for a two dimensional string array with
5 rows and 5 columns; each string will be a max-
imum of 10 characters.
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«-1END . .

" Abbreviations: EUEN. ' Eoe el

The END, verb is used to- signal the end of a progrém. A

When multiple programs are loaded into memory at the same time, a mark must be
included to indicate where each prograrn ends so that execution does not continue from
one program to another. This is done by lncludmg an END verb as the last statement in
the program..- . i, e S :
When the serial /O crrcu:t is epened hy. the OPEN comrand, the crrc:unt is closed
{Refer to the CLOSE command.) . -

18 PRINT “HELLO™ With these programs in memory a ‘RUN 10" prints
20 END ‘HELLO', but not ‘GOODBYE'”. ‘RUN 30"

3¢ PRINT "GOODBYE" prints ‘GOODBYE'.

4@ END
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FOR..TO

1 FOR numeric variahle=expression 1 TO expression 2
2 FOR numeric variable=expression 1 TO expression 2
STEP expression 3

Abbreviations: F. and FO.; STE.

See also: NEXT
|

The FOR verb is used in combination with the NEXT verb to repeat a series of
operations a specified number of times.

The FOR and NEXT verbs are used in pairs 1o enclose a group of statements which are
10 he repeated. The first time this group of statements is executed, the loop variable
(the variable named immediately following the FOR) has the value of expression 1.

When execution reaches the NEXT verb, the loop variable is increased by the step size
and then this value is tested against expression 2. If the value of the loop variable is
less than or equal to expression 2, the enclosed group of statements is executed
again, starting with the statement following the FOR. In the first form, the step size is
1; in the second form, the step size is given by expression 3. If the value of the loop
variable is greater than expression 2, execution continues with the statement which
immediately follows the NEXT. Because the comparison is made at the end, the
statermnents within a FOR/NEXT pair are always executed at least once.

Expression 1, expression 2, and expression 3 must be in the range of
—0.999995990E99 to 9.999999999E98 If the value of expression 3 is zero, FOR/
NEXT loop will be infinite.

The loop variable may be used within the group of statements, for example, as an
index to an array, but care should be taken in changing the value of the loop variabie.

Programs should be written so that they never jump from outside a FOR/NEXT pairtoa
statement within a FOR/NEXT pair. Similarly, programs must never leave a FOR/
NEXT pair by jumping out. Always exit a FOR/NEXT loop via the NEXT statement. To
do this, set the loop variable to a value higher than expression 2.

The group of staiements enclosed by a FOR/NEXT pair can include another pair of
FOR/NEXT statements which use a different loop variable as long as the enclosed pair
is completely enclosed; ie., if a FOR statement is included in the group, the
matching NEXT must also be included. FOR/NEXT pairs may be “nested” up o five
levels deep.
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10 FOR I=1TO 5 O This group of statements prints the numbers
2@ PRINT | 1,2,8,4,5. :

30 NEXT | :

40 FOR N=19 TO ¢ STEP —1 This group of statements counts down 10, 9,
5¢ PRINT N 8,7,6,54,321,0.

60 NEXT N

78 FOR N=1 TO 14 ]
80 X=1

?g gF)?fXZT:T TON' _ ' B _ }Th‘i's' gfduh of statérhehtS'compUtéé and _brinté
M@NEXTF -~ ., . N faqtorral for thg nurpbers 'flrom 1 to10 |
120 PRINT X _

130 NEXTN o

Note: The execution of the FOR-NEXT loop does to.the end even if it jumps out of the
loop. Therefore, note that a nesting error of the FOR-NEXT. loop (ERROR 5)
may result depending on the program (programs which exscute the FOR
command a Aumber of times). R :
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1 GOSUB expression
Abbreviations: GOS., GOSU.
See also: GOTO, ON..GOSUB, ON..GOTO, RETURN

The GOSUB verb is used to execute a BASIC subroutine.

When you wish to execute the same group of statements several times in the course of
a program or use a previously written set of statements in several programs, it is
convenient to use the BASIC capability for subroutines using the GOSUB and
RETURN verbs.

The group of statements is included in the program at some location where they are not
reached in the normal sequence of execution. A frequent location is after the END
statermnent which marks the end of the main program. At those locations in the main
body of the program—where subroutines are 1o be executed—include a GOSUB state-
ment with an expression which indicates the starting line number of the subroutine.
The last line of the subroutine must be a RETURN. When GOSUB is executed, the
COMPUTER transfers control to the indicated line number and processes the state-
ments until a RETURN is reached. Control is then transferred back o the statement
fallowing the GOSUB.

A subroutine may include a GOSUB. Subroutines may be “nested” in this fashion up
to 10 levels deep.

The expression in a GOSUB stalement may not include a comma, e.g.. 'A(1, 2y
cannot be used. Since there is an ON..GOSUB structure for choosing different
subroutines at given locations in the program, the expression usually consists of just
the desired line number. When a numeric expression is used, it must evaluate to a
valid line number, i.e., 1 to 65279, or an ERROR 4 will occur.

1% GOSUB 18d@ When this program is run it prints the word ‘HELLO’ one
20 END time.

10@ PRINT “HELLO"

119 RETURN
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1 GOTO expression - v
Abbreviations: G., GO., GOT.
See also: GOSUB, ON..GOSUB, ON..GOTO .. - =~ -

The GOTO verb is used to-transfer control to a specified line-number.

The GOTO verb transfers control.from one location in 2 BASIC progiam to another
location. Unlike the GOSUB. verb,-GOTQ does not “remember” the location from
which the transfer occurred: . . - il I R

The expression in a GOTO statement may not include a comma, e.g., ‘A(%,?)’
cannot beused: Since there is an ON..GOTO structure for:chgosing : different
destinations at given locations ir the program, the'expression Ustially congists of just
the desired line humber, i.e.;- to 65279, or an ERROR 4 will oecur. . - | :
Well designed programs usually flow simply ‘from  beginning to end, except for
stbroutines executed during the program. Therefore, the principal use of the GOTO
verb is as a part of an IF..THEN statement. | o

18 INPUT A$, This. program prints “YES' i a ¥ is

20 IF A$="Y” THEN'GOTO 56 entered and prints "NG’ if anything else
30 PRINT “NO” is entered. ' ‘

46 GOTO &0 i S

50 PRINT “YES"

60.END.
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1 GRAD
Abbreviations: GR., GRA.
See also: DEGREE and RADIAN

The GRAD verb is used to specify the unit of angle to grads.

Use

The COMPUTER has three forms for representing values in angular units—decimal
degrees, radians, and grads. These forms are used in specifying the argumenis to the
SIN, COS, and TAN functions and in returning the results from the ASN, ACS, and
ATN functions.

The GRAD function changes the unit of angle for all values to grads untila DEGREE or
RADIAN verb is used. Grad represents an angular measurement in terms of percent
gradient, i.e., a 45° angle is a 508 gradient.

To solve for the values of a sine, in the respective angular units, first specify “D" for
degrees, “R” for radians, or “G" for grads and then enter the angle of the sine.

19 INPUT “DEG=D, RAD=R, GRAD=G?" ;A$
20 IF A$="D" THEN 100

30 IF A$="R" THEN 20@

40 GRAD :GOSUB 383:GOTO 40

1¢% DEGREE :GOSUB 308:GOTOC 162

2p@ RADIAN :GOSUB 3p0:GOTO 200

360 INPUT “SIN 7B

310 PRINT “SIN" ;B;"=";SIN B

32¢ RETURN
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IF...THEN

7 1 IF condition THEN statement RN
2 IF condition statement

Abbreviations: none for IF; T, TH., THE.

The IF..THEN verb pair is used to execute or not to execute a statement depending
on conditions at the time the programis run. -~ Sl

In the normal running of BASIC programs, statements are executed inthe séquence in
which they occur..The IF...THEN verb pair. allows decisions. to be made during
execution sg that a given statement is executed only when desiréd. When:the condition
part of the IF statement is true, the statement is executed: when it is false, the
statement is skipped. . ‘ o o

The condition part:of the iF statement canbe any.relational expression as desctibed in
Chapter 4. It is also possible to use a numeric expression as a condition, although the
intent of the statement will be tess clear. Any expression which evaluates to zero or a
negative number is considered false; any which evaluates to a positive number is
considered frue.

The statement. which folfows the THEN may be any BASIC. statement, including
another IF... THEN. If it is a LET statement, the LET verb itself must appear.

The two formats of the IF statement are identical in action, but the first format is ¢lear,

Note: The THEN verb before a statement cannot be omiﬁed_if the st'atemen{!‘jegin.s
with any of the LLINE, RLINE, GLCURSOR, LTEXT, GRAPH, LF,‘C.‘SIZE,

COLOR, SORGN, CROTATE, CIRCLE, and PAINT verbs.

10 INPUT “CONTINUE?”; A% This program continues to ask 'CONTINUE?
20 IF A$="YES" THEN GOTO 18 as long as ‘YES' is entered: it stops if
3¢ IF A$="NO" THEN GOTO B¢ ‘NC' is entered, and complaing ctherwise.
49 PRINT “YES OR NO, PLEASE”

50 GOTO 19

60 END
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1 INPUT input list

Where: input list is: input group
or; input group, input list
and: input group is: var list

or: prompt, var list
or: prompt, var list

and: var list is: variable
or: variable, var list
and: prompt is: any string constant

Abbreviations: 1., IN., INP., INPU.

See also: INPUT#, READ, PRINT

| I

The INPUT verb is used to enter one or more values from the keyboard.

When you want to enter different values each time a program is run, use the INPUT
verb 1o enter these values from the keyboard.

In its simplest form the INPUT statement does not inciude a prompt string; instead a
question mark is displayed at the left edge of the display. A value is then entered,
follawed by the key. This value is assigned to the first variabie in the list. If other
variables are included in the same INPUT statement, this process is repeated until the
list is exhausted.

If a prompt is included in the INPUT statement, the process is exactly the same except
that, instead of the question mark, the prompt string is displayed at the left edge of the
display. |f the prompt string is foliowed by a semicolon, the cursor is positioned
immediately after the prompt. if the prompt is followed by a comma, the prompt is
displayed. Then when a key is pressed, the display is cleared and the first character of
the input is displayed at the left edge.

When a prompt is specified and thete is more than one variable in the list following it,
the second and succeeding variables are prompted with the question mark. If a second
prompt is included in the list, it is displayed for the variable which immediately follows
it.

if the key is pressed and no input is provided, the variable retains the value it
had before the INPUT statement.
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19 INPUT A . ‘ - Clears the display and puts a question mark at the

left edge. .
26 INPUT “A="A Drsplays ‘A="and waits for mput data.
33 INPUT “A="A - Displays ‘A=",

When data is input, ‘A= " disappears and
the data is displayed starting at the left edge.
49 INPUT K=K =Y _Dlsplays ‘X=7" and waits for first.input.

After is pressed, display is cleared
and 'Y=7?"is displayed at the leit edge.

Note: Clear the error during input for the INPUT command by pressmg the fccg E key
and then input the correct data.
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1 INPUT # var list
2 INPUT # “filename”; var list

Where: var list is: variable
or; variable, var list

Abbreviations: 1. #, IN. #, INP, #, INPU, #
See also: INPUT, PRINT #, READ

The INPUT # verb is used to enter values from the casseite tape.

Use and Examples

The following variable types can be specified in the INPUT # statement:
(1} Fixed variables—A, B, C, A(7}), D%, A(20)%, efc.

(2) Simple variables—AA, B3, CPSg, etc.

(3) Array variables—S(), HP(), K$(K), etc.

1) Transferring data to fixed variables
To transfer data fram tape to fixed variables, specify the variable names in the
INPUT # statement.

INPUT # “DATA 1" ;A B, X, Y

This statement iransfers data from the cassetie file named “DATA1" to the
variables A, B, X, and Y in that order.

To fill all the availabie fixed variables and, if defined, the extended variables
(A(27) and beyond) with data transferred from tape, specify the first variable with
an asterisk {(*¢) subscripted to it.

INPUT # “D-2"; D%

This statement transfers the contents of the tape file “D-2" to variables D through Z
and to A(27} and beyond.

INPUT # A(10)% (without DIM declaration)

This statement transfers the data of the first file found after the tape was started, 1o
the variables A(10) and beyond (to J through Z and A(27) and beyond).

Notes: 1. If an array named A is already defined by the DIM statement, it is not
possible to define subscripted fixed variables in the farm of A{ ).
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2. Data transfer fo fixed variables and extended variables (A(27): and
beyond) will continue uniil the end of the source. data file on the tape is
reached, but if the computer's memory becomes full an errer (ERFIOFI;
B6) resuits.

2) Datatransferto simple variables .
Data in a tape file can be transferred to slmple vanables by spemfymg the deswed
simple variable names in the INPUT # statemient. T ST

INPUT # “DM- 17 AB Y1, XY$

This statement transfers data from the tape file named "DM-1* to smple vanables
AB, Y1, and XY§. : ‘ . ‘

Notes: 1. Numeric data must be transferred to numeric simple variables, and
character data must be S|mple character variables. Cross-transfer is not
allowed.: A : : :

2. Locatlons for srmpre vanables must be set aslde in the program data area
before the INPUT statement is executed.. If not, an error will result. Use
assignment statemments io reserve the Iocatlons for simple variables.

AA=@ (ENTER] Use appropriate numeric values . or.characters in

B1g="A" assignment statements to- reserve locations for
INPUT AA, B1$ m variables. :

3) Datatransferto array variables
To transfer data from a tape file to array vanables spemfy the array name in the
INPUT # statement in the form of array narne(*)

50 DIM B(5)
60 INPUT # “DS-4"; B(#)

This statement transfers data from the tape file named “DS 4™ to the vanables (B(O)
through B(5)) in array B.

Note 1 Numerlc data must be transferred to numenc array vanables wrth the same
“térigth as that of the data, character data must be transférréd to character
array variables with the same length as that of the data: If th:s rule is not
observed, an error will result.
2. Locations for array variables must be set asrde in the prograrn data area
before the INPUT # statement is'executed. If not, an error W|il result Use
the DIM statement 16 define the array in-advance.
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—CAUTION~
If the number of variables specified in the INPUT statement does not agree with the
amount of data recorded on the tape, the following will happen:

* |f the number of pieces of data recorded on the fape file {to be transferred) is
greater than the number of specified variables, data transfer will be performed to
the last variable, and the remaining data will be ignored.

* If the number of pieces of data recorded in the tape file (to be transferred) is smaller
than the number of specified variables, all the file data will be transferred to the
variables to the end of the file, and the remaining variables will maintain their
previous contents. In this case, however, the computer wilf continue to wait for
data transfer from the tape. To halt this state, you should operate the key.

* I the INPUT statement is executed with no variable name specified in it, an error
{ERROR 1} will result.
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1 LET variable=expression
2 variable=expression

Abbreviations: LE.

The LET verb s used to assign a value to a varia_ble.

The LET verb assigns the vaiue of the expressiori to the designated variable. The type
of the expression must match that of the variable, i.e., only numetric:expressions can
be assigned to numeric variables and only string expressions can be assigned to string
variables. To convert from one type to the other, one of the explicit type conversion
functions, STR$ or VAL, must be used. o .

The LET verb may be omitted in all LET statements except those which appear in the
THEN clause of an IF... THEN statement. In this one case the LET verb must be

used.

10 1=108 Assigns the value 10’ to 1.

280 A=5%i Assigns the value ‘50" to A.

30 X$=STR$(A) Assigns the value ‘50" to X$

49 IF I>=18 THEN LET Y$=X%+"“.gg" Assigns the value ‘50.00 to Y8.
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LPRINT
For printer CE-126P

1 LPRINT expression
character string

5 LPRINT expression , | expression ‘
character string character string

3 LPRINT expression . . [expression . o expression .
character string character string character string

Abbreviations: LP., LPR., LPRL., LPRIN.
See also: PRINT, USING

The LPRINT verb is used to print information on the printer CE-126P.

When the serial /O interface is opened with the OPEN command, the LPRINT
command outputs the program at the serial [/O interface terminal. (See page 232.)
To return the program printing command to the printer (CE-126P), execute the
CLOSE command.

In format 1, nurnerics are right justified and alphabetics are printed from the left side of
the paper. A line feed command is automatically executed when one line contains
more than 24 characters.

In format 2, the 24 columns of one line are divided into two groups of 12 columns, and
data is printed symmetrically around the comma.

A numeric value within the 12-column (digit) range is printed at the far right of the
display, while a character value (string value) is printed starting at the far left. If the
value to be printed exceeds 12 columns, the numeric value is printed with the least
significant digit(s) of its decimal fraction part truncated so the value is within 12 digits,
and the characters value is printed from the first 12 characters (from the left).

In format 3, the values are printed from the left edge of the paper. If the value to be
printed exceeds 24 columns, a new line is automatically performed. Up to a maximum
of 96 characters can be printed.

If both the CE-126P and CE-140P printers are connected, the CE-126P takes priority
in printing over the CE-140P.

Note: Do not use any BASIC command or verb as a string expression.
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Verbs
LPRINT

10 A=10:B=20:X$="ABCDE":Y$="XYZ"

20 LPRINT A

30 LPRINT X$ : o Lo
40 LPRINT AB IR o
50 LPRINT X§:AB o e
60 LPRINT ' *
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Verbs
| PRINT
For printer CE-140P

1 LPRINT {expressnon }

character string

ion expression ressi

5 LPRINT expression ’ p . o expression .
character string character string character string
r b

expression V. [expression Y . [ expression
3 LPRINT J[charac’[er string}' {character string j e {character string
expression
character string |°

(Format where a ;" is added to the end of 1 and 3 above.)

4 LPRINT ... {

5 LPRINT
Abbreviations: LP., LPR., LPRI., LPRIN.
See also; PRINT, CONSQOLE, USING

The LPRINT verb is used to print information on the printer.

When the serial /O interface is opened with the OPEN command, the LPRINT
command outputs the program at the serial I/O interface terminal. (See page 232.)
To return the program printing command to CE-140P, execute the CLOSE command.
(See page 225.)

In format 1, the numerics are right justified and the characters are printed from the left
end of the paper within the range of column specified in the CONSCOLE command
(usually 39 columns). (See page 226 for information on the CONSOLE command )

Example: LPRINT 123(ENTER]is executed with standard character size (size b)

1. When 39 columns are specified per printing line using the CONSOLE command

! — 123. 4

39 columns
{Characters are printed within this range.}

o When 20 columns are specified per printing line using the CONSOLE command

123.

| : Jl
E—— 20 columns T

Nothing is printed here.
(Characters are printed within this range.)
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Verbs
LPRINT

In format 2, the number of print columns is delimited into groups of 12 columns. The
specified vaiues are printed in sequence. A numeric value within the 12-column (digit)
range is printed at the far right end of the display, while a character value (string value)
is printed starting at the far left. If the value to be printed exceeds 12 columns, the
numeric value is printed with the least significant digit(s) of the decimal fraction
truncated,.so the value is within 12 digits, and the character value is printed from the
first 12 characters. (from the left), T DU :

The maximum number of values {items) (i.e., number of items which can.be
'speciﬁed and separated with commas) specified in format 2_is'8'. Specification of more
items will result in ERROR 1. o ‘ R

In format 3, the values are printed from the left edge of the paper. If the value to be
printed exceeds 24 columns, a new line is automatically performed. Up to a maximum .
of 86 characters can be prirted. S . - :

In format 4, at the specified printing value, the vaiue specifiedin the LPRINT cdmmand
to be executed next will be printed in succession.

Note: [f there is only one value o be printed in the equation printed by the LPRINT
command following a command written in format 4, specify this value with
;7 following the equation.

Ex. 10 A=50:B=80
20 LPRINT “"A%B=";

30 LPRINT A%8; " 1"
1 S

Use ; “U” to specify results to be printed with Jine 30
following printing of line 20.. Ce e

In format 5, no printing oceurs but the papér is fed one lihé,k

Note: Do not use any BASIC cormmand or verb as a character string in a LPRINT
statement.

‘ nples
10 A=10:B=20:X$="ABCDE" :Y$="XYZ"
20 LPRINT A .
3@ LPRINT X$

40 LPRINT A,B,X$.Y$

5@ LPRINT X$:AB

60 LPRINT

70 LPRINT A%B;

80 LPRINT Y$
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Verhbs
MDF

1 MDF expression
Abbreviation: MD.
See also: USING

The MDF verb Is used to round up the value of an expression.

The MDF is a function used to round the vaiue of an expression to the number of
decimal places specified by the USING command.

This verb is effective only when the number of decimal places is specified for avalue by

the USING command.

USING “### ###"
MDF (0.5/9)

10 USING "### ###"
26 A=MDF (5/9)

30 PRINT A

4 USING

50 PRINT A, 5/9

60 END

AUN

Display

.056

@.556

0.556 5.55555E-(1
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Verbs
NEXT

B 1 NEXT numeric variable
Abbreviations: N., NE., NEX.
See also: FOR

The NEXT verb is used to mark theiend.of a group of statements which are’being
repeated in a FOR/NEXT loop.

The use of the NEXT verb is described under FOR. The numéric Qar,iable in"c_'g' NEXT
statement must match the numeric variable in the corresponding FOR.

19 FOR [=1TO 10 Print the numbers from 1 to 10 each time the [ENTER  is
20 PRINT | pressed. '
38 NEXT | A
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Verbs
ON...GOSUB

1 ON expression GOSUB expression list
Where: expression list is: expression
or: expression, expression list

Abbreviations: O.; GOS., GOSU.
See also: GOSUB, GOTO, ON..GOTO

The ON...GOSUB verb is used to execute one of a set of subroutines depending on
the value of a control expression.

When the ON...GOSUB verb is executed, the expression between ON and GOSUB
is evalualed and reduced to an integer. If the value of the integer is 1, the first
subroutine in the list is executed as in a normal GOSUB. If the expression is 2, the
second subroutine in the list is executed, and so forth. After the RETURN from the
subroutine, execution proceeds with the statement which follows the ON...GOSUB.

If the expression is zero, negative, or larger than the number of subroutines provided
in the list, no subroutine is executed and execution proceeds with the next line of the
program.

NOTE: Commas cannot be used in the expressions following the GOSUB. The
COMPUTER cannot distinguish between commas in expressions and com-
mas between expressions.

108 INPUT A Aninputof 1 prints “FIRST"; 2prints

26 ON A GOSUB 160, 200, 300 “SECOND"; 3 prints “THIRD".

30 END Any otherinput does not produce any
1063 PRINT “FIRST" print.

119 RETURN

26 PRINT “SECOND”

21¢ RETURN

300 PRINT “THIRD"

310 RETURN
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Verbs
ON...GOTO

1 ON expression GOTOQ expression list
Where: expression list is: expression _
© or: expression, expression list

Abbreviations: Q.: G,, GO., GOT.
See also: GOSUB, GOTO, ON...GOSUB

The ON...GOTO verb is used to transfer control.to.one of a set of focations depending
on the value of a control expression. - : o

When the ON...GOTO verb is executed, the expression betwaen ON and GOTQ is
evaluated and reduced to an .integer. If the value:of the integer is 1, contral is
transferred to the first location in the list. If the expression is 2, control is transferred o
the second location in the list, and so forth..

If the expression is zero, negative, or larger than the number of locations provided in
the list; execution proceeds with the next line of the program.

NOTE: Commas cannot be used in the expressions following the GOTQ. The
COMPUTER cannot distinguish between commas in expressions and com-
mas between expressions, ‘

18 INPUT A Aninputof 1 prints ‘FIRST’; 2 prinits
20 ON A GOTO 106, 2040, 300 ‘SECOND’; 3prints THIRD', Any
3¢ GOTO 9p@ ‘ ' otherinput does riot produce any print.

109 PRINT “FIRST”
118 GOTO 5@@

2¢@ PRINT “SECOND”
218 GOTO 9a@

300 PRINT “THIRD”
318 GOTO 900

968 END
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Verbs
PAUSE

1 PAUSE print expr
2 PAUSE print expr, print expr
3 PAUSE print expr; print list; ...; print list

Where: print list is; print expr
or: print expr; print list
and: print expr  is: expression
or: USING clause; expression

The USING clause is described separately under USING.
Abbreviations: PAL., PAUS.
Eee also: LPRINT, PRINT, USING, WAIT

The PAUSE verb is used to print information on the display for a short period.

The PAUSE verb is used to display prompting information, results of calculations, etc.
The operation of PAUSE is identical to PRINT except that after PAUSE the COM-
PUTER waits for a short preset interval of about 0.85 second and then continues
execution of the program without waiting for the ENTER key or the WAIT interval.

The first form of the PAUSE statement displays a single value. If the expression is
numeric, the value is printed at the far right of the display. If it is & string expression,
the display is made starting at the far left.

In format 2, the display unit is divided into groups of 12 columns. The values are
displayed, in sequence, from the first specified value.

In this case too, within a range of 12 columns, the numeric value of an expression is
displayed from the right end of the display and characters are displayed from the left
side.

» The number of the values (items) specified in format 2 must be within 2.

® If the specified value exceeds 12 columns, the following is performed.

1) When the numeric value exceeds 12 digits, the least significant digit(s) is
truncated.

2) When the characters exceed 12 columns, only the first 12 characters (from the
left) are displayed.

177



Verbs
PAUSE

In format 3, the specified value is displayed contlnuously from the Ieft s:de of :the;
display. ! :

19 A=1@: B=20: X$="“ABCDEF";

Y$=“XYZ" N
: ‘ Display .

20 PAUSE A o ’ ,j —— — B 1@

30 PAUSE X$ EBCDEF - J

49 PAUSE X$8 [aBCOEF Zﬂ

50 PAUSE Y8XS: . - - | xvzascoer . ]

60 PAUSE A%B.. . .. 3 E ‘ - 2°ﬂ

Note: Do not use any BASIC command or verb as a character stnng |n a PAUSE
statement.
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Verbs
PRINT

1 PRINT print expr

2 PRINT print expr, print expr
3 PRINT print list

4 PRINT=LPRINT

5 PRINT=PRINT

Where: print list is: print exp
or: print expr; print list
and: print expr is: expression
or: USING clause; expression

The USING clause is described separately under USING.
Abbreviations: P., PR., PRI, PRIN.
See also: LPRINT, USING, WAIT

The PRINT verb is used to print information on the display or on the printer.

The PRINT verb is used to display prompting information, results of calculations, eic.
The first form of the PRINT statement displays a single value. If the expression is
numeric, the value is printed at the far right of the display. If it is a string expression,
the display is made starting at the far left.

in format 2, the display unit is divided into groups of 12 columns. The values are
displayed, in sequence, from the first specified value. In this case too, within a range
of 12 columns, the value of an expression is displayed from the right end of the display
and characters are displayed from the left side.

e The number of the values {items) specified in format 2 must be within 2.

® If the specified value exceeds 12 columns, the following is performed.

1) When the numeric value exceeds 12 digits, ihe least significant digit(s) is
truncated.

2) When the characters exceed 12 columns, only the first 12 characters (from the
left) are displayed.
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Verbhs
PRINT

In format 3, the specified value is dlsplayed continuously from the Ieft side of the
disptay. . S

Note: Do not use any BASIC command or verb as a character strlng in-a PHINT
statement. ‘ .

- Display. -

19 A=133:B=45?:X$=";ABCDEF”: -
20 ;irN'}'/\;(V;(,;Z AE‘T“:P.E.F‘ - | - 45?'
SOPRINTAB | 123456, ]
‘_“Q‘P‘F‘_”\I'T XSA - ﬁscpwwa. - j
50 PRINT Y$58 N F’ WX\J(2‘4_.551,_
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Verbs
PRINT #

1 PRINT # “var list”
2 PRINT # “filename” ; var list

Where: var list is: variable
or: variable, var list

Abbreviations: P. #, PR. #, PRI #,PRIN. #
See also: INPUT #, PRINT, READ

The PRINT # verb is used to store values on the cassette tape.

Use and Examples

The following variable types can be used for variable names:
(1) Fixed variables—A, B, X, A(26), Ck, A(18)*, etc.

(2) Simple variables—AA, B2, XY$, etc.

(3) Array variables—B(%), CD{*), NS(#), etc.

1) Saving fixed variable contents onto tape
The contents of fixed variables can be saved onto tape by specifying the desired
variable names (separated by commas) in the PRINT # statement.

PRINT # “DATA1" ;A B, X, Y

This statement saves contents of variables A, B, X, and Y into tape file named
“DATA 17

If you wish to save the contents of the specified fixed variable and all the subsequent
fixed variables, subscript that variable name with an asterisic.

PRINT # “D-2"; D This statement saves the contents of fixed variables D
through Z (and of extended variables A(27) and
beyand, if defined) into the tape file named "D-2".

PRINT E,X8,A(30) This statement saves the contents of the fixed variables
E and X$ and of the extended variables A(38) and all the
remaining variables, onto the tape without file name.

Note: Subscripted fixed variable names A(1) through A(26) can be specified in the
PRINT # statement in much the same way as A through Z {or A$ through Z$).
However, if array A is already defined by the DIM statement, A( ) cannotbe
used to define subscripted fixed variables.
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Verhs
PRINT #

2) Saving simple variable (two-character variable) contents o
The contenis of simpte variables can be saved onto tape by-specifying the desired
variable names.

PRINT # “DM-1"; AB, Y1, XY$ : ;
This statement saves the contents of the simple variables AB,
Y1, and XY$ into the tape fite named ‘DM:{"; ]
3) Saving array variable contents o '
The contents of all variables of a specific array can be saved onte tape by specifying
the array name subscripted by an asterisk enclosed in parentheses (). '

PRINT # “DS8-2";X(%),YS () L : ;‘ Sk
This statement saves the contents of all the elements
(X{0),X(1), ..} of the array X, and of all the elements
(X$(0), Y$(1), ...) of the array Y$, into the tape file name
‘DS-2. L oo s
Note: It is not possible to save the contents of only one specific element of an array.
While fixed variables or subscripted fixed variables in the form of A(}) allow you
to save only one specific element of such a variable, an array (such as A),
defined by the DIM statement, allows you to save in the same manner as other
arrays.

* If the PRINT # statement is executed with no variable naﬁ'les specified, an error
(ERROR 1) will result, ' '

—CAUTION= _

The lecations for extended variables such as A(27) and beyond, simple variables,
and/or array variables must be set aside in thé_'program/data_i area before the PRINT #
statement is executed. Otherwise, the execution of the  PRINT # statement' for
undefined variables will result in an error. .,
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Verbs
RADIAN

1 RADIAN
Abbreviations: RAD., RADI., RADIA,

See also: DEGREE, GRAD

The RADIAN verb is used to change the unit of angle to radians.

The COMPUTER has three forms for representing values in angular values—decimal
degrees, radians, and grads. These forms are used in specifying the arguments 1o the
SIN, COS, and TAN functions and in returning the results from the ASN, ACS, and
ATN functions.

The RADIAN function changes the unit of angle for all values 1o radians until a DEGREE
or GRAD verb is used. Radian represents an angular measurement in terms of the
length of the arc with respect to a radius, i.e., 360° is 2 Pl radians since the
circumference of a circle is 2 Pl times the radius.

14 RADIAN
20 X=ASN 1 ¥ now has a vaiue of 1.570796327 or PI/2, the arc sine of 1.
3@ PRINT X
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Verbs
RANDOM

1 RANDOM
Abbraviations: RA., RAN., RAND., RANDO.

The RANDOM verb is used to reset the seed for random number generation.

When random numbers are generated using the RND funetion, the COMPUTER
begms with a predetermined “seed” or starting | number. The FtANDOlVI verb resets
thts seed to a new randomly determlned value ‘

The starting seed: will be the earne -gach fime the COMPUTEH is turned on, . so. the
sequence of random numbers generated with RND is the same each time,.unless the
seed is changed. This is very convenient during the development of a prograrn
because it means that the behavior of the program should be the same each time it is
riin, even though itincludes an RND functton When you want to have the numbiérs be
truly random, the RANDOM statement can be used to make the seed |tself random

10 RANDOM When run from line 20, the value of X is based on the standard
20 X=RND 19 seed. When run from I|ne 10, a new seed is ueed ‘
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Verbs
READ

1 READ variable list
Where: variable list  is: variable
or: variable , variable list

Abbreviations: REA.
See also: DATA, RESTORE

The READ verb is Lged to read values from a DATA statement and assign them to
variables.

When assigning initial vaiues to an array, it is convenient to list the values in a DATA
statement and use a READ statement in a FOR...NEXT loop to load the values into
the array. When the first READ is executed, the first value in the first DATA statement is
returned. Succeeding READs use succeeding values in the sequential order in which
they appear in the program, regardless of how many values are lisied in each DATA
statement or how many DATA statements are used.

If desired, the values in a DATA statement can be read a second time by using the
RESTORE statement.

1@ DIM B (19) Set up an array.

20 WAIT 32

3@ FOR 1=1 TO 10

4@ READ B(l) Loads the values from the DATA statementinto B{ )—
5@ PRINT B(l}*2 B(1) is 10, B(2) is 20, B(3) is 30, etc.

60 NEXT |

70 DATA 10 20 30 48 50 60
80 DATA 74 8@ 9¢ 100
9@ END
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Verbs
REM :

1 REM remark

Abbraviations: none

g'I'he REM verb is used to include comments in a program. '

Often. it is useful io.include_exptanatory comments in-a program. These can provide
titles, names of authors, dates of last modification, usage notes, reminders:about
algorithms used, etc. These comments are includad by means of the REM statement.

The REM statement has no effect on the program execution and can be included
anywhere in the program:. Everything following the REM verb-in that line is treated as a
comment, . . e T e

“Example i} \
18 REM THIS LINE HAS NO EFFECT _
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Verbs
RESTORE

1 RESTORE
2 RESTORE expression

Abbreviations: RES., REST., RESTO,, RESTOR.
See also; DATA, READ

The RESTORE verb is used to reread values in a DATA statement or to change the
order in which these values are read.

In the regular use of the READ verb, the GCOMPUTER begins reading with thefirst value
in a DATA statement and proceeds sequentially through the remaining values. The first
form of the RESTORE statement resets the pointer 1o the first value of the first DATA
statement, so that it can be read again. The seccnd form of the RESTORE statement
resets the pointer to the first value of the first DATA statement whose line number is
greater than the value of the expression.

1@ DIM B(18) Sets up an array.

20 WAIT 32

30 FOR =1 TO 10

4@ RESTORE

5@ READ B(l) Assign the value 20 to each of the elements of B( ).
60 PRINT B()*l

76 NEXT |

B0 DATA 20

9@ END
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Verbs
RETURN.

1 RETURN
Abbreviations: RE., RET., RETU., RETUR.
See also: GOSUB, ON...GOSUB

The RETURN verh is used at the end of a subroutine to return control to the-statement
following the originating GOSUB. . . .. ., | T L T T

A subroutine may have more than one RETURN statement, but the first one exeéuted:
terminates the execution of the subroutine. The next statement executed will be the
one following the GOSUB or ON...GOSUB which calls the subroutine. If a RETURRN:

is executed without a GOSUB, an ERROR;5 will oceur, . ..

-5

10 GOSUB 140 When run, this program prints the Word "HELLO" one
20 END time. : :
198 PRINT “HELLO”

110 RETURN
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Verbs
STOP

1 STOP
Abbreviations: S., ST., STC.

See alsp: END, CONT

The STOP verb is used to halt execution of a program for diagnostic purposes.

When the STOP verb is encountered in program execution, the COMPUTER execu-
tion halts and a message is displayed such as ‘BREAK IN 200" where 200 is the
number of the line containing the STOP. STOP is used during the development of a
program to check the flow of the program or examine the staie of variables. Execution
may be restarted using the CONT command.

18 STOP Causes “BREAK IN 18" to appear in ihe display.
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Verbs'
TROFF

1 TROFF
Abbreviations: TROF.
See also: TRON

The TROFF verb is used to cancel the trace mode. . .

Execution of the TROFF verb restores normar execution of the program RN

16 TRON S When run thls program dlsplays the Itne numbers 10,

20FORI=1TO 3 20, 30,30, 30, and 40 as the Cis pressed.
30 NEXT |
43 TROFF

190



Verbs
TRON

1 TRON
Abbreviations: TR., TRO.
See also: TROFF

The TRON verb is used to initiate the trace mode.

The trace mode provides assistance in debugging programs. When the trace mode is
on, line humber of each statement is displayed after each statement is executed. The
COMPUTER then halts and waits for the Down Arrow key to be pressed before moving
anto the next statement. The Up Arrow key may be pressed to see the statement which
has just been executed. The trace mode continues until a TROFF verb is executed or
the key operation of the [sarFT) and [@ is performed.

Examples |
1% TRON When run, this program displays the line numbers 10,
20 FOR1=1TO 3 20, 30, 30, 30, and 40 as the (1] is pressed.
30 NEXT |

44 TROFF
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Verbs
USING

1 USING

2 USING "editing specification”
Abbreviations: U., US., USL., USIN.
See also: LPRINT, PAUSE, PRINT

St L
i e S

The USING verb is used to control the format of displayed or printed output.

The USING verb can be used by ltself orasa Clause wrthln an LPRINT PAUSE or
PRINT :statement. The USING verb:establishes a specified format for. output which is
used:for all output which: follows, until changed-by ancther USING verb.

The editing specnflcahon of the USING verb consists of a quoted strlng composed of
some combination of the following edltlng characters:

# Right justified numeric field character

Decimal ponnt
~  Used to indicate that numbers should' be dlsplayed in scientific notatlon
& ' Left justified alphanumenc field

For example, “###+#” is an editing specification for a right justified numeric field with
room for 3 digits and the sign. In numeric fields, a location must be included for the
sign, even if it will always be positive.

Editing specifications may include more than one field. For example "### #8&&&"
could be used to print a numeric and a character field next to each other,

If the editing specification is missing, as in format 1, special formatting is turned off and
the built-in display rules pertain.
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Verbs

USING
Display
10 A=125:X$="ABCDEF”
20 PRINT USING “##.#4# "~ "A 1.25E @2

30 PRINT USING “&&B888&88™X$ ABCDEF

A@ PRINT USING "####8887 A XS 125ABC

(See APPENDIX C for further guide to the use of USING.}
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Verbs
WAIT :

1 WAIT expression
2 WAIT

Abbreviations: W., WA., WAL
See also: PRINT

The WAIT verb is used to control the length of time that dlsplayed mformation is shown
before program execution continues. . - ! .

In normal exscution, the COMPUTER halts executiori after a' PRINT bammand L uritit
the (ENTER] key is pressed. The WAIT command causes the COMPUTER to display for
a specified interval and then proceed automatically (similar to the PAUSE’ verb). The
expression which follows the WAIT verb determines the length of the interval. The
interval may be setto any value from 0 to 65535. Each increment is about one fifty-ninth
of a second. WAIT 0 is too fast to be read reasonably; WAIT 65535 is about 19
minutes. WAIT with no following expression resets the COMPUTER 1o the original
condition of waiting until the (ENTER] key is pressed.

10 WAIT 59 Causes PRINT to wait about 1 second.
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Graphics Related Verbs
CIRCLE

Graphics Related Verbs .

The following verbs are related to the graphic functions of the CE-140P color dot printer
and CE-515P color plotter/ printer. Printing of data in graphic form can be performed by
the method described in the operation manual of each printer (namely, transfer of
graphics codes by LPRINT command). However, with these verbs, you can draw &
graph or diagram much easier.

All the values of graphic related verbs except the ratio specification with GIRCLE are
truncated to whole numbers when these verbs are executed.

i CIRCLE {expression 1, expression 2), expression 3
[,expression 4][,expression 5][,expression 6]
[,expression 7][,expression 8][.expression 8]

Abbreviations: Cl,, CIR., CIRC., CIRCL..
See also; PAINT, COLOR

The CIRCLE verb is used to draw a circle.

This verb is effective only in the Graphics mode and is used to draw a circle, arc,
sector, or ellipse in solid line.

Expressions 1 and 2 are used to specify coordinates X and Y, respectively, at the
center point of a circle. The values of expressions 1 and 2 must be within the range of
—909 to 999.

Expression 3 is used to specify the radius of a circle. The value of expression 3 must be
within the range of 1 to 499 (1 = expression 3 = 499).

Expression 4 is used to specify the coler of line. The value of expression 4 may be
specified within the range of 0 to 7 in the extended Color mode and 0 to 3 in other than
the extended Color mode. (See the COLOR verb for the colors specified by the
respective values.)

If expression 4 is omitted, the previous value (i.e., the coler previously specified) is
assumed.
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Graphics Related Verbs
CIRCLE

Expressmns 5 and 6 are used to specify the stamng angle ‘and ending angle,,
respectlvely, of an arc or sector. The respective values of expressions 5 and 6 must be
within the range of —2047 1o 2047. If the valle is 0, the right side of the central
coordinates is specmed fa negatlve value is'givenh, the counterclockwisé dlrectlon is
speclfled If a positive value is given, the clockwise direction is specified. R
Thie default valle of expression 5 is 0 degree and that of expression 6 is 360 degrees.

Expression 7 is used to specify the following ratio.
ry (radius in Y-axis direction) ° ‘
ry (radius in X-axis direction)

Ratio =

If the value of expression 7 is 1, a circle is drawn, If the.given value is other than 1,an
ellipse is drawn. The default value of expression 7 is 1.

Expression 8 is used to specify a piich angle. The printer starts drawing a circle (arc or
sector) or ellipse by dividing it in units of pitches from the starting angle-to the:ending
angle. The value of expression 8 must he within the range of 1 to 2048 The default
value of expression 8 is 1.

Expression 9 is used to specily an arc or a sector. If the valug of expression 2is 0, an
arc is drawn. If the value given is 1, a sector is drawn. The default value of expression
9is 0.

Note: The respective values of expressions 5, 6, and 8 are specified in units of
degrees irrespective of the specified angular mode.

O=arc 1 = sector
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5 OPEN

10 GRAPH

2@ CIRCLE (240, —100), 100, B, @,
360, 1/2, 19, @

36 LTEXT

40 LPRINT

5@ END

C

5 OPEN

10 GRAPH

20 CIRCLE (248, —10@), 108, 8,
8@, 450, 1, 126, @

3@ CIRCLE (249, —100), 108, 3,
—9@, 270, 1, 126, 8

49 LTEXT

50 LPRINT
68 END

Graphics Related Verbs
CIRCLE

This verb is required for CE-515P.

Ratio = 0.5

These two verbs relurn the printer to
the Text mode and move the print
head back to its leftmost position.

Pitch angle = 120

1

120

Ritch angle

The figure is actually printed in color.
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Graphics RelatedVerbs
COLOR

1 COLOR expression
2 COLOFI expressmn 7

Abbrewatlons COL., COLO.
See also: LLINE, RLINE, CEB,C.L,Es PAINT

The COLOR verb is used to specify the color of characters or lines to be printed in
normal or extended Color mode.,

Using format 1 (COLOR expression), you can specify four different colors by glwng 1]
to 3 as the value of expression.

Using format 2 (COLOR expression, 7), you can specify eight different colors by
giving 0 to 7 as the valug of expression. ‘

With the GE-140P color dot printer, both the formats can be used to spemfy colors.
However, the GE-515P color plotter.’pnnter can only use format 1. The color specnflca-
tions applicable to the respective printers are as follows:

CE-140P o

Value of

. 0 1 2 3 4 5 6 7
expression

Format 1 Black ‘PL_lrpIe Green | Red

Format 2 Blac'k. Phrhle "Fi'ed Maélent "Green Cyan | Yellow | White

Note: The white specified by value “7" refers to the color of a printing paper. When
this value is given, both the print head and the printing paper move, but no
printing is executed.

CE-515P

Value of 0 1 5 3
expression

Format 1 Black Blue Green Red
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Graphics Related Verbs
COLOR

When the COLOR verb is executed with format 2, the printer is automatically pul in the
extended Color mode. In this mode, you can select a desired color from the
ahovementioned eight colors when using the LLINE, RLINE, CIRCLE, or PAINT
verhb.

The printer is released from the extended Color mode when the power switch of the
computer is turned off.

1¢ GRAPH

20 COLOR1,7 Sets the extended Color mode and at the same time,
specifies “Purple” as the color to be used.
(CE-140P must be used in this case.)
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Graphics Related Verbs
CROTATE

1:CROTATE expression: -
Abbreviations: CR., CRO., CROT,, GROTA., GROTAT.

“Purpose [

The CROTATE verb is used to specify the orientation and printing direction of
characters to be printed.

Thié verb is effective only when the prlnter is in the Graphic mode. By changlng the
value of expression, you may change the pnntlng direction and orientation of charac-
ters to be printed.

If you give a value in the range of 0 to 3 to the expression, one of the following four
orientations and printing directions of characters is specified, causing the printer to
perform printing in the direction indicated by the arrow.

When the LTEXT verb is executed, the orientation and printing direction of characters
to be printed change automatically to normal as when the value 0 is given,

_Example

5 OPEN This command is required for the CE-515P.
14 GRAPH

20 GLCURSOR (204, —3@)

30 FOR Z=0 TO 3

40 CROTATE Z

5@ LPRINT “PABCD”

60 NEXT Z

70 LTEXT

80 LPRINT

9@ END
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Graphics Related Verbs
CSIZE

1 CSIZE expression
Abbreviations: CSl1., CSIZ.

The CSIZE verb is used to specify the size of characters o be printed.

The size of characters to be printed can be specified by giving a value within the
following range to the expression.

CE-140P CE-515P
110 63 11015

Assurning that the value of expression given as “1” is the minimum size of charac-
ters, the size of characters specified by 2, 3, 4, ... will be two, three, four, ... times
the minimum character size as well as the character pitch and line spacing.

CSIZE 1
Character size : 0.8 mm{W) x 1.2 mm(H) (4 x 6 steps)
Character pitch: 1.2 mm (6 steps)
Line spacing : 2.4 mm (12 steps)

Note: When the power switch of the printer is turned on, the printer is in the state to
print characters by CSIZE 2.
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Graphics Related Verbs
GLCURSOR

1 GLCURSOR (expression 1, expression 2) T N R
Abbreviations: GL., GLC., GLCU., GLCUR., GLCURS., GLCURSO. -

The GLCURSOR verb.is used to:move the peri. =+~

This. verb.is effective.only in the-Graphics mode and is-used to move the perin the X-
axis or Y-axis direction from the origin of coordinates.: -~ = - " o s T

The pen moves to the point of coordinates specified by expressmn 1 {X coordinate)
and expression 2 (Y coordinate). : ‘

The vaiue of éach: expressidh must be within the. range of =~999:t0 999. The mlnlmum
amount of movement is 0.2:mm in either dtrectlon RS IR eV B TS L RE

+Y
GL CURSOR (6@, 4a) ‘
““““““““ ! Moves the pen to the point of Coordmates
i | (X=60, Y= 40) ‘
40 i
"_X-._“:‘:‘.“s’ O e — +X R B X ERRP
Point of 60 S
origin
-Y

Note: Moving the pen in the +Y direction means that the paper feeding must be
effacted in the reverse direction.
Refer t0 the operation manual of the printer for the scissoring area.

10 GRAPH
20 GLCURSOR (60,48) Moves the pen to the point of coordinates
(X=80, Y=40).
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Graphics Related Verbs
GRAPH

1 GRAPH
Abbreviation: GRAP.
See also: LTEXT

The GRAPH verb is used to set the printer in the Graphics mode.

When this verb is executed, the printer is released from the Text mode and put in the
Graphics mode for drawing a graph.

The printer is automatically released from the Graphics mode and returns to the Text
mode after the execution of the LLIST command or after printing by the manual
operation with the CE-140P connected.

To print characters in the Graphics mode, the LPRINT verb is used in gither of the
following two formats:

(1) LPRINT “P character string”
(2) LPRINT “P" {71} string variable

Notes: 1. If you interrupt the printer operation by pressing the key while the

printer is drawing a figure in the Graphics mode, be sure to enter:
LPRINT **

If you fail to do this, subsequent commands to the printer may not be

executed properly.

2. To return the print head to its leftmost position, operaie:

LTEXT
LPRINT “”

In this case, however, the printer will be released from the Graphics

mode.

3, When any of the printer-related commands or verbs effective only in the
Graphics mode (CIRCLE, CROTATE, GLCURSOR, etc.) is used in the
Text mode, the printer will print characters according to the statement
character.
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Graphics Related Verbs
GRAPH

5 OPEN This command is required for the GE-515P.
18 GRAPH

20 GLCURSOR (200, —30)

30 LPRINT “PABCDEF”

46 LTEXT

5@ LPRINT

60 END

ABCDEF
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Graphics Related Verbs
LF

1LF
2 LF expression

The LF vert is used to feed the printing paper.

This verb is effective only in the Texi mode.

With format 1, the printer feeds the paper by one line.

With format 2, the printer feeds the paper by the specified number of lines. The value of
the expression must be within the range of —099 to 999.

If the value of the expression is a positive value, the paper is fed in the forward
direction. If a negative value is given, the paper is fed in the reverse direction.

Note: The line spacing when the LF verb is executed will be the same as that specified
by the CSIZE verb.

LF 1@ Feeds the paper by 10 lines.
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Graphics Related Verbs
LLINE

17IIINE {(exprassion 1, expreesion 2)]— (expreseton 3,
expression 4) [expressmn 5j[,expression 6][ B]

Abbrewatlon LLIN
See also: RLINE, PAINT, COLOR

The LLINE verb is used to draw a line between two s.peeifiect_pqi_rtt‘s. _

This verb is:effective only in the Graphicsmade. and is used-to draw a line from the point
of coordinates specified by (expression 1, expression 2).to the :point of: coordinates
spemt" ed by (expressmn 3, expreselon 4) _

- . L oL
' Do i ! R

(expressmn 1, -expression 2) may; be omttted lf omltted a l:ne is drawn from. the
current posmon of the pen to the pomt specmed by (expressnon 3 expressmn 4)

Expressmn S5is used to specnfy one of the followmg types of Ilnes by giving a-vatue (0 to
15) to the expression. The default value of expression 5 is 0.

Expression 6 is used to specify the color of the line to be drawn. The value of
expression 8 may be within the range of 0 to 7 in the extended Color mode and 0 to 3in
the normal Color made. {Refer to the COLOR verb for the color specified by each
value.)

Expression 6 may be omitted. If omitied, the previous value is assumed.
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5 OPEN

1% GRAPH : RANDOM
2p GLCURSOR (248, —120)
25 SORGN

3@ FOR J=0 TO 340 STEF 20
49 A=197%C0OS J

50 B=1@74SIN J

60 R=RND 4-1

78 LLINE (8, 8)—(A,B), 8, R
80 NEXT J
9@ LTEXT

100 LPRINT
118 END

This figure is actually printed in color.

Graphics Related Verbs
LLINE

This command is required for the CE-
515P.

Moves the pen to about the center of
the paper and designailes it as the
origin of coordinates for drawing a
figure.

Random number 0te 3 is assigned to
R.
Color is specified by the value of R.

The printer returns to the Text mode
and moves the print head to its
leftmost position.

If B is specified at the end of the LLINE verb, a rectangle is drawn using the point of
coordinates specified by (expression 1, expression 2) and the point of coordinates
specified by (expression 3, expression 4) as the end points of a diagonal line.

Example: LLINE {16,20) — (288, —28), 2, 0, B

Note: (expression 1, expression 2) cannot be cmitted when drawing a rectangle.
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Graphics Related Verbs
LLINE

Verb Specification When Drawing Lines Continuously
The LLINE verb in the following format allows the printer to draw lines continuously.

LLINE (expression 1, expression 2) — {expression 3, expression 4)
— (expression 5, expression 6) — {expression 7, expression 8)
— {expression 9, expression 10} — (expression 11, expression 12)
expression, expression -

With the above format, a line’ connecting the point specified by (expression 1,
expression 2) to the point specified by (expression 3, expression 4), a line connect-
ing the point specified by (expression 3, expression 4}, to the point specified by
{expression 5, expression 6), ... can be drawn continuously. A maximum of six
expression pairs can be specified.

208



Graphics Related Verbs
LTEXT

1 LTEXT
Abbreviations: LT., LTE., LTEX.
See also: GRAPH

The LTEXT verb is used to set the Text mode.

This verb is used to put the printer in the Text mode for printing alphabetic and numeric
characters.

Note: The printer is automatically putin the Text mode after the execution of the LLIST
verb or aiter the printing by the manual operation with the CE-140P connected.
Be sure to set the operation mode with either the GRAPH or LTEXT verb when
the key is pressed after the automatic power off of the computer or when
the power switch of either the computer or the printer is turned on again from the
OFF position.

LTEXT .Sets the Text mode.
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Graphics Related Verbs
PAINT

1 PAINT expression 1[.expression 2]
Abbreviations: PAl., PAIN.
See also: LLINE, RLINE, CIRCLE, COLOR

The PAINT verb is used to hatch the inside.of a rectangle or circle (or:séctor).. i

This verb is effective only in the Graphics:mode. When a rectangleor circle (ar sector)
has been drawn by the verb executed immediately before the PAINT verb, the pririter

The followmg types of patterns can: be SpECIfled for the: rectang]e draWn Uy the “B"
specification. of the LLINE or RLINE verb-and for the circle (or sector) drawri by the
CIRCLE verb:by. giving value. (0, 1, 2,:5;:6, 9,.6r-10): to expression 1.--

10

Repeated use of the PAINT verb together with the LLINE verb allows the printer to draw
a special pattern as shown in Example.

Expression 2 is used to specify the color of hatehing. The value of expression 2 must be
within the range of 0 to 7 in the extended Color mode and 0 to 3 in the normal Color
made. (Refer to the COLOR verb for the color specified by each value.)

Note: To execute the PAINT verb for the circle (or sector) drawn by the CIRCLE
verb, ratio = 1 and pitch angle = 1 must have been specified as the vaiuss of
expressions 7 and 8 of the CIRCLE verb.
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Graphics Related Verbs
PAINT

LLINE (0, 8) — (208, —20p), 0, 0, B
PAINT 5, @
PAINT 6, 0 PRI
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Graphics Rélated Verbs
RLINE

1 RLINE (expression 1, expression 2) — (expression 3, expression 4)
[.expression 5][,expression 6][,B]

Abbreviations: BRL., RLI., RLIN.
See also: LLINE, PAINT, COLOR

The RLINE verb is used to draw a line between the two points specified by relative
coordinates.

This verb is eifective only in the Graphics mode.

¢ The RLINE verb differs from the LLINE verb in that the LLINE verb takes the origin of
coordinates specified by the SORGN verb as areference and specifies the location of
each point by coordinates from that origin, whereas the BLINE verb takes the
current position of the pen as the origin of coordinates and specifies the location of
the next paint by coordinates from that origin.

Descriptions of the verb specification are the same as the LLINE verb, except that
(expression 1, expression 2) cannot be omitted. (See page 206.)

5 OPEN

10 GRAPH

20 FOR A=1TO 3

36 BLINE (@,—40) — (60, 5@)
40 NEXT A

5@ LTEXT

6@ LPRINT

79 END

™~
N
AN
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Graphics Related Verbs
SORGN

1 SORGN
Abbreviations: 50., SOR., SORG.

The SORGN verh is used to change the origin of coordinates for drawing with the pen.

This verb is effective only in the Graphics mode and is used to specify the current
position of the pen as the new origin of coordinates.

When drawing a figure, it may not be easier for the printer to do so if the origin of
coordinates is located at the left end of the paper. In such a case, move the pento an
arbitrary position on the paper by executing the GLCURSOR verb and then specify that
position as the origin of coordinates with the SORGN verb.

This would facilitate drawing of a figure with the current position of the pen taken as a
reference point.

18 GRAPH

2¢ GLCURSOR (68, 48)

30 SORGN Specifies the current position (X=60, Y=40} of
the pen as the new origin of coordinates.
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Functions - .
Pseudovariables

Pseudavariables are a group of functions which take rio argument and are used tike
simple variables wherever required.

) INKEY$

INKEY$ is a string pseudovariable which has the value of the last key pressed on the

keyboard. (ENTER, Geg . [swer) , GER . BWU , (1) . (1] . =) . (=] , (AT .
€. , and 90|entif|cfunct|on keys all have a value of null. INKEY$ is uséd to respond

to the pressmg of mdlwdual keys ‘without; wamng for the ENTER key to eénd the lnput

5 WAIT 50 '

10 AS=INKEY$

20 B=ASC A$

3@ IF B=p THEN GOTO 14
4PIFB .

Lines 40 and beyond contain tests for the key and the actions to be taken (for example:
49 PRINT A$) On first executlng the program, the value of INKEY$ is null, since the
iast key pressed was[ENTER] .

e [fan INKEY$ command is written at the beginning of the program, the start key may
be read {by the INKEY$ command) when the program is started. For example, in
the following program

182" | Z8=INKEY$

The (2] key may be read when the program is started by pressing the ZJ
keys.
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Functions
Pseudovariables

1 MEM
Abbreviations: M., ME.

To obtain the number of free bytes in the program/data area.

Obtains the number of free bytes {area not used by a program, array variables, or
simple variables) in the program/data area,

7]/’]/7/‘/7/7/4
r

/
o Program /
Vrf £ rrr el £ L L4

Program/ ‘| The size of this area in bytes is
dataarea '| ohtained with the MEM command.

7;77777‘ FITITITTI
Array variables, 5|mplej

variables
b r et rzirrereeed

Reference

The program size (in bytes) can be obtained by the following operation.

Example: When using RAM card CE-212M
RUN mode

CLEAR {Clears the simple variables, array variables, etc.)
6878-MEM « displays the number of bytes in the program

—
L — Thisvalue varies depending an the use of the RAM card.

(See page 117 for the program/data area capacity within optional RAM card.)
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Functions: .
Pseudovariables

1Pl

Plis a numeric pseudovariable which has the value of PL. It is identical to the use of the
special Pl character (7} on the keyboard. Like cther numbers, the value of P is kept
to 10-digit accuracy (3.141592654).
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i Functions
Numeric Functions

Numeric Functions

Nurmeric functions are a group of mathematical operations which take a single numeric
value and return a numeric value. They include trigonometric functions, logarithmic
functions, and functions which operate on the integer and sign parts of a number.
Many dialects of BASIC require that the argument to a function be enclosed in
parentheses. The COMPUTER does not require these parentheses, except when it is
necessary to indicate what part of a more complex expression is to be included in the
argument.

LOG 100+ 100 wil be interpreted as:
{LOG 102)+ 100 not LOG (10d-+-128)

1 ABS numeric expression

ABS is a numeric function which returns the absolute value of the numeric argument.
The absolute value is the value of a number without regard te its sign. ABS — 10is 10.

1 ACS numeric expression

ACS is a numetic function which returns the arc cosine of the numeric argument. The
arc cosine is the angle whose cosine is equal to the expression. The value returned
depends on whether ihe COMPUTER is in decimal degree, radian, or grad made for
angles. AGS.5 is 60 in the decimai degree mode.

1 AHC numeric expression

AHC is a numeric function which returns arc-hyperbolic cosine of the numeric argu-
ment. AHC 5 is 2.29243167.

1 AHS numeric expression

AHS is a numeric function which returns arc-hyperbolic sine of the numeric argument.
AHS 6 is 2.491779853.

1 AHT numeric expression

AHT is a numeric function which returns arc-hyperbolic langent of the numeric
argument.
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Functions )
Numieric Functions

1 ASN numeric expression

ASN is a numeric fuﬁctibn'whfch fetu‘r_ns:t_ﬁéwé,rc sine of the nu‘meric' argument. The arc
sine is the angle whose sine is equal to the expression. The value returned depends on
whether the COMPUTER s in decimal degree, radian, or grad mode for. angles.

ASN.5 is 30 in the decimal degree mode.

Ty ‘ATN'humer'ic:eicpréSsioh

ATN is a numeric function which returns the arg tangent of the numeric argument. The
arc tangent is the angle whose tangent is equal to the expression. The value returned
depends on whether.the COMPUTER is in decimal degree, radian, or grad mode for
angles. ATN 1. is 45 in the decimal degree mode. R Lo

115008 numeric expression . . o

COS is a numeric function which. returns cosine of the angle argument. The value
returned depends on whether the COMPUTER is in decimal degree, radian, or grad
mode for angles. COS 60 is 0.5 in the decimal degree mode.

* -1 CUR numetic expression

CUR is a numeric function which returns cubic root of its argument. CUR 8 is 2.

1 DEG numeric expression

The DEG functioh converts an angle argument in DM$ {Degrees, Minutes, Seconds)
format to DEG (Decimal Degrees) form. In DMS format the integer -portion of the
number represents degrees, the first and second digits of the decimal represent
minutes, the third and fourth digits of the decimal represent seconds, and any further
digits represent decimal seconds. For example, 55° 10" 44.5" is represented as
55,10445, In DEG format the integer portion .is degrees and the decimal portion is
decimal degrees. DEG 55.10445 is 55.17902778.

1 DMS numeric expression

DMS:is a numeric function which converts an angle argument in DEG format to DMS
format (see DEG). DMS 55.17902778 is 55.10445. :
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Functions
Numeric Functions

1 EXP numeric expression

EXP is a numeric function which returns ihe value of e (2.718281828—the base of the
natural logarithms) raised to the value of the numeric argument. EXP 1 is
2.718281828.

1 FACT numeric expression

FACT is a numeric function which returns the factorial of its argument, FACT 5 is 120.

1 HCS numetric expression

HCS is a numeric function which returns the hyperbolic cosine of the numeric
argument. HCS 5 is 74.20894852.

1 HSN numeric expression

HSN is a numeric function which returns the hyperbolic sine of the numeric argutnent.
HSN 4 is 27.2899172.

1 HTN numeric expression

HSN is a numeric function which returns the hyperbolic tangent of the numeric
argument. HTN 1 is 0.761584156.

1 INT numeric expression

INT is a numeric function which returns the integer part of its numeric argument. INT PI
is 3.

1 LN numeric expression

LN is a numeric function which returns the logarithm to the base e (2.718281828) of
its numeric argument. LN 100 is 4.605170188).

1 LOG numeric expression

LOG is a numeric function which reiurns the logarithm to the base 10 of its numeric
argument. LOG 100 is 2.
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Functions
Numeric Functions

1 POL (numeric expression, numeric expression) ... -

POL. is .a numeric function which converts numeric argumente in rectangular coor:
dinatesiformat to polar coordinate format. ‘. : ;

The first numeric argument indicates the distance frorn the y-axis and the second‘
numeric argument indicates the distance from the x-axis. The values converted, the
distance and the angle in the polar coordinates, are assigned to the fixed variables Y
and Z, respectively. The angle converied depends on whether the COMPUTER s in
decimal -degree, radian, or grad-mode far angles. PQL (3,:4).is (5,-53.13010235)
in decimal degrees.

1 RCP numeric expressmn
RCP is & numeric functlon whrch returns the recnprocal of |ts numeric argument HCP 5
is 0.2.

1 REC (numerlc expression, numeric expressmn)

REC is a numeric functlon whlch converis numeric arguments in polar coordmates
format to rectangular coordinates format.

The first numeric argument indicates the distance and second numeric argument
indicates the angle which depends on whether the COMPUTER is in decimal degree,
radian; or grad mode for argles. The values converted, the distances-from the y-axis
and the x-axis, are assigned into the fixed variables' Y arid Z, respectively. REC (7,

50) is (4499513268, 5.362311102) in decimal degrees.

1 RAND numeric expression J

oLl S . R T L Lo PR DR Lo ] R
RND is a numeric function which generates random numbers. I the value of the
argument s less than one but greater than or equal to zero, the random number is less
than one and greater than or equal to zero. If the argument is an integer greater than or
equal to 1, the result is a random number greater than or squal to 1 and Jess than or
equal.to the:argument: if the argument is greater than or equal 1o 1 and not an integer,
the result is @ random number greater than ér equal to 1 and less than or equal to the
smallest integer which is larger than the argument. {In this case, the generation of the
random number changes depending on the value of the decimai portion' of -the
argumerit.)
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. Functions
Numeric Functicns

------------ Result ---------

Argument Lower Bound Upper Bound
b B< <1
2 1 2
25 1 3

The same sequence of random numbers is normally generated because the same
"seed” is used each time the COMPUTER is turned on. To randomize the seed, see
the RANDOM verb.

1 numeric expression ROT numeric expression

ROT is a numeric function which returns the power root of its argument.
125 ROT 3 is 5.
(i.e.: ¥125 should be entered as 125 ROT 3

1 SGN numeric expression

SGN is a numeric function which returns a value based on the sign of the argument. If
the argument is positive, the result is 1; if the argument is zero, the result is 0; if the
argument is negative, the result is —1. SGN —5 is -1.

1 SIN numeric expression

SIN is a numeric function which retums the sine of the angle argument. The value
returned depends on whether the COMPUTER is in decimal degree, radian, or grad
mode for angles. SIN 30 is 0.5 in decimal degrees.

1 SQR numetric expression

SOR is a numeric function which returns the square root of its argument. It is identical
to the use of the special square root symbol (v ) on the keyboard. SQR 4 is 2.

1 8QU numeric expression

SQU is a numeric function which returns the square of its numeric argument.
5QU 3is 8.
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Functions
Numeric Functions

1 TAN numeric expression 7

TAN is a numeric function which returns the tangent of its angle argument. The value
returned depends ¢n whether the COMPUTER isin decimal degree,’ radlan or grad
mode for angles. TAN:45 is 1 in decimal degrees

1 TEN numeric expression : J

TEN fs a numeric function which returns the value of 10 (the: base of the common
logarithms}) raised to the value of its. numeric argument.
TEN 3 is 1000.
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Functions
String Functions

String functions are a group of operations used for manipulating strings. Some take a
string argument and return a numeric value. Some take a string argument and return a
string. Some take a numeric value and return a string. Some take a siring argument
and one or two numeric arguments and return a string. Many dialects of BASIC reqguire
the argument of a function to be enclosed in parentheses. The COMPUTER does not
require these parentheses, except when it is necessary to indicate what part of a more
complex expression is to be included inthe argument. String functions with two or three
arguments all require the parentheses.

1 ASC string expression

ASC is a string function which returns the numeric character code value of the first
character in its argument. The chart of character codes and their relationship to
characters is given in Appendix B. ASC "A” is 85.

The COMPUTER uses ASCII codes and their characters.

1 CHR$ numeric expression

CHRS$ is a string function that returns the character which corresponds to the numeric
character code of its argument. The chart of character codes and their relationship to
characters is given in Appendix B. CHR$ 65 is A"

1 LEFT$ (string expression, numeric expression}

LEFT$ is a string function which returns the leftmost part of the string in the first
argument. The number of characters returned is determined by the numeric expres-
sion. LEFT$ (*“ABCDEF", 2) is "AB".

1 LEN string expression

LEN is a siring function which returns the length of the string argument. LEN
“ABCDEF" is 6.

1 MID$ (string expression, num. exp. 1, num. exp. 2)

MID$ is a string function which returns amiddle portion of the string in the firstargument.
The first numetic argument indicates the first character position to be inciuded in the
result. The second numeric argument indicates the number of characters that are to be
included. MID$ ("ABCDEF", 2,3) is “"BCD".
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Functions
String Functions

1 RIGHTS$ (string expression, numeric expression)

FiIGHT isa strlng func’uon wh|ch retums the rlghtmost part of the strmg |n the flrst
argument The number of characters returned, is determined by the numeric expres-
sion. RIGHT$ ("ABCDEF" 3) is.'DEF",

E STH$ numeric expression L J

STR$ isa strmg functlon wh:ch retums a strlng whlch |s the character representahon of
its numeric argument. 1t is the reverse of VAL. STR$ 1.59 is 1.59',

1 VAL string expression : - S |

VAL |s a stnng tunctlon Wthh retums the numerlc value of its stnng argument It is the
reverse of STRS. The VAL of & nonnumber is zero. VAL 1.59" is 1.59..

Note: The character string: convertible by VAL functiori toa numerical valug ¢onsists of
numerals (¢ to 9), symbols (+ and —) and a symbol (E) md!cating an
exponential portion. No other characters and symbols ate inciuded. If a
character string includes other characters and symbals, any character string on
the right of that character’ strmg will be igriored. f included in a character strmg,
a space’is usually regarded as nonexnstent ‘
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Serial /0 Commands
CLOSE #1

Serial I/O Related Commands

1 CLOSE #1

Abbreviations: CLOS.#1

See also: OPEN

Closes the circuit of the serial I/O interface.

This command closes the circuit (in the software sense) of the serial I/O interface
which was opened by the OPEN command.

Therefore, after this command is executed, any output 1o the serial I/O terminal or
input from the same terminal cannot be performed.

Note: This command has the same eifect as the CLOSE command. In other words,
you may omit #1 after CLLOSE.
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Serial /O Commands
CONSOLE:

1 CONSOLE expression
Abbreviations: CONS., CONSQ., CONSOL.
| See also: OPEN, LPRINT, LLIST

Sets the number of columns per line for data sending.

This command sets the number of columns per line for data sent from the setial I1Q
interface (terminal) using the LPRINT or LLIST command. ‘
The COMPUTEH sends an end code (CFI LF or CH + LF) after sendmg the preset
line of data. '

*

- Valid values of the .expression are mtegers in the range of 1. to 160 If; the value of
the expression exceeds 160, 160 columns per line will be set. An error (ERROR
3) resuits if the value is 0 or negative.

If an expression is not specn‘led the command IS |gn0red and the number of
columns previously set is retained.

The number of columns becomes 39 when the batteries are reptaced or when the
RESET button is pressed.
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1 INPUT #1 variable, variable, variable...
Abbreviations: L.#1, IN.#1, INP.#1, INPU.#1
See also: OPEN, PRINT#1

Assigns data, input through the serial VO interface (terminal), 1o the specified
variables.

* This command is valid only when the circuit of the serial /O interface is open (after
the OPEN command is executed) and is ignored otherwise.

* The INPUT#1 command assigns data (sent in the form as described in the section
on the PRINT#1 command) to the specified variables.
Therefore, the variables are specified as in the PRINT#1 command.

INPUT#1A, AB, C$, E(*)

Data input through the /O interface is assigned to variables A, AB, and C$, and array
variable E{ ).

* Be sure that the type of both the specified variables and the input data match (i.e.,
character or numeric types).
In the ASCII code system, if a character is assigned to a numeric variable, its value
becomes 0. If a number is assigned 0 a character variable, its contents become a
character string. Therefore, if the types of the specified variable and the input data
do not match, unexpected values may result.

Even if data in a form such as function “SIN 30" is given to a numeric variable, it is
assumed to be a character string with its content 0.

For data in the form of “10+40", the characters (numbers) after the operator
symbol are ignored. Therefore, the data in this case is “10".

Notes: 1. If CR (control code: DH) or NULL (8@H) is included within the input data,
all data following it may be ignored.

2. Simple variables and array variables must be allocated in the program/data
area before executing an INPUT#1 command. An error will result if these
variables are not allocated.
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LLIST
1 LLIST
2 LLIST {f’lxzrﬁfs"’”}

3 LLIST  expression 1, expressmn 2
Abbrewanons LL., LLL, LLIS.
See also: OPEN, CONSOQOLE

Sends the program ceontents out of the serial I/Q interface (terminal).

The LLIST, command is vahd under manual operatlon inthe PRO or RUN mode. When
the Gircuit of the sérial I/0 [nterface is open due tothe OPEN command the program is
sent out in ASCII code. ,

When the cireuit is olosed the program is printed on the printer. (See page 136.)

* In format 1, all programs in the COMPUTER are sent out.

Exarmnple:
When the program below is in the COMPUTER, pressing

LLIST

sends out.the program in.the form:shown below. :

1@: OPEN
106: REM #%ABC— 12** '
'65279 END ' '
Space| 1 0 0 P E N |Space| CR
[ 1 6. 1.0 ‘R E M | Space|Space| *
% A B cC ~ 1 2 L CR
LB 5. 2 1 7 9 E N D |Space|.
CR ‘ .

Note: CR is an end code. It is either LF or CR + LF, depending on the setting of the
"‘OPEN comrnand.
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In format 2, the line indicated by the value of the expression ar the line with the

specified label is sent out.
In format 3, the program, from the line indicated by the value of expression 1 to the
line indicated by the value of expression 2, is sent out. {Labels can also be used for

gxpressicn 1 and expression 2.)
Expression 1 or expression 2 can be omitted in format 3.
If expression 1 is omitted, the program, from the first line to the line indicated by the

value of expression 2, is sent out.
If expression 2 is omitted, the program, from the line indicated by the value of

expression 1 to the last line, is sent out.

I a line corresponding to the value of expression, expression 1 or expression 2 does
not exist, the line with the next largest number which does exist will be specified.
An error results (ERROR 1) if the lines specified in expression 1 and expression 2
are the same.

The ILLIST command is ignored if a password has been set.

If programs have been merged using the MERGE command, the LLIST command
functions only for the last merged program.
To list the previously stored programs, execute

LLIST “label”

The number of print columns per line is set by the CONSOLE command. If setto 23
columns or less, execuiing the LLIST command results in an error (ERROR 3).

ua" is converied to Pl and “+/ " to SQR before being sent.

Note: LLINE, RLINE, GLCURSOR, LTEXT, GRAPH, LF, CSIZE, COLOR,

SORGN, CROTATE, CIRCLE, or PAINT verb should be written at the
beginning of a program line following the line number. If any of these verbs is
written at any positions after the 24th character of the program line, the desired
graphic data will not be properly output on the CE-140P printer.

228



Serial /O Commands
LOAD

Abbrevratlon LOA 5
See also: OPEN CLOAD

qonon ok IEE TR R

Loads the data eent from the serial i/O mterface (termlnal) |nto the prograrn/data area.

RS

The:LOAD command js valid when the circuit of the serial:l/O interface is open: due to
the OPEN, command It is |ghored when the:circuit is closed. : :

ASCil codes "7 T e e EER o

*

Note:

Data through the serial I/O interface is read until the end code is reached. Data unil
the end code is cansidered to-be the- first line of the program. The COMPUTER
converts the data into a form which can be stored as & program and then transfers

' (wntes) it to the program/data area. Then ‘data'is ageln read from the serral 1O

interface, converted in the same way, and then written into’ the memory o
This operation continues until the ekt end code (see OPEN command) is read.

Up to 256 bytes of data can be read at a time. Therefore, if more than 256 bytes of
data are sent before the.end cede:is read, an error results., ‘

The data which has been read is converted and then written to the program/data
area. If one line, including the line number, exceeds 80" byles, an error results.
Further, an error also results |f the beglnnmg of the Ilne is not a numenc vatue (line

:number)

Lo

- Buring; executton ofithe LOAD command the order of, the hnes is not rearranged

{e:g., ascehding arder of the line numbers). .

Execution of the LOAD command ends when the text end code is read (fromthe

sending side).

Even if the sending side sends out the entire program, the COMPUTER does

not end execution as long as the text end code is not read. In this case, end the

execution as follows:

(1) After the sending side sends the program, have it also send only the text
end code.

(2) Or, press the key to end execuiion.
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LOAD

Intermediate codes
* Data is read as intermediate codes and written to the program/data area.

* When the execution of LOAD is broken or interrupied due to an error, the entire
program will be erased. (Variables will be retained.)
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LPRINT
1 LPRINT axpression .
. |character string: ‘
2 LPRINT [Pression. . - fexpression = 7 - [expression | .
character string, [’ | character string;” character string

3 LPRINT {eXpreSS'O”. : {GXPFGSSIOH ], fexpression
character string character string character string

4 LPRINT.. | &Xpression . 1( )
character string|
{Format where a “ ; " is added to the end of 1 and 3 above.}

5 LPRINT
Abbreviations; LLP., LPR., LPRI., LPRIN.
See alsa: OPEN, CONSOLE, USING

Sends the specified information out through the serial I/O interface (terminal).

When the circuit of the serial I/0 interface is opened by the OPEN command, the
specified information is sent out through the serial /O terminal in ASCII code. When the
circuit is closed, LPRINT prints information on the printer. (See page 169.)

*

In format 1, the value of the expression or the character string is sent from its
beginning.

if the value of the expression is negative, a “—" sign is sent before the vaiue. if
positive, a space is sent.

In format 2, 12-column (digit) divisions are automatically set. The value of a single
expression or a character string is sent within a range of 12 columns (digits).

Example:

19 OPEN “12¢¢, N, 8, 1, A, C"

2 CONSOLE 36

3@ LPRINT 12345, “ABCDE",
—7/5, 1. 23456789E12

Executing this program sends information in the following form.
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LPRINT

Sending direction

waaa.123485 ABCDE, . ... . .. w1 1. ACR, ). 2345G6E,_12CH

l— 12columns —-+~-12 calumng --—+  12cclumns -+ 4+ 12columng -

After all the data is sent, the end code
1S sent.
After the dala corresponding to the
number of columns specified in the
CONSOLE command is sent, the end
code is sent.,

If the specified character string exceeds 12 columns in this format, only the first 12
characters are sent.

Also, if the value of the expression exceeds 12 digits (in exponential display), it is
sent after the low-order digits of the fractional part are truncated.

If the value of the expression is negative, a "—" signal is sent before the value. If
positive, a space is sent.

*

in format 3, the specified values or strings are sentin the specified seguence. In this
format, a space is not sent before a positive number.

Example:

5¢ LPRINT —123; “ABC"; 567. 89

«— Sending direction
—123. ABC567. BSCH

T

End code (LF or CR + LF is sent
depending on how the CPEN com-
mand is specified.)

In format 4, the end code which indicates the end of the data is not sent. However,
after the data corresponding to the number of columns specified in the CONSOLE
command is sent, the end code is sent.

In format 5, only the end code is sent.

When the format has been specified in the USING command, formats 1 to 4 send
data accordingly.

“a" iz converted to Pl and “V " 1o SQR before being sent.

Executing PRINT=LPRINT causes the PRINT command to function as LPRINT
command. Specifying PRINT=LPRINT is valid only if it is executed when the printer
is connected 1o the printer terminal or when the circuit of the serial VO interface is
open due to the OPEN command.
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Note: To send characters or control codes which cannot be directly entered through
the keyboard, specify them using the CHR$ command as shown below.

Exampie: To send [, ]
OF L
*:'5p LPRINT CHR$&EB; CHR$&SD
50 AS=CHRS&5B:B$—CHRS&SD
80 LPRINT A$; BS .

NULL (90H) is valid only in (@ and will be ignored in @).

N'ojié: 50 r;otl use any ﬁA'S.IC cém,mandipr verb' aé a (.:h_a‘r_act-e:r ,strirng' in an L.l-:’_F_{INT
-, Statement. : :
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1 OPEN “baud rate, parity, word length, stop bit, type of code, end code,
text end code”
2 OPEN

Abbreviations: QP., OPE.

See also: CLOSE

Allows data fo be transferred through the 170 interface. Also sets the I/O conditions.

Format 1 enables data to be transferred through the /O interface (serial /O terminal).
It also sets the conditions for the data transfer with the connected equipment. The
conditions are specified in the following form:

“waud rate, parity, word length, stop bit, type of code, end code, text end code”

Baud Rate: 300, 600, 1200
Specifies the modulation rate {transfer rate). For the COM-
PUTER, 300 baud, 600 baud, or 1200 baud (bps) can be
selected.
{1 baud = 1 bit/sec)
Parity: N, E O
Specifies the type of parily by a character.
N: No parity it is transmitted nor received.
E: Specifies even parity.
0: Specifies odd parity.
Word Length: 7.8
Specifies how many bits to be transmitted or received per
character. Either 7 or 8 bits can be specifisd.
Number of Stop Bits: 1, 2
Type of Code. A, B
Specifies code systern to be transmitted and received.
A: Specifies ASCII codes.
B: Specifies intermediate codes.
Word length cannot be set to 7 bits with intermediate
codes; resuits in ERROR 1.
End Code: C.F L
Specifies the type of end code to indicate the end of data
(delimiting). end of a program line, etc.
C: Specifies the CR (carriage return) code.
F: Specifies the LF {line feed) code.
L: Specifies the CR code + LF code.
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Text End Code: &00-8FF S
Specifies the text end oode to indicate the end of the program
etc.

{May be required when using the SAVE or LOAD com-
mands.)

OPEN “1200.N.8.1.A.C.&1A"

LText end oode (&1 A)

End code (CR code)
Type of cade (ASCII)
Number of stop bits (1 bit)
Word length (8 bits)
Panty {none)
Baud rate (1200 baud)

The conditions in the example above are set aﬁer the battenes are replaced or afterthe
RESET button is pressed. .

*  Any condition specmed in the OPEN command can be omitted. If omltted the
' current condttlon rernauns unchanged

OPEN “,,,2”

Only the number of stop bns is changed

*

In format 2, ali conditions set prewously are retained. ThIS format enables data to
be transferred through the I/O interface. -

" Executing the OPEN command while the circuit of the /O interface is open:and
ready for data transfer (due to prior execution of the OPEN command) results in an
error (ERROR 8). . - Co

Execute the CLOSE command to close the circuit. {The circuit also. closes when
the RUN command is executed, when the program ends, when the power is
switched on, or when the computer:ig in the CAL - mode.)

The previously set conditions are retained even after the CLOSE command is
executed -
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1 OPEN$
Abbreviations: OP.$, OPE.$
See also: OPEN

Obtains the currently set /O conditions.

The currently set /O conditions are obtained as a character string.

OPEN$ 1200, N,8, 1, A, C, &1A

Note: This command is used to verify the serial VO conditions, and therafore, cannot
be used in combination with any other function.
When using the cemmand in a program, write as PRINT OPENS.
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PRINT #1

1 PRINT#1 variable, variable, variable ...
Abbreviations: P.#1, PR.#1, PRI#1, PRIN.#1
See also: OPEN, INPUT#j, PRINT#

Sends the contents of the specified variables through the' s&rial /O ifiterface (termi-
nal}.

This command is valid only when the circuit of the serial 1/O interface is open (dus to,
the OPEN command). It is ignored otherwise. '
ASCII codes
*. Variables are specified as follows,
Fixed Variables: '~ Specily each variable name. '~ "

Example: A, B, C§ =~ , | .

Note: Fixéd variables cannot be specified in‘the forrh of As.
Simple Variables: Specify each variable name.

Example: AA, B1$, C2
Array Variables:  Specify in the form of array name ().
Example: B(:), C$(x)
Specified in this manner, the contents of all elements in the array
are sent. {Array elements cannct be specified individually.)
Example: 50 PRINT #1A, AB, C$, E(¥)

* When data is sent, the end code is added to the end of the contents of each
variable. The end code is added to the end of the contents of each element for array
variables also.

Example:
When A = 12345 and B$ = “ABC",
executing
PRINT#1A,B$
sends A and BS in the foilowing form (provided the end code is CR).
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- Sending directicn

1.|2|3)4]5|0|0 m}@ 0 E{?HQ@@;BJ%L&%

-

Contenis of vanable A -~ End code

-— Contents of varniable B
-— End code

* |fthe value of the numeric variable is
negative, a " —" sign is sent before
the value.

* The elemenis of an array are sent in the following sequence.
1 dimensional array
Example: For B (3)
B@—-B(1—B(@—B(@
2 dimensional array
Example: For C (2, 3)
C@o—-C@1)->0(0 2 ..

Intermediate codes

* Variable specification is virtually the same as in ASCI except that fixed variables can
also be specified as A%, (Refer lo PRINT# command.)

Variables are sent according to the internal format, but the end code is not sent.
Also, a labsl {total number of bytes sent, string elements, others) wili be aftached
to the beginning of each variable. The CR code will be sent at the end when
variables are specified in the A% format,

*

Notes: 1. The locations for extended variables such as A(27) and beyond, simple
variables, and/or array variables must be allocated in the program/data
area before the PRINT#1 command is executed. An error resulis if an
attempt is made to send the contents of a variable which has not been
ailocated.

An error also results if the type of the specified variable (numeric or
character) and that of within the COMPUTER do not match.

2. If symbols such as "#” and “v/ " are included in the data to be sent,
they are converled to “PI” and "SQR,” respectively, and then sent.
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1 SAVE
Abbreviations; SA., SA\_/.

See also: OPEN, LLIST:

Sends the program within the COMPUTER out through thé"sériél /O interface
(terminal). R

When the circuit of the serial IO interface is open due to the-GPEN-command, the
pregram is sent.

The command is ignored if the circuit is closed.

*

The SAVE command is ignored if a password has been set.

The following differences exist between the two code systems.

ASCII: Sends an end code at the end of each line.
Sends a text end code at the end of text transmission.

Intermediate: Does not send an end code or a text end code.
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TEXT Functions

1 BASIC
Abbreviations: BA., BAS., BASI.

See also: TEXT

Clears the text mode.
{valid only in manual operation in the PROgram mode}

Executing this command clears the Tex! mode and returns the mode to BASIC. As the
mode returns to BASIC, the prompt symbol changes from “<” to “>"

*  Changing from the Text mode to the BASIC mode usually changes the text in the
COMPUTER to a program (internal code}.

Alllowercase alphabetics other than those in character strings enclosed in quotation
marks (* ™) or following a REM statement are automatically converted to
uppercase alphabetics.

However, abbreviations such as “P.” and “I." are not converted to their
respective commands. (In this case, call the cursor 10 the line and press the
[ENTER] key to convert it to a command.)

* Due to characteristics of the text function, commands and formats included in the
text but not found in the computer may not be executable.

* During program conversion, " are displayed at the right end of the display unit.

* If a password has been set, executing the BASIC command results in an error
(ERROR 1}).
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TEXT

. Abbreviations: TE,, TEX.

1 TEXT

See also: BASIC

Sets the Text mode.
(valid only in manual operation in the PROgram mode)

- oAt N e
oot AR Y

The text function fs used when inputting a program written for a higher-levet personat
computer. The program input by the COMPUTER is sent to the host through the serial
I/O mterface

*

V T
I

Executmg the TEXT command sets the Text mode In the Text mode a number

_corresponding to the ling number and then information, correspondlng to program

commands or data are entéred. Then the [ENTER] m key is pressed to wrlte the |nput lo
the program/data area.

- However, the.written. contents, unlike in. the, BASIC. mode, .are ,not -converted to
* commands - (internal codes). The:text is stared. as .it-is: (as.characters. and/or

numbers) in ASCIl codes. The text is arranged in the.-order of ihe numbers

_corresponding fo the line number at the beglnmng of each tme (Lme number
editing function.) '

The text written in the Text mode is Stored as.itis. Therefore commend abbrevra-

:tlcns m BASIC (such as 1. fcr INPUT) are displayed and stored as they are.

If a program is stored in the internal code of the: COMPUTER W|th the text rncde set,

dtis converted to ASClt code

Durlng program ccnvers:on "*kx” are d[splayed at the rtght end of the drsplay umt

The prompt symbol is “<” in the Text mode. {It is usually “>".)

The line in the Text mode (including line number and [ENTER]) must not exceed 80
characters (80 bytes). If a line exceeds 80 characters due to program conversion,
the excess part will be cleared.
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TEXT

80 byles (endis |ENTER| )

10:PRINT“ABC...... 1234567890"
Convered to ASCI| code
10:PRINT “ABC..... 123456

80 characters (end is | ENTER] )

th this example, the PRINT command is one byte in internal code but takes up 6
bytes in ASCII code. Because of this, the last few characters (7890} are deleted.

The number of bytes increases when converting a program from internal code 1o
ASCI| code, as shown in the example. If, as a result, the capacity of the program
area is exceeded, the program converted up to that point is converted back to
internal code and an error will result (ERROR 6).

If a password has been set, an error (ERROR 1) occurs when the TEXT command
is executed.
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CHAPTER 10
TROUBLESHOOTING

This chapter provides you with some hints on what to do when your SHARP
COMPUTER does not do what you expect from it. It is divided into two parts—the first
part deals with general machine operation and the second with BASIC programming.
For each problem, there are a series of remedies suggested. You should try each of
these, one at a fime, until you have solved the problem.

Machine Operation

If: Then You Should:

=y

There is nothing on the display after [1. Check to see that the power switch is

you have turned on the machine in the ON position.

2. Press the key to see if AUTO
POWER OFF has been activated.

3. Replace the batieries.

4. Adjust the contrast control.

5. Check whether the LOCK switch for the
RAM card compartment is in locked
position.

There is a display, but no response |[1. Press [zl key to clear.

to keystrokes 2. Press ( [snrET) Y key to
clear.

3. Tum the power OFF and ON again.

4, Hold down any key and push RESET
bution.

5. Push RESET button without pressing
any key.

. Press key.

—_

You get no response after you have
typed in a calculation or answer

The machine displays something 1. Press key.
and stops while you are running a
BASIC program

—

Your calculation entered is displayed | 1. Change the mode from PROgram to
in BASIC statement format (colon RUN for calculations.
after the first number)
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If:

Then You Should:

You get no response from any keys

1. Hold down any key and push RESET
button.
2. If you get no response from any key

* even after the above operation, push -.."-

- RESET buttori. Then, press [¥ ] ,

.. [=] , or[ENTER]in response to

“MEMORY CLEAR Q.K.?* . .
message. This will clear:the programs:
and data in memory,
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BASIC Debugging

When entering a new BASIC program, it is usual for it not to work the first time. Even if
you are simply keying in a program that you know is correct, such as those provided in
this manual, it is usual to make at least one typing error. If it is a new program of any
length, it will probably contain at least one logic error as well. Following are some
general hints on how to find and correct your errors.

You run your program and get an error message:

1.

Go back to the PROgram mode and use the (1] orthe (3 key to recall the line
with the error. The cursor will be positioned at the piace in the line where the
COMPUTER got confused.

If you can't find an obvious error in the way in which the line is written, the problem
may lie with the values which are being used. For example, CHR$(A) will produce
a space if A has a value of 1. Check the value of each variable in either the RUN or
the PROgram mode by typing in the name of the variable foliowed by .

You RUN the program and don’t get an error message, but it doesn’t do what you
expect.

3.

Check through the program line by line using LIST and the (3] and 7] keys to
see if you have entered the program correctly. It is surprising how many errors can
be fixed by just taking another look at the program.

Think about each line as you go through the program as if you were the computer.
Take sample values and try to apply the operation in each line io see if you get the
result that you expected.

_ Insert one or more extra PRINT statements in your program to display key values

and key locations. Use these to isolate the parts of the program that are working
correctly and the location of the error. This approach is also useful for determining
which parts of a program have been executed. You can alsc use STOFP to
temporarily halt execution at critical points so that several variables can be
examined.

_ Use TRON and TROFF, sither as commands or directly within the program fo frace

the flow of the program threugh individual lines. Stop o examine the contents of
critical variables at crucial points. This is a very slow way to find a problem, but
sometimes it is also the only way.
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CHAPTER 11

———MAINTENANCE OF T

COMPUTER

To insure trouble-free operation of your SHARP COMPUTER, we recommend the
following:

*

Always handie the COMPUTER carefully as the liquid crystal display is made of
glass.

Keep the computer in an area free from exireme temperature changes, moisture,
or dust. During warm weather, vehicles left in direct sunlight are subject to high
temperature buildup. Prolonged exposure to high temperature may cause damage
to your computer.

Use only a soft, dry cloth 1o clean the compuier. Do not use solvents, water, or a
wet cloth.

To avoid batiery leakage, remove the batteries when the computer will not be used
for an extended period of time.

If service should be required on this equipment, use only a SHARP servicing
dealer, SHARP approved service facility, or SHARP repair service where avail-
ahle. :

If the computer is subjected to strong static electricity or external noise, it may
“hang up” (all keys become inoperative). If this occurs, press the RESET button
while holding down any key. (See Troubleshooting.}

Keep this manual for further reference.
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APPENDIX A

Error Messages

There are nine different error codes built into the COMPUTER. The following table will
explain these codes.

Error Meaning
Number
1 Syntax error

e This means that the COMPUTER can't understand what you have
entered. Check for things such as semicolons on the ends of PRINT
statements, misspelled words, and incorrect usages.

3k/2
2 Calculation error
Here you have probably done one of three things:

1. Tried 1o use too large a number.
Calculation resulis are greater than 9.9999998899E 99.

2. Tried to divide by zero.
5/0
3, An illogical calculation has been attempted.
LN —30 or ASN 1.5
3 DIMension error/Argument error
e Array variable already exists.
Array specified without first dimensioning it.
Array subscript exceeds size of array specified in DIM statement.

DIM B(256)
e lllegal function argument. This means that you have tried to make the
COMPUTER do something that it just can't handle.
The time interval specified for the WAIT verb is greater than 65535.
WAIT 66000

When the LLIST command is used for serial I/O interface output, the
number of print columns per line set by the CONSOLE command is 23
columns or less.
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4

Line number error
Here you have probably done one of two things:

1. Tried to refererce an nonexistent line number with a GOTO,
GOSUB RUN LIST, THEN, or the ||ke

2. Trred to use too Iarge a I|ne number The maximum:line. number is
65279.

Nesting error

Subroutine nesting exceeds 10 levels.

- . FOR loop.nesting exceeds 5 levels. .

RETURN verb wnhout a GOSUB NEXT verb wrthout a FOR or READ
verb withiout a DATA. "

Buifer space exceeded.
Memory overflow

Generally this arror ‘happens When you Ve tried td DIMension an array
thatis too big for memory. This can also happen when a program becomes
too large. ‘

PRINT USING error

This means that you have put an illegal format specifier into a USING
statement.

/O device error

This error can happen only when you have the optlonal printer and/or
cassette recorder connected to the COMPUTER. It means that there is a
problem with communication between the /O' device and the COM-
PUTER.

Other errors

Th|s code will be dlsplayed whenever the computer has a problem that
isn't covered by one of the other eight errdr codes. One of the most
common: causes for this error is trying to access data in a variable in one
faghion (e.q., A$) while the data.was originally 'stored in the variable in

another _fashion (e.g., A).
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ERRORS RELATED TO RENUM

Error message

Description

|

ERROR 1

A syntax error exists in the RENUM command.

ERROR 1
IN line number

A line number reference is missing from the command
specifying the jump destination (e.g., GOTO, GOSUB,
etc.).

ERROR 3
IN ling number

A line number greater than 85279 is encountered during
the execution of the RENUM command.
The length of one program line exceeds 79 bytes.

IN line number

ERROR 4 The specified old line number does not exist in the
program.

ERROR 4 The line number specified as the jump destination does

IN line number not exist in the program file.

ERROR 6 Memory capacity is insufficient to execute the RENUM
command, or becomes shart during the renumbering
process.

ERROR © An attempt was made to execute the RENUM in other
than PRO (Program) mode. An attempt was made to
change the execution order of program lines by
specifying the new line number lower than the line
number immediately before the cld line number.

ERROR & The line number specified as the jump destination is

inappropriate, because it uses a variable, expression, or
funciion (i.e., incorrect line number reference).
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APPENDIXB
CHARACTER CODE CHART

The following chart shows the conversion values for use with CHR$ and ASC. The
column shows the first hex character or the first four binary digits {i.e., bits); the row
shows the second hex character or the second four bits. The upper left corner of each
box contains the decimal number for the character. The lower right shows the
character. If no character is shown, then it is an illegal character on the COMPUTER.

For example, the character "A” is decimal 85 or hex 41 or binary G1000001. The
character ‘" is decimal 252 or hex FG or binary 11111100,

Notes:

e The characters for character codes 92(&5C), 249(&F9), and 250(&FA)
appearing on the computer display differ from the characlers for these codes printed
by optiona! printers CE-126P and GE-140P.

# The character printed for character code 92(&5C) shown in the following table is
A with the CE-126P printer, and \ (back slash) with the CE-140P printer.

e When using the CE-126P printer, do not use code 0(&00).

e For printing characters on the CE-140P, codes 8 {(808), 10 (&0A), 11 (&08),
13 (&0D), and 27 {&1B) are the control codes for the printer.

The rest, 0 (&00) through 31 (&1F), are NULL.

e Any codes other than 0 (&00) through 31 (&1F} not used for characters are
printed as spaces.

e (odes 249 (&F9) and 250 (&FA) are spaces.

& For printing characters on the CE-515P, refer to the Character Code Table in the
CE-515P Operation Manual and specify the character code.
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First 4 Bits

n~+—0 K osooo®

Hex ? 1 2 3 4 5 g 7 8 E F
Binery | agaw | soet | oota | @011 | oieo | erer | @110 @111 | 1008 1110 | 1111
e | 18 32 ag 64 |80 96 112|128 224 | za0

@peg | NUL |- SPACE! @. @ [P e @ '

11 17 | 33 ag - | 65 |@ 97 -+ [113- |29 225 | 2417
I oaa1 R R S I I T S R _ B
Tz 2 187 |32 |50 66 82" |98 (114" (130 228 242"“'

0010 [ IR R SR R | f B S

3 3 fweias 51 67 183 U lea s L5 131 227 0| o3

211 # 3 e[ TE e &
a |a 20 36 52 68 |84 1@e 116 | 132 228|244
e k3 ] Do T -d t:
o5 g 7 BERTS RE I N~ SR A7 D = R 117 - | 133 229" :|"245
@101 % 5 FEr u| e R A
6 |6 22 g |sa |7e les |10z [118 |13 230 | 246
2110 | & s e vl ] ' v
7 |7 23 |a9s |85 7 [s7. [103 |119 | 135 -72'31‘ 247
B111 ' 0 i:{: GI W o | w0 T e
8 |8 24 a0 (56 (.72 (88 [18a [iz0 | 135 232|248
1000 ( 8 ol X | x _ s
a |9 5 | 41 57 73 |89 105 121|137 733 249
1001 ) 9 I IETS BN B v , [ |
AR {26 claze jsg g4 i gp- 106 122|138, . 234 | 250
1010 - H bz N z -
B |11 27 a3 59 75 91 197 123|139 235 | 251
1911 + K [ k ! Ed
c (12 |28 a4 Jeo |76 [o2 [108 |124a | 140 236 |82
1100 , < L . I | N
D |13 29 a5 61 77 |93 109 [125 |141 237 | 253
1101 - = M 1 m b
E |14 30 a6 62 78 |94 e |126 142 238 | 254
1M1 > N A n
F |18 3 a7 63 7% |95 111 |12z | 1a3 239 | 285
1111 / ? ) - o
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APPENDIXC
FORMATTING OUTPUT

It is sometimes important or useful fo contro! the format as well as the content of the
outpui. The COMPUTER conlrols display formats with the USING verb. This verb
allows you to specify:

® the number of digits

s the location of the decimal point
» the scientific notation format

e the number of siring characters

These different formats are specified with an "output mask”. This mask may be a
string constant or a string variable:

1@: USING “####"
20: M="&&&&&&"
30: USING M$

When the USING verb is used with no mask, all special formatting is canceied.

4@ USING
A USING verb may also be used within a PRINT statement:

5@: PRINT USING M$; N

Wherever a USING verb is used, it will control the format of all cutput until a new
USING verb is encountered.

Numeric Masks

A numetic USING mask may only be used to display numeric values, i.e., numeric
constants or numeric variables. If a string constant or variable is displayed while a
numeric USING mask is in effect, the mask will be ignored. A value that is to be
displayed must always fit within the space provided by the mask. The mask must
reserve space for the sign character, even when the number will always be positive.
Thus a mask that shows four display positions may only be used to display numbers
with three digits.
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The desired number of digits is specified using the ‘#' character. Each ‘#' in the
mask reserves space for one digit. The display or print always contains as many
characters as are designated in the mask. The number appears to the far right of this
field; the remaining positions to the left are filled with spaces. Positive numbers,
therefore always have at lgast one space &t the left of the field. Stnce the COMPUTER
maintains a maximum of 10 sugnttlcant digits, no more than 11 ‘#’ characters shoutd
be used in a numeric mask.

When the total number of columns of the integer part specified exceeds T 1 thts |nteger‘
part is regarded as 11 digits in the COMPUTER. ' : :

NOTE: In all examples in this appendix, the beglnmng and end of the dlsplayed fleld
wrll be marked with an ‘T character to show the size ot the field.

Statement D|5p|ay I

10: USING “## 847 (Set the COMPUTER to the RUN:
mode, type RUN, and press- m )

2Q: PRINT 25 I 25|

30: PRINT —356 ' -359

49: PRINT 1000 ER\\RgOR 7 IN 40

Natice that the last statement produced an error because 5 [positions (4 digits.and a
sign space) were reqmred but only 4 were prowded in the mask

A decimal point character, © » may be included in a numeric mask to indicate the
desired locatlon of the- dec:mal paint. If the mask pmwdes more significant dagimal
dthtS than are: required for the valué to be dlsptayed the remainirig- posmons to the
right wili be filled with zeros. If there are more sigrifficant decimal digitsin the vatue than
in'the mask, the extra d|g|ts will be truncated (not rounded) =

Statement L _ Dlsplay

10: USING “ ##4# #4#"

20: PRINT 25 | 25, 99
30: PRINT —350.5 |-350. 50|
40: PRINT 2.547 | 2. 54
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Specifying Scientific Notation

A “~=character may be included in the mask to indicate that the number is to be
displayed in scientific notation. The ‘#' and *." characters are used in the mask to
specify the format of the “characteristic” portion of the number, i.e., the part which is
displayed to the left of the E. Two '#’ characters should always be used to the left of
the decimal point to provide for the sign characier and one integer digit. The decimal
point may be included, but is not required. Up to 8 *#’ characters may appear to the
right of the decimal point. Following the characteristic portion, the exponentiation
character, E, will be displayed followed by one position for the sign and two positions
far the exponent. Thus, the smallest scientific notation field would be provided by a
mask of “##~" which would print numbers of the form ‘2E 99" The largest
scientific notation field would be “##. ###4# #### ~ " which would ptint numbers
such as ‘—1.234567890 E —12%

Statement Cisplay
10: USING " ##4. ##7~

20: PRINT 2 | 2.00E 90!

30: PRINT —365.278 |--3. 65E 02|

Specifying Alphanumeric Masks

String constants and variables are displayed using the ‘&' character. Each '&
indicates one character in the field to be displayed. The siring wili be positionad at the
left end of this fieid. If the string is shorter than the field, the remaining spaces to the
right will be fllled with spaces. If the string is longer than the field, the string will be
truncated to the length of the field:

Statement Display

10: USING "R &&B & &"
20: PRINT “ABC" |ABC |

30: PRINT “ABCDEFGHI" |ABCDEF]|
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In'most applications, a USING mask will contain either: all numeric or all string
farmatting characters. However, both types of characters may be included in.ong
USING mask for certain purposes. In such cases, each switch from numeric to. string
formatting characters or vice versa marks the boundary for a different value. Thus, a
mask of "#####&8&&" is a specification, for displaying two separate values—a
numeric value which s allocated 5 positions and a string value which is allocated 4
positions: . R S : '

' Statement o R _': : Dlsplay__"
© 18: PRINT USING " ### ##8&", 95, "CR" | 25, 9OCR]

2@: PRINT —5.789; “DB" | ~5. 78D8

Remember that a USING format once specified is used for all autputs which follow until
canceled or changed by another USING verb.
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APPENDIXD
EXPRESSION EVALUATION AND

OPERATOR PRIORITY

When the SHARP COMPUTER is given a complex expression, it evaluates the parts
of the expression in a sequence determined by the priority of the individual parts of the
expression. If you enter the expression:

100 /5+45

as gither a calculation or as a part of a program, the COMPUTER does not know
whether you meant:
100 = 9 100
5

_— +4b6 = G6b
5+45

Since the COMPUTER must have some way to decide between these options, it uses
its rules of operator priority. Because division has a higher “priority” than addition
{see below), it will choose to do the division first and then the addition, i.e., it will
choose the second option and return a value of 65 for the expression.

Operator Priority
Operators on BASIC mode of the SHARP COMPUTER are evaluated with the following
prictities from highest to lowest:

Level Operation
1 Parentheses
Variables and Pseudovariables
Functions
Exponentiation (~ ), {(ROT)
Unary minus, negative sign (—)
Multiplication and division (%, /)
Addition and subtraction (+, —)
Relational operators (<, <=, =, <>, »=, >}
9 Logical operators (AND, OR, NOT, XOR)

o~ OO s WM

When there are two or more opetators at the same priority level, the expression will be
evaluated from left to right. (The exponentiation will be evaiuated from right to left.)
Note that with A+B—~C, for example, the answer is the same whether the addition or
the subtraction is done first.

When an expression contains multiple nested parentheses, the innermost set is
evaluated first and evaluation then proceeds outward.
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For levels 3 and 4, the tast entry has a higher priority.

For example: -2 ~ 4 - —(2%
3~ -2 372

Starting with the expression;
(3+5-2pR6+2)10 ~ LOG 1007 o | o
The COMPUTER would first evaluate the in‘nermc_J.s{ éet of parcalnfhesés. Since ‘+'
and ‘—' are at the same level, it would move fror left to right and would do the
additio__n fir;s_t: e
T ((82)%6+2)10 ~ LOG 100
Then it would do subtraction; -
((8)%6+2)/10 ~ LOG 100
or: " _ _
(64642110 ~ LOG 100
In the next set of parentheses, it would do the multiplication first:
(36-+2)/10 ~ LOG 100 -
And then the addition:
(38)/10 ~ LOG 100
or:
38/10 ~ LOG 100

Now that the parentheses are cleared, the LOG function has the 'hi:ghe.:st priority so |t is
done next: o

38/10 ~ 2
The exponentiation is done next:
38/100
And last of all, the division is performed:
Toss
This IS the value olf.the e)épression;
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APPENDIXE
Key Functions in BASIC Mode

APPENDIX E
KEY FUNCTIONS IN BASIC

MODE

(ON)

Usedto turn the COMPUTER power on when the auto power off function is
in effect.

{(BREAK)

Depressmn of this key during program execution functions as a BREAK
( ﬁ_—, y key and causes to interrupt the program execution.

When pushed during manual execution of an input/output command such
as BEEP, CLOAD, etc., execution of the command is inferrupted.

This yellow key is used to designate a second function (that inscribed in
brown above each key).

?
Ex. [smFT] [U] — 7 isinpul
Used to clear the contents of the entry and the display. (Error release)

Used o not only clear the display contents, but to reset the computer to its
initial state.

— Initial state —

e Resets the WAIT timer,

Resets the display format. (USING format)
Resets the TRON state (TROFF}.

Resets the PRINT = LPRINT.

Resets error.

Numeric keys

e Decimal point
s Used to enter an abbreviation for a command, verb, or function.

Used to designate the decimal portion in USING format designation.

Used to designate an exponent in scientific notation. (This is the letter £
key.)
Used to designate an exponent in scientific notation.

Division key

e Multiplication key

Used to designate an array variable in the INPUT#, the PRINT#, etc.
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Addition key

Subtraction key

Used to enter CLOAD?

Used to divide two or more statements in one line.

Used to provide pause between two equatlons and between variables or
comments. . ;- .

Used to provide multi-display (two or more values/contents/dlsplayed ata
time).

' Used to prowde pause between the lnstructlon and the variable.

Used Inassignment statements to assign the contents (number ar charac-
ter)-on the right for the. variable specified on the left. :
Used when lnputtlng Ioglcal operators inIF statement

When any one of eighteen keys (A, S, D, F G, H K L Z X G, V,
B, N, M, ", SPaCe) is pushed after the depression of the [BEF key, the
computer starts to execute the program from the program line that has the

-same. label as the key code depressed.

Letter keys. You are probably familiar with these. keys from the standard
typewriter keyboard. On the COMPUTER display, the characters appear
in the uppercase.

Used to input parentheses.

® Used when inputting Iogiclal operators in'IF Statem'ent.‘

.
= .
2Je
CTe
= .
e

[ ]
(=] .

[ ]

[ ]
B ~[Z)e
], 0 e
.
o

L ]
(SFE) (7] »
.

Used io provide space when inputting progra'ms of characters.

Used for power calcuiation instructions.
Used to specify the floating decimal point system (exponent. display) for
numerical data in USING. statement instructions. -

Used to designate Pi (r). "

Used to designate square root.
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APPENDIXE
Key Funetions in BASIC Mode

Used lo designate these symbols.

" . e Used to designate and cancel characters.
» Used to specify labels.

# : Used with USING statement, to provide the instruction to define the
display format of numerical data.

§ : e Used when assigning character variables.

% - e Used with USING statement, to provide the instruction to define

the display format of character string.

e Used to designate hexadecimal number.

Used to shift the cursor to the right {press once to advance one position,
hold down for automatic advance).

e Used to execute playback instructions.
e Used to clear an error condition in manual operation.

(sHiFT) [iNS] @

(stFT) [DEL] @

INPUT °
I4
[(ShiFT} 25
CAQ e
(oK}
.
.
.

SwFT] [BRG|

[hyi)

e hyp

(urET) [)e

lo

fsin| ~ [%?]
(sniF] [sin]
(swFT] {RT)

|

Used to shift the cursor to the left {press once to advance one position,
hold down for autematic advance).

Used 1o execute playback instructions.

Used to clear an error condition in manual operation.

Used to insert a space ( _ appears) of 1-step capacity between the
address (N) indicated by the cursor and the preceding address (N—1).

Used io delete the contents of the address indicated by the cursor.

Used to preset command and verb keys. Pressing and then the
letter (including comma and space) key below the command or verb
desired followed by key causes the designated command or verbio
be entered into the COMPUTER.

Used to set ihe CAL mode.

e Used to set the RUN mode when the CAL mode is set.

Used to set the PRQ mode when the RUN mode is set.
The RUN and PRO modes are selected alternately each time you press the

[Bsic) Key.
Used to set the print or nonprint mode when an opticnal printer is con-
nected with the COMPUTER.

Used to designate an angular unit (DEG, RAD, or GRAD).
Used to enter a hyperbolic function.

Used to enter an inverse hyperbolic function.

Used to enter a function defined in each key.
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® Used to enter a program fine into the computer
¢ Used for writing a progtam..: ‘ :
® Used to request manual calculation or d|rect executlon of & command
T statement by the computer. ‘ | ‘
® Usedto enter a restart instruction aftermputtlng data reqmred byan INPUT
statement or after executlng a PRINT statement

Refer to page 47 for the keys used for MATRIX operatlons
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The (1] and keys have the following functions, depending on the designated
mode, as well as the state of the computer.

Mode

State

(1]

RUN

Program being executed

Program is temporarily
interrupted

To execute the next
line

INPUT statement being
executed

PRINT statement just
now executed

Under break

To display the
program line being
executed or already
executed, hold this
key down.

Error condition during
executing program

To display the error-
producing line, hold
this key down.

TRON condition

To execute debugging
operation

To display the
program line being
executed or already
execuied, hold this
key down.

Other conditions

To display an answer
just previously
calculated. (Last
answer function)

Same as left

PRO

(When the mode is changed from RUN to PRO and program line is not

being displayed)

Program is temporarily | To display the line Same as left
interrupted interrupted
Error condition To display the line Same as left

with error

Other conditions

To display the first line

To display the last
line

{When the program line is

being disptayed)

To display the next
program line

To display the
preceding program
line

Note: The following keys cannot be used in the BASIC mode {RUN or PRO mode).
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APPENDIXF
SIGNAL USED IN THE SERIAL

I/O TERMINAL

The COMPUTER is equipped with a 15-pin connector for the serial I/O terminals. The
pins used and their signals are described below

‘ Right side view

Pin 15 Pin1

Pin Connections Used

Pin Name Symbo! | /O Function
1 | Frame Ground FG — | Protective chassis ground
2 |Send Data SD Out | DC output signal
3 | Receive Data RD In | DC input signal
4 |Request to Send RS Out | HIGH: Sends carrier
5 |Clear to Send CS In | HIGH: Transmission enabled
7 [Signal Ground SG — | Reference 0 voltage for all signals
8 |Data Carrier Detect CD In | HIGH: Garrier signal received
10 vC Power supply
11 | Receive Ready RRA Out | HIGH: Receive enabled
12 | Peripheral PAK In | See Note 3.
Acknowledge
13 vGC —- | Power supply
14 | Data Terminal Ready ER Qut | HIGH: Local terminal ready
15 | Peripheral Request PRQ Out | See Note 3.
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Notes: i . '
1. HIGH: VC voitage level; LOW: SG voltage level.

2. The COMPUTER uses CMOS components. Application of voitages exceeding the
allowable range, i.e., voltage ievel between SG and VC, may damage the
computer.

3. This signal confirms if the connected terminal is the GE-140F printer-or not. This
signal is not used for communication with. other terminals... . . - B T
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Model:

Processor:
Programming
Language:
System ROM:
Memory Capacity:

Stack:

Operators:

Numeric Precision:
Editing Features:

Memory Protection:

APPENDIX G
Specifications

APPENDIX G
SPECIFICATIONS

PC-1480 Pocket Computer
8-bit CMOS CFU

BASIC

72K Bytes

RAM:
System Approx. 1.1K Bytes
User
Fixed Memory Area 208 Bytes
(A~ 2, A% ~ Z%)
Program/Data Area 6878 Bytes
(When using CE-212M)
Subroutine: 10 stacks Function: 16 stacks
FOR-NEXT: 5stacks Data: 8 stacks
Addition, subtraction, multiplication, division, trigonometric
and inverse trigonometric functions, logarithmic and
exponential functions, angle conversion, square and square
root, sigh, absolute, integer, relational operators, logical
operators, mattix operations.
10 digits {(mantissa) + 2 digits {exponent).
Cursor left and right, line up and down, character insert,
character delete.
CMOS Battery backup.

Serial Input/Output Features:

Standards: Start-stop transmission (asynchro-
nous) system.
Only half duplex.

Baud Rates: 300, 600, 1200 Baud (BPS)

Data Bits: 7 or 8 Bits

Parity Bits: Even, odd, or no-parity

Stop Bit: 1 or 2 Bits

Connectors Used: 15-pin connector (for external equip-
ment)

Output Signal Level:  CMOS level {4 to 6 Volts)

Interfacing Signals: Inputs:RD, CS, GD, PAK
Outputs: SD, RS, RR, ER, PRQ
Others: SG, FG, VC
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Display:
Keys:

Power Supply:

Power Consumption:

Operating
Temperature;
Dimensions:
Weight:

Accessories:

Options:

24-character Liquid Crystal Display with 5 x 7 dot pattern.
78 keys: Alphabetics, numerics, special symbols, functions,
and user definad keys.

6.0V DC: Lithium cells.

Type: CR-2032x2

6.0V DC @ 0.03W

Approximately 120 hours of contmuous operation under nor-
mal conditions (based on 10 minutes of operation or program
execution and 50 minutes of display per hour at a temperature
of 20°C). The time may vary shght!y dependmg on usage and
the type of battery used.

0°Cto40°C
182(W)x72(D) % 16(H) mm.
7-5/32" (W)x2-27/32" (D)x5/8" (H)

. Approximately 175 g (0.39 |b) (with two cells and one RAM
“card)

Hard cover "o fithium cells (built-in), keyboard template,
operation manual and RAM Card (CE-212M).
Plug-in card type 8K- -Byte RAM (CE-201M)
16K- -Byte RAM (CE- -202M)
32K- -Byte RAM (CE-203M)
2K-Byte RAM (CE-210M)
4K-Byte RAM (CE-211M)
~ 8K-Byte RAM (CE-212M) o
16K-Byte RAM (CE-2H16M)
Cassette Tape Recorder (CE-152)
Printer/Cassette Interface (CE-126P)
Printers (CE-140P, CE- -515P)
Others
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APPENDIXH
USING PROGRAMS WRITTEN

ON OTHER PC MODELS

Programs written on the following computers can be used on the PC-1460 with slight
modifications.

PC-1210 Series: PC-1210/11
PC-1245 Series: PC-1245/46/47
PC-1250 Series: PC-1250/51
PC-1260 Series: PC-1260/61
PC-1350 Series: PC-1350
PC-1401 Series: PC-1401/02
PC-1403 Series: PC-1403
PC-1450 Series: PC-1450
PC-2500 Series: PC-2500

Although the functions of these models all differ slightly, programs composed on any of
these models can be used on the PC-1460 by making the modifications below.

Notes: 1. PC-1480 can read programs from tapes recorded with programs written on
PC-1210 Series, PC-1245 Series, and PC-1250 Series computers, but
programs written and recorded with PC-1480 cannot be read or used by
computers in these three series.

2. Program tapes for the PC-1245 Series and PC-121 0 Series recorded with
a number of programs loaded with the MERGE command cannot be used
on the PC-14860. To use them, MERGE the programs individually into the
PC-1480.

3. Programs containing POKE or CALL commands written on the PC-1250
Series cannot be executed on the PC-1460. Execution of such programs
may render all PC-1460 keys inoperable.
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When using on the PC-1460 a program developed for the PC-1245 Series, the
following modificiations are necessary:

(1)

(2)

Multiplication without using the operator “%". On the PC-1245 Series, the

- Operator (%) for multiplication may be omitted, such as AB for A*B or CD for

G#D. On the PC-1480, however, the multiplication operator (%) .cannot be
omitted since the computer treats two consecutive characters, such as AB or GD,
as simple variables. Use the specification on the right side of the fol[dwihg
example: o o

e.g., A=SIN BC—-A=SIN (B*C)

Definition of subsctipted variables (such as A{ )} by Iusi'ng the D,I"M statement;
On the PC-1245 Series, if, for example, DIM A'(Sﬂ)'jis; . executed, E'rnem_o‘rif
locations for A(27) through A(30) are set aside as an extension of a fixed variable
definition area. On the PC-1460, however, the executioh of DIM A(30) reserves
a separate memory area for array variables A(@) thiough A(3@) for the array

~ named A.-When defining subscripted variables (such'as A{ . )).as an extension

3

of fixed variables, usethe specification on-the right side of the iollowing example:
DIM.A(BB)->A(30)=0

Data I/O statement for tape files: o
On the PC-1245 Series, the execution of, for instance, the PRINT# C statement
saves the contents of the variable C and all the subsequent variableés to a tape file.

- 'On the PC-1460, however, the exscution: of the .8ame statement saves the

-.contents of the variablé G oaly. To save the contents of & specific variable and all

i the subséquent variables, Use the Specificdtions oh the right side.of the following

(4)

examples:

“' e.g., PRINT#A—PRINT#A% -
INPUT#C—INPUT#C - .

Value of a loop variable after completion of a FOR-NEXT loop: "

The value of a loop variable obtained after the execution of a FOR-NEXT icop
completed on the PC-1460 is different from that obtained on the PG-1245 Series.
If the value of a loop variable is used in a conditional expression in a PC-1245
Series program, increment it by one when it is used on the PC-1460.
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e.g. 19 FOR 1=0 TO 10

5@ NEXT |

6@ IF I=1@ THEN 108

Madify the value of | in line 60 as follows:

60 IF 1=11 THEN 198

(On the PC-1460, the value of a loop variable must be incremented
by one siep value. The number of loop execution cycles remains the
same, however.)

Redefining (=3

The equal (=] key does not function as a definable key on the PC-1480.
Accordingly, a different key should be used in programs in which the equal key is
defined.

e.g., 180 “="1.. =108 "N":...

Exponent symbol “IE™:
The PC-1460 uses ihe uppercase letter "E" for its exponent symbol. The
following changes are required:

A=1.234 |E 5—-A=1234E5
B=IE 6-B=1EB

If a PC-1245 program is read from a tape file into the PC-1460, the change for the
exponent symbol described just above will automatically be done by the PC-1480.

The character codes of the PC-1245 Series are partially different from those of the

PC-1460.
When the foliowing codes are designated by the CHR$ function, change the

codes.

Character Code PC-1245 PC-1460

39 (&27) — :

91 (8&5B) v [

g2 (85C) ¥ 5

93 (85D} n ]

96 (&60) IE i
250 (&FA) —(Error) —
251 (&FB) —(Error) i
252 (&FC) —(Error) v

Note: As shown above, the PC-1480 does not have the character IE.
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{1

(@)

nal modificatic

The PC-1245 Series uses a line number ranging from 1 to. 998, whereas the PC-
1460 has an extended line number ranging from 1 to 65279, Therefore, the line
number uses 3 bytes in RAM (PC-1245 Series uses 2 bytes). The modification is
carried out automatically when the program is loaded through the cassette tape.

‘However, there. is a possibility of memory overflow {ERROR 6) when loading or
- executing a long program. Further, when a single line is close to 80 bytes long,

this modification may result in the erasing of the end.of the line..
If the fape stops or the read alarm stops when reading a program from a tape iWith

- PC-1245 Series programs, the computer wil remain busy for 1 or 2 seconds and
. two asterisks will appear in the display. ' C

This is because the computer is modifying the line numbers as described in (1)
above.

To usé PG-1210 Series programs on the BC-1460, they miust be modified in the same
way as PC-1245 Series programs except items (2) and (7). In addition, the following
madifications are necessary.

(1) IF statement
- H, for example, !

" BBIF A>L PRINT “A” (display “A” if AL

" is found in the program for theé PG-1210 Series Pocket Computers, itis interpreted

as

5@ IF A>LPRINT "A” (Print out “A” if A>)
and results in an error when it is entered through the keyboard.
The error occurs because a command which doss not exist in the PCG-1210 Series
does in fact exist in the PC-1460. To'solve this problem, insert a THEN command
into the IF statement as follows.

50 IF A>L THEN PRINT “A”
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Specified format in USING

The function of the USING command differs between the PC-1460 and the PC-
1210 Series as follows.

Example:

10 A = —123.456

2p PAUSE USING "#### . ##" A

30 PAUSE A, USING “###+#7, A

Executing this program displays the following.

*PC-1210/PC-1211

_123.45 }

r—1 23 123 J

*PC-1460 ~123.45 |
| —123.45 -123 |

For the execution of line 30 in the PC-1210 Series, the display on the left side also
follows the displayed format on the right side. in the PC-1460, the display follows
the previous specified format. This applies not only to the PAUSE command, but
also to the PRINT and LPRINT commands.

Omitting “}”
In the PC-1210 Series, the “)” which comes immediately before the or
: (colon) can be omitted. It cannot be omitted in the PC-1460. Therefore, be sure

to add the *)" to the program, if omitied.

Print command

The PC-1460 has a PRINT command for displays and an |LPRINT command for
printing. However, all PRINT commands can be used for printing if PRINT =
LLPRINT is specified.

The PC-1210 Series does not have the LPRINT command. To prini using a PC-
1210 Series program, add PRINT = LPRINT to the program or, execute
manually.

Variables

When the RUN command has been executed in the PC-1210 Series, all variables
are retained. In the PC-1460, however, all variables from A(27) and upwards
are cteared.

Therefore, if there is a need to retain variables at the start of program execution,
start the program execution using the GOTO command or function defined keys.
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(1) "Character Code modification o _
Character code 96 (&60) is a space in PC-1260 Series but is a left single quote
("} in PC-1460. Accordingly, when the CHR$ command is used to’ speci’fy a
space with character code 96, change this code to character code 32 (&20).

(2) CLS, CURSOR commands [ o
PC-1460 does not have the CLS or CURSOR display commands. Deleﬁo’n, and
madification of these commands in any programs containing these are réquired.

Programs written on PC-1401, PG-1403, and PC-1450 Series computers can be used
without modification on the PC-1460.

PC-1460 does not contain the'féﬂowing commands. Any program conlaining these
must be modified.

CLS, CURSOR, MEM$, GCURSQR, GPRINT, LINE, POINT, PRESET, PSET,
(TEST) N ‘ ‘ ,
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Programming Examples

Having read the description of each of the various functions in the preceding chapters,
you have by now gained a knowledge of a number of program commands. However,
in order for you to have a command of developing application programs in BASIC
language, it is absolutely necessary that you write and execute your own practical
application programs as well as those explained in this manual.

Just as you can improve your driving skill by actually operating the steering wheel or
your tennis game by swinging the racket, proficiency in programming can only be
attained by practicing as many programs as possible, regardless of the degree of your
skill at each practice.

It is also very important for you to refer to programs developed by others. In this
chapter, some programming examples using various commands in “BASIC”
janguage are introduced to your reference.

For better understanding of the programming examples in this chapier, the conven-
tions used in such examples are explained as follows:

(1) PROGRAM LIST
Allthe program lists contained inthe programming examples are provided using the
hard-copy outputs from the CE-126P or CE-140P printer in actual size or in 55%
reduced size.

@ PROGRAM CAPACITY
At the end of each program list, the capacity of the program itself is indicated in
number of bytes.

(@) PRINTOUT
For a program requiring a printout, the output of the program executed using the
CE-126P or CE-140P printer is given in actual size or in 55% reduced size. A
printout reduced to other than 55% is indicated with the different reduction rate

used.

@ MEMORY CONTENTS
In the table of memory contents in each program example, variables with predeter-
mined use are indicated by their specific use and those without predetermined use
(e.g., those o be stored in the work area to retain intermediate results of a
calculation, etc.) are indicated by the checkmark “+".
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(® Then using CE-515P (or CE-516P)
In the table of contents of this chapter, “P” preceding a program title indicates that
the CE-140P, CE-515P, or GE-516P may be used as a peripheral unit in executing
the program. However, when using the CE-515P. or CE-516R, observe .the
. - following points: - ... . - N T IR
_i.DIP switch setting . o ‘ o _‘
© e With CE-515P ... Set all'the DIP switch pins to the OFF position. -
® With CE-516P ... Sét'the Nos: 1 to 5 switch pins to the OFF position

EERERNIT R * and'the No. & switch pin to'the ON position.

2 Papertobeused o ‘
"' Use a paper roll in either case.

NOTE: When the CE-515P or CE-516P is used, its hard-copy outputs differ

partially from those of the CE-1 40P in the 'fo]jdwipgf. .
(1) Color o S
CE-140P: purpie — CE-515P (or GE-516P): blue
(2) Charactar . o
CE-140P: a — CE-515P;i ¢
(CE-516P prints the same character as CE-140P.) -

SHARP CORPORATION and/or its Subsidiaries assumeé no responsibility or obligation
for any financial lossés of damages that may be incurred from using any of the
examples of programs described in this manual. When using these programs, be
aware that these programs may not fully satisfy your purpose or some programs may
not be as precise as you wish them to be. Therefore, please carefully check the data in
each of the program examples you use and confirm that they meet your requirements.
If not, please modify them as required to meet your purpose before using them.

280



CONTENTS

Program Title Page
e Conversions between Orthogonal Coordinates and Polar Coordinates ....... 282
Pe Exponeritial Regression PIot ... ... 287
P® Pareto DIBQIAM . ... . ceeur o ereem st 294
# Calculation of Area of N-sided Polygon ... 303
® ACircle Osculating TWO CIFCIEs ... oioii i 310
Pe Frequency Characteristic Graph ... ..o 314
P CIrCUIRN GFAPN - . e e e ettt 321
o Transfer of ProgramFile ... ..o 332
Pe Three-Dimensional Graph .. ... ...oe oo e 337
® NUMbet GUESSING GAME . ... ... he e 341

281



PROGRAM TITLE: Canversions between Orthogonal Coordinates and Polar
Coordinates

Thists avery useful program for effecting conversions between orthogonal coordinates
and polar (spherical) coordinates in three dimensions: When each data for conver-
sion is input, the result of the conversion is obtained according to. the unit of angie
which is effective at that time. ‘ Lo ' s Do

N HOW TO OPERATE ] .

1, Press [A] (for conversion to polar coordinate from ‘orthogohal coor-

' dinates). R . ‘

“ When the value of each of orthogonal coordinates X, ¥y, and zis iriput according to

" 'the display, the vilue of each of polar coordinates r; 8, and ¢ appears on the
screen in the order named and then the program ends.

2. Press {for conversion to orthogonal coordinates from polar coor-
dinates).
When the value of each of polar coordinates R, 8, and ¢ is input, each value of X,
¥, and z appears on the screen in the order named and then the program ends.

Note: When the unit of angle specification is DEG, the result of a conversion is
obtained in units of degrees. Likewise, when the angular unit specified is RAD,
conversion is performed in units of radians.

B REMARKS
1. Conversion to polar coordinates from orthogonal coordinates r=0 and 8=indefinite
if r=y=0

r="Vx 4y 1 22

f=sin"" (z/1)

p=tan~" (y/x) if x>0

©=80° if x=0 and y=0

¢=—~90% if x=0 and y<0

p=tan™" (y/x)+180° if x<0 and y=0
d=tan™" (y/x)—180° if x<0 and y<0
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2 Conversion to orthogonal coordinates from polar coordinates

x=rcostl + cOS¢ %
y=rcost - sing J _______
B “¥
z=rsind e x e
rd rd |
// ,/ |
4 - l
. _Plx, y, 2,
! r/ 1 {
: 0 ! LI
| e
| N
I ¢ NI
W N
z
H EXAMPLES

. Convert orthogonal coordinates 1o polar coordiantes
x=—1
y=2
z=—3
Angular unit specification: DEG

—

2. Convert polar coordinates to orthogonal coordinates
r=3.741657387
A=-—53.30077479
C=116.5650512
Angular unit specification: DEG
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M KEY OPERATION SEQUENCE . - -

[Orthogonal coordinates — Polar : [Polar coordinates — Orthogonal L

coardinates]

"~ coordinates)

1. [oEF [A] ;1. [oEr (B]
= = il
2, — K f 2. 3741657387 [mnEm)
v =_ j |THETA— ]
3. 2 3.7 —53.30077479 [enwer)
o= 7 JL= ]
4. -3 ' 116.5650512 m :
i ] IL |
5. 5. [um o
I 3.741657387| | _—1.000000001 |
6. 6. o |
THETA iy i ]
7. 7. o o
i ~53.30077479 | [ 2.]
8. 8.
| PHI IR _
9. Q.
| 116.5650512 | L ~3. |
10. 0, [exer]

E

7L
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m PROGRAM LIST

13"“”‘IHFHT Yr=tin
SEINPUT “u=¥iY
TR IHPUT "z="i2
4ATR=20R iH“”+?$T+E*E?:
IF B=@ PaAlsSE “r=8 lUn
defined” tEXD
S@iC=a5H (2R3 IF
LET F=aTH o
15
GEIp=Y=B1+56H Vi IF ==0
LET F=p#aCs 8:c0TO #
5]

TEIF=ATH {¥<d+a%Acs -1
SR:MEIT (PRIWT "r™¥:
FRINT R:PRIMT “THETR
v PRIHT CEPRIAT YPHI
”:PEIHT F:ERD
"B IHFLUT “r=":E
IHPU *THETE="IL
CINFUT *PHI=":F
“'E*lﬂ1 Cr¥=Y+CO5 F:
w=y4SIH FIZ=R*SIH L
13@:WEIT sPRINT “x*:
PRIHT “i1PRIMT “4":
PRINT Y:iPRINT “z*:
FEIHNT Z:END

foot = =00
iEJn""llquj
.

. e

300 Bytes

H MEMORY CONTENTS

V;

0

)]

r

x-coordinate

y-coordinate

N{<|x]|3|T|O|>

z-cocrdinate
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B FLOWCHARTS

(Orthogonal coodinates — Polar coordinates)

Lines 101030

Valuesoix,y,andz
arginput.

Line 40

RA=SOR[XHX+YiY +22)

r=Uundsfinedis

Line 50 displayed.

F = ATN{Y/X)

Line 70
F=ATN{YIX)} AR
ACS—1

Line 80

Valuesofr, 8, andp
are displayed.
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(Polar coardintes — Orthagaiial cootdinates)

Valuggof r, 8, and g
‘areinput,

Vaiuesolx,y, and z
arg dlsplayed.




PROGRAM TITLE: Exponential Regression Plot Required Peripheral
Equipment
CE-140P or CE-515P
{or CE-516P) and CE-516L

In the course of Nature, a great number of changes take piace in the manner of
exponential functions as you will find in the relationship between time and temperature
when something hot gets cold, the relationship between time and disintegration rate of
atornic nucleus, etc. This program solves for the values of coefficients a and b and
coefficient of correlation r by applying data inputs x and y to exponential curve y=a - b*.
Then, the exponential curve is output on the printer with the input data and estimated
values plotted on the graph.

m HOW TO OPERATE
1. Press [pEF [ A7) . (Program staris)

2. Input the number of data (N) according to the display. When data x and y are input
repeatedly as specified by the number of data (N), the values of coefficients a and
b and coefficient of correlation r are calculated and are output on the printer.

3. When keys [pEF] are operaled, the exponential curve is cutput on the printer in
green color and the input data x's and y's are plotted on the graph in purple
color.

4. Next, when you input the estimated values of x's, the input data are plotted on the
graph in red color and the estimated values of x’s and y's are printed out. Then,
the program ends.

Note: The number of input data must be within the following limit:
CE-212M (or CE-201M): approx. 180
CE-2H16M (or CE-202M). 255

m REMARKS

An infinite (N) number of points given (xi, y1}, (Xa, Ya) ... (Xn, Yn) are applied o
exponential function y=a - b*. This function is substituted with Y=y, A=l,a, B=Ib
and transformed into linear expression Y=A+Bx. By the method of least square, A
and B are then determined as follows:

EDIETER @luk 50 S (I NNV
5= Sri—n-xt » A=Y B

where: Y, =Il.y. Y:%‘ﬁ}]\(“ F=AS

i

Once A and B have been determined, & and b can be obtained from a=e*, b=e?, as
well as the coefficient of correlation r between x and y.
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N EXAMPLE . . R ST oo

x| 05 .. 12 3.1 7.4
y| 701 11.72 44.54 936.71
N=4 "~ S : :

Apply the’ above data to y=a- b" and then estrmate the values of ys W|th the
estlmated values of xs taken ag 2,4, 6 and 6. 5, respectlvely '

B When using CE-515P {(or CE- -516P) ;.

Modify lines-130 and 150 in the program |lSt on page and add Ime 375 to the Ilst as
follows: O :

13B:G0SUB 375

15870 11=F -390 GOSUR 3%

375:CL0SF & OPEM 1288 W8, Lia.n

B PRINTOUT
(Pririted out in color. }

A
h=9 99994 363E-01 1
a=4. 960331916
bh=2.83857723

/
:.15 —

% Estimation ¥

%=2 y=20. 45265825
<=t w=84.3312981
%=6 =347, 7185094
x=5.5 Y=493, 4230476
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B KEY OPERATION SEQUENCE

<Dala input> <Output of operation results>
1. [oerl (&) 1. [BERED

| N=_ 1
2. 4 [&niew) [Est. =
[ x()= | 2 5 @

1 ? | ‘ Est. x=_
3. 05 [ 3. 4 e
[y()= | | Est.  x=_
E J 4, 6 (e
4 701 @ Est. x=_
rx(z)—_- J 5 65 [o

? E

. 12

W@)—

K

6. 11.72 [eumen

[x(3)=
K

Input data inthe same manneras
above.

7. 936.71 [enes]

i i
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H PROGRAM LIST

192 "a": CLEAR 3 WRIT B: [WPUT "N="iN

ZBiDIM HOM=Ld ¥oH-L0, MErH-13, tSEN-13: B
=1@° 8:D=-E:F=0 Sy

30:FOR 1=0 TO M-i

4@:PAUSE "<("+BTR$ CI+10+*i="1 THPUT X
¢I3: GOTO 6@

S@:4=I: GOTO 118

BBIPAUSE "yo"+STRS fT+#Lii+"i=r: ITNPUT ¥
S Pl .

70:v=LN veIdr [F D7X¢13 LET D=K(I3

8@:1F E¥X(I1 LET E=X¢l}

90:IF F<Yels LET F=7els

TRBTO=0+X0 [ 5 2P=P+v @=6+X¢ T X0 11 R=R1E
YIE=SHRIIIRY: NEXT I

LLB:H=0 Nz =P s T=@-NERER U= —HEREY R

=MNEKY
128:C=U~SQR ¢THW1:B=U-TiA=EXP r¥-Bkx):B
- =EXP B
13¢:GOSUE 388 _ -
L4B:LPRIMT "“r="jCi LPRINT "a="jn:
LPRINT "b="3B: EMD

159: "B":M=F-388: GOSUE 388

ABQ:IF E»=8 LET 2= “S L=D-125: GOTU 1ga

178:L={D+ABS% E) 200! I=KBS E-L+5

1801 GRAPH GLCURSDR (Z+238, -225)

1835: SORGM

L1980 LLINE (-2,8)-(28@~Z, 80~ 200-2-18, -1
21,8

200:LLINE (269-Z,02-(280-Z-10, 1B):
LPRIMT "Px"

21@:LLINE ¢, -507-(&, 3581~ ~11, 3481 (@,
3582

ZISILLINE -¢1@, 34893 LPRINT "py"

2283 GLEURSOR (-15,-1531 LFRINT "P@"

230:COLOR L: FOR I=0 TO N-Ll:J=x{[yrl k=
Y{Id/M: GOSUB 37@: MWEXT i

240:COLOR 2 J=-Z

243:GLCURSOR (.Jy kB ¢.JRL ) 4114

2903 J=J]+2: IF J»208-Z GOTO 276

26B:K=A%B" (JL)-H: IF K338 THEM 270

265:LLINE -(J,Ky: GOTO 258

270:1=8: COLOR 3

288: INPUT "Est. x=";%8(1): GGTO 380

28@:50T0 326

3001 J=XS¢ 12 0L: YS10=AKE RS L1 K=7Sr 1)/
* IF K¢=330 GOSUB 370

318: =1+l IF I¥N THEN 289

329:6LCURSOR «@,~587

22 TEXT = LPRINT

325:COLOR B: IF 1=@ THEW 360

330:LPRINT "% Estimation &"

34@:FOR H=@ TO I-L: LPRINT USING "BEEEE
SELEEREREEEEE"; "n="+STRS XSrH»;

BDOLPRIMT "y="+8TRS YSUH: NEXT H

36GIUSING : LF S: END

37@:GLCURSOR ¢ J.K5: LPRINT “Po™i RETURN

38@:CONSOLE 1B@: LLTERT : LPRINT

399:CS1ZE 25 COLOR @: RETURM

1077 Bytes

B MEMORY CONTENTS .

a

b, b

Correlation of cosfficient r

X-MAX.

X-MIN.

Y—MAX

<)) L]<

Number of data

ZXi

ZYi

3

Y

Zxi - Yi

Sxx

Sxy

Syy

X

In vi,Y

N < xXI<icld|w|anlplo ofz|Z)r]l=xlc - TImim oo 'GU =

4

X(N-1)

Data X

XS(N-1)

Estimation X

Y(N-1)

Data Y

YS(N-1)

Estimation Y
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m FLOWCHARTS

Line 10

Initiahzation.
WAIT time is 56t

Line 40

Lin2 60

Line BOG

Lineso

Numberol data
isinpul

BASIC arrays
ars sacurad

Guidance display
lordala X

Dala X is input

t
key lobe pressad}

Guidance display
fordata ¥

8-54 X{I kY

Ling 50

Y

291

Line 110

WSQR{T:kY)

T
A-EXPY-B3X)
E=EXPB
Line 130

I Subrouline 2

Line 140

Valuesofr,a, andb
ara printed



Line 150

Line 170
L=(0+ABS E}/200
Z=ABSEL+5 .-

Lines 180 to 185 -
Graph made Is bat
Heod |s mavad.
™ igin
|2 spacified.

Lings190ta 215

*-&y-axesofgraph
are printed.

L*a220
Head lsmoved.

Pgintof origin
Qis piinted,

Line 230

Lines 240 10245

Lina 250

Expanentfal curve
isprinted.

202

Ling 270
© Colar“red” is
specified,

Value ol eslimation
xisinput.

Cnly
key s be pressed?

NO

Line 300
U a=XB(M

T YS()=A%B" %S
K=YS(1M

>

Lined10

Head Is moved.
Textmodels set.
Color“black" is

specified.

Line 330

“* Eslimatipn &~
is printad.

Estimated values
ofXand Yare
printed.

Lina380

l Subrouting 1



Subroutine 1

Line 370

Dala polnts are
plotied

Subrouline 2

Line 380

Consale 160 & Text
mode ara specitiad,

Line 390

Characlersize? 8
calar “black" are

RETURN
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PROGRAM TITLE; Pareto Diagram Required Peripheral
Equipraent
CE-140P or CE-515P
(or CE-516P) and CE-516L

The basic method of conducting quality -contral is to first determine the degree of
significance of each of various quality controf factors and then tackling the problems
with higher significance. Many points, such as labar, cost, productivity, etc., have a
bearing on factors for controlling quality. Pareto diagram is a convenient diagram to find
outwhich factors are more important than the others. This program has been designed
to print out a simple, easy-to-see diagram on which various factors are arranged in the
order of the largest number of data.

@ HOW TO OPERATE ‘
1. Press (A7 . (Program starts) : .

2. Input the factor name (within 8 characters) along with the number of defects
(within 9 characters) according to the dispiay. Repeat this step for'each factor as
required for the number of factors. o
If you press only while the compuier is in the wait state for the input of a
factor name, you can proceed to step 3 below., :

3. Determine whether or not you need to correct the contents of any input,

® When to be corrected Press .
® When not to be corrected Press [N ] )

{In this case, you can proceed to step 4 beiow.)

Method of data correction

A factor name is first displayed. If the facitor name is to be corrected, input the
correct factor name. If not to be corrected, press only. The same
procedure applies to the correction of data (i.e., number of defects). If your
repeat this step for the number of factors you have entered, then you must again
determine whether or not you need to correct the contents of any input.

4. Input the title name (within 10 characters), and the date of compilation (or
drawing) according o the display. A table containing the input data (factor names
and number of defects) and the component ratio of data classified by factor and a
Pareto diagram are output on the printer. Then, the program ends.

Note: The number of factors can be increased by modifying the value of A=8 in
line 10 of the program list on page 000.
CE-212M (or CE-201M)  approx. 139 factors
CE-2H16M (or CE-202M) 255 factors
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B EXAMPLE

Shown below is a table indicating the number of defective products that occurred from
each machine at the factory of a major electrical home appliance manufacturer.
Prepare a Pareto diagram using the dale of compilation as March 31, 1986, and the
title name as “Pareto”.

No. Factor name Data
1 MACHINE A 10
2 MACHINE B 20
3 MACHINE C 15
4 MACHINE D 30
5 MACHINE E 40
6 MACHINE F 30
7 MACHINE G 100
I_B MACHINE H 90

B When using CE-515P (or CE-516F)
Modify line 320 of the program list on page 297 as follows:

AECONSOLE 3 DL0nE 3 aREN T L@ Ha
Lofal s BOMUE G20 =Rz BOSUR ol

n
H PRINTOUT
{Printed out in color. Refer 1o page 1)
Farenn
Cilfs cate: 1986231
L1 Farror Defect Bario %
L] Macke. Lam 25,97
2| Macki. H L] 22,37
3| Machit. F aa P77
Al Machr, © 40 10. 38
5| Machi. D 20 2.79
5| Macka. E 21 =19
S Machi. O 15 2,89
& Macra. o | L 2,549
Facror 0 2% o8 5 Lan
Marti, G
Machil, H_——
Nachy, Fl— N
Macht, G ) S
Hacka. O] N,
Pk, B N
Hachi. €|l A
Machi. © 1
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B KEY OPERATION SEQUENCE

1.0 (&) -

l * *Pareto Diagr‘lé‘r'n*' J

Eact. name (1)

|

|

2. M [BMU ACHI, R [8PC) A (entEr)

| No. of def. (1) ]
== ]
3. 10 [muER

LFact. name (2)

=

—
|

Input data in the same manner as

above.

4. 90 [enren)

Correct? (Y/N)_

5.

| (1)Machi. A

-

6. [enten)

10

L

7. (@

| (2Machi. B

L o

]

8. [ewe).

296

=

| ®)Machi. ¢

L‘.—>__

Coniirm the data and correctit

fnecessary.inthe same manner

as above.

10.

’?o‘rrect? (Y/N)_

11, (H] (oiTer)

[ Title=_

12. P EMQ ARETQ [Faten)

LYear=1 9_

13. 86

| Month=_"

14, 3 [vmm)

{an=_

15. 31 (enten

B

‘J_JJ_J




B PROGRAM LIST

1@=9f": USING : CLEAR @ WALT AL p=8:B3=5
2B:PAUSE "#Pareto Diagramb”
38:01n Beias kB, CiF Dra e, 8000 FLE NER
1440
AB:TOR 1=1 TO @i PAUSE “Fact. name ['F
STR [;"a"
S5@:BEEP L: INPUT “=";Z7¢/@: GOTO 96
Bp:C=1-1: IF C¢1 BEEP Z: GOTO 19
7p:1F C¢2 BEEP Z:l=z: (OTO 50
g28: 1=A% GOTO 168
9p: IF LEN Z2%(0% >3 THEN 5B
198:Bsf 13=2%:0"
14@:PRUSE "Mo.of def. ("§STRe 131"
12@1BEEP Li IMPYT "="5Z8(@%
13@iCrlo=UAl 2408
14@:IF Celve=@ BEEP 23 ROTOD 120
15@:E=F+C0¢ 132 C=Tagec@r=""
166 HEXT 1
17@: BEEP 1: INPUT "Correct? NI ZEE E
$=CHR$ CASC 2% AND 224
189: IF Z$="H" GOSUR 5BB: GOTO 320
1902 IF Z¢¢ > THEN 178
2B@:FOR [=1 TO C
24@: WAl 158: PRINT "(";5TRE TatniBscl
3
22@: INPUT " -» ";Z€¢B3: GOTO 248
23@:G0T0 268
24@: IF LEN 2$(@)¥8 BEEP 2¢ GOTO zio
2502 Bgr 11=28<01
26B: PRIMT STR% Cr11
7@ INPUT =3 “52%(@12 G0TO 290
28@: G070 319
29@: IF WAL Z$(@%¢=a BEEP 13 BOTO 260
3@P: E=E-CC1haCr Tr=UAL 2eiRusE=E+CV 1Y
3@ NEXT 1: GOTD 178
32@: CONSOLE 88 GOSUB BB H=0: L=B:
GOSUB 718
33@:F Lt LTERXT = LPRINT
385:1CSI2E 2
34@: H=B: =@ LF 2

35@:LPRINT "Factor @ 25 50
75 1ee %"

36RIGRAPH 3 BLCURSOR (95,100

3652 SORGN

37@:LLINE -(348,@1-( 340, (k=24 -{B, Lk-24
3-(8, 87

38BIFOR 1=1 TO 3

385: GLCURSOR v84%1,8)

39@: LLINE —(84kl, 5y NEXT 1

4p@: GLCURSOR @, -B2

4@5:COLOR 3

41P:0=-6:P=-24:1 FOR I=1 70 C

4Z2R: 1 LINE -(fD(])fU?ks.q,Dﬁ-ffolﬁ-UﬁtE
L4,Pu3-(B, P2

4301 D=6G-24:P=0-18

44B: GLCURSOR @, 00l=0¢]%: NEXT I

45B: GLCURSOR (B,BY

455:COLOR 2

46@:FOR [=1 TO C: LLINE ~(Drivk3.d,1k-2
41: NEXT 1

47@: GLCURSOR (@, @°

475: COLOR @: LTEXT @ LPRINT

480:FOR 1=1 TO C: LPRINT USIHG "EEREELE
58010z MHEXT I

49@:LF 55 USIMG @ END

5@@:L= INT ¢C-2+L2:iR=(

297

SR IF Lvl LET L=l-lix=0rLospsrdn=Aecly
GOTH 540

SR C IR REV =EERCOR O L1z RECRY =
Bl l1iRF-1

530: IF Re=] LET Crlv=wiBerL=Bsran:
GOTR EL8

F4E I

S 1= 1 J=2bT

SGD: 1P J-R OTHEM &BQ

52A:1F JoR THEW IF CrJueCeJ+ls LET J=1+
1

5R@: IF ®<=C0 )1 THEN 690

SEEsCe =0 103 BEr =880 T GOTO 552

GBE:CT 1= EsC 1 =AEIEY GOTA S51A

SlRIFCR 1=1 TO CtH=H+C7 19001 =H-Ek1OB:
MEXT 1: RETURH

6XBr [NFIUT "Tirle=""tNEC@"

53@: IF LEN WerD1¥1E0 BEEF 2@ GOTO 628

BAGICC$="999": INPUT “Year =18"i(C%

ESA:N=19A+ 1WT Al CC¢: IF N> 1999 BEEF
1: GOTO B4Q

BLBiDN$="99": 1HPUT “Month =":1D0%

57G:0= INT el OO$: iF [Ov12 BEEFR Z2:
GOTO EER

SEE:EET="99": INFUT “Day ="iFE$

59R:Fi= INT WAL EE%: IF FLM2L THEMW 628

7@R:RETURKN

ZIPILTERT = LPRINT

2z@:LF 1 CS1ZE 3 GRAPH

7251 C0LOR B

7EPLGLCURSCOR rl@\.@u: LPRINT “F";LEFTS
FN$CRY. 1B

740iCS12E Z: GBLCURSOR rz220, -80%

501 LPRINT "PDMG datm: "ISTR$ N3 " "
STRe 03" -"3S5TRe F1

760: GLCURSOR (10, -1B0°

7655 SORGN

?PRiF=1: FOR I=B TO C+L

7801 1F F=-1 LET K=0! GOTO 288

98 ho=ddd

80@: LLINE -(K,G3.8

819: GLCURSOR (K B-3RYIF=F k-1:6=0-3:
WEWT 1

SIS GLOJRGER (@, -l +1¥3D)

Q20:RESTORE :M=9:F=1: FOR 1=1 TO 5

230:1F F=1 LET O0=0: GOTD B5e

84@: 0=-(C+17420

B50: LILINE -(M,D%.B: REAOD M

BEB: GLEURSOR (H,CF=F-1: NESAT 1]

g0 GLLLRSOR (L2, -2@%: LPRINT "P"3i'"No."

280:GLOURSOR (88, -2@%: LPRINT "PFactor"

890: GLCURSOR 288, -284: LPRINT "PRefect

P GLCURSOR (390, -2B1: LPRINT "PRatioc

91@:FOR 1=1 7O C

S20: 6L CURSOR © 1O, [£-3@-202: LPRIWT "P"
USING "##4"31

93p: GLOURSUR 720, 1%-38-2081

g4 USING ¢ LPRINT "P*iLEFTE rBerl1b.8%:
GLCURSOR ¢ LBR. -1k38-281

g5R: LPRINT P LSTNG "HERGH&BHHA 001

960: GLCURSOR ¢ 34B.1k-30-20%: LPRINT
USTNGE "#E$8, BH S "P"sD0 L= USING =
U=0ris

97B: NEXT 13 RETURN

280 0INTA 55, LEF. 335.444,9

2218 Bytes



B MEMORY CONTENTS

Number of factors

R

Year Ls

End pointer ..

v

| For data read

‘>_<§'<_-‘:u:‘zr—c_7:|:-n’mCJOUi>A

I8

C@K

Number of defects

D {A) | Component ratio
F1 | Day
Z$ |V
N§ (0) ! Title name
Z${0) | For inpui
B$(A) | Factor name
CC$ | For inpui of year
'DD$ | Forinput of month
EE$

For input of day
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B FLOWCHARTS

(=10

Line 10

nttialization.

Tille name s
displayed

Line 30

BASIC arraysare
secured

Factorname is
displayed.

Factername input.

Line 110

Mumber ol delects
is displayad

Line 120

Nurnber of defects
isinput.

Line 150

E~E+C(1)
C=1.2§(0)=""

J} BEEP, =2 I——. :

289

Line 170

Determine il data is
obe correcled.

Line 190

Factorname
entered is
displayed.

Line220

Carrect faclor
name is input.

OnLy [ENTER]

tobe pressed?

Subrouting 1

Number ol defects
anlered isdisplaysd

v Line 270

Correct number of
delects isinput.

Ling 280

ZH(0)< =07

Line300
E=E-C{l}
C[h=VALZE{0)
E=E+C[]}

©




Line 320

l Subrout x|

Lines 33010335 .
Character siza 2"
&lextmode are
specifed.

Line 340

“Line 350,
Value foreach scala
(division of graph s
printed,

Lines 360 to 365
GRAPHmode isset.
Paintafariginis
specified.

Lineazo

%, yaxas ofgraph
are printed.

Headis moved,

Lin2 350

Sgale divisions
grapit are printed.

Lines 400to 405

Line 420

Bars araprinted
ongraph,

Headis moved,
V=D{l)

300

Lines 4500435

Pénratums to paint
figin. Color
"gresn” s spacified.

Ling 460

Broken lines are
printed.

Lines4701to 475

Penrelumstapaint
af origin, Color "hlack '

Faclornamas
araprinted.

Line 490

USING isreleased.



Subrouting 1

Line 500 Line 500

Ling 520
X==C{R), BH(C}- B4R
CR)=CQ1)
B$(A) = BH1)
=A-1

Line530

Line 610

H=H+C(l)
D{=H/EE100

Line 560

O

Line 570

NO

Line 590

C1y=Cld
B5{1}=BS)

301

Subrouline 2

Line 620

Title narme is inpul

NE{0)=10char.?

Line 640
Year of drawing
isinpul
Line 650

N=1900+INT
VALCCE

Moenlh ot drawing
is input,

Day of drawing
is input.

RETURN



Subrouling 3

Lines 710 to 725
Text moda, characler
-size "3", GRAPH .
made, & Color “black”]
-are specified,

Line 730

Tite name is printed,

-, .Line 740

Date of drawing
is printed,

Horizontal lires of
table are printed,

Vertical lines of
table are printed.

Lines 850 to 860

Datalsrend.
Herad ts maved.
F=Fk-1

302

Lines 870 to 500

Boxheads {No.,
Factar, Defect, Aatio
%) areprinted,

Linegzo

temNos, are
printed.

Line 940
Faclofnamesare
printed,

Head is maved.

Lines 250 10960
Number of defecis
and component ratio
fareach laglor arg




PROGRAM TITLE: Calculation of Area of N-sided Polygon Required Peripheral
Equipment
CE-126P

Any polygon is theorslically an aggregation of triangles. By utilizing this theory, let us
calculate the area of a polygon. This program figures out the area of a poiygon by
dividing the polygon into triangles, calculating the area of each triangle, and obtaining
the sum iotal of the areas of all the triangles.

m HOW TO OPERATE

1. Press [bEF [AJ . (Program starls)
Input the number of vertexes (i.e., points)' and the coordinates x and y of each
veriex according to the display.

2. Next, press [DEF] .
Input the vertex number (i.e., point number) of each of the three vertexes of the
triangle according to the display, and the area of the triangle will be printed out.
When you press before entering the vertex number, the sum total of the
areas of all the triangies is output on the printer.

3. If you press [T, the sum total of all the triangle areas will be cleared and
then the program ends.

Note: The number of vertexes may be stored up to the following limits:
CE-212M (or CE-201M) - CE-2H16M {or CE-202M) 255 veriexes

B REMARKS

S=/g(s —wis—(s—c)

=(.'+b+f'

s >

Area of triangle

S':;nl_

where
L: Base length (the longest of sides a, b, and c)
h: Height (Figures are truncated to three decimai places.)
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H EXAMPLE : - ,
Figure out the area of a 4-sided polygon as shown below.

Y

g

@ X=10 |

W PRINTOUT

Foinmt lzx= 4

Foint l9= 1@

Foint Zz= 8

Point Zu= 4

Point Zz= 18

Poipt 3u= 3

Foint dzx= 18

Foint d4u= 20
1-2-2

f= T.231

B= 3.944

L= 12. 165

H= TF. 2EH

5= Z1.P9R5EE
1-3-4

b= 12,165

B= i3.41s

L= 11.562

H= 2,835

5= 63. 993304

®T Sk= A7, 359324
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m KEY OPERATION SEQUENCE

<Input coordinates X and Y of each 5. 1 [enTeR)
vertex> ‘ Point=
1. B9 (A ~
: 6. 3
Numbers=_ l TP —
oint=_
2. 4 [entER]
7. 4 [cnTER]
Point 1x= | St
2
. l 8. [enter]
3. 4 B
' Point 1y= |

<Clearing of sum total of triangle

'T) i areas>
1.

#% TS CLEAR % |

Input data in the same manner as
above. ‘ b}

4. 20 (@)
r>

<Input vertex {Point) Nos. of each
triangle>

1.
ﬁ‘oint=_ J
2. 1

ﬁ’oint=_ J
3. 2

|Point=_ J
4. 3

IPoint=_
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B PROGRAM LIST
18:*a* 1 USING :CLEGR ¢
MRIT @

26: TNPUT *Munberz="iH

rs="j
I@:IF M<1 BEEP Z2:GOTOIZ

A

48:DIH HiH-13aY{H- I‘~D$

=)
SEIF0OR [=8 TO KH-1"
ARIBECB)="2=":1GO5UR 355
TALIHPUT K{IrrB¥(gr="y=

*+5TR$ ¥C13:1G05HE 20 °

TA:GATD 3@
Jd:H=I:EHND
FEIBE(RI="u="1005UR

¢INPUT Yol
1B@:EF{BI="y= “+5TR$ °

1y

&

7(1

PrGOSUR STRINERT T -+

118:BEEF [:EHD

128:"EYIUSING s IMPUT *Po
dnt="i0y "Point =Py
Paint="101G07T0 148

138:60T0 314

1481 IF (O{1F+{O5N+(P{1)
FOPFHI (AL CAIN
& GOTO 128

158:C=R{0~-13rD=¥i0~12:E=
HREP-12iF=Y{P-10:G=R¢
A-13iH=YiR-13

1eArg=E-C:¥=F-DiG02UB 33
i

17B:A=K: ¥=0-Et¥=H-F:
GOSUE 338

130 =N ¥=C-GiY=D-H:
GOSUE 338

19@:0=81IF &4 LET H=g

2B@:IF B¥d LET 3=

2183 I=(R+B+Ti - 2:53=30R ¢
#f{ [-AI4 ([-Bi%(I-C12

2281 1= INT ({2%5-N3%1Ba3

118030 =81 G0SUB 344

tR=LiS=Na T 2 K=K+ L=

5]

A:GOSUR 348
2481 /=L:L=B:GASUE 344
238:B=L:L=C:G05LE 344
2602 0=L:L=5:005U8 355

[ B

306

27B:E=L1L=Ks 603 }B jqn

288:K=LsLPRINT * . 135TR$
04" -"+5TRS Pev=7s
STR$ 1

2983 PRINT *p= 73 UuIHh
unﬁnnnnuﬁnnt s

3AE:LPRINT YE= “3R:
LFRINT *C= ¥jp:
LPRINT *H= “3J:
LPRINT USIHG . fifusn
BREENE. gEtARLr v g= ¢
$5:50T0 128 :

F1BLPRINT “Y:LPRINT *#T
Sw='i USTHG. *HHHrLes
I, BEBRIE " S K EHD

FRgI LY LK =as UﬁIHh -PHHbE

" oddk TE PLEHQ *k’
£HD :

FIFA=50F (HwX+Yeyd:
RETHEH

34@:L= INT {L*1@88+, 551
BRAIRETURHN .

358iL= INT (L*108888B1-]
BEBEEE: RETURNM

368:FAUSE *Poidt "¥5TRE

iI+1};B$fB§=EETURH
ITBiLPRINT *Paint “:i3TR$

'I+1r~E$ B"P:TUPH
o 962Byws



B MEMORY CONTENTS

%, vV

B FLOWCHARTS

Number of vertexes

<% olololz|(r|xjc)— TG nimiOfC|@| >

<=L <

X (N—1)

x-goordinate

Y (N=1)

y-coordinate

B §(0)

.\/

307

( bBER) (2] )

Line 20

No. of variexes
1S Inpul.

Lina 40

BASIC arrays
aresacured

Ling &0

Subroutine 4

Line 70

xcoordingle is
inpul.

Only [ENTER] 1o be

pressed?

Subroutine &

Line 90

Subrouting 4

y coordinale

isinpul
Line 100

I Subrouling S

Linei10Q

BEEP



oy

lobepregsed?

entered within
limits7

Subroutine 1

Lina 180

Sum totalof
Irlangte areas Is
printsc.

Lines 210te 220

I={A+B+C)2
S=SOR(l

Subrouting2 l

308

Lines 26010270

Lines 250 10300

Baselength, beight, &
areaof each triangle
dia prinlad.

Line320

Sum lotalis
clearad. USING
Isreleassd.

BT CLEA]
isdlsplayed.




Subrouling 1

Line 330

X=SQRECEK A YY)

RETURN

Subrouline 2

Line 340

L=INT
[L¥1000 i .5)/ 1000
RETURN

Subrouline 3

Line 350
|~ L=INT{L# 1000000
1000000

309

Line 360

Point X=
Foinl Y= } e
displayed

RETURN

Lina 370
Poimt X=
PointY=
output,

RETURN

} are




PROGRAM TITLE: A Circle Osculating Two Circles
There are two adjoining circles to both of which another circle is tenderly adhering.- Will
a warm feeling begin o bud there? Such a way of looking at these circles may bringa
light touch to your study of geometry. This program finds out the center of a circle
osculating two circles and the coordinates of the two points of contact by inputting the
center coordinates and radius of each of the two circles together with three discriminat-
ing conditions.

H HOW TO OPERATE

1. Press (AJ . (Program starts) -~

2. lrip‘ut the center coordinates {x,. and 'y'1) of circle C, and radius Ry, the center
coordinates (x; and y,) of circle C. and radius Rs, and the radius R of the circle
osculating circle Gy and C; according to the display.

)

=

3. Then input the value of each of the following three discriminating conditions:

Conditions Value
(1) When the circle to salve with respect to circle C, is osculating externally 1
When the circle to solve with respect to circle C, is osculating internally -1
2) When the circle to solve with respect to circle C,is osculating externally 1
When the circle to salve with respect to circle Cais osculating internally -1
(3) | Whenthe circle is on the left side as circle G, is viewed from circle G 1
When the circle is on the right side as circle C,is viewed fromaircle C, —1

When all the above data is input, the center coordinates of the circle osculating circles
C, and C; and the coordinates of points of contact Py and P, are displayed on the
screen in the order named. Then, the program ends.
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EXAMPLE

Y

C1: =0, y,=0, =30
ca2: )(2-:50, y2:20, I’2=4D
R=10

Discriminating conditions
(1} 1 (osculating externally)
{2) 1 (osculating externally)

< X
\)&/ (3) 1 (on left side)
m KEY OPERATION SEQUENCE
1. BEB &) 7.1
|C1 x=_ ] Pe = 4.08 |
2, 0 @ 8.
[C1 y=_ | (PO y= 39.79 |
3.0 9. (EntER)
Cl r=_ ) P1 x= 3.06
: 10.
Input data in the same manner as P1 y= 29.84
above.
11,
s 10 P2 x= 13.27
C1.0UT:1 IN:—1=_
: 12. (v
> P2 y= 35.83
[C2.0UT:1 IN:-1=_ :
13, [E8TER]
6. 1

'LEFT: 1 RIGHT :1-1=_

311
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B PROGRAM LIST

1RI Y47t IEGREE 3 INPUT o
I ox="ig

21 IHPUT “"C1 9="iF

FEIIHPUT *C1 =30

$8: THPUT “CZ2 z=*iD

SRIIMPUT "2 w="iE"

g INFUT YC2 p=":iP .

TR IHPUT "R=ris - -

28I IHPUT "C1.0UT:1 IM:-
_%”n

SR IHFUT YCE.OUT:1 IM:-
i=¥3R

1081 INPUT “LEFT:{ RIGHT:
-1="35

1187 F=P+R#3: C=0+0a51 H=]-
At [=E-Bi J=50R (HxH+I

#I0% l“HL‘-\ CHeT32IF &

~oo#1 LET H=-K _
1261 =p0s 'fLFL+J$J—F*r;
"J.»'L '|'|
1ZRH=K+G%L: H=p+0%005 ﬂa
 MSE+DSIH HiR=fag-p
PIV=0x{B-NIIGOSUE 24
5]

14@:IF (0@=—1)% (5381 3=] .

LET W=HW+138
ISBiH M+5&C05 Wi [=H+3w

BIN HrH=R#D-FYiY=Ra

JE Hi:GOSUR 248 -

168 IF ({R=~13%{33Pax=]
LET W=H+i53 :

LT8R T=M+5%C05% WiK=H+S+
SIH M

138 M=M+50H M+, HE3IH=N+
b-ﬂ M, B35 -

tH=H+50H H+, 805: [=1+
SOM I, @835

28 T=I+30H J#,@A5:K=K+
SGH K, 385

ZIBIPRINT *F8 x="% USING
"EREREALY. Y ne
FRINT *PB y=*iH

—_
)
[a]
e
i g

2H:FRINT "P1 r="3H:

FRINT “Pi w=*;1

23BiPRINT. 'F2 F="1J:
FEIHT "PZ y="iK:END
Z4EIN=ACE (HSSOR EMwRivaw
Taril LET H=-if

653 Bytes

H MEMORY CONTENTS
X4

LE

—\/

T

Yz

\/ .
Discriminating condition (3)
Px

Py

Pox

Pay

~

P

Poy

I

R N
Discriminating condition (1) - -
Discriminating condition {2)

-<><Em:UO'uozgr-xc_—Ic)-nmcom>

< gL ™

312



B FLOWCHART

Lines1Ctoa0

Centarcoordinates (x, y)
and radius rof circle €1
arainpul.

Lines 401060

Cemgr coordinates (x, ¥}
andradius ot circle G2
arginput

Lines70ts 100
Radius A of circle osculating
C1 & C2anddiscrimnaling
coeadilicns are inpul.

Line 110
F=P~ FHS
C=0+0::5H=D-A
1=E-B
J=SOR(HAH+ 1)
K=ACS({HW)

Line 120

Ling 140

Q=-1,5>07

Lng 150

M=M+SHCOSW
I=N4-SHEINW

YES

w=w-+180

Line 160

Lines 17010 200

Cenlarcoordinates ol clrcle
osulalingC1&C2and
points of conlact P1 & P2
aracalculaled

Line 210

Cenlercoordinates
{x,y) ol circle osculaling
C1&C2aredisplayed.

Line 220

, y coordinaies of
point of contact P1
are displayed,

Line 230

x, y caordinales of
polntof conlact P2
aredisplayed.

Subrouting 1

Line 240

RETURN



PROGRAM TITLE: Frequency Characteristics Graph Required Peripheral & '

Equipment
CE-140P or CE-515P
(orCE-516P) and CE-516L

The Frequency Characteristics Graph is well known among audio equipment maniacs.
By giving a transmission function to the computer, this program presents the frequency
characteristics of an audio equipment component in a graphic form. A clear, easy-to-
see- color graph is output on the printer, utilizing the very feature of the computer.

B HOW TO OPERATE

1.

2.

Press aJ. (Progfémﬁé_rt's)
The axes of the graph-are output on the printer.

Input the pitch value (step) and maximum value of gain and the minimum value of
frequency according io the display. The scale divisions of the graph are ottput on
the printer. . __. R o

. Then, input the vﬁalu'eé-'o:f. th'e frequency step, degree of the transmission functien,

and the respective coefficients for the denominator and numerator of the formula
(see REMARKS; below)._ The frequency characteristics graph is output on the
printer. ST

Next, determine whether you need to output the coefficient data of the formula on
the printer or calculate another transmission function.

® When the coefficient data is to be printed out .. Press R
(In this case, the program ends after the coefficient data hag been printed.)

¢ When another transmission function is to be calculated ..Press (N] {emzn) |
(In this case, inpiit the data in the same manner as in step 3 above and the
graph utilizing another transmission function will be printed, out.. Determing
again whether you need to output the data of the function or calculate the
transmission function.) -

H REMARKS
Formula:

Gy BT B+ BN 1§
SR TR FAUIS A AT (N1

where the frequency is f(Hz.), the fotlowing formula may be derived from the above,

G2 r =B B F2a et BIN= 1) -¢j 2 f 28
j ACD+ACTY 2 FF ot AANG D /)
~BU=B(2) (2 /B2 0/ b et S IB(1) 2 1 f—BCBY (25 7 o]
T A AR S TACT) O f o AR (B P

314



Then, the formula for gain G(dB) may be given as follows:
G=201091G(; 2= /)

G=2log B —B(2) (2af Y+ 418013 2r/ B3 (2x/0t ]
KD —AL DY (2 af o FH AT ) 25/ —A(3Y L2 n P+ 1"
=10i0g 182 B2 (2 nf YAt 1 BU) 2x /B3 (2 Yt

AD) AL (B AT AL ) 20 S — A3 (2 /31

m EXAMPLE
Draw a frequency characteristics graph for a filter (bandpass filier) configured as
shown below.

Pitch vaiue of gain: 25[dB]
Max. value of gain: 50{dB]

Min. value of frequency: 1[Hz]

where Rlzsz\ Pw:BSDQ\ R?IqOOkQ
Cs:D.DMF\ szo.un

Frequency step = BO
Degree of transmission function = 2
Coefficients for denominator/numerator

AC(0)=2015152 B(O»=0

ACTY=100 B(1)=h0000
ACZ=1

where R.=2ka. R.=060%. R:=200k%
C=C=0.1:F
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Frequency step = 120 i L
Degree of transmission function = 2
Coefficients for denominator/numerator

ACCI=1007576 - BCO)=0
AC1I=100 - “B{1=h000
AL23=1
B When using CE-515P (or CE.516P)
Modify line 10 of the program list on page 318 as follows:

L@ A" CLOSE : QFEM CL2DE NGB Ll
CONSOLE LBD: USING :C=8: CLEoR

& PRINTOUT
{Printed out in color.)

e LIS I
A uon [
oy
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m KEY OPERATION SEQUENCE

1. [ (&) 9. [N (exTes]
[GAIN STEP (@B)_ | |FREQ. STEP=
2. 25 E '
GAIN MAX. (@B_ | 1o 120 v
3. 50 lDEGREE =
FREQ MIN. B | 5
4. 1
[FREQ . STEP= -] A2 _
E 1 &
5 80
[DEGREE — j 12. 1007576 [(Enrew
R [A (1) =
( ' J ro
6. 2 .
(A (@)= ] e 100
B ) A8
7. 2015152 li
ﬁ M= j Inputdatainine s
nput data in the same manner as
E j above.
- X : 14. 5000 [EvTeR)
nputdataint
abpove. 1 e same manner as l PRINTOUT YI’N_

15.

8. 50000 ‘1

ER INTOUT Y/N_
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B PROGRAM LIST

b3 4o (OMSOLE |RE:

29 TERT ¢ [ FRINT

IPILF SR

A@GREPH 1 rQLOR B 0 ’ i

I GLOURSDR 99,y

BE: SUREN

PHILLINE - 3@, Bxf\*Bﬂ S2ERN gy - ‘ﬂﬂif
‘8.9, 2

80:LLCURSAR @, -50 .

FOTLLLINE - 200, -S530, 3

LAB:GLCURSOR + 306, - L@@

LIBNLLINGE -0B, -183y, 3

LIBIGLOURSNR <@, - 1581

L3BILLINE -7 2080, -1SA 1,3

LD BLCURSOR ¢ 225, -2ag:

LSQELLINE -0 235,09,

LBZ:BLOURSAOR ¢ 156,20

L7BILLINE -7 152, -2085, 3

18D GLOURSOR 5, -2a8

198 LLINE -v 79,85, 3

2883 [NFUT “GALH STER vuBs i

2LR2 INPUT “G81TH Max, fagt :F

220: TNPUT "FREG. MW, tHzY"

223 CROTOTE @

24A:CSI2F I

258:GLOYRSOR 398, -5
P Celga .

Z60:FOR 1=1 10 4

2PEIHLURSOR ¢ 297, -0 2% e0 1 - L1 k990 .

ZBBILLINE -0 2R3, -0 25k [ -1 KSENY ¢

29816LLURSOR ¢ 385, -1 k5351 LFRIMT P
STRE (P-1k0%: WEXT [

380 GLOURSDR (285, -2[@): LPRLNT 8oy
STR$ (HELB 413" crHz»

3LA:FOR 1=8 1O 3

322:GLOURSOR ¢ {475, —715:-
STR® rHklg [1r NEN’ 1

330:FOR [=B TO 2:i5=18 1: FOR J' T 3w
= INT ciL0m v JkS1E790 B

3421 GLCURSOR (K, -1968

35EILILINE -k, -20@%

36@0:NEXT J: MEXT 1

37@:01H ACLSY, B LS, b LS

389:0=2tH=1

39@:PAYSE “FREQ. SFEP=": INPUT F

480:PAJSE "DEGREE=": INPUT M

4LBFOR ‘1=8 TO Wi POUSE 44 15TRe 11 1=

INPUT &1y

42BIMEXT ]

430:F0R 1=8 TO M-L! POUSE “Be“i1STRE 13-
=2 [MWRIT Br)o

4401 HEXT |

USTHG trp: [Lfoe

H

LPRINUT P iSrRy

LRRINT P

4SEIFOR T=Hrl TO [S:ar] <@Be | v=ms UEr
i S

4501 BCNI=E

47g: =R

4B@:R=0kd: SOSUR Bog

490 GLIURSOR ¢, -3 T30 F
560: {0L0R €

SLAFOR [=1 T Fr BOSUs 598
SZLLINE -0 INT ¢1kTy, 31,8
FESH

S48 BLCURSOR @, -258°0
FGiC=0 -1 IF C-@ ThEN 5398

318

L P38 A

Faits T
STAF Jge
S20:60Te 3196
S9B:LTEHT @ LPRIMNT
S@@:CSIZE 1 ERERE
Bl@:FOR N=B TO N~1: LPRIMI USING
BEREERERSRERERREEL A
B2BILPRINT "ai " rSTRS MY +STRS q?mi.
BIBILPRINT "Be™+5TR$ M+ =" 1GTRS B-un

1I~N’—‘ul’ IPRINTOAT o H':¢£ '
- THEW BOTY S99 | S

‘?EE«FJ«S

B4R HEXT

BSOILPRIMT * “1 a0"1SrRg iet1e "FSTRS Al
[N T f

GEBILUSTHG s

B70:0SIZE 2: COLOR @ .

BBz EHD

B S=HELD (] CFrdy TE2KPT

YER:uC g =l FOR M=l ro DEN ORIy
HERT 1 : 8 :

718 A=B: B=@: 0=@:E-0

PABIFOR 1L=B TO W STEP A= U=plc_viij= PHL+ LY
FA=MCL 2 Rl e 3y

AFATLIKU-Ar L R20 k1

FAQIB=BrACL R L) kU -0 620 kX

PR D=0 eBOL IR -BrL 2 kb

PERIF=E+Br L L k- EILI-BIk’{

PIRINERT L

J8@:6= INT /OP-1@K_OG IID‘(DG'L kEl/lHkﬁl*B
KBV 1 k288 7RY: RETURM

1456 Bytes



B MEMORY CONTENTS

A

Real part of denominator in
formula {1)

Imaginary part of denominator in
formula (1)

Color specification of line(s)

Real part of numerator in
formula (1)

Imaginary part of numerator in
formula (1)

Pitch value of data for graph
printing

Gain (dB) for a given f

Min. value of frequency

Loop counter

Loop counter

Locp counter

Loop counter

Loop counter

Degree of transmission function

Pitch vaiue of gain

Max, value of gain

olvjiojlz|Zglr|X|e|—]|T|D

Gain for a given f {converted
into coordinates)

s}

Gain for a given f (converted
into coordinates)

x|=l=<lcld|w

<J<|<]<l<]®

For key input

A (15)

Coefficients for denominator of
formula (1)

B (15)

Coeflicients for numerator of
formula (1)

W (15)

(Wo)'=(2af)
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B FLOWCHART RO

Ling 10

Initialization

Lines 20ta 40

Prinleris resat.

Lines50to 190]

Frequency step & degree
eftransmission fungtion,
araingut.

Lines41010 420

Coafficients for
- denominator of formula
areginput.

Axesof graphare printed. Lines 430 loddt

Coefficlentlor numerator
of formula ara inplt,
Lines 200 o220 L . B

Pitchvalue and max. valug
cfgain & min. valus of
frequancy areinput.

Line4sg ..

I © Subrautine 1

Lines 510 t0 530
Lines 230 to 250

Max. value of gain
is printed.

Lines 260to 200

Scale divisions and data
for vertical axis ol graph
are printed.

Linedan 5 co
Coefficiants to

, beprintec?

Min. valua of irequency
is printed.

Lines 31010 32

"ol | Lines5301c 650

Data for harizontal axis seifcints of
of graphare printad. Gaefficiénts of farmula

areprinled,

Lins 338

K=INT(LOG{J4875)

> Lings 34010360

Scala divisionsfar
harizontal axis of graph
areprinted.

Subrouting 1

* Lines 6901 780

: -
Line 370 BASIC arrays are secured. | Valuestargraghprinting
are calcutated. * '
RETURN
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PROGRAM TITLE: Circular Graph Required Peripheral

Equipment
CE-140P or CE-515P
(orCE-516P) and CE-516L

The Gircular Graph is a graph that is very useful in figuring out the composition ratio of
individual elements to the entire elements. For example, this graph is convenient for
looking info the percentage of each budget quota in relation to the total budget or the
percentage share a certain product occupies to its total market. The program intro-
duced here executes percentage (%) calculation upon data input, and at the same
time draws a circular graph based on the input data and can even show certain data in
cutout {detached) form so that it stands out from the graph. Therefore, with this
program, It is easier to confirm percentage or emphasize special data.

|
1.

HOW TO OFERATE
Press [&] . (Program starts}

Input the title of the graph, number of data, item title, and data title according to the
display.

. Then, input the data.

An item No. will be displayed on the screen. So, input the name of the item
corresponding to the item number and the data related to that item. Repeat this
process as required for the number of data.

_ Determine whether or not you need to correct the data which has been input.

e When to be corrected: Press

e When not to be corrected: Press [N

(In this case, you can move to step 5.)

* Method of data correction
input the data No. of the data which you want to correct and then input the
correct data. After this process, determine whether or not you need to correct
the data again.

 Determine whether or not all the data entered need to be sorted.

e When to be sorted: Press
e When not to he sorted: Press [N

. Determine whether or not you need to have a doughnut-shaped circular graph.

e When 1o be doughnui-shaped: Press .
e When not to be doughnut-shaped: Press [H]
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7. Determine whether or not you need to have a.cutout section from the graph.
® When to bé clt out: Press [¥] (&)
- - When not to be cut out: Press [N [Enter)
(tn this case, you can move to step 8.)
" How to specify a cutout section: : : BEPIRRTU IR B S INT LN
i .Input the data number of the item for wmch you want to have,a cutout section:

8. Determlne whether or not all data entered are tabu!ated
' e When to be tabulated Press’ - W ‘ '
. ‘® When not to be tabulated Press Ilm

Upon completlng the above step, the table .of data and mrcuiar graph or only the-
circular graph are gutput an the, printer. Then, the program-ends. ;

Notes:

® Graph title — 10 characters max.

¢ Number of Daia — 2 to 20 characters :
® ltemn title, data title — 10 Characters max.
o ltem name — 10 characters g,

N EXAMPLE
You must represent the total sales at each branch’of the BCD. Inc on a doughnut-
shaped circular graph. Draw the cnrcular graph so that only the data of the LA,
branch stands out from the graph. '

Branchname /- » NY, - i LA |0 Chiddgo
Total sales amount 630 ‘ 207 [ o
Boston [ Detroit © Seattle . " - I
219 [ 156 R

M ‘Wheri using CE-515P (or CE-516P) o
Add line 55 to'the program list on page ‘325 as follows:

55:LLASE + OPEN "1200.N58,1.A,L"
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B PRINTOUT

(Printed out in color. Refer to page L)

Bramch
N,
L.A.
Chicaga
Boston
Detroit
Seattle

TTL Aok

Sasttle B% .-
Detroit 947

-
y

, Chicago

Sales
630
297
27
9
156
98

Bog(‘“

AN

'16;5"\\\'j
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B KEY OPERATION SEQUENCE

1.

2.

[CeF (A7)

|_** CIRCLE GRAPH **

’Eraph title =_

TTL
A BMy MOUNT

| No. of data=_

3. 6 [ewtER|

5

6

8.

9.

Item title=_

B EMD RANCH

Data title=_

- S My ALES [ewEn)

iNo.1

Bem name=_

- NY,

| Data=_

630

S 1 O O I O O O

LA

| Data=_

297

No. 3

324

Cy

[ Item ﬁafﬁé= _ .

Mput data in the same manner as

above.

10. 98

Correct? (Y/N)_

11,

' Data No.=;

—

13. 270

| Correct? (Y/N)_

14, [N (enTer]

Bata sort (Y/N)_

15. [N [entem)

Doughnut (Y/N)_

16.

lj)etaching (Y/N)_

17

| Detaching No.=_

18. 2 (&)

| Draw thl. (Y/N)_

19.

Ea




M PROGRAM LIST

1@:"m": CONSOLE 8B: USING
20:PAUSE "FECIRCLE GRAPHET"
3P:CLEAR &+ RADIAN
4B: GOSUB 870
50:PP=P1 -2:PL=0:PZ= 3P1
BE:LTEST ¢ LPRINT
?B:COLDR O
ap: GRAPH
SR MS=LEN TT:Md=24
100: 1F MSHMJ: 24 THEN 148
11@fl=18: IF HSEMIc 2N THEN 148
120 FS=12: IF HSEMI< 2K THEM 148
130: MJ=6
1401 BLEURSOR (P -RR.-20"
150: IF MJ=6 THEW CSIZE L: GOTO 136
168: IF MI=12 THEN CSIZE Z: GOTO 19@
17@:1F MJ=18 THEW CS1ZE 3: ROTO 190
18@:CSIZE 4
190:LPRINT "P"3TTs
289:LS12E 2
219: GLCURSOR (PX, P -387
2203 SORGN
23@B:FOR k=1 TD 7k
24P COKY= INT (OOCK Y -2 T41BEBO . S ELOB
2501 NEXT K
2EB:PP=P1 «2-4T:Pr0'=0
270:F0R K=1 TO "%
28B: PrRI=PIK-11 +PPEADK
290 NEXT K
3p@: I1= IMT rROKCOS PEY:IZ= INT rRDESIN
PB:
31@:01= INT ¢RR¥C0OS PD1:02= INT CREESLH
PRy
328: vD=99399: Q=B
33WV:FOR J=1 TO WK
34p:1F Q=4 LET Q=@
358 T1=PB~PrJ-19: IF T1<@ LET TL=T1+2k
PI
3E@: T2=P@-Pr Jr: IF T2¢@ LET T2=T2+Z4F1
37B: TH=PB-PFY J-10 -i P J1-Pe =102
26@: 1F Trv@ LET TM=TH+24P1
3omi ad=piayY=E: 1F J¢>HH THEN 428
4@ T=P@-P¢ I-11-0Pe Ty=-PrJ-Lh-2
41BzaK= INT ¢23#C05 Thiav= INT 2951
Ty 8 0X=AK: DY=AT
420: T=p@-pr s COLOR O
430:03= INT ¢RRACOS Thold= IHT rRRESIM
T
13= INT CRD%CQS Thi:id= INT VROESIN
T
45@:1F J=1 OR J=WW OR J-1=HW THEM 470
46R: GOTD 430
478 LLINE 1 Ltfm, oA -r0L RS BEFAY .0
480: GOUTA 580
4991 GLCURSOR DL kAXs Lo O EAY LY
S5@@: T=PC¢J-17: COLOR {
S1@:LLINE -¢RR¥COS CPR-TH+AN RRESTH (PR
=T HAY
520: T=T+.@5: [F T¢=POTY THEN 30
53@: LLINE =~ 03 +a%, 0d e’y
54p: |F J=vh BNHD J=HW THEN ZRO
s5e: 1F J=vk THEM 578
SRz LLINE -0 [246X, 14 #0370

2EPETF]

44

325

57t IF RO=M THEW RB2B
Sap:T=Frls: COLOR O
SARELINE -rROECOS (PO-TH A ROFSIN (PR
=T AT
BRO: TaT-.0%5: IF Tu=PrJ-13 THENW 98
BB LILIHE - I1HAR. T2+AY)
Bz riI=12 IF RPADD LET HMI=6
B30:IF MI=FB THEN CS1ZF L
B4@: IF IMJ=1Z THEM CS12F 2
BSQ:a= INT vOoIr 10800+, 5
SBQ: M=LEN Y81 I rpg=STRS A N=LEN A$+2
BP0 HH=M+N NS COLOR @
5EA:GOSUR 1630t 1F SW=1 THEN 918
690z XM= INT CRRECOS THi+ax:s M= INT (RR*
SIN THi1+aY
200: [F BpBS cYO-"MicHJ+2 THEW 808
21Dz KL=0: YL =8
720: 1F TI-P@ THEW 240
7301 AS=xr: o= AOTO 758
4Bz IF THP3 THEN 7E68
9@ RS=w-HH: YS=rvHT GOTO 798
Z69: IF Tr»P2 THEN 7BB
2701 KS =R -HH: v8=YH-1M1: B0TCO 796
PB0: KS=X YE="T-H]
?9@: w0=15S: GOTD 881
89@: I¥ TH¥PB THEN 820
8181 kS=KM: YS=Y0-1MT -2 KL= XS YL="5 12
BOTO 878
820: IF TrMxP3 THEW 848
B30 KS=NM 8=y O+ I+ 2 KL=R5: YL=YS: GOTO
a7n
gap: 1F TH»PZ LET v8=svY0-MJ-2:. GOTO BB@
8508 Y'S="0+11J+2
BB KS=KIMi KL=KS2 Y[ =YS+11T
g7B: v0="S: COLCR A
S8R GLCURSOR XS« YEY: LFRINT "P"3iverJTi;
EEEHECE A
g9@: IF ®L=6 AND ve=0 THEW 318
9H@LLINE Oy Y =Tl YLD
91@:0L=03:02=0d4:11=13:12=14d
92@: Q=0+l MEXT Jt DEGREE
93@: IF Fg="v" GOSUE 151B: 0TD 938
94@: GILLURSOR =P, -RE- 185
5@ LTERT @ LPRINT
980 LF 5 END
g7@: IMPUT "Graph title="iTT$: IF LEN TT
$-18 OF TT$="" THEN 978
98P: INFUT "No. of data="ivk: 1F YEYZ DR
YE22D THEN 9806
92P: 01N DOV Yk TS OYRI SO 2, POy D COvRD
1000: INFUT "ltem title="3x$viv: IF LEM
X$10+1B OR We0lu="" THEW LP@B
1040 INPUT "Data tinle="3¥$rzar JF LEN
Ker20n1) OF Wecr2u="" THEN LRALD
1920:FOR L=1 TO vk
1P20: PAJSE "Mo."“3STRE L
1040: INFUT "ltem name="1v40L0
1AS0: 17 LEM yY$rl i@ OR w$opv="" THEH
N aks]
106R: THRFUT “[ata="i00rLy: IF DOCLY=0
THEN LRER
LO7RE HEAT L
1RER: INFUT “Correct™ vy HI"1A%




LBYR: IF A%="N" THEN L1SA

110@: IF As$c ¥y THEN 1888

11183 INPUT "Data Hp.=": . L

112@: [F Ll OR L@rk THEM 1118, ..

1138 INPUT. "Dara="300vL 0 IF OOrLi=@ o
THEN 1138 -

114@8rGOTO 1850

115@: THPUT "Data .sort Lfle":Hs

1168: IF As="N" THEN 1327

Li7@:1F ass ¥y THEM 1150

1ig@:i=1 e i v

119@:k=1+1 .

1208L1F, [=vh AND K =Yk THEN L322

121@: 1F DOV T4>00/ kY THEN - 148 -

L2201M=DD¢ I 200 T =00k Q0K =

L22BTAS=TS{ 102 VE0 =S RS YSRGS -

1248 K=K+1 -

125385 1F - I=7vK AND Kk THEM 1328

1268 IF K¥vk THEN L1280

1279:60T0 1219 :

lZSB:I:IPL

1290:1F I=vk AHO krk THEN LQ“@

1388: iF Iv%h THEM L1321

121@:G0T0 1198 : [ Y
1320:7T=0 . i

L320:F0R L=1 TO 7vhayT=YT+O0OCL vz HEXT. L

13402 HX=d80: by=2565 .

1338:Cs="B" .

13584ZX=3BB=RR:lSB=ﬂH=LZk?-Zf 2%

1372: [NPUT "Daughnut CvY-NY"iFs

1388:1F E$="KN" LET RO=(:HO=0: GOTO 141
2 ; : -

138@: IF Es¢>"y" THEN L1370

1488:RD= INT (28%2,%

1418: INPUT "Dataching CY-N1%;a%

1420: 1F A%="N" THEN. 145@ :

14307 [F ASC"r" THEN 1413

L44@: INPUT "Derzching Ne.="iNN

1458: IF MNY1 OR NNYYR THEM i44@

14682 INPUT "livaw thl. ¢ Ny §Fs

14783 1F Fe="Y" OR F$="N" THEW 1498 ..,

1430:60TO0 L1468 . ,

LASBiPY==- INT V8DHZY 23 iPK= (INT, Fid-2)

1308: RETURN ! : -

151@:Y=-RR-5&¢ |

1328:6LCURSOR ¢@.71 : '

153@:LTEXT & LPRINT

LI4@:LERINT USING "GABEEEES " SX$0C L1

133@:LPRINT USING "8&"i" "y

L3BBILPRINT LSING "GREBEEEL " 1X$ 20 .

15781F0R k=1 TO Yk !

1383:LPRINT USIMNG 28558588 1verk 13

L1390 LPRINY USING "RE"it. “;

LEEB: LPRINT USTNG “$H4##iaha 100Ky

1616 MERT K -,

1628: RETURN

1638:R=¢RR ROV ~Z2 M= INT CRECDS THY:yH
= [NT CR¥SIM THY

18482 XL=YM-TaN TL1R2=7M - TAN f"VC*SGR

(RRERR =M K'Y

185a: [F TLYPE THEH L7g@

16R@:1F TZF@ LET PFslr GOTO L1788

167@71IF T20P3 LET PT=d: OTA 1780

326

1B20:1F T2:P2 LET PT=3: morp (s
1590:PT=2: GOTH |78y o :
L7288 IF TLePz THEW 17ag’
1210:1F r29P2 LET Pt=s: Botn [38m
L7205 0F T2:P3 LET PT=g: 5370 1759
1230:PT=5: OO fvgm '
L2482 IF T1<P3 THEM 1778 e
£750: [F T2P3 LET PT-8: 5070 4%ap
L?68:PT=9: GOTH 17g8 e
LP7g:PT=13 :
1788: IF PT=2 OR'PT43 OR PT=d He pi< !
OR Fr=5 THEW LSBB S
1798:60T0 Lg5a
1866: ELCUPSDP CRM=CHETY o2 nx.ru m1=4+

1818: LPP[MF "PUiEd Iy :
1829z BLEURSOR €M =17 iy YH1H T 2 1] -
B 3‘ e ) T

LB30ILPRINT "Proggrryr o U
1840:Sli=L: RETURN T RO
L8503 17 PT=1 LET ®5=1:4E=x21 - IF K2wke

LET XE=HC )
18803 IF PT=5 [FT XS=KI1<F=Nl: [F ®13xC
LET ®E=ur ' R

L8261 1F FT=5 LET dg=xziup
C LET XS=-xr
L8882 IF PT=B wHD ®1WE LET XE=xr
135981 IF PT=g LET 9§ 4*-4r—<1-‘1r W2
C LET %S=-XC
L3BB:1F PT=10 LET KGex|:KC=R2:
HUOLET XSz -¥C
13104 XH=¥E -X5 - 2411 1: TF RHCMERT |ET Spi=
' B! RETURN '
19207 BLOURSOR ¢ %S #r T er iy IIHFJ'/ AN
LL=V]
LIIBLFRIMT “Priyse Ty
19481 BLOURSOR '<§P4H’“ HTPHKqI” -MI~34n
v
LI5B:LPRINT "Popggnyge
L96@EsH=1: RETURN

IF Ris-

3926 Bytes



B MEMORY CONTENTS
<variables {numeric)>

327

A v 0z Starting y-coordinate of external
| v circle
J Loop counter o3 v
K v/, loop counter o1 v
L Loop counter, V' PO @2
M v P1 0
N . P2 32
Q . P3 g
R v PP Angle calculation
T ~ PT v
W . PX Base position of graph in x-
direction
Y V. print position of table PY Base position of graph in y-
G(YK) |Each data for which percentage direction
has been calculaled RD Diameter of internal circle
DDS,YK} Each data - I . RR Diameter of external circle
PYK Qgge calculation value of gac SW .
AR WV T1 Angle of sector in x-direction
AX Cutout in x-direction T2 Angle of sector in y-direction
AY | Cutout in y-direction ™ |V
DX Gutout in x-direction WX Paper size in x-direction
DY Gutout in y-direction WY Paper size in y-direction
HH |V Xt |V
11 Starting x-coordinale of internal X2 v
circle XC v
12 Starling y-coordinate of internal XE v
circle XL Y,
3V XM |V
4|V Xs |V
MJ Egr:rzzgesr size of graph and YK Number of data
MS Number of characters for graph L v
title YM Vv
NN | Detaching No. Yo |V
NO \Y ¥S v
o1 Starting x-coordinate of external YT Data summary
| circle ZX v/
zY A




<variables (string)>

A$ v
LBE L e

F$ Voo
X$(1} [ ltemn title
X$(2) (Data title
Y$(YK) |ltem name..

TT$ .| Graph title
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B FLOWCHART

Line 20

Program litle is
displayed

Line40

Subrouline 1

Lines 8012 170

MJ=6,12, or 187

Line 180

Characler slze ls
doterminad

Line 180

Graphiilleis printed.

Lines 23010 250

Parcaniage is calculated
for eachilem

NO

Characler size is
detarmined.

Al di lculaled?

Lines 26010 260

Angle calculatian
isperormed.

Alldala

Lines 30010 310
Starling =, y coordinatas
arecalculated for infemal
& extarnal circles.

=

ines35C 1o 380

Angles ol sectarinx, ¥
gdirections are calculaled.

Lines 39010 410

Cutoulsectionsinx, y
direclions are calculated,

'nastDtDE‘IDJ

T

Gircles are platiad,

Lines 63010 640

M= or127

Lina 680

Character size s
determined

Subrouling 2

Lines 63010 BED

Coardinates are
calculatad,

Lines B70 lp BE0

llem name and
componantratio are
printed.

Alldatacompleted?

Line 930

Tahulation required?

NO

]

Subrouline 3




Subrouting 1

Lines 97010 980

Graphfitie &No.
cidataare input,

Line 330

BASIC arrays are
secured.

Lines 1000191010

ltem tllle & data
tille are Input.

Lines 103010 1060

" ftsmnamesand’ "
dalaarainput.

Datainput
complsted?

Line 1080

Meed for data cormection
isdetarmined.

Lines 1110t0 1140

DataNo. of datatobe
corrected & carrectdata
are nput,

Line 1150

Iz determined. E

Datasaning
faquirsd?

Lines 118010 1350

Mead for doughnut-
shaped graphis
" “détaimined.

Line 1410

i3 determined.

Culoulrequlrad"ﬁ

Line 14;40

culputisinput.

Lina 14560

Nesd for tabuiatian
isdetarmined.

Needfordata sorting

Dalasorting is performed.

Need forcutout sectian

Data No. ofitem requiring




Subroutine 2

Lires 163010 1760

Coardinales are
calculated

PT=2.3,4,7,0r97

Llnes 185010 1910

Ceordinatas are
calculated.

Lines 1680016 1840

term name & composition
ratlo are printed

Lines 1920 1o 1960

liem name & compositian
ratioars printed.

RETURN

RETURN

33

Lines 161 1o 1660

Lines 157010 1610

Subrouline3

llem title & dlalatitle
are printed,

T

fiem name and dala
are printad.

Alldata printed?

RETURN



PROGRAM TITLE: Transfer of Program File — .- -Required Peripheral
Equipment:
CE-130T -

In the past, only cassette (micro cassette} tape was available as an external memory
for pocket computers, But now a floppy disk in a personal computer can be used as an
external memory for the PC-1460 pocket computer through the medium of the CE-130T
level converter,  © L -

Here, transfer of program files to and from the PC-1480 pocket computer is explained
using the PG-7000 as an example of the personal computets. .. — - S

B PREPARATION: ‘ T T
® In addition to the PC-7000 personal computer, “you-must Prepare:a cable for
connecting the CE-130T to the RS-232C interface of the PC-7000. The following
table shows the cable requirements and pin connections necessary for irt‘terfacing.

GE-130T e PC-7000
Signal name Pin No. Pin No. Signal name

— 1 e 1 FG

218] 2 2 SD

RD 3 >< 3 RD

RS 4 4 RS

Ccs 5 5 CcS

DR 6 & DR

SG 7 7 SG

CD 8 —I 8 CD

RR 11 20 ER N
ER 20

Female connecior
Male connector DB-258 or equivalent
DB-25P or equivalent

..... denotes that the connection between these two pins is not mandatory.
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e UPLOADING PROGRAM FILE (PC-1460 — PC-7000) First, the method of
vwmmnmgapmgmmﬁmﬁmnmePC#4&MomePCJﬁoomhﬂmdmmdhmeJhe
PC-7000 will in turn store the daia received from the PC-1480 in a 5-Y:-inch floppy
disk. The contents of the program file being received can be confirmed on the screen

of the PC-7000.

m OPERATING PROCEDURE
PC-1460

Program input PC-7000

Program input

Input a program 1o be transferred to the PC-

7000. | Input Program 1-1. (See below.)

Preparation for Program File Transfer Program File Receiving

Set PRO or RUN mode. RUN

CLOSE . |:> — The computer executes Program 1-1.

OPEN ©1200, N, B 1, A L &IA — The computer waits for receipt of pro-

gram file.

—» SAVE command is now executable.

. The computer receives program fil
T <:¢ p prog e,

Program File Transfer —»The contents of the received file are

SAVE (EnTeR) I::> displayed one line at a time on the
screen.

—s The computer fransfers program file.

Input file name of received program.
— Storage of program file in floppy disk is

now

completed.

B PROGRAM LIST 1-1

10 CLEAR:DIM A$(1000)

20 CLOSE:0PEN "COM1:1200,N,8,1° AS #]
30 Z$=INPUT$¢1, 1):I1F Z$=CHR$%(&HIA) THEN 100
49 LINE INPUT #1, A%

50 A$=Z$+A%

B0 PRINT As

70 AS(l)=A%

B0 I=I+1

30 GOTO 30

100 INPUT "FILE NAME=":FI%

110 OPEN "07, #2.FI$%

120 FOR J=0 TO I-1

130 PRINT #2,A8(JD)

140 NEXT J

150 CLOSE

160 END

No programming for uploading is required on the part of the PC-1480.
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B MEMORY CONTENTS

|- |Counter, : o

Jo .| Loop counter

AS For input of one program iine
Z% v

Fi$ File name

A$(1000} [/

B FLOWCHARTS
PC-1460 (Manual setting)

RS-232C L ;
Interface is set. SR o
Cne programline is sent. !

AI\p}ng'rar'n- YES
IInassent?
MO i
EQF (Endof Fite)
code s sént.
END

334

SUEREERTIE
PC-7000

Unestowoo|

BASICarays
.aresecured, |
RS-2020 OPEN

Lines30 :
All program
lines recejved?
Lina 40 No Lina 100 A
Cnepragram ime lenamaijs
is received. input.

Vines 6010 60 Lina 1t0:-

Recalved
program ling s
displayed.

Lins 130
Received prograrm is
writtaninte FD.

Line 150"
F0,RS-232CCLOSE

i




e DOWNLOADING PROGRAM FILE (PC-7000 — PC-1460)
The method of transferring the program file in the floppy disk of the PC-7000 to the
PC-1460 is covered here. The contents of the program file being transferred can be
confirmed on the screen of the PC-7000.

M OPERATING PROCEDURE

PC-7000 PC-1460
Program input Preparation for Receiving Program File
I Input Program 2-1. (See below.) | Set PRO or RUN mode.
CLOSE
Program File Transfer 1200, N, 8, 1, A L, &1A"
RUN <::, — LOAD command is now executable.
— The computer executes Program 2-1.
Input file name of program to be trans- Program File Receiving
ferred.
—s The contents of program file being trans- LOAD
ferred are displayed one ling at a time. I’_‘> —» The computer waiis for receipt of pro-
— The compuler transfers program file. gram file.
The computer receives program file.
— End of transfer

H PROGRAM LIST 2-1

10 CLOSE:COPEN "COM1:1200,N,8,17 AS #1

20 INPUT "FILE NAME=";FI$%

30 OPEN "1I",#2,FIs$

40 IF EQF(2)=-1 THEN PRINT #1,CHR#®(&H1A);:CLOSE:END
50 LINE INPUT #2, A%

60 PRINT A%

70 PRINT #1, A$+CHR$ (&HD) ;

80 GOTO 40

No programming for downloading is required on the part of the PC-1460.
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B MEMORY CONTENTS; . -: B

_A$. | For output of one program line
FI$ |File name

W FLOWCHARTS o L

'PC-1460 (Mariual setfing) _ PC-7000 R
SRR BB e B ; I
é F hs_éaéc [ H o
: . inferface s, ‘
L openad! (| " .
Yeiah i i

One prograrn lina is Te-
Lofecelved. L Lo

All prograr ingg
recelved?

Allprogram
lings sant?

EOF (End ofFlie)
coda s sent.

) Line 50 .
. Ona pragramlingis | 1
‘L._readkomFD. | :

. : . . . - "Linaﬁn
W ' t b H -

Oneprogram line fssent.
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PROGRAM TITLE: Three-Dimensional Graph Required Peripheral
Equipment
CE-140F or CE-515P
(orCE-516F) and CE-516L

You probably have been working hard on letiers and numbers with your computer.
Why not take a break for 2 while? However, do notjust absent-mindedly look up at the
ceiling like many are prone o do. Your computer has many functiens with which you
can enjoy yourself even while taking a rest. How about drawing a picture for a change?
It may be fun to create a figure of geometrical pattern, though it will be far from drawing
a real picture. You can relax while remembering those days when you used to play at
making patterns in primary school. This should be more enjoyable than just daydream-

ing.

 HOW TO OPERATE
1. Press (&1 . (Program starts)

2. Input one af the following four values (color numbers) of the color to be used
according to the display.
0: black 1: purple 2: green 3: red

3. Input each of the following four coordinates according to the display.
(Y2=—50, Y2=0)

:(,1 } Coordinatesxxand y at center of graphics

52 } Maximum coordinatesxand y of graphics

Note: X2 must be within 380, and Y2 within -899.

When the above input is completed, the graph is output on the printer. Then, the
program ends.
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B REMARKS

10, ) X1’ X2
| GRAPH |
E o AT
OO
‘ .y |
[
.| GRAPH
Yob———— b

M EXAMPLE -

Draw two graphs using the data shown in the following table.
No. Color- X1 Yt X2 | ye .
1 Red 230 | —150 100 ~50
2 Purple 220 0 100 | —1i00

B When using CE-515P (or CE-516P) o
Modify line 10 of the program list on page 339 as shown below.

1@z e

CLOSE ¢

CONSOLE 88

H PRINTOUT

(Printed out in color. Refer to page 1.)

OPEN "LZ@B,M.8.13R.L"2"
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B KEY OPERATION SEQUENCE

M PROGRAM LIST

<Example 1> LBl CONSOLE 28
152 _TEXT 1 LPRINT
1. e [A] ZO:CLEAR @ MATT B: RODLAN
3D:BEEP L IMPUT "COLOR f@-33="3C:
COLOR (0‘"‘3)=_ T [ IF D<=C AHD C¢d THEMN 50
4B OTO 20
S@:REEP 1@ 1MFUT "Xi="1R
2 3 £OIREEP L: IWPUT "¢l iD
FRBELEP L INPUT "RZ="1B
} x1 =_ ‘ BO:BECP Li 1NMPUT "Y2="1iE
9@: GRAPH ' GLOURSDR ¢ LDB, @AY
95 SORGH
3. 220 LORIFOR 1=0 TO 24Pl STER ,Q5:%={0%
SRR R I
‘ Y1= J LIRILILINE =Wy 0=y =B e E 7 Ba s
- 1
120:LTERT @ LPRINT * LF 12
13 COLOR B BEER 23 EWD

Input data inthe same manner as
above.

4. 50

B

} B MEMORY CONTENTS

c-

1619

WE KT

249 Bytes

A x1

<Example 2> B X2

1. (&) C Color
D y1

COLOR (0—3)=—

E y2

o ! Loop counter
X Plotting position of x-axis

Izl = Y Plotting position of y-axis

3. 220

Y1=_

Input data in the same manner as
above.

4. -100

)
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FLOWCHART

. andX2,Y2arainput.

" are specifidd.

Line 110

Inputenior Nd. offigure *
It e cirawi, :

Coordinates X1, Y1

GRAPHmode s sot.
Colgr & point of origin

Figurs i printed.
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PROGRAM TITLE: Number Guessing Game

This program is designed to allow you to play a game of guessing a 3-digit number to be
generated randomly from the computer. Don't study too much for examinations. Try
this game for a change. Now, let us see how many attempts you must make before you
can make a hit!

m HOW TO OPERATE
1. Press [&] . (Program starts)

2. "¥=" will be displayed on the screen. Now, input a 3-digit number which you
think the computer might have generated. Then, the screen will display the
number of attempis you made and the 3-digit number you entered, followed hy a
comment (about 1 second later).

For example,
e Comment: 1 1

If the dispiay reads as shown above, the first number (1) following comment tells
you that one digit of the 3-digit number you have input matches the random number
generated with respect to its digit position and value. The second number (1) tells
you that one digit of the 3-digit number you have input matches the random number
generated with respect to its value only.

e Comment:3 0

If the display reads as shown above, all three digits of the number you have input
match the random number generated with respect to their digit positions and
vaiues. When you make a hit, the message “VERY GOOD!” and the number of
attempts you made before the hit appear on the screen. Then, the program ends.

Note: Remember you can only input a 3-digit number.
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B KEY OPERATION SEQUENCE

1. BERCE o :‘13
e T A

2. 123 -
[ 1 128
Lgomnwntm 1] 4
‘j:i:] o

_[Eg%;;_

3. 145 (enter

;bﬁ
TR:

- 2"'

145

| Comment:1

=

34

9]
]

Inputdatalnthesamemanneras S ﬁ,‘_,—,

above.

4. 305 (ewiER)

l1i@s

2l 6.

'EE?HEH

- éQEJ’ 128.

N. PROGRAM LIST -

?ﬁ"ILEHF EQHDDH”;?
_1
(FOR H~‘ T3 4247 Br=
RHD 1g-1 HE”T d IF ¢

E=r n+f_1.-u:+-ﬂ Biiy@
THEH 28

BEEF i: IHRUT "ﬁ—-aﬁ
HSIKG -FHUHE TR
iFAR f=g TO 3: HEHJ =E-
IHT CRA1Bakl@i = THT
CCRSIAYLHENT g :
I=@:L=5: F=ﬂ:_ e
FOR #=2 TC d:1F pchy
—ﬁ‘Lﬁ LET I=I+1

ZIHERT
ﬁUHE ’lummnnt- 3
USING ° unnﬁ*'=,P IF,
JL:E LET Y=¥+1:507T0
L)

BEEP ZiFRINT “VERY
000 ! YiYiEWD '
Lsb+izIF aopr=acLy
LET P=F+1

' 309 Bytes :

|Connnent3 61 | MEMORYCONTENTS
. . A vV
| VERY GOOD ! 6 DB |v
C 3-digit number
> i:] D vV
F v
G 2%
H v
J Comment
L Vv
M 2%
P Comment
X Input value
: —

Number of attempts
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B FLOWCHART

{ b 2]

Line 10

Inilialization

Line 20

AfA)=AND1O -1

Line 100

“VERY GOQD!"
& No, of atempls
are displayed.

Line30

Numeric value
Is inpul.

Line 40
nput value &

Na. ol attempts
displayed.

Line 50

( Subrouting 1

Line 110

Affy=X-INT 310}
X=INT{X/10}

Line 60

AlAI=AILI?

) Line 80

Subrouting 1

COMMENTIs
displayed
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A/\ﬁ)‘l+%m

AA
Il

=

Vv w v

—— H

A( )variables
ABS

ACS

AHC

AHS

AHT
ALLRESET
AND

AREAD

ASC

ASN

ATN

Array variables
Auto off (Auto Power Off)
BASIC

BASIC key
BASIC mode
BEEP

CAkey
CALkey
CALmode

79
a8
88
88
88
88
221
88
59
a8
88
88
88
59
88
216
96
96
86
217
217
217
217
217
10
89
146
223
218
218
83
17
241

148
263

C.CEkey
CE-126P
CE-140P
CE-515P
Cellreplacement
CHAIN
CIRCLE
CHR$
CLEAR
CLOAD
CLOAD?
CLOSE#1
Clear key
COLOR
CONSOLE
CONT

CcOSs
CROTATE
CSAVE
CSIZE

CUR

Cursor
Cassettetape
Character Code Chart
Commands
DATA

DEF key
DEG
DEGREE
DELETE
DELete key
DIM

Direct calculation feature
DMS
Debugging
Display

END

ENTER key
EXP

345

263
105, 169
113,171
113
11
149
195
223
151
129
130
225
19
188
226
131
218
200
132
201
218
9
112
255
94,126,129
152
103
218
153
133
97
154
76
218
247
22
156
58

219



Edition calculations
Editing programs
Error Messages
Expressions
FACT

Fixed variables
FOR..TO..STEP
Formatting output
Functions
GLCURSOR
GOSUB

GOTO

GRAD

GRAPH

Hard cover

HCS

HSN

HTN

IF..THEN
INKEY$

INPUT

INPUT#
INPUT#1

INSert key

INT

LEFTS

LEN

LET

LF

LLINE

LIST

LLIST

LN

LOAD

LOG

LPRINT

LTEXT

Labeled programs

Last answer feature

Lirnits of numbers
Line numbers
Linear regression
Logical expressions

58

96

251
87
219
o8
. 157
' 257
92
202
159
134,160
161
203

%

. 219
- 218
219
162
214
163
165
207

61
219
223
523
168
205
206
135
136, 228
219
230
219
169, 171, 232
209
103
70

69

93

‘39

89

348

MATRIX operations
MEM

MIDS

Maintenance
Manual calculations
Masks

MDF

Memory Protection
MERGE

NEW

NEXT

NOT

Numeric expressions
Numeric functions
Numeric variables
ON (Start up)
ON...GOSUB
ON..GOTO

OPEN

OPENS$

OR

Operator priority (BASIC) mode
Operators

P < NP

PAINT

PASS

PAUSE

Pl

PRINT

PRINT#

PRINT#1
PROgram mode
Parentheses

POL

Printer )
Priority (CAL mode)
Program
Pseudovariables
RADIAN

RAM Card

RAM Card Battery replacement

RANDOM
RCP

46
215

1223

249
57
257
173
142
138
141
174
89
88
217
81
17
175
176
235
237
89

261

88
106
210
142
177

216

179
181
238

91

220

105
31
93

214

183

117

" 14

184

220



READ

REC

Relational expressions
REM

RENUM

RESET
RESTORE
RETURN

RIGHTS

RLINE

RND

RUN

RUN mode

Range of numbers
Relational expressions
ROT

SAVE

Scientific notation
Serial /0 function
SGN

SHIFT key

Simple variable
SIN
Single-variable statistics
SQR

SORGN

sQu

STOP

STR$

Statements
Statistical calculations
String expressions
String function
String variables
Subroutines

TAN

TEN

TEXT

TROFF

TRON

Tape Recorder
Template
Troubleshooting

185
220
g8
186
143
10
187
188
224
212
220
145
92
69
88
221
240
68
225
221
18
82
211
38
221
213
221
189
224
93
37
83
223
81
158
222
222
242
190
181
107
104
245

347

Two-variable statistics
USING

VAL

Variables

Verbs

WAIT

39

192

224

80
94,127,146
194
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