1) Specify the LR2 mode { (5] {e5g (11 }.
-2} Set the range values lo those shown in the table.

Range
Ymin =10,
max 14,
gt 3,
frini~58,
mex &
sed 1§,

*According o the general rule of the x-axis range values, the values
for xr are: ~105 # <10 '
(D Clear the stalistical memories,
{ec] e}
4} Input the data.
=119 5 2[er}
HEGHBIENE
=g afer o 2 [61]
1 0 3{0T]
Al [ 8 (577
AELENEIG

{5 Draw the graph.
forasn) [50s) (e | 1

{j,/"‘

* When data is input thal is oulside of the presel range values, a point
does not appear.

“An Ma ERROR is generaled when Ihere is no data input and the fol-
lowing key operalion is performed: [ 55 [Tne) 1 [E35],

* The following must be lrue in the case of range seltings:
Xenin< Xmax,

-~

PROGRAM COMPUTATIONS
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4-1 WHAT IS A PROGRAM?

This unit has a buill-in program feat ture that faciiitales repeal computa-
tions. The program feature is used br the consacutive execulion of lor-
mulas in the same way as the “multislatement” feature is used in manual
compulations. Programs will be discussed here with the aid of illustrative
gxamples,

EXAMPLE:

Find the surface area and volume of a regular ociahedron when the
length of one side is given,

Leﬁgm af wng széeg 2 Sw’face atea {Sj w?ume iV}

‘E{}cm { }cm’ { Jem?
7 { } { i
15 { i { i

* Fill in the parenthesas.

O Formutas

For a surface area 5, volume V and one side A, 8 and V for a regutar
osolahedron are defined as:

m"i{?&? vmr{:?_%s

(2 Programming

Creating a program based on computalion formuias 15 kriown as "t
gramming”. Here a program will be created based upon the formulas
given above. The basis of a program is manual computation, so first of
all, consider the operational method used for manuai computation.

Surface area (8] 209771308 Numeric value A [+ 1)
Volume (VLI ]2 B 3 Numeric value Al 213 58

In the above example, numeric value A is used twice, so # should make
‘sense o store it in memory A before the compulalions.

Numeric value A —~ [#i £ [€x2]
‘ifg ls}fx ‘ip’fﬁmi ..... jtgxﬁjw” »»»»»»»» T ESE A teivrenranusssBatoarrsannn S
{,{_:g L']g@@i}g;ugﬁ jg Ey;gj“‘“;“““_”vse_ ======= EesrenstanAecesavs v

5 .

YYD LS U, Ui QRodiiulid PO U il ridaiial LU b&;iiﬁ L
used as they are in a program. Once program execulion starts, it will
continue in order without stopping, Therefore, commands are required to
reguest the inpul of dala and to display resulls, The command to request
data input Is ~77, while 1hat to display results is ".4".

AP within program will cause execution io stop temporarily and 8 =7~
to appear on the display as the unit waits for data inpul. This command
cannot be used independently, and is used logether with =1 as * [
()= memory name”. To store a numeric value in memaory A, lor ex-

7 ampia:

T A
When “7" is displayed, calculalion commands and numeric values can be
inpul within 111 steps.
The * 4" command causes program execution to siop temporarily and
the latest formula resull or alphanumeric characlers and symbols {see
page 129} io be displayed. This command is used o mark positions in
formulas where resulls are 1o be displayed, Since programs are ended
and their final resulls displayed automatically, thiz command c¢an be
omitted at the end of a program. However, i the Base-n mode Is speci-
fied lor base conversion during a program, do not omit the final 4",
Here these two commands will be used in 1he previously presented pro-
coedure:

BV I | il 11,012 31570 3 [ ANIER BTGP
Inpul o memory A E»wiﬁispiﬁy s

D@ Ee B33
T4 omitted

Mow the program s complele,

() Program storage
The slorage of programs is perdformed in the WRT mode which Is speci-

fied by pressing bl [ .

Cperation Display
fdot] 773 Y% mods WHT
caf mods COMP
gngise teg
dhisplay Herm
477 Bytss Fese
Prog 01123456788




When [ [71 are pressed, the syslem mode changes lo the WRT mode,
Then, the number of remaining steps {see page 106)is indicated. The
number of remaining steps is decreased when programs are inpul or
when memories are expanded. i no programs have been inpul and the
number of memories equals 26 {the number of mermories at initialization),
the number of usable steps should equal 422,

‘The larger figures located below indicale the program areas {see page
108 Il the letter "P" is foliowed by the numbers @ through 9, it indicates
that there are no programs stored in areas PO through P3. The biinking
2e10 here indicates the current program acea is PO

Areas into which programs have already been stored are indicaled by
"..” Instead of numbers.

$ys mods [ WRY
cei fmodes [ COME

sngls [ Disg
dispiay | Moim

748 Byies Fres

Psngf@?mﬁéwﬁ?§§

Here the previously mentioned program will be stored o program ares
PO {indicated by the blinking zerol;

Operation Dispiay
{E52] {Start storage] _ i = |

5 S LR it A B e PeA L OXT3XAY,
BBl B (7] el : e

?“*A; 255M3§<A51
¢ 2EAXA R

CTe@mamemnizls

Alter these operations are complele, the program is slored.
* The system display appears only while the Bvd key is pressed

Biod (Displayed while pressed) #Edr MODE #rex
syt moges | OWORT
tel mode I COMP

gnglie 1 Dsg
dispiay © Hoim
Tiep PO~T0

= After the program is stored, pressti I fo return to the RUN mode.
8z

i§

@ Program execution o
Programs are execuled in the AUN mode (¢ 9 1} The program area to
be executed is specified using the Pl key.

To execute PO:  [Feg] O [Exg]

To execute P [Fed] 3(EE]

To execute P8 [Fro) 8 [ExE]

Here the sample program thal has been stored will be executed, The
surface {S) and volume (V) lor the reguiar octabedron in the samgple prob-
iem are computed as:

tength of one side (A} Sutsoe srob (51 Wolume (V1
10em (346 41016153cm? | (471.4045208)°
7 {169.7409791} {161 6917506}
i5 {779 4228634} {1500.000258]
Cperation Dilaplay
oot} 1 ved4 MODE #24%
gys mads [ RiUH
et mods I CODHP
gagle [ feg
dispiey . Harm
Step &
{{’E’Q@ ?ﬁﬁiﬁxg‘"ﬁx;&%
f2+3xXAx*3
Proeg @
¥
10 [ExE] T A IXTBXA 4 (S when A = 10]
{Value of A) F2+3%Aer3 '
FProg @
H
10
G486 .4101615 | indicates answer
T~ Disp — |displayed by 4
; BSAR. AR



5@;,

(73] 0 (652}

7 (ExE] (value of A}

£xE

&=

[ 7-A T 2%I3XA",
1V 2+83KAx¥3
1 Prog ©

! ;
10 “

346.4101615 |
471.4045208 |

1 2+8XA203

Prog O
7
19
346 . 4101615
471 .40456208
Prog O

1@
346.4101618
471.4045208
Prog ©

169.7408791
= Disp =~

Frog O

346.41018615
471.4045208

169.7408781

§$§,68i?§@§m

{V when A = 10

(B when & == [}

i when A = T}

{Frco] O {ExE]

15 [exe]
[Value of A}

TExE

471 .4G452¢8
Prog ©

169.7408781
161.69175086
Preg €

169.7409781
161.6917506
Freg ©

15
779.4228634

- Diegp -

160.7408791
i61.6217506
Prog ©

15
TTG.4228634
150Q.990258

(S when A = 15}

iV when A == 15}

* Program computations are performed automatically wilh each press of
(£x} when i is pressed aller dala is Inpul or alter the resull s read.

g5



* Directly after a program in PO Is executed by pressing [Fiegl O as in
sz*zis example, the FProg O command is stored by the repiay function,
Therefore, subsequent executions of the same program can be per-
formed by simply pressing [Ex£],

Operation
{Pee] 0 {E2€] [P0 program execution)
10{EE] {Input 10 for A}
[zxe] {Display V when A = 11
{Resxeculs)
FleE] lnput 7 for A
{Display V when A = 7)

3
#

96

4-2 PROGRAM CHECKING AND EDITING
(CORRECTION, ADDITION, DELETION)

Recaliing a stored program can be performed In order to verily its con-
tents. After specilying the desired program area using or LE7 in the
WRT mode {668 1}, the program contents will be displayed by pressing
the key. Once the program is displayed, the for (&1, e
key is used to advance the program one step at a time for verification,
When the program has been improperly stored, editing can also be per
formed by adding to it or erasing portions. Here a new program will be
created by checking and editing the previous sample program ithe sur
face area and volume of a regular oclahedron),

EXAMPLE:
find the surface area and volumes of & reguiar tetrahedron whon the

length of one side Is glven.

SN g
E 'Lm’ig%h éf’ one side (A Surface arga i5] Yolume 1V}
10 om ( Yom' | ( Yorn?
7.5 { 3 { )
20 { } { }

@ Formulas
For a surface area S, volume V and one side A, § and V for a regular tef
rahedion are defined as

G ITA VU= ‘{E o

(2 Programming
As with the previous example, the length of one side Is stored in memor
A and the program then constructed.

Numeric value A — ird B [Be]

(710 [0 FPd B [T R corrrerermmrmmsessomernerenanns Coanevsasessisauririns g
232@_@3{%@ ,,,,,,,,,,,,, T T P P Y

When the above is formed into a program, it appears as follows:

(o) [ ) o 1 (3 (7] 3 (2 i 8 ()
FlzE12@ R EF]3



Program editing
it a comparison of the two programs would be helpful.
Gcetahedron: (5] U7 0=V E60 8 (3 2 (39 (777 3 4 foead 3 27 (5] 1)

2@ 3w B (=73
Tetrahedron: ool [ [0 e 18 O 077 8 2 fvmd 81 0571 5] 44

Lz 12 B3] 3
: cotahedron program can be changed to a tetrahedron program by

efing the parls marked with wavy iines, and changing those that are
riked with straight lines.

ictual practice, this would be performed as follows:

Operation Esplay
_ﬁ@gﬂ tys mods 1 WRY
jeai mode | COMP
s#ngie [ Dasg
dispiay . Hoerm
402 Byies Frea
Prog 123456780
p Cursor located at
¥ F o f° 2 -
FEE, LA 2HT AR, beginning. Press
TO+9%A 42 B {E%] (o bring
cursor o and
- - Locete cursor at
SR Foend 2
&«EQ&%E@E P A 1] BKAT, position 1o be de-
{oen}[oEd] A ES S Rk leted, and delete
two characiers.
T—Ai{ BXAY, Insert two charac-
(5] 12 F2+12HXA 23 ters.
foe) A AHAT, Dslete unneces-
T0+192%A %3 sary 3.
[oor] {13 ¥ikd MODE s%+4 Lditing cmoplets. Re-
turn o the RUN mode,
ey s mode [ RUN
cei mode [ COME
sngte . Dog
display | Horm
Stap &

@ Program execution

Mow this program will be execuled.

Lengih of one side {4}

Suriate afea {5)

Volume [V}

toom
7.5
20

{173.2050808 ) om'
{97.42785740)
(697 8205323)

{117,851 1302 e
{48.71844555])
(942 8080416}

Operalion
)

10 fExe]

EXE

Display

s bi%s WODE #Se%%

tys moede [ RUHN

cai mode o DOMP
angte | beg

dispiay : Herm

Step g

Tk L AXAY,
V2+12XA %3
Frog O

?

Teh i AXAT,
SO+ XA 23
Prog @
¥
10
173.2050808
- Dlsp =

P At BXAT,

O+ 12XAx%3

Frog ©

?

10
1793.2050888
117, 8511302

59



100

{pizg} 0 (€3]

7.5 [Exe]

374

{Proa] O [£xE]

¢ 221 2KA 3

Prog O

¥

1R
173.20508608
117.8511302

Prog O

H

| 10

173.2050808
117.8511302

Prog 9
?
1 7.5
: 87 42785783
- Blep =
I/ B
173.2050888
117.85113812
Prog @ '
¥
7.5
g7 .42785793
43 ,71844555
117.85113@2
Prog O
¥
7.5
a7 . 4278BR7G5
4G,718445858
Prog @

3

201Exe]

£XE

o Sy

715

9% . 42785793
49.71844555

Prag O
¥
20
602.820323
-~ Blsp —
7.5

preg O

?
29

87.42785743
4G0.71844555

602.6820323
942 . B090416 ;

10



{Summary?

— A Cparalion Keys used
Program & WRT mode specitication Tooiy2)
check ® Program area specification [Omitteg #f POy | [E5105]
@ Siart verificalion H [exe}
e e} ® Verification of contents ! Ll U8
| Correction | ® Move the cursor to the position to be cor-  [LO 1[0 el
: recigd '
.  ®Press correct keys, o
Beletion ® Move the cursor to the position io be de- @i;u L,:ﬂﬁ} )
teted,
e .| ®Delgle . {bey]
| tnsertion ® bove he cusor 1o the posilion 1o ba i CE e ledlog
serfed into.
® Specily the inseri mode, L
& Pross desired keys.
{Roferance?

Cursor movement
Prassing the cursor keys {0 L] L8105 1 causes the cursor 1o move

a3 foliows:

)

1Cursos position
)
{5
G
iy

wg;”"ﬁ :;'73;‘5&35 _
B g e 2FV2XA RS
T = =
nvalid t position right tnvalid

1 position el {C4
T position lelt
t position el

¥ position right

tnvalid

1 line up [
¥ posifion right {84 Beginning o Bine (A4 1 Hine down {03
1 line up [T}

1 #ine down (B4
End of line { D}

invalid

7y

4-3 PROGRAM DEBUGGING
(CORRECTING ERRORS)

After a program has been created and input, it will sometimes generate
error messages when il s exeuled, or it will produce unexpecied resulls,
This indicales that there is an emor somewhere within the program that
needs o be corrected. Such programming errors are relerred (o as
“bugs”, while correcting them s called “debugging”.

# Debugging when an error message s generated
An error r.essage is displayed as {olluwvs:

<Type of eiror

Syn ERRWH
Siep ?%w%

et Sars umbet wherse
grror was genaraied
- Program sres where

grrof was generated

The error message informs the operator of the program area (PO 1o P9} in
which the error was generaied. It also stales the iype of error, which
gives an idea of the proper countermeaswre 1o be taken. The slep num-
ber indicates in which slep of the program area the error was generated,

B Error messages
There are a iplal of seven eror messages.

{1* Syn ERROR {Syntax error}
indicates a mistake in the [ormula or 3 misuse of program commands.

2} Ma ERRCH (Malhematical error}
Indicales the computation resuit of a numeric expression exceeds
10 an iilogical operation (ie. division by zerol, or the input of an
argument thal exceeds the input range of the function.

(I Go ERROR {Jump efrar)
indicates a missing Lbt for the Goto command {see page 113}, or ihal
the program area {see page 108} for the Frog command {see page

120) does not conlain @ program.

103



Ns ERROR [Nesting error}
Indicates a subrouting nesting overflow by the Prog command,

® Stk ERROR (Stack error)
Indicates the computation performed exceeds the capacity of the
stack for numeric values or for commands {see page 16].

(& Mem ERROR {Memory error)
indicates the attempt fo use a memory name such as 7 [5] withaut
© having expanded memories,

@ Arg ERROR {Argument error)
Indicales the argument of a command or specification in 2 program
exceeds the input range (Le. Sci 10, Goto 11).

Furiher operation will become impossible when an error message Is dis-
plaved. Press 521057 or (8740 canc 2l the error.

Pressing (521 cancels the error and new key Input becomes possible.
‘With this operation, the RUN mode is maintained,

Pressing L] or (=] cancels the error and changes the system mode to
the WRT mode. The cursor is positionad at the location where the error
was generaled o allow modification of the program o eliminate the
DErer,

B Checkpolnts for each type of error
The tollowing are checkpoints for each type of error:

() Syn EARCR
Verify again that there are no errors in the program,

Ma ERROR
- For computations that require use of the memories, check to see that
the numeric values in the memories do not exceed the range of the
arguments. This type of error offen scours with division by O or the
computation of negative square roots,

Go ERROR
Check o see that there is a corresponding Lbln when Goton is used
Also check to see that the program in P a has been correctly Input
when Prog n is used.

@ Ne ERROR
Check {o ensure that the Prog command is not used in the branched .
program area o return execution o the orgina! program area.

104

5) Stk ERROR )
® Check to ses that the formula s not too long thus causing a stack

evartiow, If thig s the case, the formula shouid be divided into two or
more parts.

® Mem ERROR o
Check to see that memories were properly expanded using “ sl (2 «

" {Delm). When using array-type memories {ses page 124], check
{0 see that the subscripls are correch

7} Arg ERROR ,

@ éhgeck whether values specified by BEsg 7 (Sei} or {ucoe] ] (Fixy are with-
in the range of 0 ~ 9. Also check whether values specified by Golo,
Lhl, or Prog commands are within 0—8. Alsc ensure %hatﬁ memory ex-
pansion using wéeel C1 (Delm, is performed within the remaining number
of steps and thet *ho a2 used for expansion is not negative.

165



44 CUUNTING THE NUMBER OF STEPS

The program capacity of this unit consists of a total of 422 steps.

The number of steps indicates the amount of storage space available for
programs, and it will decrease as programs are inpul. The number of re-
malning steps will alse be decreassd when steps are convered io
memories. {(See page 243

There are two methods 1o determine the current number of remalning
steps:

When fuocg are pressed in the RUN mode, the number of re-
maining sieps will be displayed fogether with the number of
memcries.

Example:

Tuope] £

kD glmiEk

Program | 1§t HNymber of stepns used
] for programming
Memoyy . 26—t noimiber of memories

403 Bytes Freed Numberaof remaining
sieps

D Specify the WRT mode ([55 B}, and the number of remaining sleps
will appear. At this time the status of the program areas can alse be
determined,

[uE (# tyg mode I WRT
cal mods I COMP
arngie [ Deg

dleplay [ Horm

403 Bytes Fiesd-Numbher of remaining
steps

Frog 123488789

Basically, one function requires a single slep, »u tere are some com-
mands where one function requires two ste s,

« One funclion/one step: sin, cos, tan, log. [ L, AR 1,2 3, ele.

= One funclion/two steps: Lbi 1, Golo 2, Prog 8, eic.

Each step can be verified by the movement of the cursor:

106

Example:

T Y 4
Vo1 24452%3

Present cursor position—

At Whis time, each press of a cursor key {[(E] or [57]) will cause the cur-
sor to move 1o the next sequential step. For example:

Mgm sigp
TAd 3XA Y,
f9+12KA2"3

The display will show at what step of the program the cursor is currently
located as long as Beddis pressed.
i g #¥4% MODE #%%%
{Haold down)

tys moeds | WAHTY
cat mede [ DOMP
sngie : Deag
display © Horm
Step FO-8 indicates cursor is Io-
cated at Gth step.

a7



4-5 PROGRAM AREAS AND COMPUTATION
MODES

Yhis unit contains a total of 10 program areas (PO throush P8} {or the stor-
age of programs, These program areas are all uvlilized in the same man-
ner, and 10 independent programs can e inpul. One main program
Imain routing] and a number of secondary programs {subroulines) can
also be stored. The total number of steps available lor storage in pro-
gram areas PO theough PO e 422 maxdmum,

Speciiication of a program area s performed as {ollows:

RUN mode: Press any key from 0 through § after pressing {he [Frogl kay,
Example: PO i) 0 (5]
P8 [eeglis ExE]

i this mode, program execulion beging when (i js pressed,

e ek

WHT mode: Use [T or [ 271 10 move the cursor under the program area
io be specified and pressiext],

Only the numbers of the program areas that do nol yet contain OrOOTAms
will be displayed. " symbols Indicate grogram areas which already
comtain programs,

Exampla:

sy mode [ WRY
cgt modas [ COMP

' stgle | Deg

diepliay | Heorm

40% BEytey Free

Prog 193 679
f Py
Programs already stored in these program areas.

B Program area and computalion mode specification in the WRT
mode '

Hesides normal {unction computations, 1o perform binary, octal, decimal

and hexadacimal computations and conversions, standard devialion com-

putations, and regression computations In a program, a compulation
nrode must be specified. Program mode specification and program area-

specificalion are performed af the same lime.

108

First the WRT mode is specifled {8 i7)), and then a compulalion mods
is specilied. Next, the program area is specilied, and, whenlgxtlis press.
ed, the computation mode is memorized in the program area.
Hencelorth, stored programs will be accompanied with the computalion
mode,

Example: Memorizing the Bass-n mode In P2

fuoat] (7] sys mode . WRI | Assuming that nothing
cat mods [ COMP ig stowod.,

angie [ Dsg

gisplay [ Horm

43% Bytwos Fres

Prog 23458700

R pys mods | WRY Speclly P2
gt modes | TOMP
sngie | U4
dispiay | doerm

A4%% Bytetr Fias

Prog BUIBARETED

ee) [ sy: moeda [ WRTY Specity the Base-n
zal moude Bzze-~f i mode,
BB

42% Byltes Fras

prog GIIA4BGTRD

EAE -

As shown above, the computaiion mode will be memorized info a pro-
gram area. g

“ ~ 108



k1 Caulions concerning the computation moges

All key operations available in each compulation mode can be slored as
programs, bul, depending on the computation mode, cedaln commands
or {unctions cannot be used,

3

Rese-n mode .

= Funclion compulations cannot be performed,

= tnils of angular measurement cannot be specified.

» All pregram commands can be used.

= Be sure lo include 3 “.4" al the final result culput 1o return 1o the pre-
vious compulation mode when a program execution is terminated. Fail-
ure o do so may resull in a dechmal display or an error.

501, 8D2 mode
= Amiong the functions, Abs and U cannol be used,
« Among the program commaends, Dsz, 2 and < cannoct be used

LAY, LRZ mode
= Among the functions, Abs and ¥ cannot be used
= Among the prograin commands, =», =, %, Lz, 2, 2, Dsz, > and <
cannot be used, '

110

4-6 ERASING PROGRAMS

Erasing of programs is performed in the PCL mode. Fress 45 (3 to spe-
cify the PCL mode. Thars are two methods used o erase programs:
efasing a program localed in a single program area, and arasing all
OrOams,

B Erasing a single program
Yo erase a program in a single program area, specily the PCL mode and
press the [5c] key alter specilying the program area.

Example: Erase the program in P3 anly.

Cperation Display
[ 3 Teys megs : PCL PO, B3 and P9 already
tet mode [ COMF conlain programs,
sgnpte [ BDeg
dig, 14y © Hosm

324 Byte: Fres

Feog o128 4BBETH

KERIRFAIRED sys mads - PCL Align cursor with P3,
c&d mode L {OMP
anagie [ Deg
diapliay ! Hoim

324 Byiss Fraes

Prog P Ged BETH

[&E ] sys mods . FPOL Mumber 3 appears ab
€8l mode 1 COMP ter deletion,
sngle [ Deg
gisplay [ Hosm

867 Byies Fres

Prog 19345678

I¥



[Hgat (1] #nse MODE *srw Belyrn lo RUN mode. "
tys mogs [ RUN
cat mode [ COMP
angle [ Deg
dispiay [ Herm
Step é

B crosing alt programs

To erase &l programs stored in program areas O through 9, specily the
PCL mede and press 59 and then (DR
Example: Erase the programs slored In PG, P4, PB and P2,

Cparation Display
-Dagot] [3] tys mode . POL
cal mods [ LOMP
sagle [ Deg
diapiay Norfm
765 Byies Fias
Beag 123 587
Baiitpi ] sys mods | PO
o cat moge [ LOWBPE
angits [ Deg
dlspisay Horm
427 Hytey Fres
£rog 123456780
émmi@ et HMODE &5 &%
ty: mode [ RUH
cat moge 1 COMP
sagte | Deg
digspitay [ Herm
Step &

112
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4-7 CONVENIENT PROGRAM COMMANDS

The programs for this unit are made based upon manual computalix s,
Special program commands, however, are available fo aliow the see:.
tion of the formula and repelitive execution of the same formula,

Here, some of these commands willl be used lo produce more oo v -
nient programs,

B Jump commands

Jump commands are used to change the flow of program execulion,
Programs are execuled in the order that they are inpul {from the lowest
step number first) untii the end of the program Is reached, This syste.n is
not very convenient when there are repeat compulations to be perforre o
or when i is desirable to transfer execution to ancther lormula, s n
these cases, however, that the jumps commands are very slleciva
There are three types of jump commands: a simple dnconditional jumr 3 ‘o
s branch destinalion, conditional lumps that decide the branch desing
tion by whether a certain condition s true of nol, and count jumps tha 13-
ciease of decrease a specific memory by one and then decide He
branch destination after checking whether the value stored squals "o o
of ot

¥ Unconditional jump

The unconditional jump is composed of "Goig” and "Lbi". When proge o
execulion reaches the stalement “Goiv n” [where a is a number fren U
through 8}, execution then jumps to "L »” {x is the same value as L.Clo
a). The unconditional jump is oflen veed in simple programs 1o return e 4-
ecution to the beginning for repetitive compulations, or to repeat € i-
pulations from a point within a program, '

Unconditional jumps are also used in combination with conditional ar d
count jmps. '

Example: The previously presented program lo find the surface irva
and volume of a regular tefrahadron will be rewritlen v b g
“Goto 1" and "Lb! 1" to al' ./ repeat computations.
The previous program contained:
EEE S T G N
SR, =0, 2, ¥ A e 3 19 steps
¢ Meroinalter, commas {, ] will be used to separate steps for the sake of
clarity,



O TOROHG 1 10 e enld o w U QEOUFdaE, 80U duUd LI B 0 e Leyin
iing of the program as the branch deslination,

1 this is simply lell the way 1t is, however, the volume will not be display-
st and execution will move immediately 1o the input of one side al the
Poginning. To prevent this ~wation, msefi a display comman.. {4} in
ont of the “Goto 17, 3

“he complete program with the unconditional jump added should look

T ke this: :

Lbl, T, 20 7, = A 1 VT 3, X A 1t 4

f;,2,—5:‘%izgx‘ﬁg,x,&‘da{}mﬂ&% 25 sleps

viow lel's try execuling this program.

*For details on inpulling programs and ediling programs, see seclions
-1 and 4-2.

‘Heacelorth, the dispiays wilt only show compulation result ol

Oparation Display
LR H T3 R . Stored in PO,
Fiklexe] 173.9050808 ?)Ew tength of the
fexé] (17.8511309 00
[exg] ?
7.5[6E] §7.42785793 | The lengih of the
(E5E] : 49.71844555  Sdew7S8
[exe] 7

Lince i?‘se program s in an endless loop, it will conlinue execution. To
terminale execution, press w1,

fuiooe] {1 T7%€es MGDE vee4

tys mode [ RUH

tEl Mmode [ COMP
angle [ Deg

dglspiay © Hoim

Siep &

pEsSIIes e gy zg OF Uie prograis, Dranch gestnations oon ue Jdos-
igrated at any point within the program.

Example: Compute y=ar-+b when the value for x changes each lime,
while a and b can also change depending upon the com-
putation.

Program
e T - A W < 70 T A S
A X, X, b, B, 4 Golo, 1 23 steps

When this program is execuled, the values for 3 and b are siored in
memonies A and B respectively. Aller that, only the value for « can be

changed.
In this way an unconditiona! jump is made In accordance wilh "Golo™ and

“Lbl", and the tow of program execution is changed. When there Is no
“Lil 0" to comrespond {o a "Golo »”, an error {Go ERAGH} is generaled,

¥ Conditional jumps
The condiional jumps compare a numeris value in memory with a con-
stanl of & numeric value in anather memory. If the condilion s true, the
statement lollowing the “=" is executed, and il the condilion is not frue,
execution skips the slatemeni and conlinues {oliowing the nexi “es” "
or " 4",
Conditional jJumps ake on the Inlowing form:

Left * Helational Right State- {“’f‘g* State-

sida operator side ment 4l ment

s w¢ yepresents cairiags relurn funclion (see page 1224
* Anyong can be used,

fne memory name {aighabetic character from A through Z), constant
numeric values or computation formulas [AX 2, D—E, elc.) are used for
“lefl side” and "right side”,
The relational operalor is a comparison symbol. There are € types of re-
fational operators; ==, ¥, &, 5, > <,

Lell sidg = nghz side {ielt side cguals righl side)
Lelt side # right side flefl side does nol equal right side}
Lett side 2 right side {left side is greater than or equal (o right side}
fell side = right side el side is less than or egual 1o right side)
Left side 2 right side {iell side is greater than right side}
Left side < right side lell side is less than right side]
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The "=»" is displayed when [v1] 7 are pressed. f the condilion Is true,
gxgcution advances (o the statement lollowing = if the condllion is not
frug, the stalement following =» Is skipped and exgcution jumps to the

statement Inllowing the nexd "+, " [ " or 4",
' i true
Left Refational Right ~, State- [%1 State-
side operator stds mant | gl ment
i not true ’l\

A slatement is a compulation formula {sin AXE, etel or 8 program com-
mand [Goto, Prog, ele), and evervihing up o the next "+2", " (" or " 4" is
regarded as ons statement,

Example: I an input numerle value s greater than or equal fo zero,
compute the square oot of that value, i the input value is
iess than zero, relnpul another value,

Program
bl b, 0, 7, ~ A LA 2 @, A £ Golo, 1
16 sleps

In this program, the inpul numeric value is slored in memory A, and then
il iz tested io determine whelher it is greater than, equal 1o or legs than
vero, i the contents of memory A are grealer than or equal 1o O (nol fess
than zeron, the stalement lcompulistion formulal logated belween "=27 and
" 4" will be execuled, and then Golo 1 relums execulion 1o Lbl 1. i the
conterds of memory A are less than zerp, execulion will skip the loliow-
ing statement o the nexi " 47 and returned (o LB 1 by Golo 1.

Example: Compute the sum of Input numeric values. f 2 G 73 Input, the
Intal should be displayed,

Program
@, -, 8, o,
Lhi b, o, 7, — A, L A = 0, = Gots, 2, [,
A4, B~ B, L, Golo, 1, 1,
bbt 2, .. B 31 sieps

in this program, & O is {irst slored in memory B to clear it for computation
of the sum. Next, the value inpul by "7+ A" is slored in memaory A by
i mnd s delermined whether or not the value stored in memaory
A pruals zero, I A=, Golo ¢ causes execution to jump to Lh 2. H mem-
ory A does not equal O, Goto 2 will be sidpped and the command A+-B—
B which follows 7" is executed, and then Golo 1 returns execution lo Lbl
i

Execution from Lbl 2 will display the sum that has been stored in mem-
ory B. Actually, the display command "d" is inserted foliowing B, but

The following Hlustration shows the flow of the program:

(A0}

{

Ebil P A
(A= 0}

A= 30G0n? P ALB-B  Golo
(A%

(hiz 1B
(A=0)

] Count jumps
The count lumps cause the value in & specified memory 0 be Increased
or decreased by 1. If the value does egual 0, the lollowing statement 5
skipped, and the statemen! following (he nexd "+, " " or "4" s e -
eouted. The "isz” command is ysed to increase the value In memory by |
and decide the subsequent execulion, while the "Dsz" command is used
io decresse the value by 1 and decide.

Memory contents %0

rown
fsz R%smsrg;ﬁame © Siatement i;é ﬁiaie%ﬁes}i
' G

Memory conlenis=

Memory conlents %0

oo e —y =4
Dsz  Memory name | Slatement {1; Stalement
- A

BMemory contents =0

Example: Increase memory A by ong e isz A
Drogrease memory B by one -+ [Muz B

Example: Delermineg the average of 10 Inpul numertic values,
Program
[ 1 - SR /) NE R S
i, b, 0, 7, =B, .8+, C,
!

Dsz, A, ©, Goto, 1, 2,0 . B 32 steps



o Ihis program, lirst 10 is stored in menmory A, and 0 is stored in memory
) Mﬁmofy A is used as the “counler” and counldown is nerdormed the
i ocilied number of times by the Dsz command. Memory C is used 1o
Aore s sum of the inputs, and so first must be cleared by inputling a 0,
fre pumeric value input in response to *7" is stored in memory 8, and
enctne sdm ol the input values is stored in memory © by "B-+C~C ",
ke stalement Dsz A then dacteases the value slored in memory A by 1.
f ihe result does not equal 0, the {oflowi g sialement, Goto 1 is ex-
douted, i the resull cquals 0, the following Goto 1 is skipped and “C -
7 s execuled
txomple: Determine the  altitude al one-second intervals of a ball
thrown Into the air at an Initial velocity of Vm/sec am:i an
angle of 8% The formula Is expressed as: h=Vsin J {— g?
with g = 9.8, with the selfects of alr resisiance being cﬁsras

gardad,
Program
Deg, [, 8, - T, 1, %, *ﬂ‘af,, A -
ii;i%,iﬁszgﬁiéifﬁ}{, SXKW

T LA 2,.4,; G::J g, | 38 steps

nothis program the unil of angular measurement is sel and memory T is
le U imtialized {cleared), Then the mitial velocily and angle are inpul info
nomories ¥V ariﬁ 5 respectively,
~EE 1 s used al the beginning of the repeal ¢ . _._1w.5 The numeric
< ue stored in memory T is counted up {increased by 1 53}‘ sz 1. In thiy
wse, the isr command s used only for the g}m;}i}se of Increasing the
@ue stored in memory T, and the subsequent jump does nol depend
iLon any comparison of decision. The Isz command can alse be used in
hi: same manner as seen with the Dsz command for jumps that feegusfe
e cisions, bul, as can be seen here, it can also be used o simply in-
wease values. H in place of the Isz command, another method such as
T4 1~7" is used, five steps are required instead of the two for the {Isz
‘} melhod shown here. Such commands are convenient ways of consery-
. memory space.
'i‘,beh time memory T is increased, compulation is performed according
the formula, and the altilude is displayed. i should be noted that this
i ,gfam is endless, so when the required val ue is obiained, (oot (3] are
sressed fg lenninale the program,

Summary?

Command Formula Oparation
Unconditional | Ll » Pedorms uncenditional jump o
jump Goio o {n=natural number Lbl s corresponding 1o Golo

i from O through 8)
Conditionat Left  Relational Hight - Left and righl sides are com-
umps side  operalor side pared. I the conditional expres.

o sion is lrue, the statement afier|
Statement { : } Sialement | =% is sxeculed

- # ool true, execulion jumps o
(Relational operalors: ==, %, | the slalement lollowing the next
>, < B E i or 4
Stalements include numeric ax-
pressions, Golo commands, ele

Mumeric value stored In memory

5 increased sz} or decreased

ifisz) by one_ ff resull equals 0, a

fump s performed {0 the state-

- mest {ollowing the noxt = o £

Statement {‘éf Statement | Statements include numetic ex-
pressions, Golo commands, elo,

Count jumps | Isz Memory name;

ol
Siatement i,,d} Statement

Erzz Memory name:

{Memory hame consists of
singlc  characler fHom  *
theough 2 AL 4, slc)

B subroutines

A program contained in a single program area is calied a "main routing®.
Often used program segments slored in other program areas are called
"subroulines”,

Subroutines can be used in a variety of ways to help make computations
easier. They can be uczd to slore lormulas for repeal computalions as
one block 1o be jumped to each time, or {0 store ofien used formutas or
cperalions for call up as required. :



. . Subroutine
Bain routine -
BG /”“3’ P}
Prog 3 il b
: > P2 > P4 > P8 =23
E / Prog 4 @4 Brog & xé Prog §Z< :
Progd et TR 2 i ~ed J
: Lavel 1 Level 2 Level 3 Level 4

v

The subroutine command is "Prog” followed by a number from 0 through
§ which indicates the program area
Example: Prog 0 «<-Jump to program area
Prog 2 e Jumpr to program area 2

Aftar the lums Is performed using the Proo command, execution cone
finues from the beginning of the program stored In the spesified program
area. Alter execution reacheys the end of the subroutine, the program re-
turns to the statement following the Prog n command in the original prog-
fam area. Jumps can be perlormed from ong subrouting 1o another, and
this provedure Is known a8 “nesting”. Nesting can be performed {0 a
maximum of 10 levels, and attempis to excesd this Himil will cause an
arrof (Me ERROR] 1o be generaled, Altempling to use Prog o lump o a
program area In which there I no program stored will also result In an
error {Go ERBORL

A Golo p contained in & subroutine will jump to the corresponding

LBl # cortained in that program area.

Example: Simulianeously execute the two previously presented pro-
grams to compute the surface sreas and volumes of a regu-
tar pelahedron and tetrahedron,

Express the result in three decimal places.

This example employs two previously explained programs, and the first
step is o input the specified number of decimal places (oo (71 3]
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Now let's review the two original programs,

Regular aciahedmﬁ

PO Kk, 3, ﬁ?m*ﬁ; ZXJMI’;XAIA

2ot A Gi 3 23 steps
Regular tetra?:edmfs
Pl Fix, 3, ,KMAL L3 A, 2 A,

Total: 45 steps

it the fwo programs are compared, It is eviden! thal the underiined por-
tions are identical. I these portions are incorporated Into a common sub-
routing, the programs are simplified and the number of steps required s
decreased,

Furthermore, the portlons Indicaled by the wavy line gro not Bdontics! as
they stand, but il P1 is modified to: ¥ |, 2, +, 3, X, A, 27, 3, +, 4, the
two porions become entical,

Now the portions undetlined by the straight line will Do sfored =0 an -
dependent rovtine in PY and those underlined with the wavy ierze will be
siored in P8,

PO Fix, X0, P, A T4, 30X A 2 12 sieps
=5 S - T O WL 8 steps

After the common segmenis have been removed, the remalnder of the
regular oclahedron formada is stored I PO, and that of the regular let-
rahedron is stored in P1. Of course, the "Prog 8 and “Prog B® must be
added to jump o subroutines P8 and PB.

FO Prog, B, 1, Ans, X, Z, 4 Prog, B . Gsieps
P1 Prog, @, 4, Prog, 8, ¢, Ang, %+, 4 g steps
Total: 38 steps

With this conliguration, exscution jumps 1o program PY at the beginning
of programs PO and P1, three decimal places are specified, the value for
one side iz entered, and the surfage area of the telrahedron is come-
puted. The expression *2X”" of the originaf octahedron formula was omit-
ted In P8, so when execulion returns to PO, “Ang X 2" iz used to oblain
the surface of the octahedron, In the case of P, the resull of P8 needs
no further modification and so is immediately displaved upon return o
1.
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Computation of the volumes is also performed in a similar manner. Afler
a jump is made fo P8 for compuiation, execution returns to the main
routines. In PO, the program ends after the volume of the oclahedron is
displayed. in P1, however, the result computed in P8 is divided by four to
obtain the volume of the tetrahedron. By using subroutines In this man-
ner, steps can be shortened and programs become neat and easy to
read,

The lollowing Hlustration shows the flow of the program just presented.

B . Pg 21
Progh @ Fix3 i 7T— Al < Progh 4

~ A ALY o
”\&‘k
Ans X 2 £ £~/

9‘ & 5
/;ng% cAng - 4
Prisg B pn » | E2+3IXA -e?/

.. x*3 wdd

By Isolating ihe common portions of the two original programs and storlng them
n separals program areas, steps are shorened and programs take on a ciear
conflguration,

B Carrlage return function
With the carriage return function, (B€ Is used in place of i o separale
commands to produce easy-to-read dispiays.

DegiQ-~T: 7=V 7§

LBl Titssr TivHs

B OEXAT-9,BXT*+0,

Goto |

Using the cariage retumn function in the program shown above pro-
duces the following cﬁspt&yig (6] pressed at
GaaV fhese two loca-

g . . tions, Mothing Is
@-Ti1-v:i7—3 displayed at the
L1 1Idlsz T:VXsi | point where[EElis

. 7 pressed, and the
hOSAT=8.8XT7+2, dispiay advances
Goto 1 to the next Hna,

This makes angle wnit setting and looped ogeralions, efc. easier In
foltow,
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« Operation procedure
[wsod] (2] {ExE {Press in place of GI) .
0} = eens) 83 (0 i) (7§ D= Jaed @ 1 i {0 30 Vel B3 (E2E]

* Yo include the carriage return funciion in a program that has already
been input, first press (s to specify the insert mode and then
press(EEl Then, delete the » 1",

Degif—T:!t=V. =5

Lt fTitsy TIVXsl

BOSKT=2,BXT +2,

Gato 1

Allgn the cursor with the * © * following “Deg” and press e [ws] F]
(=) (5] [768) (656 Deg
S M R A P S W
Titsgz FTivxsin §
HTwel  BXT 22,
Goto 1

Deletathe ™ . 7,
{DEL beg

B-T:1=y¥.7-+5:Lbi

118z TIWXsin 5%

Tl BXTET,

Goto |

Align the cursor with the * . * {ollowing “?-+5". As abovs, st Insent
[e5e} and then delete the ™ [ ",

=}~ 2] {5 [ing] Deg

(Exe]{Decl ;T S R VR E
: i $:tsz T.VXsi
nOBXMT-D, BXTIeg,

Bota |

* Carriage retumn can be used in manual operations by pressing s [EE]
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4-8 ARRAY-TYPE MEMORIES

B Using array-type memories
Up to this point all of the memories used have been referred (o by single
alphabetic characters such as A, B, X or Y.
‘With the array-lype memory introduced here, a memory name (one
atphabetic characler from A through Zj is appended with a subscrpt
such as [1ior 2]
* Brackels are inpuf by e Tl and lee (2],

Standard Array-type
memory ISRy
A (o0l c¢cl—-21
2] Altl cl=1]
[ alzl  clol
i al31 clti
£ af4l  clz}

Proper ulilizalion of subscripts shortens programs and makes them
sasier o use. Negative values 1sed as subscripls are counted in relalion
1o memory zero as shown above.

Exampis; Inpul the numbers 1 through 10 into memories A through J.

Using standard memoriss

T, A 1,2, B, 0,3, e, 00,04, =0, 0,

Boes BB, e ¥, 0,7, G, 0, B = H, L,

.= 1 2.1, @, = J 403 steps
Using array-type memories

O, 2 I,ibl, 1,z 4 1, e a2 T 0

sz, 2, 1, 2. <, 1,8, =, Goto, | 76 steps

in the case of using standard memories, inpulling values into memaories
one by one is bolh ineflicient and time consuming. What happens, il we
wani 1o see a vatue stored in a specific memory?
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g WA R

G e L b e S G e o o

Uising standard mamorios
%53 N B B

Z, ==, §,*§,A§A,Z. L 2., B, 4,

Zoe=, 5,0, C, 4 2,0, 4,20, 4

Zﬁw,Sir»hE,A,Z!rgﬁgégFg& .
LT G 4 2, =, 8,5 H, 4,
.= [ 4 Z, =, 1,0,= J 4

@5&3 70 sleps

Using array-lyps memories
TS R DU ST SN W A S I N 3
Golog, | 16 steps

The dillerence is readily apparent, When using the standard memories,
the put value is compared one by one with the value assigned to each
memaoty (e A=1, B=2 .}

With the array-type memories, the input value is immedialely stored |
the proper memory determined by "[Z--1]". Formuins [Z—1, A0, eic}
can even be used for the subscripl,

B Cavlions when ysing array-lype memsues

When using array-typ2 memories, a sub ciipt is appended to an
alphabetic character that represents a slandard memory from A through
Z.

Therelore, care must be taken o prevent overlap of memories.

The relalion is as follows!

YAy 7

ssssssssss

afpi} afzal alof af26! A{27)
gizsl wing eim Blosh Bis}

a0t altl alzr Alsl ale] al5) afsl
pl-ifmiotsirinizl aizieiql afsl

€21 CI-11 €101 CLI Y CL2 1 Gl 3] GLe] ci21) ez} izl ol cizs)
66} 6651 G141 GI-3 61-21 G- 1] L0} 6071 Glis] Gl 6la0) Gi2s)
¥(o) xii xi2) %03} x(4)
vi-th viof v} viz} vi3]
zi2t 201y 2l0) 201 212

-



The following shows O coss ) wWhiCh BIUY-IYpPe HIenbluss Ui ug wia
stondard tormal memornes. This situation should always be avoided.

Exampie: Store the numeric values from 1 through 5 in memories Al1]
i?‘:me;g;h AlSlrespectively.

5, jzéf_bz,i,:étz,w,;gg,mé
-@AGZGGE@? . -

ALYV.) AnL 2.0 401 3.1 4

AL a ) 4 als5.] 44 steps

In this pmgmm, ihe vaiues 1 thwough & are stored In the array-type
memoties A[1] through AlS] and memory C s used as 3 counler memory.
When this program is executed, the [ollowing resulls are oblalned,

Operation Display
Fei o]
{exe]

[Exe]
{exE]

LRE

o

L e | L0 S e

Az can be seen, the second displaved value {which should be 23 in AJ2]
is incorrect. This problem has ocowrred becouse memory A2 s ihe
same as memory O

A s i [ £ F
af1t alzl afzal af4)] als]

The conlent of memory O [A[Z) is decreased from 5 1o © in sleps of 1.

Therelore, the contenl of memory A[Z] is disploye ™ o5 7,
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W ADDHOSHGH U LI BHAY-IYDE MRIRGNes
It is somelimes required to lreat two diflerent types of dala as a single
group. 0 this case, memories for data processing and those lor dala
storage should be kept separate,
Example: Slore data + and y in memories. When an x value is Input,
the corresponding y valus s displayed, There will be a {otal
of 13 plecas of data.

Example program 1

Memory A s used as the data control memory, and memory B is used
for temporary storage of the x data. The r dala are siored in memories
Gl imemory DY through G158} memory B, and the v data are stored in
memaones C[16] {memory 5} through C[30] {memory ZI7]

1, & ©, Delm 7,

Lbi, z@:i?%cm}

7, G LA+, Liﬁ

%az?A, DA, i‘ &%,G{;iae Z, 1, Goio, 1,
Ebl, 2, 0, E, 5, =4 ., 7, - B !

B o=, 8, = Goo &, [,

Lol, 3, .8, =, C, [[A ] =, Golo, 4, ©,
sz, A, 0, Gote, 3, 7, Golo, £, 1,
tbl 4, 1, C LA+ 1,51, 4 Gota, 2, 1,

Lol 5 : 88 steps
in this program, memories are used as {ollpws:
xdat_a
clil clz] cl31 cti4] cisl clis)l ©i{7] cis}
£ E F G H i oJ 8
cial chol oyl ozl ci3] cltel clisl
L LY M O # 4] 24
v data

ciie] ol clwal clisl clzol ¢z cizzl ¢yl
5 T U Y W % ¥ z-

Gfea]l cizsl cies] clz27] clz8]l ciz9 ¢ {30
Z{V)y Z(2) Z(3) z(4) z(5) z2{6) Z(7)
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Example program 2
The same memories are used as in Example 1, bul two types of memary

names are used and the x and y data kep! separate.

1, A [, Delm, 7, !,
bol, 1, 0, 7, =, C AL L,

sz A, o A, =, 1, 6,5, Goto, 2. ¢, Golo, 1, I,

Lhi, 2, 1, 1, 6, ~ A, 7, -8 .,
B =, 0 % Goin, 5, |,

ibh 3,5 B = [.A 1l = Gaia g,

Osz A, ¢, Golo, 3, 0, Golo, 2,

Lol 4, L B8 LA T, J Goto, 2e T,

Lol 5 47 steps

Memories are used as lollows:

xsiata
citl clz] cl3) cf4] cis] cisl cl7] cis]
£ E F £ =] § o ¥
cigl clial cint] ol chizl ol4) ciisl
L M H o g 0 R

y dala
Rt ml2} mri3) wri4) mis) miel nmi7] mie}
S T U v W ¥ ¥ z

ris] miwe]l aliy) Al mlial ali4] amits]
ZOV) 202y Z(3y 7244y z2{8)y zig} 7(7}

In this way, the memory names can be changed. However, since memory
names are resiricted to the lefers from A through Z, the expanded
memories (v 11 can only be used as array-lype memories.

* The memory expansion command (Defm) can be used in a program,

Example: Expand the number of memaories by 14 to make a lotal of 40
available.

Detm, 1,4, &,

izg

4-9 DISPLAYING ALPHA-NUMERIC
CHARACTERS AND SYMBOLS

Alphabetic characters, numbers, computation command symbols, el
can be displayed as messages. Thoy are enclosed in qguotalion marl s

{ b [Prog] ).

B Alpha-numeric characters and symbols

@ Characters and symbols displayed when pressed followinglurmd ;
Lhkm ow,np b s;)af:e

CEVF G OH LS K L, M, N,

L5 T, ULV, W XY, Z

ers, symbols, calculalion commands, program commands
,4.5,86,7 8B, 9,
R o s £ “‘”%" X e

&
‘ﬂﬂ"wﬁs‘ﬁg _{:?:3’*
o
”’"'m
s
=3
r:

We::r‘

LC.D,E,F,dnb o
Meg, Not, and, o, xor

Fol e ¥048s oo
e ﬂ'fﬁff luout} (31, fwui fuope} 53, ® fsmis] fanoi] {5 i1y

L4

“ Al of the above noled characlers can be used in the same mranaer
the aiphabetic characters.

in the preceding sxample requiring an inpui of two types of data [, 4
the prompl *7" does nol give any information concerning the fype of ingal
expected. A message can be inseried belore the "77 1o verily the type of
data required for inputb.

Lbl T, D, 7, = X 0 7 =Y, DL
The messages "X=" and "Y=" will be Inseried into this program,
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HOEIEERRYES WIC HNLIUUL 0D DLW S0, WIS oMY 15 6B Bl b,
{Soutming thal the program is slored in P1)

1 [ X =1
101exi] Fy=3
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Messages are also coavenient when displaying result in program com-
putations,

Example:
Lo, @, 1, N = T T e B e O
G- AL,
Lol ¥, ., C,+, 2, C, I, Frac, C, #, 0, =, Goto, 3,

S dsz A, DL, C = b = Goto, 2, 0, Goto, 1, 1,
bt 2, 1K =" 4 A 4, Goto, O, 1,
Lblh 3, 1N, G0, 4, Golo, §

This program computes the x power of 2. A prompt of “N=7" appears for
data inpul. The resull is displayed by pressing (] while "X=" is display-
ed. When an inpul data is not the x power of 2, the display "NO”
appears and execulion returns to the beginning for reipput

70 steps

* Always follow a message with 2 4 whenever a formula Follows the mes.
sage.

Assuming that the program s stored in P2

iog} & [ene | 4 ON=1

4096 | xe] | ==
- fexg] 12.
{exel - | N=?

124156 1 HO

{Eeel G ON=7

512 [exe] ( ==

{ExE] 9.
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SET

LIS Byl gl 10 Chalalipds afg GiSiiayed oy BwWO HOOS. el
alphabetlic characters are displayed a! the end of the bollom line, the
entire display shilts upwards and the uppermos! line disappears from the
display.

(B § 1 23445
168,
852=87
“ 765,
968+125~65
1028,
Prog B
{£xE) p 123+45
168,
852~87
765,
G6E+125-65 5
1028.

Brog O
ABCDEFGHIJHKLMHNOP

| Aligr a whils

168,
852~87
765, |
 968+125-65 j
1028, |

Prog B
ABCDEFGHIJELMNGE
ORSTUVWEY Z
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'4-10 USING THE GRAPH FUNCTION IN )
PROGRAMS '

Using the graph function within programs makes it possible fo graphical-
ly represent long, complex equations and 10 averwrite graphs repeatedly,
All graph commands (except the frace lunclion) can be included in pro- :
grams. Range values can also be wrillen into the program.

Generally, manual graph operations can be used in programs without
modification.

Ex. 1} Graphically determine the number of sofutions [real roots! that
satisly both of the following two equations.
Y=gt g T P4 i 4 B0
g =100 30

The range values are as follows:

¥+

bl

fangs )
¥Emin i1,
maw{§
set g,
Ymin =128,
L mazl 58,
s 58,

each other by commas "¢ 7

First, program the range sellings. Note thal values are separated from ) §
Hange, {1 1. @, ¢ .1, 8, ¢ .2, 5 (=1 1.2, 0. 5,15 0, .5,
o

Next, program the equation for the first graph. _ J
Graph, X, o, 4, ~, X, 2,3, —, 2,4, X, »?, -+, 4, % -+, 8 0 1

Finally, program the equation for the second graph,
Graph, 1,0, %, ~, 3, 0 Tolal 49 steps

the Hrest gguation,

Range —10,10,2, -
§20,15¢,50

Graph Y=xXs*% 4y,
24X F4NFER
Graph Y=|{@X-30

132

The following should appear on the display when the program is e .
eculed: T

{Preo] O €xt]

A AT can be inpul in place of thy [§4] key operation affer the irs

equation to suspend execution alter the first graph is produced. 1¢
continue execution 1o the nexd graph, press|Ex}

-

The procedure oullined above can be used 1o produce a wide vay L
of graphs.

The library at the end of this manual includes a number of example
agraph programming.
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