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Congratwiations on your purchase of this programmabla scientific Calcutatar. . - .
The extra-thin, pocket baok-sized electronic calculator with liquid erystal didolay. js caps
of perfcrming ordinary step-by-stop and programmed caleulations, -Eguiw With
indepandent memaries. it will campute valucs of 51 kinds of funetions, THe sequende ok
operation is basically Lhe sa—e as orditary mzthematical cxpressions {1ruc algebraic logic]
with parentheses nestablz vp to te~ .evels, For procram-—en operation, it can stare a pro-
gram or progrzms of up 1o g toal of 256 steps.

The FA-1 adapter, provided aptionelly, al cws t¢ conrect 3 Cegssstte tape racorder 10 the
calculatar and store programs a-d conferts o7 the memcriss in casserte tapes for later
reioading.

ual consists of Part 1, step-by-step calcuiation, and Part 2, progravrisd
$ suggaster that you get the thorough knowladge of aygﬁpqn oﬁgth&ﬂ
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The calculator has undergone severe guality control and inspection.
It is advised that you take note of the following for its longer service life.

Precautions

The caculatar is compused of del'cate electrenic pars. hlever disasszamble it Mever
expose it to shocks and arastic erparature changzs. Do ot leave or store i1 in hos,
damp or dusty places, Woen the ambiant temparatura is very lowe, the displsy maw be
siow 10 work or remain dark. T3 kind of troublz will be removed 05 300n a5 it iz outin
normal temperatara.

Lo not connect any device ciner than the [ A-1 10 she adapter jack.

When the calculator is working, tne dispkay shows “~"" sign and the keyboara s insen-
5 Tive during this time. Vake i7 a raig 10 ook at th= disp av before deprassing & key.
Reoplace the elzctrolytic katteries once a vear even - f the zaldulato- is rot used. |© dead
batte-ies are left in the calculasor leeskage wii oocor, leading to t'cuo'e. Newver leave
dead batteries i1 ithe caiculalor.

To ciean the zalculator, wipe it witn a pizce of dry, soft zloth sogked witk nauteal
detergent and sgueszad Tight, Do net use sclvents such as th nper. benz.ne, atc.

Far servicing eontact your reraile” or nearby dea er

Battery maintenance

“he caleslator uses two silver cxide batterlas {type: G-13).

Bg the bstteries dischargs, figures of the dispiay zrow dim. Batteries should thar be re-
newed. Even when the calcu'ator works proceriy, replaes the batte-iss once 3 year.

o How to renlace the batteries

(1 Tn-n off the power switeh, Memove the oattery come

partmert |id on the oelom, & —ﬂ

(2) Remove the hatzerizs. s the battery campartment |/ Pl | :‘l R
face downward snd tap the body lightly.) S

(31 Clsan rew hatterizs with dry cloth. (D -ty surfaces of 1 b ] .2

the batteries will ras. [t in contact failura. Install them
wilh the positive elechiodes [dcing upwzrd.
(4! Pressing tne compartment lid on the batteries, siide |
it to close the compar:ment. o
Note: After reclacing batteries confirm that contents of '

meamaories and/o" oragrams remair or not.

FA-1 adapter

Jregrams and data stored in tho reqgistors cor be movad into casset-e taoe and racaded iatar
Lack into the calculater.

For tnis purpose, prepare the [TA-1 adagter Soptiond and a cassetia tape rzcorcer whioh is
Froviced with MIC imicroshone! and EAR learphone) or MONITOR jacks ke an crd rary
sadio-casseste tape recurder

With t+is swsterm eorsist ng of the ca.culatar, ~A 1, and a cassette tope récorder. yeL can
liston to Music synthasized and recarded ov tnz caleniator

—eter ta the instructics manua of the = A1 adaptle: Tor ustails,

i
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- describes step-by-step calzulazicr oxc usively, [Refsr 1o Part

2 for programmeag

1-1. Controls and components required for step-by-step calculation
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s Register structure

| X-register [disalay! Ty Used  far arithinetic
S operations and Tunc-
Y- reglsier I:Ell‘lthﬂ‘lP'l'Il" nperatmn:} teralerle lation
_l‘__:_r?g'ft_ef ________________ \‘| Usez for a series of
| L, - ragister ‘ " ralculations witn prio
i ! ity given  implicitly
| | {rnultiplication and
] : e dwision to addition and
L, register 5 " subtraction) ar explicit-
e hy parentheses
L., - register e
M, - register B
M - register
. ro---  TTemmmosoees i
i : '
R
——————————————— Smmeero—mmm e . 22 independent memo-
Mg - register (= :"E_______________! rivs (MO thru M3, M.O
_I'T.ﬂ_.g_-_r_g;g];r;,-F-fﬁ) - hru M9, MF and M.F)
"""" D e R | M7, M8 and ME are
ML L L | atso used for calcala-
M-1 - register "tion of standard devia-
S - Tian).
| 1
I ]
1 ]
! i
M.8 - register
M- - register
: MF - register i ;
i M-F - register J
! Pt Nt s Gy [ T D B

Power switch

Slide the knob to the right to lurre on. i . .
Contants o the Moreqisters are precerved even when the pewe: swilvh ‘s t-ed 25

Manmqa E;-cponent
!. i
1Y K HLT AUM WHT P'-’"L DEG RAD. GF.’.I?I.
x_ . R T
Viodzs idnits ot angle
T-e display shows inp, - data, inTermeaiate results, anc resutls of operasio~. | he mantissa

section displays up to 10 cigits |9 for regative numbers) with trailing zeros suppressed.
The expongnt section dispigys up to =93 This rera™ss dark when o number s displayzd
n the fixed point represe~-ation.

Sexagesimal numbe-s will o disp aysd as “ollows.

Duspiay of & serr:aae_siméi | u_:,'q aS5£878 _ J 112744 06,287 i3 meant’

["Urner

4



The ‘owest pusition of the monticsa 500707 May acpear as "E. lerror, see page 9 and ="
{calculatar s Working). A unit a° anwiz DEG, BALL or GRA, which is currently e*feclive
will te displaved as necessary “Thf' aece section will display INY when e = key s
dopressed, K while caledlation irvoving constants is in progeess, snd RUN while execution
is irr Progress. Far thg mades of HL . wWHT. aid PCL, re‘er to Part 2.

2. Mode key

Usz the %5 KBY together with = porwrr key of 210 [E to seiect a specific mode of

C: '
ape-ation 0 angle. [Sympolizeg by v -y chis m1aruall
we o ne display readg RUN. Fhe caloalztor isready for step-oy-step and programmed
aperation,

we - Reads WRT. Ready “os inoutlivg =nd zhecking orogra—s
wa %, Reads PCL ﬂeady for @ras Ng 2P sms,
* Reater to Fart 2 for the WRT and PCL ~odes.
wo o eads [EG. Anglog witl be gove- in deqgrees.
wee  Reads RAD. Anglas will ke Jiven i rag 4ns,
wx © Reads GRA, Angles will be given fogradisnts,
(Note: 20 degrees = m/2 radians = 100 graciens]

* The IFUN and DEG modes wiil co seected automat cally after tna pawer swite~ is
turied an.
Arother unil of angle can be selectec S o in th RUN mode,

o Inverse function key

Tu desigrate an inverse function, depress @) and the funcilon key (marked oy a brown
symbnl on the kayboard). .

Depress ™ and the display reads INV  Depress md again to refease the 1INV rade (the [NV
sigr dsappears).

i~ through (3, @, £J: Numeric and decimal point keys

& inpul numbers by depressing thesz keys st in the order in wh'ch vau wrize them
~urmally (starting from the most sig-it cant diyit).

© Murbers of up to 10 digits {9 digits for negalive numizers and fractions) Wil be effec-
tive and additional digits will be simply cisregarded,

® w BG | ooround a nember
& M 4, for example, rounds the nuwnber currently displayed up if the fifth digit s
greater than four and ff otherwise into a fou--digit rumber.

& iw e T ganerate a rardom numboer

A random numiber of G000 70 0.992 will be genzrated.

* 5 Todosignate a register 5 M0 1o M.Z and M. = whan depressed ‘ollowint a memaory
koy | [em;, W), @ &) or @ )
Ex. Macall the contents of M6 =

i : To calcu'ate mean valle {x)

s . To caleu ate square sum (2x® )

wélmt o o ealeulate standard deviat.on {g,,!
ey - Tacslculate sum (Lx)

W] . Tocsleulate slandard deviallon (g, )
mEl . To obtain the number of data (p) |

Lsed to nbtain stanacarmd ceviation,
! Hefer 1o "“Caleu ation of <iandard
deviation” (ur details.
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Exponent/pi entry key
"o iput a floating-point nuniber, separats the manlissa and exponent with B89 .
Ex, ©-ter 255 x "0 256 B 32
Thi expuner s up o 2989, |f an expcnent which iz outside the range is input, only the
lzs: twa Jigits are effectiva.
Veprass (@) to input the va ue of 7.
It 1t is depressed “cliowing @), ths value of 7 wi'l he displayed.

3*;"5 . Depress it following & memary key [ 3, &, M, % or ™ | 1o designats the MF

register. ..
Ex. Acd 25 to ths conter-s of ¥IF regiszar  2h @ "2

2.8, 8,8 : Arithmetic operation/equal keys
Use thess keys 1o perfarm arithmetlc operations. The sequence o cperations is jus: the
same ss ordinary mathematical cxpressions. Depress B to obtain the final result. i ane
of these keys is depressed twice nsuccession, the precedirg nomber will be tempurarily
meriarized as 8 constant, 15ee page 171
mwitd . Cormand for raisiry o 2ower
Use to aise x 1pasitive nurnber! Lo the p larkitrary numberi-th power.
e - Command for exiracting roat
Use to ¢btain the ¥--F raot of x.
fMir=! . Command of coordi-ate transformaninn
Use to trans‘crm rectangular coardinates to polar ones,
wlen: © Cormmand of coordicate srans<crrmasion
Use to trapsform palar coerdinates 1o rectangu ar ones.
wiBZ @ Parcant command
Usc to obtain regalar osrcentages, and-ons, discounts, ratios and incr=ase!
decreass valugs.

: Sign change/absolute value key

Jse this key 1o revarse the sign of the number currently displayed (from positive ta
negative or vice versal. it reverses the sign nf the exponent when pressed fol owing & .
Use the sequence of ) and &) o obtain the absol. .z va ue of the number currently
displayed.

: Parenthesis/integer key

Opening parenlhesis neslasle up 1o lern levels.
Jse the secuence of i and v to round oft the dec mal part of the number currently
displayed.

: Parenthesis/fraction key

Closing parznthesis ~25ta0'c ug to ten irvals.

Use the sequencz of i and [ 0 ¢xtroct the deciral part ot the noamber currently
displayed.

Reqgister data exchange key
s tis key alonc with a ~umeric key or l;*' ta excharge the cartents ot the X--zgister
(number displayad) a~d an M-register.
Ex. To exchange the cortents o X- and Mb regis-er ww] (5
Use the sequence of W and & to exthange the contens of the X- and Y-ragister
tnumber in Lthe working register).
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: Memory infsquare root key

Jwe his key alorg with 3 nueneric kay or 7 1o put the cisplayed number inoan M.
ragister Oic dats held in g register will be automnatically erased. |
Jee Tre sequence of 8 and [ 1o chiair oo sgoars 1ot of the numoer displaved.

: Memory recall/square key

S W key alena withos s Eae G ap d’spay the contents 2f gn M-register,
Trig command does not charge the o teits o7 L 1eaisE

Jse “resequence of B and B 1o chte oo sg es of the rumber disclaved.

: Memory minus/reciprocal key

Jse this key along with a numeric key orie’ to subtract the numbe- d'splayed from the
contznts of an M-register. (This key coes nul nave -he furction ot B.)

Ws¢ the scquence of ) and @@ to chtar v recisrons | of the rumber displayed.

: Memory plus/factorial key
Jse this key aleng with a numeric key ar % to acd tne nJmber displayed 1o the con:
tants of ar M-register. [This key does 1ot have the teaction of B )

Lse the sequence of W and 70 1c obtain 7e laclurial of the numbar currently dis-
nlayed.

Standard deviation data input/delete key
Datz input <ey fo- standard deviat on.
Usc the sequence of 9 anc Bl to delets a data wh ch Fas been input during the calew-
tation of standa~d deviaticn.

o8 tan

— = Trigonometric funciﬁm’inuers& trigonometric function keys

=) =
'Ry 18T

Jse ane of these keys 1o ohtain the value of the corresponding trigpnemsatric functicon
with the numner currently displayed token as the argument.

Lise the sequence of [ and ans of these k=vs ta obta'n the value ot the carresponding
inverse rigunoimelr: Tunction.

Hyperbolic function key

Use th= sequence of k= and . =] or [} 1o sbtaln the va ac of the corresponding
fiynerhz o fanction with the number current v disp ay 2d taken as ~he argument.

Use L7e sequence of Mk and &, or &4, 0w asd . or =xample, to obtair the
value of sinn?! with the number displayed taken as the argament.
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Engineering Key
Use this key to havs a flualing-coint represantation of <na number displayad as illustrated
pelowe.

12.2458 12 3455 12°3456 12.3456 i
15t & 1.23456 01 Tst iy | 1.23456 0
3nd B 12.3456 00 2nd @ | 0.0123456 03
T 12345.6 —03 Grd ¥ | 0.00001234% 06
L4 12345600 05 4th s | O, 00000012 09
sth & 1234580006 | Unchar- g e | O, 00000012 08 { Unchanged )
a=d ) W | 0.000012345 06
[ 00123456 03

Ag illustrated above, when I is deprassed first. the displaved number will 9 converted 1a
its basic floatirg point representation (that is, normealizes to 10! Subsecuent dopression
of & or the sequence ol [ anc 5 csuses the exponen: to decredse of Nerease in units
ot d.

= : Sexagesimal key (decimal-to-sexagesimal canversion key)
& Use this key as the unit kev of sexaoesirnal data such as argle and 1ime.
Ex 7874512 7845 W12 HA
* ke lhe sequence of |+ and = to conver: tho decimal representasion of anzle or timz
to the sexagesimal represer tation.

Ué

: Common logarithm/power-of-10 key

Use this key ‘o obtain the common 'agarithm of the n.mber displayed.

Use the sequence of ™ and et <o ohtain the value of 10 ~zised ip power by the numter
displayed {i . inverse common logarithm).

-

? B

In r

= : Natural logarithm/power-of- e key

e Use Lhis key to obtsin the natural loga-ithr of the numhber displayed,

* Use the sequence of M snd & o reise “e |= 2.7°82818...1"" 11 tha powear determined
by the displayed nu~ber (i.2. invese natu-al loagrith ).

) : AHclear kay

e Use this k2y to clear al registers tincluding the X-, Y- and parenthesis registers) but
the M registers.

® Depress this key 1o release the “error stalus” when “E.'" is displaved, (Sce page 9 )

* Depress this key to resume power which is automatica |v turned off by the aLte power-
off function. (See page Ji

c : Clear key
Japress this key 1o erase a nata which Ras just beer (nput vrranecusly,

-8--



» Step back/memory all clear key

Hefer to Part 2 for &1,
Use the sequience o =) and B to clear all M-registers,

£ . Step forward/standard deviation calculation all clear key

@ Rufer Lo Fart 2 for &,

& Use the sequence of @ and @ Lo <'ear registers M7, ME, and V9 beforg beginning cal-
culation of standard deviation,

* Refer ta Part 2 for other Kays which are not described yat. They are not neaded for
step-by-step calculation.

1-2. Operational remarks

T.rm on the powe- sw tch befera starting operatior. Put it in the FUN mode. if not 50, by
depressing i and [W.

The unit of argle displayed has nothing to do with <a culation wriess .o invalves angalar
arguTents

m Correction

e You can erase |oput data anly betore a command key s depressec. Depress [6) -n erase
data and input Lthe correct ore.

e Similarly vou can correct intermediate tesiilts (2.9, the value of a function or operation
with nested parenthesgs]. Depress e to erase the erronenus result and fo.low *he related
steps cf calculatinn again.

e You can correct 61,20 B, &, & and W, @ . - depressed grrorenusy  Jenress
the correct key iimmedialely after the wrong ane. Note tmat the peiority of operalion
remains ungerracted.

B Overflow or error

1 arror is detecsed during operation, "E." ar " L " will be displaved in IFe lower part cf

the display and the calculator will come to a nalt.

The follawing cases will be deiccted as error.

1 A result or intermediate result {of arithrretic, functional, o standard deviation ooera-
tion) or the canterss of an M-register has excaeded the range of =9.999096399 x 10%%.
{The M-register holcs tne data which is stored before averflow occurs.)

7. An argument of a Tunetion has axcerwdec i1s predetermined range. (Se¢ pade 46)

3. Improper operation is atternpted In the ca'culalion of standard deviation.

{Ex. You attempt to calculate X or Oy when n=0.)

% 4E " will be d'splayed in these cases. Depress @ to release the errar slatus and go hack
to the first s1ep.

4. Trie number of ievels 0* nested ope-stion {with parentheses, multiplication, divisior,
x¥ and x1/¥] exceeds 10
[Ex. 2836, . i attempted after @ is denressed sen times.)

¥ <L will be displayed in this case. 'f vou dzpress €] at this time, the intermediate
result ob-ainzd just befare the arror occurs will De displaycd and you can continue
aperation with it. Otherwise you can cepress @ to go back 9 the first s:ep.
Underflow (x value smaller -han £1 x 1C **} is not regarded as error but as 0.

8 Auto power-nff function

If yuu leave the calculator unoperated for about 14 mirules {excert during programmed
catculatior), the calculator will be automatically i -ned off. This prevents wasting power
f the battaries. To turn it on, depress @ ar re-operate the pewer OMN-OFF swich.
(Cantents ot the M.registers and 2-ograms will be preservec even a‘ter tho auto powsr-off
lunclicn warks)

—0_



1-3. Basic operations

& Addition, subtraction, multiplication and division
® The saquence of ooeration is just the same as ordinary mathematical expressions.

EXAMPLE OPERATION READ-QUT
23+4.5-63= ~25.5 23634 « 5853 _25.5
56 x{—12}+(-2.5/—268.9 SE@1 29@7 5 268.8

To input 3 negative number, degress the rumber and then BD.
12369 X 7532 X 74103=6.903680812 > 1012

= 6903680612000 12360876324
741038 | 6.903680612 12|

1.23+90: 456=2.997076023%10 4 |
(=0.0002997076023) 1:23@90E45-68 | 2.997076023-04

The result will be displaved in the floating peint representation if it is large than 10 or
smaller than 1077

(4.6x% 107Exi—2.3x 10 78)

+

=—0.01035 45w 7512 - 3 78H8 -0.010356
=—-1.035x10~2 ¥ Toconvertio flosting paint number B | —1.035-02

+

“he resull is displayed in the fixed-point reprasentation if it is between 10°* and 10'¢,
Depress [ 1o canvert it 1o the floating-point nurrber, {Sce page 8.)

(22109 =(—-7)= -28571.4285

2587758 | —-28571.42855 14
(2 x10%+(—7)+ 28571 (Continue) EB285718 | —0.4286714
= -04285714

&+

Arithrmetic operations will be made over 12-digit mantissa which are held in the registars.

® Friurity is given to multipl’cation and division over addition and sub~rection in mixed

cperations.

EXAMPLE OPERATION READ-OQUT
3+5X6=33 e+ < T = 33.
IX8-4x5=36 70BR1B5E 36|
1+2-3x4-5+6=6.6 128304858068 6.6

10—



m Parenthesis calculations

® Pareptheses cen be nested uo to ten levels.

s Tlhe disa'ay will be cleared to zero when n opzning parenthesis is input. Wizh a closing
~arenthesis incut, the intermediate resd 1 o° taat loval will be displayed.

EXAMPLE OPERATION READ-OUT
100-12 + 31x4=80 1008 T283T | 5,
iContinuel B348 ' 80.

« The first opening parerthsis and the clasing varenhesis prececing B may be omitted
avan 1f they are nested.

(2 +3)xi4+5)=45 2613 AT 48350 | 45,
10~/ 2+ 7XI3+6Bl}=-585% 1cE2@a7803868 — 55,
l(2+3/x4—-15+6!x3}x2=-26 2830048

] + 1101 = [cIBy ~ PA = - —28.
27378 _12%3+41+6-2 28304 NE5E 2
* |p the above examgle, B may he used instead of 131,
28 -3-02 20330 L8E 10818275 02

-

The fractional expression should be converied to the pritrary expressio~ using paranthe-
58,

ExB+Ex8 _ mts] > [ + [5] < B2 10N =
15><4+12><3_D'8125 -0 '
W15046G128308 | 08125
= ExB+6x8)-116x4+12x 3}
:1.2:~:1o'9>—{+:2.5><1020}:%%}-4.%10‘3
1+ 2519@[@2 - 5E20W3B1000 8 4.5 18]
6 _nq3 ADSEEW 8 0.3
£ % h ' AT ;

The above sequence of operazicn is equivatznt 10 6 B C4ESME and 6E4E58

i



B Constant calculations

» Oepress an arithmetiz operation key ~wica {or even times) in succession. And the nur-ber
which is currently cisplaved will oe reserved as a cunssant, indicatec by K" in the

display. It need rot be reinput in the succesding calculaticns.,

EXAMPLE OPERATICON READ-OUT
12+ 29 _1935 23068128 35,
45 +23 =68 45 68.
(- 78+ 23= 55 7848 — 55,
7-56=14 c-cmE78 14
29-56=-2.7 2-98 —2.7
(8.5 x 103)— 5,6 =8494.4 5+ 5k238 B494.4
2,3%12~27.6 12808238 27.8
(~4.568)X 12=—54.72 |_4E:;6[t—i]_: - 54.72
i1 ]
g.s«:12=?.5 i 7.5
(1.2%10°5-9.6-1.35x 1074 1+ 2158 1.25 14
A5+ 9.6=4.6875 458 4.8875
IxEXg=162 e x o] % | x 2] = 162,
3x6x8=144 83 144,
IxBxi6+6I=198 Q=T+ [ = 198,
101,132} 2= 3,138428376 1 12aas 1.331 {3rd }
" BB08 | 3138428376 Acas

17-17+17+17=068 170 RB888 6 E.
8+8+8-11+11~110REOBEET I ~EOB 57.
=57
50-36-3.6-36~-36 50E@3 .6 EEBB 35.6
= 35.6 (or3-cEEBS50REEE)
» BB and @B are equivalent —o W&,

56 _ AQ2E3 1 EIE ivider)
T ai _ _20. | (Diviger

50E 48
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" Memory calculations

® The calcuiator is eguipped with 22 registers, MO, M1 throuuh M2, M-0, M7 throLgh M-,
MF and M-F., Trese reg'sters are availabie for you with the aid of ), (] W), (g, Bid
and numeric keys. F

* Lontents of the r2gislers are preservad even after the power switrh is turned off. Depress
i) And g to clesr all the M reg sters,

EXAMPLE OPERATION READ-OUT
23+9=232 23898 m1"] 32,
53-6=47 S3@6 B 47.

—145x2—90 45828 7] 90.
99-3-33 e3e] = o = O Gl i 33,

22 ME (1 22.

* Depress W to pbt a data inlo an Moregister which aulemalically clzars the previnusly
stared data. {The tegister need ~ot be clearec in advance. )
@ and P do not have tre function of B,

7+7-7+2x3)+(2x3) 7 EIw w2 g1 3E e e B

H2X3)— 12 % 3)=33 wEmfewes | 33
7-8+9=24 7.0 @8 = ERONS (5 B () 24,
4-5+6=15 4% (7 B5M 2 GeM=E BT 18,
3-6+9=18 Fos () EBG 4 [E) RO =) BT 18.

14 19 24 57 (T 1a.

mE 18,

WL 24,

=t 57,

7 %x4x12.3=344.4 784012 308 344.4

~12.3%8+5/=-169,9 @ OADRESH B ~ 1599
(12,3+6)%x 9=164.7 (00 + 01 < ] = 164.7

12x(2.3+3.4) 5=634 120802 3034 B50 63.4

30%(2.3 +3.4+4.5) 4- 55101 B30@1 5@ )8 2569

w

—15x4.,5=238.bH To exchange 4.5 displayed with tho contents of the M1 reg ster.

Note: When a memaory key is used, deta in ~~e registers consist of 10-01git mantissa.

{2 X105 =+(—71+ 28571 =-0.42857 2605 7¥B [T | —28571.4285 7}

(Cantirue! ER285718B — 042887
w2857 18 |  -0.42857

'Same example as in page 10)
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14. Function calculations

e To ohtain the value of s func-ien, inout an argurment ard the depress the furction key .
e Czlculation of functions can be mixed with ordinary arithrmetic operdativns nested by

garerthoses.

e Pefsr to the specifications, given in page 46, or the accuracy and arguments cf

furnctions.

{sin, cos™!, tan"'}

Trigonometric functions (sin, cos, tan) and inverse trignnometric functions

EXAMPLE CPERATION READ-OUT
14°25 36 = 14.42666666 14525366 | 14,42666666 |
12.3456 —12°20 44,16 12:346Blw (= 129200944.18
5in 63°52'41 =(0.897B5901 1 W 63 5274162 | 0,897859011
j . “DEG”
cos(—f;rad ) =08 o] [ -+ el = =2 0.5
CEa”
tant - 35gral= —0.61280078 e 36F= | —-C.61280078 —|
"GRA

2.5in 45° x cos 65° = 0.597672477 0 2B455EAB518

sin! 0.5=30° "G’ ] =i &3
{Solve equation sinx= 0.5)
4
cos‘2-0.785398163rad o 2B TE2EPE
_x 7B
_drad [+ J =
ten"10.741=36.53844576" R 174 119 )
=36"32'18.4 W
2.5%8in~10.8-¢os ' 0,9 ‘cee” 2+ SETL 8 @)
=68"1313.53 | — = IR B = e

=1 --

0.697672477
30.

0.786398163
0.25

36.63844576
36°3201R.4

58Y13013.63




m | ogarithmic functions {log, In} and exponential functions (10", f'x, xY, x”}’]

EXAMPLE OPERATION READ-OUT
log 1.2314008101,23)=0,089906111 1-23s | 0.089805111 |
In 901=loge 90)-4,49980967 90F | 449980967 |
log 456 <IN 456=0.434294481 456w @ e B | 0.434294481 |

llog x4 Inx = fixed carstant]

101-23=16,98243652 1+23m70 | 1698243652
{1 o obtein the anti-logarithm of ug 1.23)
¢™5— 50.01713173 45w [ 200171313
[Toonmain the art -logarithn of ind ©)
10%e4- 121023 1604 B34 1w [ Gl
=422 EB786665 1-202*3WIB | 422 58786686
5.621=52.58143837 5+6w2+3@ [ 52.68143837 |
1
1237 (=% 1237=1,988647795 123578 | 1.988647795
© x¥and x 1V can ke ~soislesd as g constant,
42.5—=39 2 B w48 32.
0.167-5=0.01024 1188 0.01024.
92.5-243 oB 243
{(78—-23)-1?
=1.305111829x10-2! T78@23(NWE12MB | 1.305111829-21
* x¥ardxY wir te caculsted prior 1 multiplication and division.
1
2+3x643-4-10 2E138364E3@48 | 10.
22{ 33| 44=387 2wz 233 3EAWE 4B 287. |
B+ G5 14+¢5.1
fostrgnirent 5+ 1ER 7108 w7
=199615.7293 SB W T W i (T 1995_1 5.7293
[Aq ecuivalent aperation s 51 R B39 MIEIS~ )1 E15. 711 il & B
2x3.45-57 =3306232 QB3 470 OGEI6 - 7S 3306232,
log sin 40° +log vos 35 ook {ud] 40w
=-0.27856798 G 35=wB | —D,278567398
The an'i logarithm - (3,626540784 (Continual bwE® 0.52554?784
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1 Hyperbolic functions {sinh, cosh, tanh) and inverse hyperbolic functions

(sinh™" . cosh™', tanh™')

EXAMPLE OPERATION READ-OUT
sinh 3.6=18.28545536 3+ 6= | 18.28545536
‘anh 2.5=0.986614298 2+5xded | 0,986614298 |
~osh 1.5+s5inh 1.5=0.22313018 16wl M | 2,362409615

—eg 1.8 MmO E | 0.22313018
Jroof of cosh x t sinh x = %% ([Continue) o 4.5
siNh -130=4.094622224 30w | 4.094822224
::{Jsh—!(12—2)=0.?95355461 208150 ks | 0.795365481
“rive canh d4x = .88 18 B [ har]
1_ =Ianh4—10.88=u343541914 248 | 0343941914
sinh -1 2xcosh-11.5 2] sttt B3
-1.389388023 1 6T | 1.389388923

® Miscellaneous functions (/' ,x*, 1/x. x!, RAN#, RND, ABS, INT, FRAC)

EXAMPLE OPERATION READ-QUT
72 + b5 =236b60281539 2 -5 OB | 3.650281539
22+ 32+ 42+ 52=54 FATTER + ) ARIEE] + LM + Il = 54.

~t =12

73_ , A 3 i (Gl divee! et B ) 12,

B/ {—1x2x3xx7xB)—40320 gwixl [ 40320,
senergle @ random numbes katwesn 0.000 and 0.999. Hv] Fans]

Hound the “gsult of 12.3 x 4 .56 1o 12304 56BNEE
“Fres gignificant dicits.

12.3x4.66=5,61x10!

{Fxample) 0570

| 5.61 0O

* Treresultwill be in the flaating point reprasentation.

log %i ={,124938736 el = Pl = | IOl
ibtain the i~teger part of 7800/95. - 81 7BOORA96R MM

-ttain the fraction aart of 7800/46 - 0,25 78008928 B)m Fx)

| 0.124938736

81. |

0.25 |




EXAMPLE OPERATION READ-OUT

{132-52+432+42_17 1)1 3w 2 5w 33 Wm] 7
fie|Czra] + Y e s [Pl = | 17,
{1-8in?40°=0.766044443 & L 1@40-WEBRT 0.766044443
~CO0S 40 TEG (Continuel W, ) 40.

iFroof of cos 8 = \,-"T i éin“ﬁl

1/2/+1/42+1/6/+1/87 2n(iw %4 =i () gl

=0.543080357 Bl 2t wiix IBWEMED 0. 543080357 |
T°P4_:10 4|,. =5040 10WEE 1 0BT TmES 5040. |
127 e
1205 = 5712867 792 1 EIEIJELH iLIS@IfP
T12@5 0 wENE | 792. |

w Coordinate transformation {rectangular to polar and vice versa)

Fectangular coordinate Palar coordinate syster” Argument & of polar cocr-
v/ gystam A5 dinates mests the follow
[ T3¢ 'ng inegualitizs whatever
_____________ fax: , ey
/ -EP'REP = ©unit of angle is usod.
: L Y / 180" <9 = 180°
1 -
A I A
O{:\- x —.// 7X -{j_ {
EXAMPLE OPERATION READ-QUT

Transform (14,207 topolar e = 14mF=20-78 | 24. 58975791 i
coordinates with the argument o T _

pEG {Continue) W WIS 5E5055042.2

in degrees. {i~ degroes. minutes and
secongs)
Trarsfarm {7.5, =10) to palar . = __ E
i ik Mo = Bltw|[r==; : 125 or)
coardinates with the argument e j“] 7+ Sl D@_E, ;
N — ‘app (Continue) Wi -C.927295621 i rad)
Transferm {25, 56°) o6 25MIFEB6E | 13.97982258 | ix!
o rer.ta'“glilar coardinazas, (Cantlnue} I—H,TLE ‘ 20‘?2593931 l},:l
. TN
Transtorm 4.5, 2237 radianst 4«5 T202307F 28 —2.25 (x)

to rectangular cocrdinates.

{Contirug! ™ | 3.897114317 iy}




m Pearcentage

EXAMPLE OPERATION READ-OUT

17% ol 1600
1600% - =255 150081 7wl | 255. |

100 = :

15% acd-on n* 620
620-620% ;12 =713 6200 1s=EE | 713, |

4% discount of 7,53
7.53-7,563% 1pn=7.2288 7:53@4=%@ [ 7.2288 |

Percontage of 7.8 agzinst 9.6
£8x100-81.251%) 7-8E@9-BwE | 81.25

& specicren of 500 groms is addeg with 300 grams.

How many nercent is the -ntal weight to the initial one?

%x 100=1601%) 300B3500W)% 160.

A terperaturs rese from 40°C 15 46°C. How many parcent did it rise?

28 30 100=151%) 468140 % 15,

A solulion of B00 co spilled e 400 ce. How inany percent did it spily?

2008-200, 100~ — 202! 400B600mE | _ 20,

¢ Fgroentage celeulation involving constants

EXAMPLE OPERATION READ-OUT

IWhat 's 18% of 15007 .. . .. 225 150008 15mF | 2285,
What is 23% of 180G7 . ...~ 315 (Cortinue) 2 3w (3 345,
What s 25% of 18007 .., 375 (CantirLel 2 Bim) (&) 175,

21 What is 26% of 22007 .. 577 26€1612200mi% | 572.
What is 26% of 33007 . .. . BG8 3300z 858
What 's 26% of 38207 . . .. 810 3500 % alo.

3) How many percent is 30 to 1927 ., 15.626% 1920 30imi%l 15,625
How many percent is 1210 1827 | .., 6.268% 1 21w] 3 8.25
How many percert is 166 to 1827 | 51.25% 1 665 ' a1.25

4} B grams was added to 17C0 grams, )

What percent iz the tatal ta the initial e i
A 120080600%& | 150

—1B—




EXAMPLE QPERATION READ-OUT

10 grars was adced o 1200 grams.

Wha: porcent 15 the total to theintial T ]
weighl?. ... 142.4% 51 0l 5 r 142.5

240 grams was 3dded to 1200 grams, : R —
What percent is the total to the initial BAQM 3 | 170,
weight?. ... 170% :

How many parcent down %

i« 738 1t 1607 .. ... B% 1508 138 = —H.
How many percert down is 129 to 1807 .. 14% 129w %)

-4,
How many percent up is 188 to 1807 19% 168 5 ) 12 o
Haw many percent up is 156 1o 1507 4% 158w % 4.

1-5. Calculation of standard deviation

Before starting calculation of standsra devation, clear registers M7, M8, and MS by
)

During calculation of standard deviation, other operations [including programmed ones)
can be performed unless registers M7, M8, and MG arc used.

Data input operation and calculation formulas

1o input a daota, depress @ following its velue. To input the same value, depress [0 as
many times 25 the number of the data.

When the data involves trequency, input the valug, depross E3 . input the frequency,
snd depruss [z .

The value of frequency may nul be an integer.

Fnrmulas of standard deviation

n I —
4 T lxi —x)? To nhtain the sta~dard deviation of a finite

| ’-’L—. F 27 : : .
0y = ri——————u = ,H % LE) o population using ¢!l dota of the population
J 1 % #
n _ ; g i
{% dxi — &)2 - Tao estimate the slandard devigtion of a po-
g. .= =1 _ JEx® —i2x i pulation using sampied data of the papula-
n1= 4 L :
g n—1 VA o | tign
Mean
[ 4]
T xi
- _ =1 _ LX
x = ——
n H

=g



EXAMPLE OPERATION READ-OUT
Dala: B8, 54, 51, 55, Wl B 5 T B4 751 55
53, 53, 54, B2 B 364882 52.
(Standard deviation Ty w3 | 1.318956719
{Standard deviation Op.1) ®i&1 | 1.407B85953
{Mear x) W T) 53.375
*  The order ¢f deorassing INurbe- of data r) ®i{® 8.
the <eys to cbitain the (Sum Tx) m ) 427,
resuits s ot fixed. (Souare sum Zx?) MI[E 278065,
What is the unblased varisnce, (Continte) Wim Wix? | 1 982142857 | l:;tﬂ?ﬁq
ard the difgrence erWEEH wEZ EBEsSa ? 1.625 (55 _ x| '
gach -:Iat? and mean in the above 548 0.62E (64 _ %)
example’ g -
518 ~2.375 _ |(61 — X
What are X anc: 01 cf she data N1 108100 110,
give~ be cw? 1308313 B 130.
No. Value Freguency 1500824 = 160,
: g = 17056 170.
— 190 zohy 2l 190,
- 149 il o ) 70,
|2 i 24 %7 | 137.7142857
i 170 S W | 18.42898069
E 180

To deleta ar carrect the wrong data {1}
Correct operation: 51 @
VWrong operation: 50 '
Depress B and inpdt the correct data

(2] 49 [=o input in same steos before

Deoiess in the order ol 49, W ane ® and input the corect data.

{3} Wrorg operaiion: 5163

Depress 1 and ® subsequently or B8 and inpat the carrent data.

*  To deletas ar correct tha wrong data (I1)

Correct oparation: 130 El 31 @

{1} Wrang operation: 120 B
Deprass @ and input the correct da-a.
(20 Wrong operation: 120 g 31
Depresa znd i~put the correct data.
(3} Wrong operztion’ 120 B 200D
Following 120 B 306 , input the correet data.
Al Wrong cperation in same steps betore: iZ0E3 30 @

Following 120 B 30 i B | input tha correct data.
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Fart 2 describes prograrmed operatior of the calcutator, placing stress 10 programming.
Te efficiency ot programmed calcuiation depends on pragrams. All programs are based

un certain algorithms.

fundamentals.

[l s adwised lhat vou yet a gooc understanding aof programmirg

2-1. Controls and components required for programmed calculation

*

b Y

Description of keys and explanetion given in Part 1 are not repeated here.

FA-1 connector

;

%ﬁ-om

1934567890

Program keys

LIFW K FLT ALN DEG P
X = [ 1}
] S cn e ol [ = ) ca i
PO | P1 | P2
oo
_.p5_, PG _| L
HTAI; -Lﬂj—
p-,nu:-z TH B g SAVE =f
L iy ENG 7 H g In
-\ -
- [T E 1] LDE 1
- - .
H Ilhll LT ool TAN
X0 'l:uhl [ - [l
a (= !ggg
- - B8] (8] (c] [ag]
- T Lx LT
miE CIREINES
154 ket
NEEH
ﬁmﬁ@q
L5 il

21—

Holder guide

.~Command keys

Kevbuard OVBFIE‘V sheét

L —EXECUTION key



o Ha
wi wy + PROGRAM NUMBER keys

Depress one, alonz ar following W, 10 select ane o programs PO tu PO,

¥ au cannot start o-ogramimec operation without degressing a prograrmr number kay.

LN
v ¢ MODE/NO OPERATION key
vot] T); HUN {HUN madel
“his is the mode of orogra~med anc step-by-step operat ons,
poml 2T WRT{WRITE moue)
Put the cslelator in this made <0 "write” programs, 'check’ them, and make "addi-
tion”', "'deletior " and “correction”.
) <) PCL [PRCGRAN CLEAR made)
~his s the mode to delete all or specific programs stored in the caleslator.
el =l DEG
wal=l BAD

= E GRA
A specific unit of angle will be selected.
(b :

This is a dummy command which simply consumes a certain span of time on execution.
The caleulator will de no meaningful operation.

L

o ! HALT/PAUSE key

AT Halt
During WHRT moda
Lsg this command 10 stop 3 running program for inputting data or displaying results.
Thz display réads "HLT”
During BUN mode
Th= program which is cuor-ently running stops aller the current instruction has bsen
execuled. This is conven'ent —o intercept axecution of a program which takes a cng
tirne.

ol Temporary Halt
During WRT mode
Use Lhis command to Ering & runni~g program 1o a temporary halt. The program will
restart automatically in about a second.

141
wi : LABEL/AANDIRECT key
@: Destination of jump
During WRT mode
Usc this command to writs the destination of an uncoditional jump.
Ml Indirect addressing
During WRT mode
Th's indicates indirect adoressing of a mamary Iceation or ths destination of an un-
conditicnal jump.
Ouring HUN mode
Fas indicates inirect addressing nt a mermory lozation o the destinalion of a “manual
turprogrammed) jurp’

Lo
n 1 GOTO/SAVE key
o Unzonditional jump
CuringWRT mode
YWrite zn uncanditional jump command with this kay.



Nuring AUN mode
Jepress this key ta let control jump cocasicrally when execution of a program is a1 g
hatt (ELT displayed!.
W)  Data transfar from calculator to cassette tape (orly wren the FA-1 is onnacted)
During WRT mode
Use to cad a command so that the ronte-ts of an M-register will ba transterred ta g
cassette tapz thronch the FA-1.
During RUN mode
Lise this cormmard 1o transfer the contents of an v -registar,
During PCL mode
"rograms starod in Tae calculater wil be mover o0 a tassette tape.

C5E
=i : SUBROUTINE CALL/LOAD key

& Subrocutine ezl
During WRT mode
Use o "t e” & commsand to ¢a | a subrouting.
During RUN maode
Use during program debugging isee page 371
im[ow): Plata transfer from casseite tape (o caiculator {only when the FA-1 is connected)
During WRT made
Use 1o “writs" a camimand so that data wi'l be icated from a cassettc tape to an M.
reqistar thraugh tha =4 1.
During RUN mode
Data will be Inaded tram a cassette tzpe into an Me-ragister.
During PCL mode
Programs stored In a cassette tape wili oe loaded into <ne calculator,

B5~
we : STEP BACK/MEMORY ALL CLEAR key
&1l S:ep back
During WRT mods
Use this commsznd tc trace the program which is being weitter or checked backward
giep by step. <cep tme Koy depressed for mo-e than anour a sreond to bace {ast.
During RUN mode
Luring debugging, the command which has just been executer will be displaved by its
coude as lang as ~his key is depressed.
g Mermiory al clear
During WRT made
Use to “"write”” a com™and sc that all M-registers will te cleared.

During RUN mode

All M registers will be cieared.
During PCL mode

Al programs stored wilt be clzared.

FST

sic + STEP FORWARD/STANDARD DEVIATION ALL CLEAR key

f=l  Step forwad
During WRT mode
Use this command 1o exgcdrz a drogram sted by ¢ten during crecking. <eop thz koy
depressed for more than about a second to advance fast.
DCuring BUN more
Lise to execlite a program sten oy step dur ng debsgoing
Mg Coear M7, M8 a-d MO registes
During WRT mods
Use to load a eommand so thet the M7 ME and M3 registers ased for calculation of
stariacd deviatior will be claared

g



During KUN mode
Toe M7, M8 and MY registers w il be clsaied,

m : EXECUTE key

DuringWRT mode

Use to write” © comTand =6 as 1o initiate data transfor butween the caicu Stor anc
¢assC1te tape via the FA-T.

During RUN mode

Du-ing prograrm~ed cperalion, deprese —his kav to rostar! execution ¢ A Aragram
wh chis at a Falt fwith “F LT " disgioyed!.

. CLEAR key

Curing WRT mode

Depiess this key 12 cetzie the nurronthy displayed conmand of a program stareg 1 the
calculatar,

During RUN mode

1The displayed da-a will bs e-zsad for zorrention.

«g: ALL CLEAR key

During WRT mode

Use to "write”" a commary su thal all registers but tre M rog sters will be cleared

During RUN mode

All regicters but tre M-registers wi | be clea=d. The mode of pregrammed ooaration will
be releasce if ths key is cepressed in the middle of programmed operation (with e’
dispiayed).

During PCL mode

A desigrated pragram slonz will bo cloared,

S B S 2k Z.% 0 Numeric/condition test keys
These keys will be used following [ in the WRT made.
(wi): DECREMENT AND SKIP ON ZERD
Thea contents of the MO rogster is decremented and, if -he resu!l is zero, tha next com
mand 13 skipped; otherwise the next comrmand is executed.
wED): INCREMENT AMD SKiP ON ZERQ
This is the same as WE) bul thal the conten-s of the MO register is incremeanterd].
The riext ccmmand is executed if the contents of the X-register (display register} is zero:
otherwise the next command is skipped.
L [EED)
the next commard is execuled 7 the conters of the X-register s positive ar zero;
otherwise the next command s skippad.
(e [5=7)
The next command is executed if the contents o the X- gind ME reaisters are identical :
otherwise the next comman is skinped.
IMNd | ¥gF
The next cammiand is executed if the contonts of the X ragister ars greater than or
2qudi {0 the contents of the MF registar: atherw se the nex* command is skioped.

-24



= Program size and command code .
The calculator 15 capatle of storing 10 programs (PO to PO} aslong as the totsl nurbe- off
steps 15 not greater than ~ 28, The arpgrarm numoer. command code, and the number ofdE
steps are o splayed while a program is being written. chec<ed or dedugzed. '

DD 98 654 2i0°F

WRT OF(G
r t

Fragram nuimber stored

PO [6-03 0

| il
L\ ; 1 f L f
Frogram numper Command codzs Nurnber ol steps
{w3]

¢ The cermmand code displaved consists ol a syinbol (P, F,C, or £] and nurmibers (0, 1
tc &) as ndicatec on “the kavboard overlay sheet”. :
& A stap of execdtion pariorms a functiar, There are three kinds of ccmmands: depres-:
sion of a single key makes a step of command (1-kev command!, and sJuccessive:
depression of two and three keys makes a step of command {(2- and 2-key commands),
Ong-key commands: numbaer, +/—, +, — x, =, = [{,1],sir. log, HLT, FO, st

Two-key commands: X« M1, M+0,GoTo3, LBLS, byp zin. sin |, ABS, v x=0, x¥,

i, etc.

Threa-key commands: INV hyp sin™! |, HND4, G5B PE et :
Prugram nurnber designalion uses g step bul is nol counted ia the number of steps dis--
olayed. '

2-2. Basic programming

¢ The following procedurs will be followeg e carry out urogrammed calculation.,

A iﬁlﬁi%ﬁ .
We'anilyzg the g ﬁm a?@*ﬁa&t
: f2¥* Programing 5
: bahe Shpoil ey ﬂﬁé"aﬁﬁméf
13} Madmg ﬂwf%mﬁrﬁm

Wa Joad the mog:'a G Tha
£y Eﬁécmmn
We executs the Dmgfarﬁ

Lat iis see the folowing examgle,

Example:
¥hat are th= surtace ared anc vo-ume af regular octehedrons woich have ricges of 10, 7, and

/,o'\ 15 cm respectively.,
Hﬂ'l 2

I
( \\ Ridge (a) Surface area 15} Vooume | F)
— e
Wem | o ber? l' Jem?

- L ) L )
\ '," // 15 I } |: I
—" __25_




11] Analysis
‘1 rcpresent the surfacz aea, V the volurme, and ¢ tha length of a ridye of a regular cete-
Cthen Nand Foare expressed as ccllows.

"J [(= \';2 ﬂ"-‘
3

{2} Programming
“oocarry ourt the above ca cu.ation manuzlly, cperate the calzulazor in the (ullowing way,

28 3 wiOE Valueofg w8 —+ 8

Zwmr@E i@ Valieafs wrEr 3@ -V
You mgy put the va.ue of ¢ in an M-reg'ster befors use, and this is more convanient. In this
casc, oporate in the following wavy.

Value of ¢ Wi[T] 2 B A wFEMTOFEER — S

28 @MwWE 3 1
-he above sequence of operation cen be programmed jus| as it is.
nce execution ol the orogram begins, it does not stop unlass tre HLT command i3 oxecut-
x1. To inuut data anc disdlay resulis, exscution must be stcoped tergorarily using +ne

somnand.,
1 ke following sequence of operéation stores the abowe progrem in PO,

PO HLT, Min 1.2 % 3 INV / %, M3 1, INV X2, = HLI,
2NV A 5 4N MR TNV 28, 3=, ALT,

i this manual, each step i3 separateg by *',")

{3} Lnadmg the program

READ-OUT
wisi B _ g EW“H 3 c'f = iP5, P7, and P8 arc already in use.)
() PL. if5 ‘Numter of steps availeble for use)
Pa. FP oo
g | PG Eg 022 |
- 7} [6-0 002 (2-kay command)
3 | PO 02 063
[ ] o, E i GEHJ




OPERATION READ-OUTY

- f'a I M3 nos
7 L ut
o, PO FF 008 |~

tiZkey command?

sl PO FF-[H £G& | .

a | PO E i G607
T'IR IL_I_ P S- E -r o S } DSE {2.{ e\}r ST maﬂdj
I ad P G- F F - L- 1 aés | (2-key commarnig!
E p I’J- E | &) |r E

5
w | PG, Fp o

= FL. o0z
aa | PO. FF-06 013
s | PL Epoud
= | PG g3 75
m | PL E: 016
mm | PLU. L3=@ kB (2-key corm:nand]
mm PO FF-E1 %18 | i2keycommend)
= | PO ” 35 o;

a | PL £¢q 028
@ | PL FP G2

The program has been loaded into the calculator.

Y As you depress <eys gduring the WRT mode, corresparding commands are ““wrilten in'
{pul inte the memory of] the calcuiator as part of a program. The command which has
been written |s displayed tagelher with the step number, The p-agra™ need not end with

FLT.

{4) Execution

2) Depress the relevant progra nufmber key [ B 160 . BB

{6}, Vo stop programimed operation, operate C HLT displ

TD Exmjtﬁ thG Drﬁﬂrﬂmiﬂﬁdeﬁ iﬁ-:tﬂ mﬂﬂ’alﬁuiat{}}',% : -. ajc : : : '-'_‘»:__- ? T .-_.Z.Ji
(1) Put the caloulatr in the RUN moded 880 b o

(3) When the display reads THLT", input dota {or tead tharesult) snd dupress B . -
(41 Toexacute the program again with varied data, depress the program numbar key.
wved is Sleacsd). .

3




i the apove example, surface area 3 and voiurie ¥ of g regular actahedron having ridges
wltase length 1s 2 are unknown.

' Ridge ()

! Surface arca (§)

Volume | F)

10 cm
7 om

__15 om

i346.4101615) ¢m?
(163 7400781}
l??9.422_853_-_'1}

{47°.4045207) cr?
{161.6917506)
(1B03.990257)

QPERATION READ-QUT
w (M o (Lnnecessa_arv it ‘*BUN" is
— AUN ! already displayed!
(Frogram number assignment) Bl v aun Q.
100 | 3464101815 | S lura=10)
L Agair) Bl 4714045207 1V tora="Dt
{To execute agair| Padl 471.4045207
(a) 7 169.7409791 | (Sfora=7)
B! 161.6917508 (Vicre=7)
181,691 7506 .
(o) 15 2 _ 7794228634 | (¥ fora=15]
Bl 1590.980257 (V fora=15)
{To Lerminate programrmed i £ 0.
operation)

K

CHLT is cleared.

B s deprassed foilow ng input data o~ after a result is read.

2-3. Checking and correcting program

Example:

In programmed operation, executio~ proceecs and a result is displayed each time after

Let uscalcuiate the surface area and volurne of regular tetrabedro=s having ridges of 10, 2.5,

and 20 cm respectiveiy.

{1} Analysis

:/.

Ridge (a) Surface arsa |8}
10 em {173.2060807) cm?
7.6 {07.42786792)
20 {692 820323)

Viume {F)

(117.8511302) em?
(49 71844565)
1942 .8080416)

| et § represent the surtace a=2a, F the volume,

and g e length of the ridge ol a reguiar
teirahedran, 1Then 8§ ard ¥ are =xaressed as fallows.,

28—

Pl l”=£a3
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(2) Programming
We put valuss 07 g in memory and seect P es the program number. Then Lhe program is ag +
fol' owe.

PIHLT Min 1,3, INV\/, X, M3 1INV = HLT. gy
2NV AT X MBS INVAY, 3 - LT, S

R IR

we can Icad this program direc:ly into the calculator. Here we modify the “regular octa-
hedron™ program given in page 26 to lzarn how to check program and make correctian or
madification.

({3} Checking and modifying program

Checking program means cenfirming the conterts of 2 program, writ™en in program memary,
on the dispisy.

Fr Lnis purpose, put the calewlator in tve WRT mode | =}, assign theprograT number,
ang cpersie or @& ., Then the numoer of steps ana the co~tents of the program wi'. be
dispizyvea. To make addition and geiet on, foi ow tasically the same procedu e,

1. Change the program number “rom PO to P1.

2. Lelste "2 and "X,

3. Reolace 3" in "=, 3, %" with **1,2'].

This is the modification we maks to obtain the desired prograr.,

OPERATION READ-OUT
e | 9  BLd32F F
{Program PC has bezn callad.
o PL. WRT 33 The number of steps g2l
AR A available for usze it displayed)
ls) f=) 33
Changing grogranm [ -
number P-1| P '. g3
{Prograrr check) P ] F P aa {15t s1ep ]
Programeneck @@ | Py LHE-O1 858 | 2usteps@.d )
= P i 0 E’ 0d3 {33rd step: numbear 2}
{Cieletian) (e} P a3
= , N This commznd is celcted.
& P‘! F oy eid {3rd step B3
: MM
‘Deletion (o] Pl T
o P ! 33 0403 {Grcd step: nurmeral 3)
(51 P !\ FF-(g 00H [*h sten: W |
1 P E ! 945 | (5¢hstes B)

Deprass 7] successively untit the step of 2, INV

_29_



r— +” iz reached. (You may keet [ depressed. It
k,,cu qo teyo~d the desired sten, depress@ )

P EJ0!2 | 2thstep: @)
Irst P ! - S_:,' ﬂ'-r‘- 5'_ [13th step: numeral 3)
Daetiont = | P11 g3
iAddition: 21 e ! E“ 03 1 13th step: numeral 1)
{Adgition) 2 ; P A= '141h step: numeral 2|
i ] £ 815 | Nsthstep: @)
i P O7-0: 4161 18hsep ®E)
sl P FF-£1 817  {1/thstep: R
] P g3 o8 { 14ith step: numeral 3)
B ! ES 09 (15th step: @1
B P FPO2O (0t step: @)
Tainge, ;€ | | | et
s P FER &GO (iststep: &9 )
F) P -0 8dé2 (2nd step; &}
(To back up) P FP OO | (st step: @)
7] P 09y (Program check proceeds-
: from the jast step.)
T P FR ozi (20th step. B0 )
1) P i £FS L9 (19th step: &}
Iwere; 7] o n (No command is writtan in
o 2 this step.)

Now modification of the arngram is complete.

*ﬂﬂ@ Ptii W@}mﬁagéﬁ_ __'the -RT Mﬂd!“: IEEE, J .,tFm mnumbera whaaharg a:raadv
- 4 It uBe.are Aot dippla yed. - S
(). ' Depress the wlavary program nosriber Essri.,@ o8, 8 to @ﬁis
'(3] Degrest’ f51°of @sm’ﬁ thieck the commang: eode and’ step mummbes: ﬁmy&;
(H a,zguf kaen R o demeaﬁﬁd vou will” advance or trace Dack ovar. prs:agram
T gfeps cbrﬁf1r‘r!—muslv hen the end of taagmnmg QJ f‘he ﬁrngram ia reaachad fast,
fcmarding or revarsmg Wil bé feriested again.). - _ T

o T i




How to make addition, deletion and eorrection

(1} Display afelevant st&a By the. ﬁmcﬁdura of pmgram cheek
12) - To detete the step, depress [&] -
(3] Tocorrpct it.depress [7 tﬁ&raﬁe ﬁdﬁwn anput it,zetmréqa mmmand &
4} To add e step;:display the atep ﬁmr wehich insértion i€ %o bé nﬁﬁe and- mf.&uta

Step Or §teps.: iAdr:ﬂt’ran bmcmes Empnaaanle when’ mia;%:'*h' 5

availsble.) . = w8 L F
- * Bedition afid ﬂel‘ett@n mﬁ'y be &aﬂe inany ard&r wi
madlé, step numbers gre aildmatically readjusted. ° PR ol

{You may use B 1p teave step numbers urmhangad atter de!etroﬁ E

(4} Execution

OPERATION READ-QOUT
oo | [Unnecessary when “RUN' ig
el Q. alraacy displaved)

{Program number assicnmznt) P 0,

1068 | 1732050807 | (§ fora = 10

[og 117.88113C2 | (Vfare - 10

Rapeat thess thrae s1eps with other values of &,

Debugging

Thc program yeu have made and [naded into the calevlator may have some bugs (errars),
Follow he procedure below to remove such bags (i.e. to “debug’ ths program).

Example:
LeT usdebug the "'regular tetrahedron™ prograrm which is meszioned belare.
OPERATION READ.-OUT
8 i) i
b RUN 3 (Unnecessary if the RUN

s maeode |5 entered)
(Debugoing starts) [ (FY P { RUN

& B : LT {1st step” HLT)

{Dgra) 2 e [Input tast datal



OPERATION READ-OUT
(50 e ] (2nd step Min 1)
[Fsr) <, 13rd step numeral 3}
B | 4373205808387
Seckcommendi @ [ py T ppopg gy | dhseeg
LEH 132050807 (5th step: X |
[ c 6th stepn MR 1)
Fi) Y (7th step x* }
= 582828323 (8th step=}
) E.SHI%?BE’EB £ (9th step HLT) S for g— 2
) I?. (13th step numeral 2)
[ 141424138672 (11th stepi/ |
) 1YY 213562 [1Zth step:+]
EL‘_‘:;‘ 1‘;‘;:;::23?) = EPSi2 | iStepNo 12 | @)
3 (13th step:numeral 1)
' (14th stec:numerat 2)
) il TS 3 115th step X |
Kvpsrenel D | P £18:5 | Sepho.t5:m)
@ - {16th stepMR 1)

I Check gornmand)
{Keap depressed)

:Check command)
'Keep depressed!

{ExceLtian
oroceads normally]

&

==
et
=

Pi FG-

I.,
-
=

43428584

_32_,.

iStep No. 16: [ |

(17th step:x?)

(Step No. 17 @@ )

I fora=2



How to delete programs

& To delete all pragrams:

Put the calculator in the PCL mode { B2E ) Ooerate WED , i The contents of the Mregisters
remain unerased. To clear them , operate v g in the RUN mode.)
¢ Toa delete a specific program: ¥
Fut the calculator in the PCL mode. Depress the relevant program nuomber key to i
Fa |, lar to B foltowing ) and @ . (If a program nurnoer is used, the cisplay -
indicates the program number by depressing the pragram number key in the PCL moda -
But it is not displayed if the program number i3 not used (i.e. no program uses the program
number).)

How to change pragram number

Each pregram has a certain program nomber [ R to FJ). Mora than one program cannot use

the same program number. You may wan: 10 assiyn a specific srogra'n nurmber to a specific

program. I the number is used, you can reassign the program tQ a new number 50 that the

desired number can be used far your program . This is dcne in the following way .

{1] Put the caleulator in the WET mode ! t=l(® | and depress the relevant program number
key.

(2) Depress(S |

{3) Depress another program number key 1o which reassignment is made. (If “his program
number is used by @ program, this operation is ineffective )

{4) Put the calculator in the RUN mode { ) or the WRT made | fed|S] |,

Exampie 1: To change PO to P9, wox [E{FG v B8 v (7]

Example 2: To changs P5 to P6, v EES)im) Felv

Remarks for programming and operation

® Programming rules

e The program consists of commands arranged just in the same order as with step-by step
calculation. [The sequenca o commands s the same as of crdinary mathamatical ex-
pressions. | '

e Al built-in functions can be used in programs,

® Thera is no rastriction on the length of mathematical expressions,

8 Any number of constants can be used ‘n a program (each has a3 mantissa of up to 10
digits end an exponent of up to 2 digits). In this case, each of digits. decimal point, +/ -,
and EXF is counted as ane step.

® Calculation involving constants can be programmed .

B To write a program (WRT mode)

s Just after the WRT mode s entered, you can depress only either of ¥ to fg , mF tc
WFE | and el O] to (3

® The nurnber of steps displayed during the WET mode plus one is the actual number of
steps written in the program memory because the step of Fr (or wF:) | is not counted
which actually makes a step.

e When the program area becomes tull, na rore commands cannot he written (but those
which are already writlen remain therel.

e Whille 3 program is writtan, validity check of function arguments and nested parenthesas,
ote. are not carried o4t [error may be detected during executian!,

¢ [eprassFo to(f |, bdlFs o) [ [P . or B towaid) to terminate foading a program. Then
vou gan load another program or enter a different mode.

® The program need not end with HLT . {|f HLT is not orogrammed, the last result remains
displaved afrer the fast command is executed.)

8 Execution (RUN mode)

o Nothing ‘will occur wher a2 program nimber key (o0 which ne progran is assigned is
depressed.

= When axecution af a program is at g halt, you can carry cut other calculation manually,
You may use thg result of calcutation as an inout data or use the intermediate result of
orogrammed operation currently disolaved for some other calculation. If the inter-
ediate resull is used in subsequen | programmed aperation, Lhe data must be reslared
bafore programmed operatior s resumaed.
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o |f you Oepress M when execulion s at a halt, the currantly displayed dats and
command will be cleared, H you depress 8 during execution [ =" displayad) , execu-
con of the program will terminate. pg al'lows vou to terminate aperation when it takes
a long time or it is running in a loop.

o [ yDu cepress M duringprogramred operation |”'="" gisplayedl . execution cames to a
halt after the current command is execuled. This is the sams wher [ s cepressed in
1he micddle of PALISE, allows you 1 debug a program in tha middle of executian.

¢ Errors ("E."” displaved) possibly detected during pragrammed operation are summarized
helaww,

1. Overflow of aresult of operation ar data nut in MeEr1ory,

2. Qverflow of an argiiment or value of a function,

3. Thedestination of a jump ( &5} is not found,

4, A shuroutine which is called { & } is not found.

G. Megal nesting of parentheses or overf ow in an L-register {In thie case " is dis
piayed.)

in all cases (hut B), the display indicates “E." and the pertinent step number and exe-

cution comes to a khalt,

To loralize the cormimand whose execution resuited in errar, release the errcr status by

depressing @ (or G for the case of 51 and then depress =

2-4. Programming examples

Lot us study some variations of program to sulve 3 problom for their imerits and demerits.
Prablem: What are the length, § of arc and the length, g, of chord of a sector whose radius
is +and centrat angta is @7

5 ,ﬂ PelfY
/@ Ta0

ey =2?sin%

*  Operation and programs

OPERATION PROGRAM
s -
. 1 PO MODE 4, HLT,
éA 2 5o Min 1, X, HLT,
: 36— p Min2 X, m,+,1,8,0, = HLT, {PO)
|4 B MR 2,+,2,=,8n, X,2,X MR 1,= 24 steps plus 1 step
T |STEP ' '
1 ¢ & | PO MOQDE 4, Min 1, X, HLT,
2488 0 Min 2, X, 7, 4,1,8,0,= HLT, (PO}
+ 3 PO g MR 2,+,2,=snX,2 X ,MR1,=, 23 steps plus 1 setp
" |STEP - '
1 7 (1]
25 WS
3 P 5 ¢ | POMODE4 MR, X 7, X, MR 2,=, 1,80, =, HLT, {PO)
4 Bl—>a MR 2.+, 2,=,sin, X, 2, X MR 1, =, 22 step plus 1 step
el ]
1y PONIN Y, o s o siwwm o0 om on o0 oa 1 step
28 P11 Min 2 MOBEA4, ..., ..., 2 steps
3 E -2 |P2ZMR1, X, 5 X, MA 2,7,1,B,0, = 10steps { PO, P1,P2, PT)
4 B ->a |pzMR 2,5, 2, 7,sin, X, 2, X, MR 1, =, 10 steps plus 4 steps
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Advantages and disadvantages

© Standard program
e “he seauence of operation is simple. After the program number s assigned, B iy

aperated simply or after \nput data.

e i1 i3 possible to store rany programs (up o 10 programs).

e |f requires a small "umber of steps.

e Since the seguence of opcration is fixed. it is imoossible to chenye part ol dala or to
get part of resufts,

A varigtion
e Thicic bascally the same &s A but the sequence of operation & not 30 simple.

. Deta input operation is nol easy.

e 1herumbor of stepsis the sa~llest of all.

a |t ispossible tc sTare many programs.

®  Data mus: be o0t in memory before execution, This may induce error,

Liser's function type

s Data may be input in any order. Results can ce get in any o-der. The program
aumaer kevs arc connected with cartsin functions.

s Thisiscnavenient since data can be changod oartly.

Ttis requires mors steps than the othess.

s Tris may cause the shorlage of prograr nurrhbers it the number of input cata and un-
knowns ars targe.

& |t isinconveniens to store mors than ¢ene program.

The mosl preferable program wili depend on a particular €ase.
Programs of type A are mainly described in this marual end library. Some prcgrams are of -

the other ©ypes.

Jump

There are lowr kinds of jurnp commands.

1.
2.

L%

4.

T

Uneonditional jomp to a designated register: GOTO, LEL

Conditional jump which skips -re next command depending an the cantent of the X-
reaister:

x=0, x 2C, x=F, xZF

Co~ditiona! jump which skips the next cemmand deperding an the cantent of an M-
register: DSZ, 157

Jump ta a subronting anc return from it GSB.

ese commands can be used independently and ir ccmbination.

Use of unconditional jump

e 50DTON zausas conzrol to jume to LBL N of the program urcancitional by,

e N isadigitof Oor 1 ta 2.

e COTOM and LEBL N of up to 10 pairs can be uscd anywhe s o0 2 program.

# More than one S0TQ N may be used ina prooram aul the cestina: nn of Junp (LBEL
NI miust e uniquely definec.

® |f the destination o ajemp iz arde’ived, exzcut on of the program resubls nerro.

e Youcaninput the jump com=and GITO N, mznually (dzpress B=(®) ©) or M ¢ = ).

If the destnation, L 3L M, iz undefi~ed, nothiqg wi'l be perfarmed.
Lise of conditional jump

Conditignal jump 1

The contens of the X-register [displaved! is comaoared with 2ero or the contert ol the

MF regisler anc, | & soecific cendition ‘s met, the rext step is executed: otherw sa the

next step is skipped.

Thers aoe four commands of this Type.

X =] ['eat is made if the content of the X rogister is 2e70.

v = 0. Test is marls if the contant of the X-register is 2zoTo or pasitive.

x—F: Testismade il the contents of the X- and MF registers are equal.

*2 F: Test is maede if the content of the X-regisler is equal to ar greatar tnan that
af the MF register.

R e e



o Example 1: “o find the jargest number out o7 registers M1 throngh M3,

ME 1 MinF, MR 2,8V x = F, Min F,MR 3, INVx 2 F,_MinF, MR F,

yes | yes
o Mo |

¢ Example 2: Ta find the smallsst ~Lmber out of ~zgisters M1 throuzh M2,

MR 4/ - MinF MR 2 +/— INVX 2 F, MinF, MR 3, 1!—,INV X 2 F, Min£, MR F +/—

| yas ] T ves ]
Mo | MNo _

e Example 3: Tojurpto LBL i if the content of the Md register is zera,

MR A INY x =0 GOTC 1, ...
VRS T

Mo J
{LBL 1 may be lccated in t7is program either ir tne first place or at the

end.)
a Exampled: Tajurpto LRL5F ths contens ar the MY regisiar is nagative.

MRS, iN'u"t g, GOTO 9, GGTO 5, LBL 9,
(e~ LT 1
Moy

IL2L & may bz lcoccted in 2-is progran either 1o the first placa or at the
end ||

Program wihich uses conditional and unconditional jumps
Exampla: Lel as obitain the rools o guadradc egquation in diflere ways “or real and
raginacy roots.

; g T Caefficients
o Na. Equation _ — Roots
| & b c

i 8 +Bx+1 =0, 8 | 6| 1 | (-0.25 -05)

(2) 2r? + By + 89 =0 Z 26 89 (—B.%+ 1.8

(3) 2y —28x+098 -0 2 |—28 a8 ( 7 )
¢ Solution
corootsolaxy’ +6x o - Cars

5 ;'—
% 11 o IJ
2

aagre D= 0% . dac
*  Programm:ng [ X )
PO HLT, Min 1, HLT, Min 2, HLT, Min S,Q,XJMH 1, = Min b, ... Invaul &, &oamd o

and caicu ate Za.
MR 2, INV x*, - 4, X, MR 1, X, MR 3, =, Min4, INV x & 0, C0TO 1,
Co to Ldl_‘! 1H_’) = 0.

LEL2, MR 2 1/— + MR 5 = INV FAL.I&E o3 maginary roots are dis-
MR 4, +/— II'\lc‘ur VF +, MR 5 = IN‘u’ PAUSE GGTDZ SJplaved one by une.
i.BL1, MR 2, +/—, +, MR 4, INV-\, ,= +, MR 5, = HLT,

1 L L]
MH 2, +/— — MHA 4, INV ./, =, 1, MR 5 = HLT, ... e L

ha ‘ETP[ 5
s



e Executior | BE )

{13 8 e (2) F2 /B
G [E 26 B0
1@ —-D25 89 B — ~5.Fa~d 15 aredisplayed
B —~-05 a-ernately ininlervals of about
a second.

(3] P27 E
281 1

aB — 7

b —7

Caonditional lump 2

¢ |57 and DSZ are this tyge of commands. 152 increments the content of the M0 ~=gister
ard LhZ decrements it bafore executing a test.

a |f the content of the MO register is not zero, the ~ext step is execuled; oterw se i1 s
ckipped.

¢ These dcmmands sre used for loop contrel.

e Exemples: Tcruninalgop 7 timres.

Wiz 57 ... T +/= Min0 LELT, e ANV ISE, GOTO 1, i
T MR e / S | ~
Ztimes N\iQ = O Mo=0
With DSZ.... 7, Min0, LBL 1, .o ANV DSZ, GOTO 1, g
7 times MO = 0 ‘ MO =0

m  Use of subrouting

A program may consists of a main program ang suoroutines. The main pragram compases
the central framework. A subroutine is a self-contained part of & program which cgn be
meorporated into the program as many thmas as necassary. 11 can be 'noorporated anywhera
.n a program and even in different mai~ programs. In other wo-ds, a subroJsine oerforms a
certain self-cantained part of ioch which may be requested many times n a main program.
Jse of subroutines makes programming easier and reduces the number o7 steps.

Program incorporating subroutines
Exampla: |et us maks tha common oart of the “regular octanedren’™ and 'reqular tetra-
hedron' programs respectively given in pages 26and 28 intn & subroutine.

Regular octahedron  pg HLT, Min 1, 2, X, GSB INV P8, 3, GSB INV P8, 7 steps
Regular tetrahedron P1HLT, Min 1, GSB INV P9, 1, 2, GSB NV P8, 6 steps
Subroutine INV PO 3, INV./ X, MR 1, INVX?, = HLT, 2, INV ./ -,

10 steps
g broatine iNV P8 X, MR 1, INV xVY, 3,= HLIT, B steps

Total 29 steps

The total number of steps of the two main programs are 43 steps 121 + 20 + 2{P0,P1) = 43¢,
and it is red_ced to 33steps (7 + 6+ 10+ 6 + 4 (PD, P1, INY P39 INV PB) = 43} hy using
lhe subroutines, Ogperation remains unchangsd as described in pages 28 and 31 .
Note: |¥ GSB Pn is placed in parenthases, do not use “‘equal’™ and a closing perenthes's
which is rot pared with an opening parenthosis in the subroudtineg,

—37

SN



ormm, e

.....

[ e GQB P g;}gc% éﬁﬁi{g@ *‘Ecr-;f‘timp to pmgram Pn and, ﬂpﬂﬂ:cgzﬁ‘tmlemuﬂ Qf execifich i}f

program Pn : :_E?'s'f&a which, r.gnaxf t%’G?iBaE
e PnisPi iﬁ‘?&ﬁf NV, F’t‘: 0NV PO,
» GSBP ﬂ‘ﬂ’# be located anyWwhere it s pr@gram G G g _
e Hpm ' hich is gaﬂerr‘ed taby GSB Pn js unadefinﬁ XA ﬁieﬂ ﬂﬂdfts n am;}t‘
» GOTOMand. &L N ysed, in a subroutine are effective Ot in the subroutine. '

(The ﬂé;atmtm of . j(.tmp GDTD in a main pmgram :}aﬁmt tm incated in 2 sub
roadding, i : :

» Suboutings o8N baﬁn_;m up tn Taur ievel [tﬁat ;s K| mm; : ﬂr ;ubrnutmas can |
be-calted: Ii"-"ﬂ!'tﬂ;ﬁ wroutine as long as the leveél of nestingdos .B{;}‘I axceed four).
Command GSB. ﬁrk!i ho disrenarded if the nesting laval exceeds four-~

u Use of indirect addressing

MDY s the command of indirsct add-essing for designating a register or a destination of

UM

indirect addressing of M-register

o Use IND tocgether with register commands (XoM, Min, MR, M—, M=) to assign an M
register indirectly.

¢ [NV IND, MI n addresses a reqgister indicated by the content of the Mp register to
exacue M+ {The same effect is produced by Linprogramiried operation.)

*  You may use any register commard in piace of M+,

Example: INY IND XM 3 executes XeM b when M3 contains 5.

o nisD, 1109, -0,-11a -9 F,or-F.

s |f the Mn registar contains othar then C 1o 19, the most and second most significant
digits of the integer part are taken as the register rumber. |f the content exceeds 20, ~he
—ormmand is inetfective.

Example 1: INV IND MR 8 perfarms no aperation wnen M8 contajins—258.
Example 2: INV IND MR 8 executes MB 2 when MB contains—2 56,

Indirect addressing for jump

e NV IND GOTO n torcas control to jump toa LBL designazed by the content of the Mn
ragister,
Example: NV IND GOTO 3 is eguivalent to GOTO 5 {jump to LBL B) when M3
contains b

¢ nisOorltcd

» if M contsine a numhber othigr than O to 9. the most significan: digit of the inleger parl
is taken as the LBL number.
Example: INV IND GOTO b causes ump tc LBL O when M5 contains 0,1,

¢ |f rthe destination is undefined, the jJuma command will b2 disregarded.

Indirect addressing for loop control

» NV IND INV ISZ or INV IND {NY DSZ causes 182 ur D8Z tv operate on Lhe register
designatad by the content of the MO register.
Example 1: YWnen MO zcontans b and M5 100, INV IND INV DSZ decrements tre
content of M5 into 998,
Example 2: When MO contains 3 and M3 -1,INY IND INV ISZ increments the content
sf M3 to 0 ard skips the next siep.

¢ Sefer to “Indirect addressing of M register” “cr the casc MO contains a number other
tran 0 to 9

Indirect addressing for subroutine call

s [NV IND GS8 0O calis the subrouting which is identified by the content of the MO
register.
Example: When MO contzins 7, INY IND G5B Q s equivalent to G5B P

& YWhen MO conlains a number othe- than O to 9, the most significant digit of the integer
part is 1aken as the pragram oumbrer

® |* the grogram 1umber desigraled is not used, the subroutine call command will be
disregarded.



Draw flowchart

it is suggested that yuu d-aw ¢ flowchart wh'ch represents a sequence of events ccourring
when a calculation of interest is executed.
The flowchart is usual'y drawn with symbals as fallows.

Calculation —l ;

1 Subroutine

Beginning of a program

- Input data,

. Tast a condition le.g.x=0,x>0,x=F, x>F!

. Execute arithmetic operations

WUnconditional jump GOTO N

. Dgstination of ajump LBL N

390

Display results

End of a program



a Elementary programming
peample 1: 10 abtzin t~e sam anc gifference of the largest angd smallest nombers out of
Aaa L coata [y :_:’ Fi
s Program
PO 9, 2XP, G 9. Min2 +/— M2 1,
LEL i, MH | Mir F AZ, AL |
INV x 2 7 Min |, Min =,

MR2INVXZ2F MRFE M2 GO 01, 20 staps
Fi ME1,+ MR 2, - HL],
MR “, —, VR 2 = 9 eteps
» Operation & Flowchart
PO ( PO )
Nata (EiE J_
Data [ ———
Repuat this. | Initwahization
At ths end  [Ai Sure LG w 10% — ME
oy Citiarcnoe —9 = 107 >0
M7 —=bMF
e
Data —»x
e \r'ﬁs
.:_-"" ;w/lz\.*
\\\r ff
Mo S
Jex bt
P |
x —MF
W2 —x |
. —~— Yug
<. X =MF
o - I
’ WEF X !
=

* | he fiowchart of pragram B ois or~itsed,
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Example 2: To surm Up oata sspa-ately classified by code 11 Lo 9) {InD, DEZI
# Program

o0 INV MAC,
L3L 1.AC, HLT, = 1,0, =,MnD, AC HLI,

INW IND M-0, GOTO 1. * 4 staps
P19 Mn0.
LA 1, NV INDO,MB O, HLT,
N DSZ GOTO, i3 5TEDS
e Operation * FIOWCh?_r_t
{ PG )
A
{ ode 1
Data & i Memory all clear
Fepeat tha abaove sTaps, |
At the and B -evreeer Sum of da*a of code 1 |
--------- Sumn uf data of code 2 IS
(Codle
(TR Sum of data of coce 3 | |
Cods — 10 —=M0O
[N
Dara
Data— K+ n
L ]
)

i =



Example 3: To inout data inta nine M- -agisters sequentially a d display the data

¢ Program

P09, Min 0,

SHL 1, AC HLUT, INV IND, Min 0,
INV JSZ. GOTo 1,
I MinD,

LBL 2. INV IND, MR 0, INV PAUSE, ® Flowchart
INV DSZ, GOTO 2, 7 slups

@& QOperation 1 é-ah,:lo
[P_.ﬂ J
Data 1 L
Ciata 2 __.———-—;—T
5 Liata
Jata 9 pgeeeseee Nata are displayed sequen-ialiy in B e I
intarvals of a second. Fha RS Disita s M
/ ““‘x_
< psz >
MO O 0
T Me=a
r S

O =MD |

.

)
9 Timeg e .
—-—{/DSZ\

MOX0D S
MO =0

|! End W

b -
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Example 4: To rounrd data 1o # cecimal places

Program 1

iNY PE M, MY CNT X NG INY FRAC INV RND », M=-9 MR 9, 7 s1eps
This prozram wi' | rotwerk well if the first cecimezl place is zero,

Program 2

NV PE X s 1N 105, M0+ B o INVINT 2 MR G = 12 steps
1 b gragrar accents 2ositive data aniy.

Program 3

Ny PE <INV ABS, Min 9, X 4 n ANV DY X, XM O+, 5 LNV ING
"B G = 17 stepa

Jct- positive and regative data can ce nput.

Operation {for program 3 with =3}

123456 W 7)) —mmes 12340
4 04114 FOpdE —— —4.044

o



cxample 5: Dot mal-hex adecimal conversion

m Program
IV PO Min 6, [(, 1,5 Ming. 2. INV IO, Min 8, CSB INV P8 1] 1C steps
P4 Ming [ 2 INV X Min2. 1.6 Min8, G658 Ny P31l 10 steps

INV PE © MingQ, [
LEBL 1. INVISZ, (G, MIRGE = ME 3, )], Ming, |NV FEAL, X, MR &,
L IRVIND, Min 0, MG, INY INT, M6, I8V x=0.G0TO 2, GCTO 1,
LBL 2NV IND. M= 0, [, INY IND, MR O, X M3 3] INV OS2, G002,
+, MR 8,11, 32 stzps
* The ranges of input ard cutput cate are as Tol ows,
~BBB3ED S decimal number < 100485 /45
—9FFF= = ~axadecimal nomber < f [ FFF

“he P4 key can be used a5 ‘he decimal-héxacecimal conversion key for arithretic
operations (ke cther funclion <eys,

& Operation j : Haxadc- _ Hexade-
Decimal 1234 is haxadezimsl 102, OECIM: |gjonar | PSEIMBl | oimp)
12324413102 i} Do g 0z
Deuimal —B800000 is hexadecimal —827C0, 1 01 q 0G
BO0000TFE»-9:02:07:12:00 3 = 7 n
Hexadac'mal A233 is decimal 416567,
10:02:11:03@ 41651 3 03 1 !
Hexadscima: 3FCE + 77ED is “ 04 12 C
hexadecimal B732, = o R Bl 13 L
3:15:12:05807:07:141136BRE | B Og | 14 E
—~11:07:11:02 BE T7 L ys =




e Fiowchart

Example:
Diacii-al t2 hexadecirial Subrouting Conversion of decirmal 1500 to
@ ﬁF’._U hexacecima: H5EC
( \ a 1600 = 5EC
—
——
PR S P X EMT =15 o
Iritializaticn P 1=MC 150D - 2 a3
16 =+ M9 l Remainder 2 =1
Hiut N H .
s — 2 YM0 93 = &
C"tuié?ﬁ';mdpr Remaincer "3 = M2
Suarsntine Py bt ﬁdﬁ_F-)—Mn 3-—»MC E~+16= %
wc LBL 2
Mo - |F-:-H"I'EEQEF> Hemaincer b5 -3
(Hexadecima ) :*a\part zero?,
b "“x\ //
[ ws
Hexacecimal ta decimal Adjustment for 5 % "0 2 -»M2

figure pusition | (8 x “00 ~ 13! x 100 1 ->f0
15 % 100+ 313 x 100+ 12} x 100

T g >MO
fmitializazion Mo - i
100 Mg ——<Compleled? £ d of repelition
\1’/\r’es

B—ME

Correotion of | b (Bx 103+ 13) x 100 + 12} % 100

5 adjustment for .
E_b_ﬁ:ﬁ'tmc PB‘{ figure position ! 100

{ Dacimal ) |\ End
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a Basic features

Zasic operations: arithmetic operations tadditicn, subtraztlon, multiplication and division
~iv capablility of judaing prierity of opzration!, naegative numbers, expanents, oarertneses
A up 10 10 levels ang constants permitted.

Suilt-in funetions! trigonometric and inverse trigorometric functions {with angle in degrees,
ad1ans or gradiants; hyperbolic and inverse hypersclic functions, logarithrmic and expenen-
~ab functions, inverse, lactoria!, square rool, syuare, raising to power of high orders, ox-
ractirg rcots of high orders, decimal «— sexagesimal conversian, coordinate transformation
rectangular to poiar and vice wersal, absoluze value, remaving integer part, removing
irgction pert, percentages, random numnber, x

Statistical functions: standard ceviation {2 kinds), mean, sum, sgquare sum, number of data

Memory: 22 [nonvolalile) registers
Range of number: +7 x 10°*? 10 +9.939909899 % 10°% ano O, internal operations use 12-
Aizi mantissas

Dacimal point: full floating with undertlow

a2 Programmable features

Numbear of steps: up 0 256 [nonvolatile, T stea performs a function)
Jump' uneonditional jump (GOTD) up 1o 10 pairs,conditional . mpfx=0, x )CI x=Fx F',i
ciditional jump lor loep cantrol (182, C52Z2)
sabroutine call (G8B), uz to 9 subroutites. up 10 4 lovals
Numbar of programs storable: uo tc 10 (PO te P
Checking and aditing functians: check, debug, deletion, acdition, elc.
indirect addressing: for Mareyister, destinatior of jurnp, calling subrouting
Miscellaneous functions: “manuzl jumg” {GOTA), temporary suspension of execution
PALSE), command code and sten numiser dispiayed during check, FA-1 adapter {option)
w7 cassette tape recorcer 1/O

s Capacity:
Input range Qutput accuracy
Entry/basic calculations: 10 digit mantissa, or 10 digit mantissa plus 2 digit
exponant up to 1072

sraentitic calouiazions:

SINX, COSX, cos ' X X< 1440" (87 rad, 1600 gra) +1 in the 10th digit
sin x, cor X< _E

rant x X <1x g Rten e

log x/In x Dax <1 x 101 —

f0 X < 100 i —

#¥ sinh x, cosh x —227 <x <230

tenrh x —115 < x £230 oot
snh™x lx <21 x 103 i

cosh™ x Tx <1 %10% o

16—



1

tann™ X o i & .
JxoxY, 0<x<1x10'™ i
) 0<x<1x10"%p#0 -
ke rl=<1 x 10™ -
1/x X1 210", x#0 -
x! 0 <x <60 x:patural nurmker) re—
- 3 loter 12 10%%, 13 <01 % 10% b
ol = iri<z 1 x 1010
gl< 1440° (Bwrad, 1600 gral
Decimg 10 sexagaesimal Within = 27777 731777
i1 10 digits

= Display: 10-digit mantissa {inc uding negst've sigrl, 2digit exponent, liquid ecrystal,
oussible sexagesinal represantation, INV, K, HLT. AUN, WRT PCL, =3, RAD. and GRA
maoCes displayed
m  Error check function: Overtiony (10'%7 ar more) ara fata error for execul on detected
(£ "disp ayed)
= Power consumption: 00008 'W {(calc.later alona)
Q001w  [with FA-1 adapter)

s Power source: 2 silver cxide batteries (Type: G-13, UCC357, 10L14, AW-22 or RW-42).
The caicuiator gives approximately 1300 hours {1300 hours with FA-1 adapgter) continuo.us
operation on type G-13,
s Auto power-off: Power will be sutomatically cut off gbout 14 minutes after end of
opcration.
®  Usable temperature: 0°C — 40°C 132°F ~ “04°F}
8 Dimensions: 9.6r-mH x 71mm\ « 141 ZmmD

{3/B"H x 2-3/4'W « 5-1/2"0)
»  Weight: 103y {32.6 vz} includ 'ng batteries.
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