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This invention is concerned with improvements in or relating to calculators
. and is more particularly concerned with non-programmable business calculators.
* Conventional business calculators generally have less capability and flexibility
than is required to meet the needs of the business user. Tht:l}; are usually designed 10
to solve the most elementary calculations of one business discipline (i.e. banking
" or real estate, or finance, etc) and lack the capability and flexibility for inter-
disciplinary business calculations. For example, there are special calculators for
financiers to solve bond yield and bond price problems, and calculators for
realtors to solve mortgage amortization and depreciation problems. However, 2 15
" financier who wishes to quickly compare the rate of return between bonds and real
.estate will either need two expensive calculators or will have to compromise the
degree of accuracy of the calculation with gross mathematical approximations
performed on ‘a single purpose calculator. This limitation of single purpose
20 - calculators can lead to critical errors in decision making. Because conventional - 20
: single purpose ‘business calculators are’ designed for special applications by :
specialists in that area, the keyboards are generally not self-explanatory and
. appear as a befuddling collection of buttons and switches with special symbols.
AN . - This requires a longer user orientation period before -productive usage begins. :
' 25 Due to the higher cost and the limited capabilities of the available business 25
calculators, and sometimes, simply because there is no calculator available to
perform certain calculations, the majority of the everyday business calculations -
are still made with the aid of published tables. Published tables are the only
_convenient means available for solving certain financial problems, such as
30 calculations for the discount amount in discounted notes and the equivalent 30
‘interest rate between accrued interest notes and discounted notes. The main .
- disadvantage of using tables is the inherent restriction to the discrete values given
in the table. The accurdcy of the calculation is limited to the accuracy of the tables
and the need for interpolation further compromises the calculation. For example,
a widely used bond value table has discrete values for bond yield to two decimal 35
AR places and the interest rate is given in one-eight of one percent increments. The .
N " use of tables with this limited accuracy could lead to errors of several thousands of
~ dollars in a fifty million dollar bond issue. e o _
: Another disadvantage of using tables is the requirement that the user must
40 have a working knowledge of both the problem area and the mathematical 40
, : formulas to set up the problem in a specific manner before the tables are
s o applicable. Even then, it is often necessary to take a reciprocal or multiply by a
N constant before the answer is usable. This limits the user of the table to only those
¢ with a certain level of expertise in the problem area. Thus, one who performs a
" 45 - great variety of business calculations, from asset depreciation to sale forecasting 45
‘must have: (1) an expensive collection of special purpose calculators; or (2) a -
library of tables close at hand; or (3) the mathematical and financial expertise to .
set up and solve the problem correctly.
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‘i‘where R is the contents of . the fourth reglster (eXcludmg the rmtlal contents.
thereol), N is'thé contents. of theé third. reglster, ‘P is'the’ contents: of the second
‘register, and K is the contents-of the first register, saidfirst teans being coupled to
S the fifth register for storing the result of this ‘combination therein; e
4 second means ¢coupled tothe fourth and fifth registers to subtract t contents
of:the fifth register from the contents of the fourth: register and ‘to-store the
différence in the fourth register; accruing means coupled'to'the fifst means and the
first, second, third; and fourth registérs to calculate an accrued interest portion of
“the bond ‘price, to adjust the contents ‘of the first'and'second registers to account
S50 for the accrued interest portion of the bond price, and thereafter to cause the first = -
- “means to combine the ¢ontents of the third register and- the last-stored conténts of
the first, second, and fourth. reglsters in accordance with's:
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~*"In a calculator as set forth in the last: preceding paragraph pre erably each
legend of said first plurality of. legends 1s posmoned on a d1 ferent one of said -
plurallty of input-keys. -
In a calculator as set- forth -in cither one of the last three immediately
- - 300 . preceding paragraphs’ preferably sa1d command key and satd second plurality of 30
_J MR . légends.are-co oded by color. '
- T . Ina calculator as set forth in the Tast precedmg paragraph preferably the body
: of said command key and the characters of sald second plurahty of legends are the

25

‘ same color.
35 - Ina calculator as set forth in any one of: the 1ast five 1mmed1ately preceding 35

paragraphs preferably said' processing means is conditioned by actuation of said
command - key: to perform -any on¢ of said second plurality of operations in
respon:e to. subsequent aetuatlon of the correspondmg one of said plurality of
. input keys.
- 40 Ina calculator as set forth in any one of the last siX 1mmed1ately precedmg 40
) paragraphs preferably said keyboard input means includes numeric keys for
_entering numerical ‘information - into the calculator, and function keys for
-controlling the calculatrons gerformed by the calculator;’ and each of said plurahty
of input keys comprises a different one of said function- keys. - o
45 - Each calculator according to the present | ‘invention is deslgned to incorporate - 45
into one small unit the capability ¢ of performing the ‘majority of the calculations :
* used in the many disciplines of business: and performing these calculatrons with up
-.to ten-digit accuracy. It replaces the special calculators designed for banking, or
T -accounting, or finance, or real estate and other businesses and eliminates the need
Fadli 50. for all commonly. used. financial tables. It also allows the user to make inter- 50
T disciplinary -analysis, for example, - between ‘real estate or bond investment
' } 7 . programs, quickly. and ‘with . one calculator.- ‘Furthermore, with a calculator
S TUU according - 10- the: present invention, 'a sophrstrcated user- can’_incorporate the
ﬁt"\ mathematical formula€ of several busmess disciplines to solve a complex problem
£ - - - mvolvmg several disciplines.
: - -.-Abusiness. calculator according to the present invention is small-and does not
- require a high- Jevel.of user expertise-of 2 working knowledge of the problem area
and the necessary: mathematical formulas before the problem can be set up and
: _solved:: Keys: relating to: a general. class of problems are grouped together and
60 desrgnated in: accordance with the generally accepted business symbols (e.g., “i 60
' . for interest per: period, * <PMT"! for payment per period, etc.). The key layout and
the keying: sequence. are. 'such that they suggest to the -non-expert user the
_information -necessary to- solve: a -given problem. For example, .in solving the
general class of compound interest and annuity problems with this calculator, the
65 five possrble variables, number of time periods, mterest rate per period; payment - 65

55
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. 35 - ~but do not check for Improper date entries (e.g., 32nd o une) or compensate for. 3B

_ the user enters the data points and is given the value of the y intercept- and the
45 - slope of the straight line tll:at best fits the data.points (hereinafter referred to asthe 45
. best fit line). In order to forecast future-values,-the;-user had to- multiply.the slope ' S
by the future time period and add the result to the value of the y intercept to get : .-
the _de’sired-futu:__'_e value. A calculator according to the ‘Present invention s, in ' ?
contrast, capable of determining a best.fit line from -a set. of datapoints and,
S0 . without any intermediate steps or interpolation, of providing ordinal values on the
.best fit line at -any point on the time axis. This calculator can also extrapolate o
 either single or multiple time periods into the past or the future.’ Hence, the user .
can either.rg%uest the ordinal value at any time period upto ten'digits long (e.g.,
ilize th ! y- calculates the ordinal

55 -value for single time'-period increments, et T
: ' Conventional business calculators for bond price and-bond yield calculations
ave-a manual switch toinitiate different bond pric.:,:and._b_()nd::yield.'a._lgori'thms'for
bonds maturing in less than 18] days (these are considered as notes rather than _
: bonds), whereas a calculator actording to the Present invention has an-automatic - e
60 feature to’ check the ‘maturit .period and initiate. =the'p1"_oper'alg0ri_th-m.-The - 60
" algorithms traditionally used in conventional-.-b‘_usi'n'e‘sé'-'calc'ulators:to solve bond
price and bond yield are very complex-and require extensive hardware: capability.
. This has made these calculators large; complicated, and.expensive.‘"HoWever, ina
present calculator: according to the - present invention, two new: algorithms o
. 65 requiring significantly less hardware for bond price and bond yield calculations are 65 .
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- 25 discounted amount is given to six decimal places, and the equivalent anpual 25
- ' " interest rate is given only to four decimal places, Thus, one who wished to find the
o discounted amount or to convert the discounted interest rate to an equivalent
annual interest rate is faced with two limitations: (1) the discrete interest value
_and, hence, the need for interpolation to obtain the discounted interest rate; and ,
.30 (2) the four decimal place accuracy of the equivalent annual interest rates. Both of 30
" these aforementioned limitations can have a sizable effect on large sum
- calculations. A : E o _ : -
.. In some money markets outside the United States, a 365 day year is used for
' interest bearing transactions. This makes it necessary for an international investor
35 " to make extra calculations to convert a given interest rate from a 360 day basis to a .35
'365 day basis or vice versa. Thus, it would be very helpful for an international .
- investor to have the capability of finding the equivalent interest for either interest
bearing period. . ' . :
A calculator according to the present invention can replace the discount note
T 40 tables and perform the calculations related to discounted notes without being 40
\/ " limited to discrete discounted interest rates and is accurate to ten digits. It -
automatically calculates the discounted amount and the equivalent annual interest
rate to ten digit accuracy for. both the 360 day year and the 365 day year which
o enall:(les prompt evaluation of interest bearing instruments in different money
: .markets. ' : '
5 Conventional business calculators with arithmetic mean and standard.
. deviation capability are very restricted in their performance. In most cases, to find
the standard deviation, the user must first find the variance from the sum of the
squares of the input data and then take the square root of the variance to find the
g . 50 ‘standard deviation. Also, -once the data is entered and the arithmetic mean - 50
calculation is made, it is not possible to add or remove a data point to evaluate the
effect-on the arithmetic mean and the standard deviation without entering all the
5 * data points and performing the calculations over again. _
2 A. calculator according to the present invention can compute both the
55 arithmetic mean and the standard deviation automatically from the input data. 55
' Furthermore, once the arithmetic mean and the standard deviation are calculated,
‘a calculator according to the present invention permits the user to add or remove
input data values from the original set of data and calculate a new arithmetic mean
and standard deviation without re-entering all the input values. Hence, this -
60 calculator is highly interactive and permits the user to measure the influence of 60 -
hypothetical inputs on the existing data. ' :
A calculator according to the present invention also has the capability for
determining a depreciation schedule based on the sum-of-the-digit depreciation
. method. Given the life of an asset and the depreciable amount, this calculator
65 computes the depreciation for any requested period and the remaining book value .65
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| - par agr aphpm

said plurality of input keys for causing said processing nmeans to performa

' ' ' d by a second plural ity of
second lurality of operations designate . ity
| ege ndg positioned on said keyboard |nput means and associ at ed altnLth
said plurality of input keys 'said 20 conmmand Rey and-sai d—secend

d key with each
f | egends being coded to a5500|ate sai d 20 comman
p 7:: dtgegond gl urality of operations designated by said In a cal cul alt 0[ a
: forth in the | ast precedi ng paragraph preferably said secowe plura l y
' of | e ends i s. p03|t|oned on a panelof sai d keyboard input nmeans.25"
adj- _9 —~HR—HESO: di £.1 b6 e of said. plurality of ¥nput. F:y:bly
cniates Fetherfnord, el iset b Hrdsthe RInRCRALALRGLAH] 2PN Pre
ggclhnlg (e:w b$w68°6045|t9§ff.. ‘Y derre a}loofscﬂeetye.en ds s posftloned -on.a . ¥
-dlffere%t PYaY: syal el %f‘gf 3'.'.1 Kgnded cap 0 izlblilt}'paowwtlai or as set.forth
ion dther cmlnﬂexﬁromhﬁs f\aﬁ:ﬁvai 1 éréilt‘é} atibHs A %r ?grgghs 'fre
preferabl’ mmdy:mehtsﬂudpfsﬁe dtﬁ elfgtgre ﬁlue egendgnar :
coded by &f@é“y I

- i ysplvie eall Entpgeccedi Nng -
lsﬁsa |:&&3r! jﬂsca%p '_éforfthﬁt cglwm pa?ﬂ{de%@thar acters -of:

t cms
Aahg toyidedtif ‘-"t'o:-t
‘ i:: ?uis:tcggghqytt’gﬁmﬂ)?;@wwy Hat el y (grecedL ng

35 pglr agr élgf% foé?ogﬂo)l? %‘?ﬁ?tﬁr Efc‘%(fée nglgg - éﬂvomiltft_latmned by actuation

_ .:"E{hég lgrality of —
'o dibat i on'%o rP"F'e 'nmd yxe!d)prsblbaez ethé ;mtouanarean ‘?'?%g"“a&gﬁf espo i ng “one of
sai d. pl ur{?ﬂrf ) syt T oRlg e regigters: This _,'Wlalxoathmais nakpicit ®8mS €t ort h i ndany
one of thebhaAI nee Tt ATErS ! Bppller ahmwwéﬂﬁmwqueferalbly sai

. keyboar d- Igéi‘g alteathmslfdﬁ'@eﬁ'dﬁﬁnmmnbﬁodﬁ%‘i’ﬁnsfcgfeuﬁ@} fe'stoded i ge 1 cal.

i nf8r mat i BeMARY  Girgil mc dinig Sevamderfauiddtesﬂm FePiBinstiuctii 1ol lzong t he

oo el R B e ey ﬁm@gf'“@;t?@aggp' g

i nput key®ndit rﬂrﬁe&hxeuglioﬁ

' dto. . .
Eagh cal < ;%P' @'rddtan etqnntrbl@np timigeirciituin dn@ elke ﬁ 'h -
&?ﬂtﬂddlﬂ heokey ﬁraormzsg t e
| ncor por Eﬁa gﬁgﬁ a8 Te uu‘e@sto mlztpfaétel%n or more a}igorrthn?s for . R
n’aj orit y p@ffoxtnhﬁg e.a 1at with the actuated key: - _

Information from the addressed read-only memory is t nsmltted serrally to. T
- - an arithmetic. and ‘register- ¢Circuit ‘where 4’ serial,- binary-coded "décimal - (BCD). L
."30' - adder/subtractor pérforms ~ the- ‘basic ‘computations. The results of 'the . 30
© . .. computations.aré transmxtted to registérs in: this ‘circuit where they “are erther-_
stored temporarily or outputted via a seven-segment, 15-digit, LED° display.
' - There'now follows a detailed déscription which isto'be read with reference to .
R the accompanying drawings ‘of a:business ‘calculator- -according to the present _
- 35 - -invention; it is to be clearly- understood that this calculator has been- selected for - 35
' ;iescnptlon to 1llustrate the mventlon by way of example ‘and ‘not’ by way of :
imitation. -

2 "

Inthedrawmgs-—":' : S
1.is 4 top view: of a busmess calculator accordmg to the preferred

N S embodlment of the invention L
- Fig. 2 is- a block dragram ‘of" the calculator of Frg 1; : g ; :
~ Fig:"3 ‘is "a_ waveform- diagram 1llustratmg the trmmg sequence of the : L
Ny mterconnectmg ‘busses ‘and lines of: Fig. 2; S
. Fig. 4 is a block diagram of the control and txmmg crrcutt of Fig. 2; T
45 . F : zlg 5 is a‘more detailed bloek dlagram of the keyboard seannmg clrcultry of = 45 - -
' Frg 6 is.a block dlagram of ‘oné of ROM’s: M 'of Fig. _ s - o
-Fig. 7 is a waveforin dlagram 1llustratmg a typlcal address s1gn ] 'and a typlcal L
S mstructlon srgnal = R
50 . - Fig.8isa tlmmg dlagram lllustratmg the lmportant trmmg pomts for a typrcal - =50 . )

-addressing sequerice;
Fig:9isa waveform dragram rllustratmg the word select s1gnals generated in -

_the control and trmmg c1rcu1t of Frgs 2 and 4and m the ROM s (0—6 of. ths 2 and _ ._ -

55 L Flg lO is a block dlagram of the anthmetlc and regrster circuit of Fig. 2 _ 55 S
. o . FFrg (;l isa path dlagram of the actual data paths for the reglsters A-—F and M s

- . Fig,’ 12 isa waveform dragram 1llustrat1ng the 'utput s1gnals for the dtsplay _
".decoder outputs A=—E of ‘Figs: 2, 10, and 113 ' - L
60 Fig. 13 is a waveform dragram lllustratmg the actual srgnals on the drsplay 60 -
' "decoder ‘outputs A—E of Frgs 2;-10; and 11 'when the digit 9 is'decoded; ST
- Fig. 14 is a waveform -diagram lllustratmg the timing of the START s1gnal Sl e
generated by the display decoder of ‘Fig:i10; :
Flg lS is a schematic’ diagram- of the: clock driver of th 2;



used in the many disciplines of business and ' [
: di perform ng these cal cul ati ons
with up to ten-digit accuracy. It replaces -the special calculators
desi gned for Qank!ng, or accounting, or finance, or-real estate and other
busi nesses—and—etTmmares 1t he need 50 for all commonly used financi al
tables It also allows the user to nake inter- 50 disciplinary analysis F
for exanple, bet-_y\(een real estate or bond investnment prograns, quickly. énd (&
-with one cal c\u-!/at_or_. Furthernore, with a calculator according -to the ~
present  -invention, -a sophi sti cated user.. can incorporate the nat hema'ticay =
formul ae of several business-di-sciplines 1644368 e 5 conpl . OB} SFBE
15 gvzl \t; Ing severar—dTSCI Pl f3§$a waveform diagram illustrating the timing relationship between the
ustness cal cul @i anaCsutputl signpld of therelogh edeenof FigvEitign is smald and
does not require a.hi ghFigeliek adegig diagramghdhe g0 °-8lﬁ‘-’-'ﬁm B ou &l f
the probl emarea and, t hEgpiipawayeioryy diagragatearng s itk t%ﬁqs B
can be sgt d_solfputy outpt, afid oehe . lr odd @éivER oPFigDER,0r € the probl ers
gt up and solVegs {eey s séRmati¢ diggram ofthgcade tlductive gve aifcuip fagiohenk are
grouped toget her andtf0LED’s emdiegedginabeHEDdisplay @b Fiadce with the general |
accepted business - synhbigs2ipa yave orm-diagpam illustratl § a8 e'?-“ons}llﬁ?beg&&%ﬁ’%' Y
for payment per . peri 88cl_mgt;§x§'d__ ﬁ}%lg als fo{"m‘e-l- D.ﬁi%% ) 1§ =f period, EML,
oPer! C ' Figl 31 ig-a scheifat QiYagtany/éTeic indiltivetive Eisduh Goroegdigininghar e 10
SUggesD dikpayt TFigI- expert -user the inf % tion necessary

such. that the

to solve a given probl efig B aclegierdiagram of theypathoqs driger of
fC_Orrpound i nterest ang. a_ﬁfﬁgﬁ Rl #@_ﬁgfwe{éagpﬁf?gﬁglgg%ﬁclrﬁiat ce @a{ﬁgﬁgén%f |
i ve possi bl e’ vari a-b__é%Fi.g-p o sidviddh GPthp ek dmip GfFiEDESL T Ate per per| od. 15
piyment 65 g . @g@Flglzs iﬁo_rce_-deﬂgction curve for a.typical key in thedeybpgeg input unit T
.4 per period, thepreSetes. gl 5 and the Ut ure. yabusare: g, | aeat & .

- 2648 8 | Hifie YEDUSsphl ©f #igs. 1 £fa2S &d o the
oprou" user_ can ey PR R RN T PR ARG
eft to right ‘spauence Fi21. Qa schizhnatid dibgyam of dile sgmqneofﬁ%q glp_d@;;;la“?- ig. %;a; 20

_ il
t

remai ni ng unknowns as r &ig.@8 iscg. eqiinplent "‘GE@B‘;\#H"&?"‘ -’Béﬁl § SN 275
- a; iagram_illustrating the inductor cufr hdYLED
prev s kronl e of R TIPm Pl Y R R e
es call Iygg 30 sVd?ﬁt_Mﬂiﬁé}QMEi'lhﬁﬂaﬁng:the possible trafisfar paths hesween the
steps. Hence, as thaOMS ¢—efjof Figd2;of the user is fhat- t“e g.e able to .25
- F o ! - F;g.,_.:!_‘l1 1;__a;ﬂp_w_ diagram of the display wait loop employed in t%e caﬁcutlaQor of
' - _Figs.land 2; - = . - o o S .
L B F Flig. 33’ i;afl'ow_.di_agra_m of an interest algorithm employed in the calculator of
: Figs. 1 and 2; . . L S -
B 30 " " Fig. 33 is a flow diagram of a price of a bond algorithm -employed’in the 30
AT ‘calculator of Figs. 1'and 2; - . R T S '
_ Fig. 34 is a flow diagram of a yield to maturity of a bond algorithm employed
in the cal¢ulator of Figs. 1 and 2;and. . - " _ o
_ " Figs. 35A and B-comprise a flow diagram of a date algorithm employed in the
. 35 ~ calculator of Figs. 1.and 2... .~ - -~ _ Doy

. ... SYSTEM ARCHITECTURE . . :
“ .Referring to Figures 1. and 2, there is shown a pocket-size - electronic
* caleulator 10 including a keyboard input unit 12 for entering data and instructions
- into the calculator and a seven-segment LED output.display unit 14 for displaying :
.\/'_40 each data entry and the results of calculations performed by the calculator..As 40
shown in Figure 2, the calculator 10 also includes a metal-oxide-semiconductor
. (MOS). control and.timing circuit 16, an 'MOS read-only memory- circuit 18
(including read-only-memories (ROM’s) —6), an- MOS arithmetic and register
. circuit 20, a bipolar clock driver 22, and a solid state. power supply unit' 24,
45 " " The three MOS circuits are two-phase dynamic MOS/large scale integration 45
(LSI) circuits with low thresholds. allowing compatibility with transistor-transistor
. logic (TTL) bipolar circuits and allowing extremely low-power operation (less than
" one hundred milliwatts for all three circuits). They are organized to process
fourteen-digit binary-coded decimal (BCD) words in a digit-serial, bit-serial’
50 manrier, The maximum bit rate or clock frequency is two-hundred kilohertz, 50 .
~ - which gives a word time of two hundred and eighty microseconds (permitting a .
‘floating point addition to be completed in sixty milliseconds). " . ' '
. The control and timing circuit 16, the read-only memory circuit 18, and the
: arithmetic.and register circuit 20 are tied together by a synchronization (SYNC)
- 55 buss 26, an. instruction (l,) buss. 28, 2 word select (WS) buss 30, an instruction S5
: address (I,) line 32, and a carry line 34.. All operations occur on a fifty-six bit
(by—bss) word cycle (fourteen four-bit BCD digits). The timing sequence for the
~ .interconnecting busses and lines 26—34 is shown in Figure 3. :
' _ " The SYNC buss 26 carries synchronization signals from the control and timing
60 circuit 16 to the ROM’s §—6 in the read-only memory circuit 18 and to.the’ 60
- ~ arithmetic and register circuit 20 to synchronize the calculator system. It provides _
/ “ .one output each word time. This output also functions as a ten-bit wide window
. o _ (bys—bs,) during which the I, buss 28 is active. . - S T
: : " ‘The I, buss 28 carries ten-bit instructions from the active ROM in the read- -

35
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define the variables of the problem and the unique keying|s$?gﬁnz? of the
i nvention will carry out the necessa[K nathﬁgﬁﬁggagngggzﬁgn? oA 1

[ to e pre _ _
cal cul ator. canstructed accordi ng ( di t o s 1o
[ [ [ ne hand, TS capabie of drsptaying
invention is small enough to hold in o ’It e
gD it is 10 entered and a nunerical resu _ ed,
f mgrgzrates nmany conpl ex functions in order to- perfornldtperczp?ﬁérgﬂg
Ki’hd of cal.cul ations and mathematical operations require o]

e el e : i i i zati on and sophistication are
- busi 'nés_ di sci pl i nes. The |i m t S I:Qfsl4,268n| at EFL ; calcul ator. HF‘COTTES SO

-realized,-gh Wy cil Tu'itFl [ gg#'.u‘ e °_‘é‘~f"-.fi‘.. et e nit i and 15 | onger
sl 1 and et ioetrul o pedecrh oMy we i dam pnd 1 o <
physi cal | Josally axmespandsin bacHRPOPIHEE ifthdy e i (o dqsnore%tlbe S oy e
tor duce"ﬁ;"ﬂ HﬁrFBEsz%ff.i;“ﬂtﬁmth oD HisstructiondfRb@ 'thé afithRielid BidT ducina t he
gduce, é Eavr c"%%tﬁ*#uwﬁs}tg‘or th by the gentrol and:timing dirguit 36 Sinkilayly, th us reducl ng
sol uti on SETSPAFESRI TS uction set, ' _q;sf.x_qitppeg ntrabanddiming capabi |-i t4.es of
nunber of cikatsi6rat BSigairyd E)Othbrl?iéfa Ahd regis er.-‘clrcu__,t_-% si‘aned. t o each key, .
" the cal cul at.Bhe achgl implementatior’f afixistiu tidh §s l%g&ld’ﬁ %oﬁﬁﬁ?&ﬂ; its NS becomes .
 howgger t fECIR Eor examale, aninsttuctionmey re@uireltoyiddition of Mudigh ik epN'S bece he -
. howgger “the réisters in the. ari %ﬂ)&l_c g:_-'e: qirg Thg APBanstmpcticaf er t10 the
I mpor t ant woll@be ¢&ived by e Hetic Jreg‘ég i yx ri blfme e to perform
parti cul aef aweard tiowiN drdahd addetioh ¥081dQ tt meﬁ

T Gircuit 20.d) e,
‘ biop, of C O PELTOT
' ‘éﬂdgjr}s%@dwlahdomehstnﬁgy?b fig éRdltel ! the!) nsggnm ng the
_ g fetched -
] cal

. It ( .
cevhoar & PRI e e oo e e R s
TRCh ne- 6o ine ROM’in' the ealldn ﬁ&?ﬂ%‘"@‘éﬁ?ﬁ%&}o“g {3' ég%%jgukey ¢ able to
Fthe . S, X .
' % N ToN giaphyfadditien awutyionly, dutingthe ifighe Kdiel edge of - t he
Egd’b@;? Srﬁﬁiﬁ{é %ﬁ%@ﬁ%&%ﬁrt é:?%%‘maﬁes@w __th‘;ﬁs_gbp?& 3[}avebl§($en o
Over corre the reahrn chediirething Goor e, S Rl %"Eﬁ“ S Po Keyboar d
i 'ﬁ% xaagics of Wi timingsignalslare cltkeh i Figure 3. I 49 _}%}(:;ﬁal eyboar d.
surf ace: i zfgtx;ss]:g[ ' t?{ '1“%?--._0 ¢ éheisef’qm_ﬁmnlﬂptlﬂ'last__qlevego than one -
sur f ace idigie l-e?‘iefjc d or g%m su%‘;%i .aqgg %-@lga ineotmepar at e funct i on
e . Setogt arting s s cAaslel he i '&ﬁ%fm c%%g;ﬂs.g;‘?gzggm ch aivates the
. . 1V O r, sén . /a .
Soeaon Oﬁ?fﬁé?egk Bin e rthemetic id-fegistdu pircuis 20 avith Salyeone dayent i onal - bysi ness
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i
s F ) or Some customizasion inlo not check: f or
Cﬁ{jﬁm at cieSROM/@ord. Rt Vi@ ile rg£ Eﬁgy,qions_ mensat.e for % R
X The b ling 32seriqlly carries the a8dredse Ain ctﬁgmebgéead%rom -3
| proper ttg.agglcv[bs 0—6. Thesf:l zlgg:sses originate from the control and timing circuit 16, . ”9 :

which contains an instruction address register that is incremented each word time
unless a JUMP SUBROUTINE or a BRANCH instruﬂio_n.iss_;jbcing executed. Each - _
. * address is transferred to the ROM’s 0—6 during bit-timé‘b,‘,—_b,; andisstoredin ~ =
35 - anaddress register of each’ ROM. However, only one ROM s active at atime, and .35
only the active ROM responds to an address by outsutting an instruction on thie I,
line 28. Control is transferred between the R M’s by a ROM SELECT
instruction. This technique allows.a -sinﬁ}e eight-bit address, plus eight special
: © instlx;uctions, to address up to eight ROM’s of two hundred and fifty-six words
: each. S R S :
: The carry line 34 transmits the status of the carry output of the adder inthe . - W/

. arithmetic. and register circuit 20 to the control and tming circuit-16. The coritrol -

© 45 arithmetic and register circuit-20, ' - ol T
L The control and timing circuit 16 is organized to scan a five-by weight matrix
. of switches in search of aninterconnection that designates actuation of a key. Any
type of metal-to-ietal contact may be used as a key. ‘Bounce problems are
overcome by programmed lockouts in the key entry routine, Eacﬁ key has an
) associated sm—%it-code‘. - ST SRR
A power-on circuit 36 in the power supply linit 24 supplies a signal forcing the
‘calculator to-start up in'a known condition when power is supplied thereto. Power
is supplied to the calculator when the on-off switch of the keyboard input unit 12

(see Fig. 1) is moved to the ‘on’ position. " . S _ - S :
55 The primary outputs of the calculator are five output lines 38 connected S5 .
' between a display decoder of the ‘arithmetic and register circuit 20'and an anode -
~driver .of the output display-unit 14, Data for a se‘v'en-s_egmeht'd_i'splay'plu's’.a
. decimal point is-time-multiplexed-_ onto these five: output lines. A start line 40
connected between the display decoder of the aritlimetic and ‘register circuit 20 -
60 - and a cathode driverof the output display unit 14 indicates when the digit 0 occurs. 60

- < - . CONTROL AND TIMING CIRCUIT _ L S

. Referring now to Fig, 4, the control and timing circuit 16 contains & master . - .. - ™,
system counter 42, scans the keyboard input circuit 12, retains status information Ly
about the system or the condition of an algorithm, and generates the next ROM . o : -\"'-._



the extra day in a leap year, whereas a calculator’ according to present

i nvention automatically checks for inproper date entries and conpensates

for the extra days in leap years in all nunber-of-da s calculations between
1900 A'D. and 2100 A.D. Furthernore, the present invention has the unique
capability of determining a 40 future or past date w th conpensation

for | eap year s%%_l ven t he .nunber of days 40 Conventional business '
cal cul ators have very conplicated procedures for establishing atrend |i ne
froma set. of pgriodic data points.In t.he1@s4,%8i ng prior art, the user :9

enters. the data—petat-s—adTS—gryen T _ ct Yaigh v t he
45 e b I R s S i et

sl ope of th : tb lofie b e Aedisterpligitpasitions.
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(hereinafter referr. %‘ The astroheénit éfthdemtrof-ard timingircujt 16 fer
future val ues, the gsurollbréb cemprisiog iapfifiy-eight svagd @%ﬁtpgggﬁﬁ?%;%&?g‘%ﬁ
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por e e 50 R T R ipadiy
provi di ng: or ditfal - vAEERIEOY WP HEST 11T I ine at any-point on the tinme
axis. This cal cul ator saeraklypes & xualifierslast cheakied Since gio mmendsiaeg issupd enly j e
periods into the past cetairt hie timgs dering thepyew °theﬁ'§!§‘)érq“ : r:é%’eb&%fg,ﬁ gﬁg t the
S}
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. ) or uthi ze QiR att URe stadl ahhal;bbmfmtre_gisnérl@gaecHWmdpa_WGmnD fiee,aheli nal
55 ‘val ue for siCrRRY tipfiopend te statrofessenobthe 48 sandithnal busi nasgs
cal cul ators for bond sﬁ)ﬁi'@é}{%&? cﬁmm%f%ﬁyﬁﬁgﬁ.ﬁiﬂé% SR o] thé Wi t Ch
J;rgt initiate. di éJ er eitps @ﬁu ['_4%%'“ ﬁ%‘@ s .-nfﬂe sighlalie igbriefdiEd dwring bonidss 20
urng in |es§" t han, &, slysansiaines o all eircdtss thersystemdsen Jiit S).r Qihere iming o
bo?ds) .. whereas a cajuelifieat o S%niderthﬁ*mg:m'ﬂ%'ﬁ@“}ﬁ? coufller ?ﬁ/_é‘ﬂ'ﬂ‘?-'&}?“?‘fg’é";gﬁ
iall:lli ?ing-t-' 'Ct ﬁO f At e I ?El%n 5&}%&;&2 istalo 3%%&{ hs & keyB&drél 9hnnet'4d shown in
e the ps QpeﬁFiQ'Sgﬂ{g %*smign nt tﬁf@e Bitsd thets tounthr 42 gatalaloye-ofseight | n 25
conventional busi n‘esacmdakch'hmatcblswbmiaﬂmemtsme vrakity ofkryboase Fry Sﬂeﬁ% are
ter t
lﬁ t::t lﬁﬁﬂﬁg

very confil ex and r ecihiereasisignifigant threq,bi ME 4 lo,;seven a
cal culators |arge, %Egﬂai%gﬂufﬁ °Ie§m®§%¢§m,mi ﬁfa@:ﬁ%mpm‘shese

?21:] 3 :J Ir :’altn %I o acc g? din ?l!hnt lﬁp%t. dﬁmﬁ Brﬁalf]em ‘tphe rkey aloywn tsigoalnliw .mrgﬂ-ilqt.gha?ﬁgmy 30
~S1 gni f 1 caninteyse¢t@pnpo F?'hﬁl -byr9ig @“\P' r Vi y down .
cal cul ati Onsgar e 65signgs1 will become hig fgf or)g?stg%e 0 :’l}é s};sggr)ne%ﬁgﬁt 63% e[ the
- “appropriate row.and column lines are selected). The key down signal will cause
that state of the system counter to be saved in a key code buffer 56. This six-bit :
35 code is then transferred to a ROM. address register 58 and becomes a starting 35 .
address for the program which services the key that was down (two leading O bits
are added by hardware so an eight-bit address exists). Thus, during each state of .
the system counter 42, the decoder-multiplexer. combination 48 and 52 is looking
to see if a specific key is down. If it is, the state of the system counter becomes a
.. 40 starting address for execution of that key function (note that sixteen of the fifty-six - 40
\/ states are not used for key codes). By sharing the function of the system counter
and using a keyboard scanning technique directly interfaced to the MOS circuitry,
circuit complexity is reduced significantly. ' : - o
: A twently-eight bit shift register which circulates twice each fifty-six bit word
45 time, is employed in the control and timing circuit 16. These twenty-eight bits are 45
: * divided into three functional groups: a main ROM address register 58 (eight bits), a
sl;ubr'outine return address register 60 (eight bits), and a status register 62 (twelve
its), _ : : . _
' _ The main ROM’s §—6.each contain two hundred and fifty-six (ten bit) words,
ol 50 - thereby requiring an eight-bit address. This address circulates through a serial 50
adder/subtractor 64 and is incremented during bit times:b,—bs, (except in the case o
of branch and jump-subroutine instructions for which the eight bit-address field of
the ten-bit instruction is substituted for the current address). The next address is
55 ]t’rans?itted over the I, line32 to each of the main ROM’s 8—6 during bit- times
197 V26 . . : S )
. The: status register 62 contains twelve bits or flags which are used to keep
‘track of the state of the calculator. Such information as whether the decimal point - -
"~ has been hit, the minus sign set, etc. must be retained in the status bits. In each -
" case the calculator remembers past events by setting an appropriate status bit and
60 - asking later if it is set. A ‘yes’ answer to a status interrogation will set a carry flip- - 60
flop 66 as indicated by the control signal IST in Fig. 4. Any status bit can be set,
“reset, or interrogated while circulating through the adder 64 in response to the
appropriate instruction. - o '

. Q')

j _ The instruction set allows one levél of subroutine call. The return addres-s' is
65 stored in the eight-bit return address register 60. Execution of a JUMP subroutine" 65
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5 used to allow the incorporation of these two bond calculations in a
small, general purpose calculator at a fraction of the _speci a_I bond |
“calculator price. Conventional business cal culators designed to calculate
accurrul ated nortgage interest and remaining pri ncipal on a rmrtgage can _
e the cunulative 5 - ‘totals up to a given time- perlod ‘However ;- it is
\@Yen necessary to determne the 5 accunul ated hort gage i nter &St and’ the
sufiul ®ti ve. princi pal paid during4sszgecific tine perl od. Th| S ms not’ .
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nor t age shift fealfmfesﬁé? ansert l!mf msnyatstpemotmednet asmshcpmdl od, as well:as
: 'hls Icul atorscan for
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cal cul at Ofian®®CtabseIdegkntiént an:t t her:1Rhan a

- di scount @a@rThEIpouuecwpmeleettopnbﬂsare (d) mﬁﬂen‘;fosrtn \Grily. ‘dotgey and 20 -\
mai- nt ai, nsP"&“‘ang m 0 &E‘; ficpgt digi 1ingt Fﬂijaﬁ arhsumntw sg!ﬁeoforl gi nal

it R

i n.Vﬁ?t NENo-be exch ' ye - S
+ greater, BMEHANG’E w:ﬂsiruétmw:ﬂnhe“ 1hd? Qlosidn’
recouped. & wend% dnmsse snges_we & b@mhmed% tlma%le by enpl oyi.ng
di scount Ei? P’ﬁ;"f %gé’gﬂé jagpq cob:'ﬁfo 12 ?r&ttbefgf gi ven at . 05%
i NCHENMENt Wordls ectz put iso ﬁlf With b iﬁ‘e%% g{,tgtgc. rral p' aces,
and t he eqmtmkre;upd gmthu al'ithn&ﬁe and register circuit 20,
Any carry signal out of the:adder in the arithmetic and reglster cu'cult 20 w1th L W
‘word select also hléh Wwill set'the carry flip-flop 66. This' flip-flop is interrogated o
" during-the BRANCH -instruction to detérmine if the existing address should be- .
-30 incremerited (yes’ carry) or replaced by the branch address (no carry). The branch - 30 = _ -
‘address is retaified-in an’ elght-blt ad ress buffer 68. and gated to the ], lme 32 by - AT
- the:BRH -control signal, T A
_ " The power-on signal is used to, synchromze and reset the startmg condltrons
S of the calculator. It has two functrons, one of which is to:get the ‘address of the : -
35~ control ROM 46 set to a proper starting state ‘and the other of which:is-to getthe - 35
© -~ system counter-42 in the control and timing:circuit: 16 synchronized with' the '
“counter in‘each main ROM:@--6. As the system power comes:on, the PWO signal
is held at logic 1 (O volts inthis system) for at least twenty milliseconds. This allows
' the system counter 42 to make at least one pass through bit times b,y—b,, when =~ =
40 * SYNC is-high thereby- setting main ROM 6’ dctive “andthe rest-of the ROM’s 400 . -
. inactive, When' the PWO sl%lnal goes to logic 0-(+6 volts), the address of control N,
ROM- 46 is set to 000000 where proper operatron can- begm . : o=

B:i

READ~0NLY MEMORY CIRCUIT ' :
L The ROM’s ¢—6 in“the read-only memory circuit 18° store the programs for_ e
-"45 . “executing the functions required of the system. Since each ROM contains 256 ten- 45
- "bit words, there are 1;536 words 6t°15;360 bits of ROM. A block diagram of" eaeh o
- of the ROM’s 0—6 is shown in Fig. 6.
. The basic ‘operation-of each ROM’is'a" serlal-address m, a senal-mstructlon o -
s out.' During every fifty-six bit word time the address comes in, least significantbit .= ... - G
50 - first from bit b,y through:bit- B Every ROM' 9=-6:in the system receives thissame . 59 - ..
. eight-bit address.and from bit time b,, through' b, tries to-output onto the I, liné 28. .
“However, a ROM énable (ROE) flip-flop- 70 in each- ROM insures that-no more I S
.than one. ROM actually serids an’instruction-on the I line 28 at the same time. . - . w
" .-~ -All output signals are inverted so_that the steady-state power d1ss1pat10n is. 7
55~ reduced. The calculator ¢ircuits aré P-channel MOS, Thus, the 4ctive signals .5 .
: - lurn on'a.gate are-the more riegative. Thisisreferred td a "'egatlve logic, § ' et
-~'more negative logic level is the logic 1."As:meritidnied above: ‘logic 0 is +6-volts and y
“logic” 1-is 0'volts. The signals’on E, and 1, are 'normally at loglc 0: However, when
-~ the output buffer circuits are left- at loglc 0 they consume more power. A decision- .= . = . :
60 - - - was therefore made to'invert-the signals'on the I,-aiid I, outpiits and re-invertthe g9 = - -
*signals at all inputs. Thus, signals appear at the I and I -outputs:as positive logic. -~ = - .
-~ The oscilloscope pattern that would be seen for mstrucuon T FOI 110 11 frOm state -
“11 010°101 ‘is-shown in Fig. 8. "
* The serial nature of the calculator cnrcunts requlres careful synchromzatlon




interest rate is given only to four decimal places. Thus, one who wi shed to
find the discounted anpunt or to convert the discounted interest rate to an
equi val ent annual interest rate 'is faced with two linmtations: (1) the

di screte Tnterest value and, hence, ‘theineed for interpolation to obtain
the discounted interest rate; and 30 (2) the four decinal place -

accuracy of the equival ent annual -interest rates.. Both of  30.these, '
af or ement i oned‘_‘l/l nmtations can have a sizabl e ef fect on large sum -
cal cul ations. | n,Some noney nar ket s outsi.d__e_l-_,ftsb.,geglJ_rli_ted States, a 365 day 1
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45 Convent i | b ‘During bit times bj,— the__atiic]iress is received serially from the control and
Conventi onal busi fgms chelic 18 Ma0badedind titr ddeFeseicgisterbhvia alrd, sihe 82i A

devi ation capabi | it yaddress isdpgode?sngat.cbitqhh_eibu .thfeglﬁ"t dntryetinyie gated iy A ¢l '

cases, to find the 3 E’ﬁﬁa‘i giskey 7o Duspe lgﬁe. yerDse HIE jstryction is segd seriglly onto |

vari ance fr-om-tﬂqe-suﬁf),_ “f%gl?‘soﬂht i -f’ei‘l‘g“’%? t gﬁ?ﬁ%ut %‘E%%%ot %gbfttaé’éﬂotphe '20

square root of. the vari@sg®l litrhrsfesred fhetvxdn ROMSt lpna ROMASELELT imstructipeo, .

once the data is entBffestivelnthis insrugtion wifkdeinoff; OE flip flep, 7! iagtive: '
it is not pos’s'i.gl e t.gﬁ pﬂ & ﬁt - Ocob&rf%ﬁjﬁsedﬁ% g?z%epm%feh}en a_r.%?%ade,_
the arithmetic & e % n GF!PQ.-O- o mhdferblade Hiplifop! [HothE Takb@el ON25
LhMetiCc mean: ROM, YRR 3G ifstbcadn i@ﬂe_dwédlszem @lectdpcader 78 e . -
data poi #fs and perf bi ﬁma%i,tahétlreaimt mirfiomf theRQE %31‘ p 70 i&se&ajhgell?‘mmion'
according to the ipr i s tdﬁ:p g, € & hittime (bys). In the inactive
g _ pr eﬁ%ﬁ.’-s the ..mg[ﬂfc 1?)?1'%5‘1?33& s¢ ah';l%ntyb% I,ecll'b ster 76 during bit times - :
- 30 b,s—bs, and then decoded, and the ROE flip-flop- 70 is set at bit time b, in the 30
o séiecte'd.ROM. A masking option on the decoding from the least significant three
bits of the I, registér 76 allows each ROM to respond only to its own code.
.. The six secondary word-select signals are generated in the main ROM’s —6.
.~ . Only the two word-select signals dependent upon the POINTER come from the
35 control and timing circuit 16. The word select of the instruction: is retained- ina 35
: word select. register 80 (also a master:slave). If the first two bits are 01, the S
- instruction is of the arithmetic type for which the ROM must generate a word
~select. gating signal. At bit time by the next three bits are gated to the slave and
retained for the next word time to be decoded into one of six signals. The
40 synchronization counter 72 provides timing information to a ward select decoder - 40
Y} _82. The output WS signal is gated by the ROE flip-flop-70 so that only the active
ROM can output on the WS line 30, which is OR-tied with all the other ROM'’s
* and also:with the control and timirig circuit 16. As discussed above, the WS signal
- : goes to the arithmetic and register circuit 20 to control the portion of a word time
45 -an instruction is active. .. . . - . o L -
The six ROM: generated word select signals used in the calculator are shown
" in Fig. 9. The ROM’s.8—6 output a one bit-time pulse on the I; buss 28 at bit time
" by, to denote the exporent minus sign time. This -pulse is used in the display
: decoder of the-atithmetic and register circuit 20 to convert a 9 into a displayed
g 50 . -minus sign. The time location of this pulse is a mask option on the ROM. - - - 50

—

.-+ ... ARITHMETIC AND REGISTER CIRCUIT S
- . . The arithietic-and register circuit 20 shown in Fig. 10 rovides the arithmetic
and data storage function for the calculator. It is controlled by the WS, I,, and
Lo 'SYNC lines 30, 28, and::26, respectively; receives .instructions from the ROM’s
55 @—6 over the I, line 28; sends information back to the control and timing circuit 16 55
' via the- CA_RI{Y. line - 34; - partially ‘decodes the display information :before
transmitting it.via the output lines 38 to the anode driver of the output display unit
14; and provides a START pulse to the cathode driver of the output display unit 14
g to synchronize the display.. o . ' o -
60 . "The arithmetic and register circuit 16 contains seven, fourteen-digit (fifty-six - 60
* bit) dynamic registers A—F and M and a serial BCD adder/subtractor 84. Actual
data paths, not shown in Fig. 10 due to their complexity, are discussed below and
shown in Fig. 11. The power and flexibility of an instruction set is detérmined to.a
great extent by the variety of data paths.available. One of the advantages of a serial

“wy

45



55 arithnmetic nean and the standard devi ation autonmatically fromthe
I nput data. 55 Furthernore, once the arithnetic nean and the standard
deviation are calculated, a calculator according to the present invention

aldlrit hrFﬁ“ﬁe‘F‘éh

permits the user to add or renove input data values fromthe origi nal set
of -.data and cal culate a new arithnetic nean and standard devi ati on wthout
réezentering all the input values. Hence, this 60 "~ calculat Obo) s hi ghly
jn'}7eract|ve and permits the user to nmeasure the influence of

hypowetlcal |nputs on the eX| Sltdsli‘ 8data A cal cul ator accor di po to t he.
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‘further described in U.S. Patent’ Specnflcatlon No. 3781820.. o
" In the serial decimal -adder/subtractor 84, a_ correction (addltlon of 6) to a - & -
‘BCD sum must be made if the sum exceeds ‘nine .(a similar corfection for '
- subtraction is necessary).-It is not known'if a correction: if needed until the first :
- 30 three bits of the sum have been generated. This is accomplished by addmg a four- .30 - "
" .. bit holding register 86 (Ag—Aj,) and inserting the corrected sum into 4 portion 88 _ S’
(Ag—Ay;)-of the register-A if a carry is:generated. This holding register 86 is also : S
required for the SHIFT ‘A LEFT instruction. One of the: characteristics of a
" . decimal adder is that non-BCD codes (i.e. 1101) are not allowed. They will be
35 - modified if circulated through the adder. The:adder logic is minimized to save . 35
circuit area. If four bit codes other than 0000—1001 are processed, they will be
--modified.” This is no. constraint for applications. involving' only .numeric data
(however, if ASCI1 codes, for mstance, are operated upon, mcorrect results w111 :
_ - be obtained). L
40 - The arithmetic and reglster ciréuit 20 receives the mstructmn durmg blt tlmes .40
b.s bss. Of the ten types of instructions hereinafter described; the: arithmetic and S
-register circuit 20 must respond to only two types (namely, ARITHMETIC & :
‘REGISTER instructions ' and DATA . ENTRY/DISPLAY - instructions).
ARITHMETIC & REGISTER :instructions are coded by a- 10.in the least . )
45 significant two bits of an I, register 90. When this combination is detected, the 48
o most significant five bits are saved - in- the I; register 90 and decoded by an
insttuction decoder. 92 .into -one of. thn‘ty-two mstructlons T
-~ 'The ARITHMETIC & REGISTER instructions are active.or o) eratlve only
when the Word Select signal (WS) generated in ‘one:of the ROM’s’ orinthe - =
30  control and timing circuit 16 is at logic one, For instance, suppose the instruction 50 . wg
- “A+C-C, mantissa with sign only” is called. The arithmetic and register circuit 20 . "
decodes only A+CoC. It sets-up the registérs A and C at the.inputs to the adder 84
and, when WS is high, directs the adder output to the registér C. Actual addition : S
'.takes place only during bit times’ by, 10! bys (digits 3—13) since for the first three _ -
55 ° digit timés the exponent.and. exponent:sign are circulating and are directed 55 .
: -.unchanged back to their original registers.: Thus, the-word ‘select signal is an
- “instruction enable” in the arithmetic and register: circuit 20 (when it is at logic 1,
. instruction execution takes place, and when it is” at loglc 0 recu'culatlon of all
e reglsters ‘continues), i
60 ‘The DATA ENTRY/DISPLAY mstructlons, except for d 1t entry, affect an 60
S entire-register-(the word select signal generated inthe.active RgM isat logic 1 for - =
‘the éntire: word: cycle).'Some of- these ‘instructions are: up-stack, down. stack,
- memory exchange M«—C, and dlsplay on-or toggle A detaxled descnptnon of then'
-executlon is given' heremafter . .
65 ~ For increased power savmgs a dlsplay decoder 94 is: partmoned to partlally . )




15 bond price and bond yield problem (and the solution thereof) so

asto nmake this 15 probl em sol vabl e using only five registers. This new

al gorithmuses an explicit termthat elimnates the need for a series of

summat i'ons, whi ch woul d ot herwi se require.substantially nore hardware. The
algorithns for performng the functions of this calculator -are stored in a

20 read-only menory circuit including seven serial-address in, IR &
ser!al-instruérfon out 20 read-only nenories regulated by a control and J%-
timng circuit. Eﬁis control and timng cirgelsesi NCl udes a nicroprogranred '
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. . . 'The registers iri'th 8 bl \regidtef cirduit B Mold furtkéh digits
registers in .this Ciéfiptising¥es hranfisse digits, checmbriissa: signp tvaxiexpomno digits; |apd dhe
outputted via a severxpoegnsige. Althgughithe decimalpping is potallocated aregistienposition. i a
detail ed descr itft i onZWel EXF, 52%3“%%*&%‘3%5&? \?ﬁ’ﬂg}sé o ﬁ‘ﬂ‘&p "9‘2‘ hation. The A 1
acconpanyi ng draw Ngsgegler & st %quﬁt' gﬁy&l mbRe Witk theldipith i theipropérandent 35
invention; it is to ke Blregistérys usad ey smadsihg régister Withsligits P ingértedder dagh displayn '
solccteg for 3 osgripA R gt bhnitan Lo b e o el Wi
and not' by wayOof | EHEErE G I f R R oA aMvBOSE the dutput disp Y it tcomeveighe/i ew??
of a business cal cul aéxdigaositich. Oge digit hitthe dedimal ipeitt shdre one of thefvpuekndigit of

the invention; Fig. fmes The @igib8 maskiin aQ?;l-ﬁ‘ Btﬁiew%lbmmpdﬁdi ros $Q be-
i , A d (j.e. i ’s.i regist e of l'tlE'g'lg'wotking 9.
.3 is a wavef Or s di a%ﬁﬁm (&;E h%%ﬁp £y 8 E‘i:tﬁ ﬁﬂﬁﬁqin%ﬁéﬁ _ ?1 Ly ﬁ ed form, 25
i nterconnecting buss "@J?é%i dr 18 hol@the-huGnber in the displayed form, and the B register as a
€ : mask) allows the calculator to. have both a floating point and a scientific display
format at the expense of only a few more ROM states,. -~ _ : '
. The display blanking is handled as follows. At time T, the BCD digit is gated
. 30 ~ from the register A into a display buffer 96. If this digit is to be blanked, the 30
¥ register B will contain a nine (1001) so that at T, the end bit (B,,) of the B register
. will be a one (an ¢ight would therefore also wori(). The input to the display buffer
96 or OR—ED with B,, and will be set to 1111 if the digit is to be blanked. The
: " decimal point is handled in a similar way. A two (0010) is placed in the register B at Co
.35 the decimal point location. At time T, the decimal point buffer flip-flop is set by 35
- B,. Any digit with-a one in the second position will set the decimal point "
G.e., 2,3, 6, or '9 . . _ _ o
- The display decoder 94 also applies a START signal to the line 40. This signal
is:a word synchronization pulse, which resets the digit scanner in the cathode
. 40 driver of the output display unit 14 to assure that the cathode driver will select dilgit
WA - 1.when the digit 1 information is on the outputs A, B, C, D, and E. The timing for
' ' : this signal is shown in Fig. 14. ST ' ' o
~© One other special decoding feature is required. A minus sign is represented in
- 'tens complement notation or signh and magnitude notation by the digit 9 in the sign. ,
45 location. However, the display must show only a minus sign (i.e. segment g). The . 45
' "digit 9 in the register A in'digit position 2 (exponent sign) or position 13 (mantissa :
~ sign) must be displayed as minus. The decoding circuitry uses the pulse on the I,
- buss 28 at bit time b, (see Fig. 3) to know that the digit 9 in digit position 2 of the
: - register A should be a minus and uses the SYNC pulse to know that the digit 9 in o
.50 digit position- 13 of the register A should also be a minus. The pulse on the I, buss = - 50
' . 28 at bit time b,; can be set by a mask option, which allows the minus sign of - C
the exponent to appear in-other locations for othér uses of the calculator circuits.

: i _— .CLOCK DRIVER ' o :
: The bipolar clock driver 22, one phase of which is shown in Fig. 15, requires’ =~ .55
. 55 less than 25 milliwatts and can drive loads up to three hundred picofarads with a :
s ~ " voltage swing of +7 to —14 volts. An ENABLE input 98 allows both outputs Q, and-
. Q,to be held to V¢, the MOS Logic 0 state. This is an effective means of strobing
- the clock. During dc operation; the transistor pair Q—Q, allows only one of the ,
output transistor pairs Q—Q, or Q,—Q; to conduct. A diode D, prohibits 60
60 . conduction from transistor Qg to transistor Qg during transient operation. Thus, o
~ "the only possible transient short circuit current must flow from transistor Qs to
_-transistor Q,. However, the limited current handling capability of the transistor Q,
- (a lateral PNP) limits this current to less than five milliamps peak. The input signals
- for the clock driver 22 are generated on the anode driver of the output display unit

B

oy



Fig. 4 is a block diagramof the control and timng circuit of Fig. 2;- 45
Fig. 5 is a nore detailed block diagram of the keyboard scanning circuitry
of 45 Fig. 4; Fig. 6 ig a block diagramof one of ROMs 0-6 of Fig. 2.

"Fig. 7 is a waveformdiagramillustrating a typical address signal and a
- typical instruction signal; 50 - Fig. 8 is atimng diagram
’,"'.__%ust rating the inportant timng .points for a typical- 50 addressl ng -
3579 juence; Fig. 9 is a waveformdiagramillustrat ing the word' s®fect signals
enerted in the control and timesgggi rcuit of Figs. 2 and 4 and in the
R A T R TR e gty el P OB SS T x Soch e
" of the a'cht'-_'lj"a'l.,_":'c_l.at_"a'- bat".hé"..__..f-qr-_ t{{groedﬁ'stel%sAFand:\/loltFlgh 13_; - -::._i,.g'ih’- 12
i s a wavef orm diagr am.i | ust ANQDE DRI¥ERUt put. .si-gnal.s- f.or. the display
decoger o iﬁﬁ?fﬁ%r -%iri)n‘t';”?‘yﬁ"sggi’ﬂlﬁmf%ﬁg?n -ril??;‘=l?%iellyg.-.decod_ed-:f-.i.rtl---.t.ihei g. 13 i Sa

: 9 - autimetic-and register circutt 20 apd completely decodéd into seven segment. py : o

For m Shoa S Al 2 s oo Vet i S Sedlly AL 4D 8 160 decoder

out put s Aa‘_t@daﬂr.iﬁr}qbo iri¢juddCthe busit: cdldckvdeseratonfor eheGystert

- afida Gieguded; Figld.is a
’ vvaveform:&’Fégf%f'ﬂgif-‘HG%‘L -.g?lr%ﬁ-t%ﬁ@mepmﬂ%eqfecmb?@mmdsﬁeml ~gener-at ed - by
e di <l Sreun ol this type is disclosed in the-complete: Specification of our ULKapatgat- '\ of  t he o |
 theygli sp! SbceionNo: %3775 B odl gkl Eﬁg __ oﬁdaﬁﬁﬁﬁg&%ﬁfﬁ 7,am Ofgt he ¢l ock

.. driver - of. FiThe clock gendratgr uskb ah IxtorndOlC séteR cirtuli (d5kt Ak lobtiliatgpe t1 Mt ng.
orelati Onsm%ewtm.vmegi Eﬁmtpcmwﬁgqp}uwsm-ggga%migymemtha_ck driver “of:
: ia 15 - FoIponen De 1ed- 10 % iedP cranee; Ane do
E F' 9. .15 &y .ec;%ﬁﬁofﬁem,?g{t {nm ?ﬁﬁ% sg%efmﬁu%yg
i's’ g5 wavedpphiéaighsagr am | [ 1UStratng ‘the t1THHG
i nput:, * out puthe squace-wavs@scilrtgiekeenof (all kimesin Oklsedfidn
5 - ..to an 800 KHz oscillator. frequency, which translates.to a. 200
Y -calculator, the. actual frequéncy being somewhat less) is divie
. loM0KHz Flip-flops B1 and B2 are clocked off alternate pl
20  _ provide two 200 KHz'square waves as shown in Fig. 18. A flip-flop-B3.is:clock
-, from the flip-flop B2 and.in turn clocks a flip-flop B4 to provide further count-
- down of the basic clock frequency. The two-phase-clock signals.Q; and:Q, are
N '%en',eratpd.from the flip-flop BL and B1-and an 800 KHz oscillator-100. They:are on
- for 623:nsec and separated by 625 usec as.shown in Fig. 18 One -other. periodic - .
25 signal is derived in the anode driver. Once each.digit time a signal (counter-clock) 2%
* is sent to the cathode driver of the output.display, unit. 14 (the trailing edge of this - %
~ signal will step the display to the-néxt digit). ... .. .~ .. . .. T
.- Thedisplay consists.of fifteen characters while: -basic calculator word cycle

wave dé

Cd
) -a;?@(_ftgl@p@p Fig. 2; Fig. 18

(RIS Hrpepet \ﬁgn the 5

fl.bofefdried. 1

.. -consists of fourteen digits. The extra character is the decimal point; As.explained -~ - - :
30 : above,a BCD two is placed in the register B :atithe digit pesition of the decimal. - 30 s
' .. point. The display decoder.94 in the arithmetic and register circuit 20.indicates this . '
..by 4 signal on outputs B and E during bit time. T, (see Fig. 12). When this condition -

is decoded by the anode driver, the decimal point is excited and an.extra counter
- clock signal is given to:step the display:to the next position (see Figs. 18, 19, and o
35 . (210) lThg;refO‘re all remaining:digits in the register A are displaced one digit in-the 35
. Figs. 19 and 20 show the simplified circuit and the.timing relationship for the
.- decimal point. The timing is critical since.all the inductor current in segmerit b (the -
Lo . last to be-excited) miist be decayed before the counter clock signal is given to step .
40 to the next digit or the remaining current would be discharged through.the wrong 4
. - digit and a faint lighting of the segment b on the sgmgid_i'%l@t with the decimal point =
" - .would occur. The decimal point insertion.technique is the reason all.other seven .
- ..segments are. excited during the first half of the digit time. The decimal .point -
o charging time is one-half that of the other segments, The decimal point segment . 1" .
45 gets the same current in. one-half the. time and is one-half as-bright as the other 45 -

.segments. T T o e S
. o An inductive circuit method of driving the light-emitting diodes is employed.

-, Basically the method involves using the time it takes current.to. byild up.in an 3

.. Inductor to limit current, rather than using a resistor'as is normally done with LED -+ - I

50 ° " read-outs. This saves.power since the on!y-_ldsfsy;-:_;cm}ll_ﬁdan s in the drive system ~ . 50
- are‘the parasitic inductor and transistor résistances: The drive circuit for one digit
is shown in Fig, 21. Assuming the cathode transistor switch T.is closed, an anode - SR
switch T, is closed for 2.5 usec allowing the current to build up to-avalue I, alonga . e
" ¢e ~  Dearlytriangular waveform (the early part of an exponential buildup). Whenanode ~ .- - .7
- 55 - switch T, is opened, the .current'-'isj-d{lmp.ed through the LED, decaying in about:5 ;55
T -psec. The anodes: are strobed according to:the sequence in Fig .;The primary -~ = -
_reason for sequentially excitiiig'the-anodes is.to reduc e peak cathode transistor
current, Since the decay tinie is approximateély twice the buildup time, it works out
) “that the peak cathode current is about 2.5 times the peak current.in any-segment. R
60 - “The LED’s are:more efficient when excitéd at a low duty cycle. This means high 760 - .
- turrents for short periods (80:ma. anode current, 250 ma,cathode current). Fig..18 -~~~ . - .-
.- also.shows the relationship between the anode sirobing.sequence.and, the display.
' output signals (A—E) from the arithmetic and-register. circuit. 20.- . .. .- -

- Since the anode driver operates from the battery voltage direc_t,'ly'a_rid;_d"r"i_sies

-



Fig. 19 is a schematic diagramof the basic inductive drive circuit for one

of the LED s enployed in the LED display of Fig. 2; Fig. 20 is a waveform
diagramillustrating the timng relationship hetween the decinal point

drive signals for the LED display of Fig.”2; 10 Fig. 21 is a

schematic diagram of the inductive drive circuit for one digit in the 10
LED display of (Fig. 2; Fig. 22 is a. logic diagramof the cathode driver.
of Fig. 2, Fig. 23 is a top view of a netal strip enployed in the keyboard

input unit of Figs. | and 2; 15 =~ Fiigs4®4 is a side viewof the .5

metal strip of g 23 ceement. a circuit is providddIhat Sehisds Wher e

for ce-dety Ect on_ our JRE SR T RO SR Bl ey g
Figs. | a?n_d 2, Fig. pfovided & oahenmatrhmmil agisamodet the sokdgtWhele sk iagicaionfis gs.
1 and 2 and the indutapseer-drive circuits therefor; 20 . Fig.27 is a

schemati c -di agrgm of one segment of 't heAfHidHE Ble¥rof Fig: 26; 20 Fig. 28

is an eqf val ent’ pi ecewrsecatiode afiveiofitle oupt difiayQinitadicbihprises 4 fifkdeg posdifon Fi g
29 is a wavef orm di aghifarregitérufor seanning thehfiftgen dligit displayuence reachaward| thfie. SFhisde
voltages in the ci fC?ﬁff‘*‘i%%'%ﬁ?ﬁ;’?ﬁ;&‘é‘r’lﬁfmﬁﬂ'g'ﬁfﬂgﬁﬁt‘%eﬂ‘ﬁggg@ﬁfﬁ? e
1 1ustrating thy POS SMRarE bl A ibter BHCAS 20 Sl ke WrocedareD A block dikgrih 35 0- 6
of Fig. 2; Fig.31 isskowhliowigli2zagram of the display wait | oop enployed in
the calculator of "Figs. 1 and 2; Fig. 32 isa flow diagram of an interest
al gorithm enpl oyed in the cal cul ator of FkgEyBOARmd 2; 30 ~ . Fig.
33 is a flow di agram of The palcuigonémployls @ meliableJowiprdfile,: 09%@!{?%&% tagite
111
elc é

cal cul ator of Fjgs. feeghgrkosuchpsthatzhown,in Upited Btates Fay ati 9 953.
maturity of a bgnd a.i'& \ ﬁ%ﬁ%ﬁ%ﬁo %ﬁﬁﬁ%ﬁ?ﬁff ta b fogﬁ%?fﬂniyﬁai 2;

10

5

Lol

and Figs. 35A and B chéd inSFig.224f Tiostiips agy spor wéldedl td atpeineeld giveuit bvardeswph dyed i n

orthogonal traces run under each hump. Pressing’a key makes electrical contact
between one of the horizontal strips and the corresponding vertical trace. The
20. - bounce'is less than one millisecond (the calculator contains a wait loop to prevent
double entries). Extensive life testing of the keyboard indicates more than a
million cycles can be expected. Tolerances must be maintained carefully to
- prevent the possibility that a key is dépressed but no contact is made and to insure
25 - " One of the mdin advantages "of the keyboard is the “over-center” or “fall
- away” feel. Fig. 25 shows a force-defle¢tion curve for a typical key, As can be seen
a force of about 100:grams must be éxceeded before the metal hump “breaks”
¥ through. After this critical value the operator cannot prévént contact from bein
' - made. Similarly when the. key is released, contact is maintained until a critical
30 . value when the hump-bounces back. Again; past a critical point the operator
.. -.cannot prevent the-key from releasing. This type of action prevents & condition
known as ““teasing” in'which a key is nearly depressed and slight movement causes
multiple entries. The-point on the force deflection curve at which contact is made
or released is most desirably on the negative slope portion. In the calculator it is
35 cither there or exactly at the bottom (point A in Fig. 25), but never on the final
positive slope portion. _
Figure 1 shows the layout of the keyboard input unit 12 which includes a
W plurality of function and numeric keys. Several of the function keys are capable of
performing more than one function when used in conjunction with a prefix key 15.
40 For example, a function key 17 carries one legend “y* which refers to its direct
function. Immediately above the key location, a legend 19 indicates a second
~ function *“\/X”, The legend 19 is color-coded to desiﬁnate not only the second
- - function “y/X”, but also to refer the user to the prefix key 15 which activates that
* function when depressed prior to pressing the key 17. The coloration of the body
45 - of the prefix key 15 corresponds to the coloration of all legends such as the legend
19 for association with the functions it initializes. The additional functions of the
¢ S present invention initialized by the prefix key 15 are “YTM”, “INTR”, “BOND”,
i .. “A%”, 66COMPUTE!’, _66DATE?,’ ti_z!,’ GGCLEAR” and t‘z_”.. ]

t he

o

' - LED DISPLAY .
50 - . As mentioned above, the inductive drive technique employed for the LED
display is inherently efficient because there are no dissipative components other
than parasitic resistances and the forward voitage drop across saturated transistor
- switches. An inductive driver similar to that used in the calculator is disclosed in-
- our U.K. Patent Specification No. 1355150.
55 - The display circuitry used in the calculator is shown in Fig. 26. It coniprises an
"8 x 15 array of LED’s in which the eight rows are scanned by the anode driver and
the fifteen columns by the cathode driver. The timing for this scanning was
discussed above. A simplified circuit diagram for one segment is shown in Fig, 27,
: The equivalent piecewise-linear circuit model is shown in Fig. 28. An analysis of
© 60 this model shows the inductor current buildup and discharge to be nearly linear for

L ]
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35 calculator of Figs. 1 and 2.

35 SYSTEM ARCHI TECTURE Referring to 'Figures 1 and 2, there is shown a
pocket-size electronic calculator 10 including a keyboard input unit 12 for
entering data and instructions into the cal culator and a seven-segnent LED
out put display unit 14 for displaying 40 each data entry and t he

sults of cal culations perforrred by the calculator. As 40 sll(_)yvn i-n Fi gure
A _

“the cal culator 10 al so includes a metal - oxi.de-semni conduct or ( MOS)
ntr®l and tim ng circuit. 16,14%,28S read-only menory circui t1(,18

- (i ncT'udi ng @& ROH } METT—amd r egi St er
circuit 2 Q at 1)’se .C oc{:< %’#ﬁgver ezaiscgar tlmegoﬁgaﬁez'tmﬁtr% 5 wer supply unit
- 24: 45 The. three MOS:ci-rcuits. are ‘t w-phase dynamic I\/E)S/Iarde

. scal e-int egr at'i on ‘disehiarge S|.) Vet Vaui t s 38i~t0l | oW t hr eshol ds-all owing '
'-.corrpatrblllty ‘Wit he Si st.Qr =ty anSi ‘gor'og L) bi pol ar circuits and
~al | owi ng- extrenely thé gpovver9 orYéT‘atl gn Jess ?ha@n :one -hundred' mlliwatts
for all threEl8029r shoivs. €he. md’ canentdiogarhaﬂedalt:mtp;r dodasReduendyt een- di glt =
bi naty- cotlelfs Lz Hie ayqnRg0) LERS persent pampbejealqulaadelrorafhe formulaer i al 56
- manner. The RRxi Mbh&écxﬁ%ﬁx%tycé ok frequency .i-s. 't wo- ‘hefndr ed; ki |- ohertz
50 which gives a word tine of two hundred and ‘eighty- mcroseconds '
(permtting a floatlgﬁ ljlet »i8dec i on to be corrpl eted in sixty S
mlliseconds). The c Iro and . ti myng timyng. circuit 16, the read-only rrermry
. circuit 18, and the. ar'thmt'ﬁﬁg register-cirreuit 20 are tied together by
.a synchronl zat'i on (SYNC) ‘55 uss '26,an i nstruction’ ferr] buss 28, a
word sel ect (WB) . busqs@@sssgplmspstructl on- 55 address [err} line 32, and a'
carry. line - 34. Al epe-rea-t-r—eﬁe—eecmslnm a. flfty Six bt [err] word cycle
(fourteen four-bit BCD WSt s).  The tim ng: sequence for the interconnecting

- busses and .| {H8sors RassHishh grmé Nhikte 26 carries :
syngohr oni HlatmitiwaisgRig) gbélgogﬁbt'hme&mghfﬁhfg% wﬂmﬁdu%%%égiﬁ&t cirgeit 16 to

 the ROMs 0-6 in the.read- onI crrcurt 18 -and to the 60 -
arithmetic g @oiddh Sbedrhied 'Ehr%r ronize the cal cyl ator system It
provi des. meoxom;ﬁuawgq%s i Ghs (st in 'éﬁ% : te yasemgl-%eh ons as a #en-bit

W de Wi ndmm@rercrrgmdu} iThg swliul matuternft heMg s mmt&&xmﬁtsaubwme_ : '_

instruction bits to be decoded from.LSB to.-MSB (right to left) serially. If the first 15 -

- - bit is a one, the instruction is either a subroutine jump ora conditional branch as -

-_selected by the second bit, with eight bits left for an address. The next largest set of o

. instructions, the anthmetlc set, starts with a zero followed by aone (right to left),

o - leaving eight bits for encoded instructions. The ten different’ types of i 1nstruct10ns, S
2 employed by the calculator are shown in the table below R _ S .20




The |. buss 28 carries ten-bit instructions fromthe active ROMin the

r ead- 8 1,454, 268 -

8 only menory circuit 18 to the other ROMs, the control and timng circuit
16, and—tte—arttrhnmetic and register circuit 20, each of which decodes the
instructions locally and responds to or acts upon themif they pertain
thereto and ignores themif they do not. For instance, the ADD i nstructlo@

affects the arvhnmetic and 5 register circuit 20 but is ignored by the
control and tim n7g circuit 16. _Q mlarly, 1'3‘3426'% SET STATUS BIT 5. 17
instruction setslh status f1ip-fi-opbin—thi—eo ti.uug crrTeurt—106

but is ignored by- tMthQanﬁT,R@(ﬁFQNF@QFbStg ON:| |CtA d_ The actual
i npl enengati onof a%ﬁ’l LpHet! O]’I s delayed one Word time fromits receipt.
r J

For exanpl e, s lﬁ@ﬂoﬁy eqwﬁthhe ‘addi tidgn of ﬁlggggl git 2:in two

10 of the redilsier ithoetic and regi r Citouit 20 The-ADB
i nstructon 10 woul d--be receivegd by the arithmetid i rcui
during bit timeg [el256](Am‘DK:ESSES JUMPRSUBROUTINE: addi

occur during bit tfmes [err a word. tinme N +.1, r _
instruction is- bei 3565(;%&9}%‘%&3 &m&Tl?HéﬂﬂMﬁ‘aﬁ' Q%wv%%%d 11|

rl\_

15 © The W buss 30 carrifes an- enabl e si gnal|. f}’omthe control . and L
timng circuit 16 | 15 or ane of [the RC]\/IS in the rdad-only menory gircuit.
18 to the arith t agd regi st er, cf&ét?’rﬁﬂa' ICPERATIORST RDN [1 0
bei ng executed t g Thus, in t e exa t he|pr e\ooms parsErEn, :
addi tion occurs on urlngthe di gi t 25|ncethe dader Tn the arithnetic
and register circ t 20 i's enablled by the WS buss 30 204 . 2 onIv during '
this portion of he véard. \Wen t|STAKISORERAAIONS | Ul t-§ 1of OonO |
the registers in th@Jasédhhmetic jand register circuift 20 aré-llrechrcu!d atled b
unchanged. ' Three ekanpl.es of W5 {im n signals are {sho Figure 3: In
the first exanple,[the digit 2 ik { (gt dl' t of tfhe &t‘lgbe word. | n the.
second exanple, the last eleven % éﬁéé | ect ed. Tt}_Ls 'ﬁp}r esponds to
t he mantlﬁssa portijpn of -a_f_lc_)at_l, &L ALL L 1 F_l (N = 0000) _
-4 64 _.P_OINTEROPERATIONS‘ P FIT1J1 0 0 1
¥ 1 (30used) 1 . : o -
B - SET POINTER TO P F =00 :
| INTERROGATEP - F = (l)(l)
DECREMENT P 'F = '
INCREMENT P F=1l } P = XXXX
: ' - _ - "4 2 . _
5 64 DATA ENTRY/DISPLAY IN | F 11 0 0. 0 _J
o (20 used) - ' LA ’ ' T
A SR | LOAD CONSTANT F = 0l :
P : | IS-A F = 1X (N = XX01)
BCD INPUTTOCREG F = IX (N = XXI1)
STACK INSTRUCTIONS F=10 N=(——-0)
"AVAILABLE "F =00
| 6 | 32 . |rROoMSELECT,MISC. - |[_ ] _F T 1 00 0 0_ ]
£ : . - >
' : (11 uded) - : )
S SELECT ROM “N” ' F =00
: KEYBOARD ENTRY " F = 10 (N = XX1)
® EXTERNAL ENTRY - (N = XX0)
' SUBROUTINE RETURN F =01 (N = XXX) ,
PR E . ' 4 -
11 16 . | (RESERVEDFOR [xxxx|1000'oo'J
- {PROGRAM STORAGE} 3 -
8 8 MOSCIRCUIT [X X X1 000000 ]
9 7 . | AVAILABLE XX XJ]0000000 ]
10. 1 ' -| NO OPERATION (NOP) |00 O 0000 00 O_J




25 word format. -1n the third- exanple, the entire word is sel ected.
Use of the word 25 select feature allows selective addition, transfer,
shifting or conparison of portions of the regi sters within the arithnetic

and register circuit 20 W T h- onl'y one - basi ¢ ADD, TRANSFER —SHFT,—or—

- COVPARE i nstruction. Some custom zation in the RC]VIword select fields is
Avai) abl e via nasking options. 30 . The I; line 32 serially carries

Jd-addresses: of the instructions to be read from 30 the ROM's=0-6. These

8 gr'ei%ses ori gl nate from the coptrol and timing circuit 16, which contains

Jan- : sr 9983 s increnented each word 48 me unless a

JUVP SUB NEe are ta/oBFW\mstrmbﬁsuﬁim@ﬁI;uh@ sb&ioﬁ@ne&a)ﬁﬂ%ﬁ&ﬁonaﬁach address is
transf er r 3EnEh ceded isclbiy the and figung] Grcnjt 1ano werdst or ed in g5

ted and

an addr es fecksilics ?era é{gff vﬁ:@ FepistopeirguityP merelysct j ve at a
times andaddaassmnkgm Jecmwé\iae ckilting 4 "fftagﬁ:g {1 rﬁ%m Gut pyt ting an
|nstruct|$h°lﬁﬁlﬂﬁgctrontmﬁeubz&tmmlrhyla RETUJRHI&S dhtmﬁah piogasn the ROM 5 by a

ﬁ;

- RoM SELECTTR&hIH Ay asingle el ght-bit address,

5 e 19
~ pl.us. ei ghbit skift Gegiter SBSBE Wk -h‘_’,“hgfﬁ tﬂ'é&’-ﬁff“é% oﬁ"s )
‘hunt ed - ah%} ffllﬂtt S S’f xtomc deor ofe return adﬁi (see: F1g 4), ‘Durmg blt tlmes

40 The ca Shecﬁddcﬂ‘ﬁéaoalsngcrmﬁnmdt-. Of the adder

Siflness;
in the ar pid ot orm of%cﬂfaé °rdgf es @)“'{:BH‘W%’ o‘ﬁ't“Fﬁl‘St%qd timng cifeuit

16, The cmtemohddmd.stromm@ 166 Eefikh lad 140106 tile ﬁt to-make
_conbﬁtlon tlS? emielste dntstdﬂ mmuotmﬁ,l whi t he §ontents of
“the regl sThRroutp. oﬁ"ﬁs’ Thscricd '§?g £ sﬁ:’“&ﬁ BeHes %ﬂ mthscmﬂht 20. -

Re

- Thesaem.fda AddPes{Td reddh s &ﬁfi na five-by -
&)Qt rra'zrr&u elfthsmxtoimdnme sear ch of an |nt er: connectlon hat- desi gnat es
act

fre
tio hg gondisiond! bcannh,audﬂchrw.gedbe uged. as a
key. Bounug;um&E} sm%%f%ﬁ % Ctb !5‘?823};% ‘t he key entry
S1iX

- routine. Eam ne;dxth:asl _ assomal_e :
‘50 .A powe °<§? H?fttht‘a'éfanqh lnmgctpmwrsh ' mumbuoaltatﬁwuabé es a si gnal .'-;

2% two on by. 'I’ br, The i e
Lﬁ;‘;l e R fswtﬁaﬁmﬁfr:,@wg%? e

swi tch. QfChptH@d lzj, i[frt arlurﬁlm-ﬂdevas set during the previous wor
the curren‘téﬁ -address:is transmltted to-the: ROM’s ¢8—~6 Ilf)'the carry ﬂxpt-lfllxz)? L
" 30 was not set, the branch address is read from the address buffer 68 onto the Lbuss © 30 -
- 32and loaded into the ROM address register 74 (see Fig. 6).. ‘Thus, the 1nstruct10n C -
--is a BRANCH IF'NO CARRY. There aré three ways'the. carry flip-flop 66 can be .
set.. (1) by a carry generated in the arithmetic-and: reglster circuit 20; (2) by a - ..
successful interrogation . of “the pointer- position; and - (3) by a successful .

35 i)ntlerrogatlon -of one of the twelve status blts -An example is given in the table : ...35 |
- below, - o : '

e shown i
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15 qualifier conmes true, then nove to the next address to issue a
command. Ot her 15 qualifiers are the state of the pointer register, the
PWO (power-on) line, the CARRY flip-flop, and the state of each of the 12
‘status bits. Since the calculator is a serial systembased on a fifty-six
bit word, the, six-bit, systemcounter 42 is enpl oyed for counting to

: '--*ty si x.. Several decoders from the System counter 42 arenecessary. The
' 5/‘ C . S|gnal is generated during bit tines [err] and transmtt to all -
Sifcuots in the system(see Fi gl452)263Qher trmng qualrfrers arg sent .10

" the ™M T ~ANTEq, TR AN TTEOTTEs ar agr aph.
‘The sygﬂ%ﬁ: RN ‘l}ﬁe c;‘”f"%‘ -‘ 19) ° ‘ggllﬁ’on mbtmc. ) er as, shown in
25 Fegheptart .{aalcr(@e&yz)sm hietrbgiion bipaRe b i yem count er¥ 42 go

" to a_one- Since arlth@&lqumdoutenrostﬁon nwtnmhouse:qmmtheada ryﬂﬁ;eﬂapms,s one of a.

pl ur al'i ty 3%“ nchl Trg‘rl?g‘l’ﬁe ro "ls .?!. lfemhas three bits. of. t he

- syst em.coy éﬁ e eddl &if#’ ke hL‘rrul tipl exer 52,
whi ch seqsmetafai qar:se‘llpaﬂdipsmmm ntabareseed.etymole g e g0l urm [i nes 54
(durjng sP%ﬂ@bﬁO%I@éKO lowngns anithmpticyor an intesrogatipn; omevmtﬁoor status nul ti pl-exer .

: out Bt |s'"8é " nade at. aby .30 .
i nt gr sect r@ﬁ&%ﬁ%? 2%?;% @@g da%ryg!tmﬁténs %f@gifd ﬁte ﬁﬁﬁ%ﬁ%%ﬁg a key), the
key down- le pintoydight clb&amneodﬂd bythe Boft-lendfietbits of the infthuetian Bhahm count er 42:

nala f e ke
P Tt ?f% Jﬁ’iﬁhé‘i’kf%ﬁﬁ Bboe shed | a

'key code buffer S6. hrs Six-bit ~ " code is then transferred to a ROM

address register: 58 address for.the" program
- whi'ch services the k ?P@E&%“&g&%gé@%g 0 bits are added by -
" hardware so an ei ght- bit address-exists Thus during each state of the

syst em count er GPPE t he deé%iiler-rmlticﬂllfxer contINSEt i on 48 and 52 is | ooking
to. see.if a specific key 'S down.. TT 11 .is, th‘thate of ‘the system :

counter beconeg 080at0 S ting agdopess: for ‘exegution of that key .
~ function (note0tQ9ak srxteen ®iB t he 1i000 -si x40 >BesC - states are not
used for key: cg %‘} By s ng the1 ti oHflIET GRIGHT st em count er aid -
using a keyboapdigganni ng. WI quel ctlgmp? dto the MOS f
circuitry, ci I‘OLﬂlOl corrpl exO-t%O S’ redlmmd signifceant!ly. . . SR
0-0110: - . 10110 SHIFI‘ARIGHT B &
S 0olir- . - 0-C-1-C - - 10H1- - C0AL L e . T
- 01000 . SHIFTALEFT 11000 - . - A-BoA
R .0-1001 .+ . - A-B 171000 T AesB -
PR 01010 -  A-C-C - 10100 A-CA
S o.1011'. - - C-I-C .. 11011 T A=1-A
- 01100 - C-A L L100: . CA+BoA
L 0 1101 . 0=C - 11101, - A—C-
L 0 1110 - "A+C-C 1 1110 : A+C—»A
. 0 llll ' -C+;1—»C __l' llll- ' "A+l-»A
. '_ .KEY A B C are reglsters, - means goes mto, > means mterchange - N\
20 )

“The elfht c(l3a)sses of anthmetlc and reglster instructions’ are: ) _
© (1), Clear (3); _ . _ -
. (2) Transfer/Exchange (6), : o 20 s
. (3) Add/Subtract (7);.. R : _ - T o
. (4) Compare (6); - . °
. 7 (5 Complement (2),. _ o _ .
25 : '26) Increment (2); " = - S S : B T
S (7 'Decrement() and T T 25 Tk
- '(8) - Shift (4). T ' ' ) ’ o
" There are three clear instructions. These mstructlons are 0—>A 0—»B and 0—>C
: .They are implemented by simply disabling all the gates entering the deslgnated_-,
30 3 flster Since these instructions can be combined with any ofg the eight word - :
ct options, it is possible to clear a portion ofa register or a single digit. ... -~ 30 .
~_There are six transfer/exchange instructions. These instructions are A-B, - '
B-C, C»A, A—B, B—C, and C—A. This variety permits data in the regxstersA _
_ - - B, and C to be mampulated in many ways. Again, the power of the instruction
" 35 must be viewed in. conjunction w1th the word select option. Smgle dlglts can be--_i'
exchanged. or transferred. : S 35
There are seven add/subtract instructions ‘which use the adder/subtractor - )
circuitry 84. They are A+C-C, A+B-A, A+CoA, and C+C-»C. The last
_ instruction can be used to divide by five. This is accomphshed by first adding the
40 number to itself via C+C-C, multlplymg by two, then shifting rlght one dlglt and



A twenty-eight bit shift register which circulates twi ce each fifty-six bit
word 45 time, is enployed in the control and timng circuit 16. These
twenty-eight bits are 45 divided into three functional groups:—a nain ROV
address regi ster -58 (eight brts) a subroutine return address register 60
(eight bits), and a status register 62 (twelve bits). The main ROMs 0-6 -
each contain two hundred and fifty-six (ten bit) words, -50 "~ thereby '
requiring an e\'rght -bit address; This address circul ates through a seri al

50 adder/subtracilor 64 and is increnented .du4s4,ze3 bit t| nes [err] (except i2h
t he case of br.amcth—amoom outl e et uetion Nt bit
address field of thed(’; lﬁiwﬁb'yttel‘nttfer’if& ik ¢ %’d%rpﬂ)gf"f Srhfs 8 uf rlhé %ﬁrﬁer%n{
address)¥ The next. addr ehsre b s&rcampmmste@l:ueuserrhéshmstlmcubnmésawm falloekd Bf t he
main ROMs 0-6 during cbudm(tnamGﬂcﬁ.Sl'hey are sgdrt check the value of a reglsterorasmgle digit

55 The status regi sté‘f“ Bleg W}% @ c tﬁb% %a: to
keep traek of the st 5FHY&F fqus 52- @ dmstrietiop RN %)ar on s “whet he ldt he

deci mal. point - has bee(l)hm-B (Cdnﬁpam Bus zsnogn set, etc. nust be retai ned in

the status bits. _I_n.eacﬁ)c @P@&IAcenda@br r enenber s past events by 0. -
setting an appt®priate )a pﬁ‘b&tg ;‘fo’ asking later if it i's set. A
'yes' answer to a statu |mtgr ﬁ;bQ(laf{uB aﬁ@t a carry flip- 60 flop 66 -
as indicated by the con(&)oIA—sr( ar¢ STtojome %ﬁHf&@‘ﬁr ataéaggl toagr%ir} b C
set, reset or interrp I 15
L et o e S e i bk e

| evel of subrouti ne ¢ Branchlwouldedceurn Tididstaston Gin®® read: I ttlzav é‘HENerCH
ei ght-bit return addrissis xr:egrssttepormre valecdigitson agrrtion ppyesistes by dPRrARrals 5

d 1 t o
10 1, 454, 2622 o 1?: ar(;pt;s?: o mplement mstruct ons. The numbert re rese}lgtﬁﬁ wedif he 20
incremented présent Qﬂtdrcﬂﬁulhtﬂi Gs ?QE dngl hiﬁihlt mofation rf&glt . @fanfidsa, et i on

of the RETURN instr u&bmplnmeﬂmmaamem thdnxsomnm"mbisbefpmumb San besiy fractsdethe t he

[err] line 32. Gatin “btwg@‘l“bﬁ% '}5"’?’@?‘8‘?‘?'\@ (640 8-Gvin Dihep plgprithps Fequire

“the nines com _
circulating in 25 There are four increment/decrement instructions (two of each). They are -~ 25
" A+l-A and Ct1-C.
There are four shift 1nstruct10ns All three registers A, B, and C can be shifted
right, while only the register A A has a shift left capablhty ‘The arithmetic and:
register mstructlon set is summanzed by class in the table below.

"



the shift register 58-62 for insertion of addresses at the proper tinme as
i ndi cated by the JSB control signalin 'Fig. 4. 5 An inportant
preferred feature of the.calculator systemis the capabi I|ty to sel ect and
operate upon a single digit or a group of digits (such as the exponent -
sl d) fromthe fourteen digit registers. This feature is inplemented
[ &Brough the: use of the, four-bit, pointer 44 whi ch point's at. Ltye digit . of
interest. Instructions are 10 . . avail abl e to set, increnent} decrenent,
. and i)ft errogate the pointer. 44 lT'E’z' o| nter -10.is i ncrenent ed _or ;
: dec “; : x . F-e O 4__u_s_@r| f.ar ndﬁ?eqses A
'yes' answer to- ‘the w@t%‘?Fd?YPEIEWQdNﬁFBUQmOmII set” the carry flip-.
- flop 66 .via.a control signal, I(E',",dg‘anugss)4 -The, word. sel ect feature wis:
. di scussed..above i.n’ connect| on wth 2 and 3 15 Sore of . the word
- sélect signals-‘are. enerated inthe control and tlmng cn‘cwt -'-16 namel y
 those dependerit- on t3 S poi nter: 44, . Iamemmwe r@miender in'the min ROMs 0 6.
The pointer word select. opti ons are (1) poim p05|t| on onIy and (2).
- pointer posi tion and)aCleat ess si gni fegant  di-gpisg. - For: instance, . assune. the
- mantissa signs-of the nunbers in-thelsB and “C0p0ogi sters of the arlthrretlc
and register circuit 20 were 20 “ - ?‘&be ex@%l,ged The poi nter- woul d be
- set'to position 13 @ affang@pi-tion) a,ngBt he - AOI(%-'--- EXCHANGE Cinstruction
Wi th a "pointer positiBxhangerd sel ecB-Ci: el d "oomgbd-be ‘given. If all of the
- word’ except..the mantissa signs were €eAbe: ex@hlﬁﬂged the A EXCHANGE C -
.instruction woul d be--gi ven:wi th the. -‘_i’ ter. %lat 12 and the. word- sel ect
field set to poi nter and l-ess. si‘gni f@ﬂg{tt di 91105 The cantrol and tining
circuit 25. - ﬂﬁCt out put is.or-tied on the W5 buss 30 with the
ROM wor d- sel ect out tSubtrag® and tr.alt ___gted()}1 0 t he: ari thmetic and register
circuit .20~ Any carry st gnal out- .of:- -zIp‘_,@dde? the ari'thmeti-c .and = -
register circui't 20, With- "~ * wor d&maect aioe@ hi‘'gh, “wi'l'l. set the carry
flip-flop 66. This flip-flop.is lnteﬁfi_._,:_"-tedlldtﬂlng ‘the BRANCH i nst r-uct:i on
to determ ne if the existing addres% | d }é%%o . increnented (yes
carry) or:=repl aced by t-he branch- adcTress (no’. carry).-The branch 30 § .
addr ess i's tetai ned¥irCospats ght bltoaﬂdress _msmr er.. 68 and gat ed to the |

I|ne 32 by the B R4 control 'sinal ’X_C : 00010 _ _ , _ e
| - A-B . 10000 L
CASl L 10011 : L
_ - . G-l - 00011 '
" '5) Complement 0-C»C. 00101
5 o 0-C-1-C 00111
~ 6) Increment A+l-A 11111
. C¥lsC . 01111 _ , s
'7) Decrement - A-1-A uoil1. G
o - CsC - ol01 . : oL
8) Shift ~ ShARight 10110

- ShBRight 10100
“ShCRight 10010
‘ShALeft 01000

o The twenty-elght blt Shlft reglster 58—62.in the control and t1m1
- contains twelve status bits or flags used to remember conditions of an giggglrrlfll::rtl (l)?
N some past event (e.g., the decimal point.key has already been depressed). These - - o
5 . flags can be individually set, reset, or interrogated or all bits can be cleared (reset - - 5 =
simultaneously). The format for the status operation (type 3) mstructlons glven in- S
the |nstruct10n types table above s repeated below. '



The power-on signal is used to synchronize and preset the starting
conditions of the calculator. It has tw functions, one of which is to get
the address of the 35 control ROM 46 set tQ a proper—startipg—state— -
and the other of which is to get the 35 * system counter 42 in . .

the control and tinming circuit 16 synchronized with the counter in: éach -.

mai n ROM 0-6. :As the system power comes on, the PWO signal -is held at |ogi
I (O volts in “Hi's system) for at |east twenty mlliseconds. This allows

 through bit tinmes [err] .3 -

the systemcounter 42 to nake at |east one )

when 40°  SYN& is high thérehy setting WEPAROM-erti—etire—and k
of the ROM s . 40 i nacTABRE O STATUS IRVTRECTION DECODING | ogic 0 (+6

volts), ¥he address of .copntrol ‘ROM 46.i s set*th -000Q0Q- wheyr e, proper
operation can begin. 'REA[éI‘b\ILY-I\/EIVd’%YI’CISlRC%I'“I ?’ngﬂ) q‘s Oeer F‘ﬁ i Eé ._
read-only menory-circuit gigpptord the prograns fior 450 | . 1eRe6uting the
functi ons required of the SyStenr SIMCe . each ROM coniains 25.6 ten- 45 bit
words, there are 1,536 wyrds af ' i'ts of ROM A bl ock diagram of each
of the ROMs 0-6 is showl in g‘ﬁ“&*ﬁéﬁ%@ basi c operation of each ROMis a-
serial -address in, a serial-instruction out.- During-every fifty-six bit"-
word time the address: cOds i SETBEAGNsi gni-ficant bit 50 - first from .
bit [err] through bit -bigt [ erriiBsocREFPAEN " the systemreceives this
sane eight-bit address anc} frombit -time [err] through:[err}:tries to

out put onto thes[err] |ilnt0 28. REBERFAGNa -ROM enabl e. (ROE) flip-flop 70 i n's

each ROM i nsures that n re ihap, qne P@(A M. L y sends_an instruction on.

the I, line 28 at the s merYDt m%bé&k%ﬁ‘ L _?@f_%oijout put  signals are. -

inverted so that the stHalbstaisbitN pomhed_itlsq%ixtmﬁim‘i@ttsrrgv@feNf’ isg"?d!}e‘és%e The

cal cul ator circuits SARRY pdlap 66 in) e_iO'?WQahgollgm ﬁ%ﬁ& {,"%@ﬁlc iﬁsmiont.%
the ik

turn on a gat e gre-t KA AR T TS RIS Ko UR 16LD, Biem biAnal", or “Ifstatus it 10
negative-1 ogic, sincediNgenBfcH)eT tegﬁmh%ihfg regativk orientdtive if- thas 1 hranghes .
menti oned above; | ogbecufifitie teg isfgls¢ (s'-_@a@ RR gﬂ;&ﬂgﬁ% aqrs) Idftgg“ wingtha s on
[errare normal iy at svgegmeypspaipionst KR SFARCAIIN: el cyion ar e
left at Igpgic Qst hey ;mans UHe a9 PKeCkely GY\@dwn. £ 3 cision 60 . . was therefore 15
made to invert the signalfeurchit doostef inrth¢ cantriopandsinsingicirauitilfipetp s thp goingpor

signal's at all i nput N Lo e M erropite e Bountél it ok of fourteen

positive J-ogic. locations or to increment or decrement the present position. The pointer _
_ " 20 instruction decoding is given in the table below. .~ . . 20
ST . TABLE OF PPINTER INSTRUCTION DECODING ~ /.
FED - | e |k [t [rew

<10 Interrogateif pointerat P

: "¢ .0l - ‘‘Decrefiéntpointer Y, . cniTTo ol _
co2s e e e e e e P XXX 25
- _ ot AT Increment pointer Cf i.c.don’t'care S o

1

= . - As with thie status interrogate instruction, the CARRY flip-flop 66:is set if the
- pointer is"at' P-when the “pointer at.P?” instruction is executed (as with status
4w interrogation, the.actual question is in_the negative form: “IF P«N, THEN
: . BRANCH” or “IF P = OTHER THAN N, THEN BRANCH?). This instruction -
30 “would be followed by a conditional branch. In a math routine the pointer allows 30
rogressive operation on a larger and larger portion of a word. After each iteration
‘(¢ycle) through a loop, the pointer is decremented (or incremented) and then
- {ested for completion to force another iteration-or a-jump out of the loop..
_ _ “".~The data entry and display (type 5) instructions are used to enter data into the
35 " arithmetic and register circuit 20, to manipulate the stack and memory registers, 35
: - and to blank the display (sixteen instructions in this set are not _rec_:_;ﬁm_zgd by any
-of the existing circuits and are therefore available for other external circuits that
: might'ﬁbe”-empbf'ed with’other embodiments of the calculator). The table below

-

- contains a detailed decoding of the data entry and display (type 5) instructions.



- The oscilloscope pattern that would be seen for instruction 1101 110011

fromstate 11 010 101 is shown in Fig. 8.- The serial nature of the
ealeulator circuits requires careful synchronization. 11

1,454, 268 11 Thi s synchroni zation is
i ded by the SYNC pul se, generated.in the control and timng ci reui t 16
&P 4 asti ng for bit times [err] Each ROM has its -own flfty-'S|xb|s)tate o
nter 72, synchroni zed to the systemcounter 42 in the contrdt and timng
circui2f 16. Decoded signals fromdshpes state counter 72 open theyj nﬁgt [.te?r?n
~address 5 - regi St N1 FArdtyPY 4 NS TRUCHON DEL Lo outat prtTtine [er
and pr.ovi de ot her?lltﬁlh%ép?‘(cﬂgnﬂ% a%ﬁ?g"%@f’ﬁé system power comes on,
the PWO si Ghaldon} chus| whigk Ov thisl costegd rogine thk)indtattion doeasibt depext Y mI'lisesonds.
The PWO si gnal © BUS{it gihqr hona Riberei Wil cause ithsnspme sxenation.he ROM Qut put Enabl e
(ROE) flip-flop 70 on main ROM O .and reset it onall 10  other ROMs.
Thus when operation bqdink, LRGN Q 4 | I| bie ajllm.'"'@_lr__!"y. active ROM 10 Ins *
addi tion, the control anda. TImNg ciTcut—167 : Ibl 'lfj'S. the ad_(lj_[]es-fs_ (r)gt put
ing - U hat the first ROMgddress wi |l be zero. The first

?gglt pgcfit-g;\t mljn S%ctha%g';'!\.’g SUBROUTL NE lﬁgqégﬁ}% -address register 58 in:the
control and tifmi 9§0eiltiddi © 15 [16ddeitablringmmttiohs 15 -~ |Fig. .7 shows the

O i m ' rCat—addresstrg—seguerep. 15 During bit

clnportant timing pPogNUSITOT a [yprear auuresSstig—Seguene | g b
tinprres b -b2® tfh 16 bS I efeiphfsk £8 dodl NYnehF OM t_h_e. cpntrol andI tim gg
circuit 16 and | oaded into the| adik rb 'é%ﬁﬁt?&h:-:wa-_ he [err] .line 32.

dirtdr
i ils_decoded|and at| bit {IOADCON
Thi s address i|s_de : : DUTFTg—bit—t] mes [err] the

gated in paralllel gobftee pnxl [ Tey q%, _5? Ll T ;
i nstructicon i g reanlosgro-al | x (j’utm}; e ef;,xb}?,(b_,M_béSS 28 [romthe active ROM
(i.e.,the RgM wi-tkﬂqﬁ_emd\_‘/l Enal élpfStgg GHOM-ESR0 set) . fontrol is
transferred. bgt weepg s % o By OFe "ﬁ“Qf’AUCt'On -
R ~Recall Memory, M~M~C -~ =~
- Rotate Down, C5FSESDoC .
Clear all registe

® selectpd, instruction is

e O
| A

|ocoa®

-t

- XX

X| I, A register (56 bits) .
X 8GO Eregiter G i)

.. Thefirst set of sixteen instructions (I;I, = 00) in this table are not used by any
of the main MOS circuits. They may be used by additional. circuits or external
. . -~ circuitry listening to the I, line such as may be employed with other embodiments
5 of the calculator. - o o v '

‘The next instruction (LI, = 01} in this table is called .the LOAD CONSTANT
(LDC) or DIGIT ENTRY instruction. ‘The four bits in I,—I will be inserted into
the C register ‘at the location of the pointer, and the pointer will be decremented.

: This allows a constant, such as » (pi), to be stored in ROM and transferredtothe - = -
10 arithmetic and register circuit 20. To transfer a ten-digit. constant requires only 1€, p)
' eleven instructions (one to preset the pointer). Several exclusions exist in the use-
of this instruction. When used with the ‘pointer iri position 13, it cannot be followed -
.- . by an arithmetic and register instruction (i.c., by Type 2'or 5 instructions as there o
~. .~ arcproblemsin common use of a five-bit I, buffer 91 in the arithmetic and register
15 circuit 20). With P=12, LDC can be followed by another LDC but not by any other =~ 15
' - type 2 or § instruction. When used with the pointer in.position 14, the instruction '
has no effect. However, when P=12 and LDC is followed by a type 2 or 5 .
instruction, position 13 in the register C is modified. Loading non-digit codes S B
- (1010—1111) is not allowed since they will be modified passing through the adder. - RN
20 - The next set of instructions (I, I, I, = 01X) in the type S iistruction decoding table 20 o
.~ _.contains two display instructions and six stack or memory instructions. The display - .
' . ] cuit 20 control kingofallthe LED's. .- .
‘When it is reset, the 1111 code is set into the display buffer 96, which is decoded so T w
- that no segments are on. There is one instruction to.zreset this flip-flop L, I; I, = 100) S
.25 - and another to toggle it (000). The toggle featuire is' convenient for-blinking the = 25 - .

fvl‘i%ﬂbp ‘in the arithmetic and register circuit 20 controls rblank_ii_]ﬁ
W Wi

display.. - T S R R
S 'l%;e remaining instructions ‘in' the. type 'S instriiction .decoding table include
- two affecting memory (Exchange C—M and ‘Recall M-C), three affecting the
. Stack (Up, Down, and Rotate Down), one_general clear, one.for loading the D
30 ‘register A from the I, buss 28 (namely, 1. Is I = 011), -and one: for loading the 30
o - _register C from BCD (111). Neither ~of the two last-mentioned . instructions
‘depends on bits I, I, or I,. The I, 5 A instruction is designed to allow a key code to
. bétransmitted from a.program storage circuit to the arithmetic and register circuit
20 for display. The entire fifty-six bits are loaded although .only two digits of



Effectively this instruction will turn off the ROE flip-flop 70 on the
active ROM and turn on the ROE flip-flop 70 on the sel ected ROM
| npl ementation is 25 dependent upon the ROE flip-flop heing a

master-slave flip-flop. In the active 25 ROM the ROM SELECT instruction
is decoded by a ROM sel ect decoder 78 at bit tine [err] and the master.
portion of the ROE flip-flop .70 is set. The slave portion of the RCE ;'
flip-flop 70 is’not set until the end of the bit tine [err] In the inactiwe”
ROM s the instrugiion is read serially intpg ~register 76 during bit s
ti mes 30 ' et SF—f+p—ft-op—Fo—s—set—at—hi

! . i A 1L 2 - ) - | — A Voo, .t-
reten i (e SR S Bk ar i i ot & on
the | easé signifi canioirky i B4 mighbbe ﬁieo @IWilh StR&H enibolimehts AF tHAVGalcaREd. RC
to respond only to its T ROMiselect el sther tgmecsiniistructivmsratle denordibyshgypealem ar e
generated in the nai 0090n igstinetion kit lg—hnthedagpdipg tablestor thete ingtryptinns isgheyemdent S
upon t heePO NTER con®PPom the 35 =~ control and timng circuit 16. The
word sel ect of the instructi QABLE OFETYPESIXIINSBRUSTION DECOBING .- T egi st er
-80 (al so a master-sl av-er)s.itlf the first-two bits are 01, the instruction is
of the arithnetic type whizch: t he must generate a . word.sel ect -.gating ’
signal . At-bit ti ney-peé(i‘&.e.";efdh'n.lhp&t' "r"ﬁft?c?r-i-/?l.ni:;lt t%’ gﬁp?'ga ed .'rh\rllmwrtl;l'q}a‘%ql ave g d J .
retained for the nex{ word t{re 00 Gbpodachtie® i Oit ® ODR@M selbot. Gricgif8hs . | The-
40 synchroni zati pn I%ﬁlg[nt br 72 pr a’gi.g)es tigm g i njoperfistanbieddalhory
sel ect decoder: -40 8p. "M 'OJt-_'puf_V\;S_ B nat 1% Yat ed’pby the RCE flip-flop
70 so tthat only the pctive RDM can jolopw | onot he 05 dji-ne 30, which is |
OR-tied with all thefottier ROV S andfatsofw tT e uﬂht’ —amd—tT Ty

di bha0 qBed {0l Submutiperetwr | ahd

circuit 16. -As di s,cusseﬁ&gbo £ %‘hé‘ﬂ/@ S| . _
register-circuit 20 fo contrplx tR¢ ooy tigohj ofo ap W@ do|tExfeenadRey code éiry to
instructionis active. - - |. | . . |C&T - - 145
The si x- ROM generatefl word seleci|signalsfused tn th aJ culator are shown
in Fig. 9. Tﬁe ROM s|0-6 out piY }5 §ngpbio_t F.ﬁp ?yul"s‘p‘?dﬁ‘y m‘i?n"ybuss' 28] at ..
bit time [err] to depoDAaTAde|exponent minls sign ti me.Seddiidirddsfesi® CiRegis$ed

in the digsplay decod ﬁT(gg:AGﬁa larX{Wneti d phd O @i 9t 9| terito DatatStaragetGircuibpver t

a9intoadisp|ayed§gm. M. Nus S gp. (1N & T.0CAL T - IS¢ is
a mask opti_on on _t he | {fon 9 Sd A -'?H 'TIIC g\NBI EEGIOS_ %M&ﬁ%ﬁ%ﬁf’s S

f

A)

~ The ROM SELECT instruction allows transfer of control from one ROM to
. another. Each ROM has 'a masking option which is programmed to decode bits
10 - LI, A select ROM 3 instruction read from ROM 1 will reset the ROE flip-flop 70 10
' in ROM 1 and set the ROE flip-flop 70in ROM 3. The address is incremented in
the control and timing circuit 16 as usual. Thus, if Select ROM 3 is in location 197
in ROM 1, the first instruction read from ROM 3 will be location 198. -

' : . There are three wa{s to arrive at a desired address, on a different ROM as -
18 shown in Fig. 30. In path AA’, a transfer (via an unconditional branch or a jump 15
/ subroutine) to.an address one before the desired address (L1) is executed in ROM

: : N first. Then.a ROM select M is given. In BB’, the opposite order is shown (first
ROM N select, then a transfer). Because the desired transfer location (L1 or L2)
L may already be occupied by an instruction, a third possibility may be used that is
20 less efficient in states but does not depend on program locations. A transfer to L3 20
" is made, then a ROM select, and then an additional transfer from L4 to the final '
desired location. With this méthod, L3 and L4 are overhead states.. =
_ Bits LI, = 01 designate a subroutine return (RET). There are eight bits of
: _storage in the twenty eight-bit shift register 58—62 of thé control and timing circuit
25 .- 16 for retaining the return address when Jump Subroutine is executed. This . 25
. . address has already been incremented so execution of RET is siniply a matter of
_outputting the address on I, line 32 at bit times b,;—b,, and also inserting it into the
g ROM address register 58 of the shift register. It is also still retained in the return
& © " address register 60. - T ' : L :
30 “ A keycode is entered into the control and timing circuit 16 by dépressing a 30
. key on the keyboard. A key depression is detécted by a gositivc interrogation: of :
_ it at d out because this status
bit would orfdinarily not be interrogated until return t6 the display loop. The actual
key depression saves the state-of the system counter (which is also the key code) in
35 the key code buffer 56 (see Fig. 4) and also sets status bit 0. Execution of the - 35
- . KEYBOARD ENTRY instruction routes the key code (six bits) in the key code
buffer 56 onto the I, line 32 and into the ROM address register 58 at bit times

by;—bs. The most significant two bits b,s and b, are set to zero so that a keyboard

U

status bit 0. During 'a computation the keyboard is locke

_ entry always jumps to one of the first sixty-four states, =~
" 40 Two algorithms used in the calculator will now be discussed to further 40



The arithnmetic and register circuit 20 shown in Fig. 10 provides the
arithmetic and data storage function for the calculator. It is controlled
_by the W5, [err] and SYNC Ilines 30, 28, and 26, respectively; receives

instructions fromthe ROMs 55 0-6 over the I line 28; sends information
- baEk,.to the control and timing circuit 16 55 via the CARRY line 34;
a;B'tT al [ y decodes the display information before transmitting it, via ‘the
o "'ut lines 38 to the anode driver of the output display unlt\{4 and
'-'_-prowztes a START pulse to the cghﬂ%g driver of ‘the out put di. s%ay unit: 14
. to syﬁcnr nl Ze éne Gl Spra . ﬁ l;(hh a;llgggfn ISL;%I%EL Il;’ ;Ln;.wl Pcngn Ster C![ rLCui }A\ c
16 contai| kel QLY ) N e C registers A
nd M anda&ua&&i lmbki' % &AE{ tvsm mﬁ&é’&r a"BZh ASAratahNs, not shewn in
10 .due A(ﬂovvhd;a am(o eedaspl waanrboldissshuwsﬁdﬂgeabwmridoﬁhom in Fig. 11.

. '-'The éower E?; drh ‘ﬁ'ét)éqe "g? el isF Gﬁmsgt\ hag ba@t rbled tosa great
. ext ent. byu 5y X@cﬁdc i _

blt )"gdvant ages of a

.seri al dwired in the control and ‘timing- clrcmt 16 to auto' Jatidalg s eneverakey
12 struct'&ﬁi 'ESStQtWa it ﬁl_ : peogpathsiemtethed’act\tw heckwtly (only one
addi®i onaf, &gﬁ - g;g Aoy, Shinge %F‘?“ﬁ‘ﬂg%wd’eand negi st er
cifcuit Zﬁehﬂtlaﬂﬁdl 1933:: afn‘ﬁ@ﬂel 'i ug@H. d. by the- .-'5i§

cal cul at okey: Bbhecesévms«t elgtnstbarss(sc\) s e - Theeafirst” ﬁﬁedhr‘éh dlel nto three

ot I it must, iSet 8 Elsli t° °naﬁ4dh ﬂlaﬁ ®Weal so being
- - groups a1 stage DIRS Mo B i %?;E g

. thebdtt Or%:g\ﬂeésﬂs tH%eeaS%en off} ﬁU{e is no- DI ({ lﬂ:ﬁnﬁ&%t thrlée '
regi st erSadaNerFap amdto hé et emsanktus &ﬂd(sm)seﬁébkedfbsSé Pakeeisr €gi ster M =~

cormunl c adawalt El ﬁ‘é@@ﬁ@r@vm eyhesr@euml halld’rsetqu BeS8pis C only. I'm:Fig.

i chr(e ----- }ﬂga gflﬁvl ‘i‘%ﬁ‘? A F nd [err]
eac ci rcmsvrwaprnswahwkae tmm,aw e e A he Ietter
i'n the 10D1S6, the key whyéheis down mﬂebq tueeld yme thefoaé)just(processed) e i | on i's bei ng

execut ed °§§G§eﬁ*§ﬁa§jﬁi§d§ oo IS4 ff)‘fiﬂé%gjs . S§h!éh register :
congd nualalaffksd Tab &b GArReS ot lnﬁﬁde tW' l‘blc 1Ay tg‘a‘] ‘3. 'E'f or ”%' on is,
representmnblytla talbialbgewon a par asi £i c capaci tance and " -

('D

>

-  TABLE OF WAIT LOOP ALGORITHM R
"f*__:'LABEL OPERATION A COMMENT SR L
o DISL: 1258 __ L ;SetStatuss o
- D182 Q80 e i_-ResetStatusO

o ;-.-.1.)-153_;_,._ *?' P—I*P D .-'.'Decrement pointer, ... .
I _'THENGOTO DlS3 ook to walt out key boimce oo
i« DISPLAY OFF ' RS
.. DIS4: - IFSB41 . G Ifkey not processed
S '_“THENGOTODISS . leave'routine . o
v - D185 '--':DISPLAY TOGGLE"._-"Z" " “Turnon dlsplay e L
- D186+ - IF-SO # .. Ifkeyup,reset __r L T
e ";-THENGOTODIS?::;,;'j_-'j_'_:SSandwalt R R S
S -"f_"-':':_.GOTODlSZ L ¢ 'krlfsa.me key
- /DIS7: 70588 - rocessed - :
 DIS9: - -'_KEYS—»ROM ADDRESS Jump'to art of program o, o
o '*"':. el - : - proce key'that was down ;
: The floatmg pomtm : ly;algonthm multxphes theregister C '
. _--’contams X in scientific notation and the’ reglster ‘D.¢antains.y (note thatinthe = . 0
. 30 '--calculator the regnster C corresponds to the user’s X registér and the’ Tegister Dto . 30 e
. “the user’s Y register). When the.multiply. key is depressed, the wait loop algorithm - -
will ‘jump ' to a’ ROM “address correspondmg to . the . flrst step of .the: multiply
-algorithm bécause of the. way the. instruction KE KEYS 5. ROM ADDRESS. (state
S - D189 in" Fig: 31) ;is ‘exécuted. The" ‘key code. actually beco_mes the next. ROM " St
35 - -address. A s;tlme the contents of; the reglsters A;D 'arc 1nd1cated by the 3 .. 5

: followmg

’_Reglster A 'ﬂoatmg pomt form of x
" Register ‘B’ _display. mask: for x
,  “Register C ‘scientific formof x . - .0 . L v 0T
40 .. Register D .scwntlfic form ofy T o 40



must be continually refreshed or lost. This is represented by the | oop

re-entering each register. 15 The registers A B. and C can al
be interchanged. Either the register A ar C LS 15 conpeeted—t 0 one adder

i nput, and either the register B or" “C*torthe other. The adder out put can bea\
directed to either the register A or C. Certain instructions. can generate fa.
carry via- the carry flip-flop 85 which is transnmtted to the control and}-
timng C|rCU|t\{6 to determ ne condi tional branching. The register C alway

hol ds a 20 ,;normalized version of ‘the ) 5@ ayed. data o : 27
20 In the stac" .zcrrmdt; e..c.c.atcua €—D—EamT —
instruction is execut eg'hb 18?fll1b'“ff "taF‘ l‘él’{%‘“{?’éﬁ‘f I?Rlv U%\gbdgw

i nstruct®on i s execukt&det 'f'H’é“’l“ °f°8\}\'/? te VAR ST EF SPHPRAPT°

possible to transfer a regn st'er ‘and: al so’ et it ‘recirculate so that |n t he
| ast exanpl e the 25 P omteemssmof C aré not |Msmantyafield yithoutaign and

operati oe of a.stack su¥ ‘ teppagition 5 furth#ﬁdw T4 U s.. Pateng
Speci fication Ro. 37818 gbgﬁ igncrial deci mal gd i GhGt OF 84, a

correction (addltlon of " : ) to ) sum ~nust be nmade if t e sum’. excéeds-
nine (a simlar correction for subtractl on‘is necessar i's-.not . known -
if a correction if neededTABLEIOK-REOATING. POINT MULT W?gﬁf t he sum

have been generated This . is. acconpllshed by - addlng a four- 30 bit. holdlng
register 86 [err] and inser E@ﬁ corrected sum ﬁ,noortlon 88 . ferr].

of the.register A ifL %Blélarp%bﬁgT erated.. This hal MR{ egi-ster - 86-is al so
required for the SHI FT A LEFT |nstruct|on One of the characterlstlcs of a

deci mal adder i s thatMPMin- RIAGKdAs (i.e.  1101) Tegpsfenyse Ag E? op\ikagk They will -
be 35 nodi fi ed MPG%r cit@e&dXt hr ough t he aeé“ *PORYTE QAR RV i s
mnimzed to save. 35 circuit area. |If four b|t codes ot her . t han '

0000- 100l ‘are processed, t heaycwid($) be nodifi ed. Aimumslt@fomsmmhstral nt for
appl i cations involving onl yIFNtQI RRY GQ 91*(13‘63/\5 of ansper. AE Fodes for
i nstance, are operated upon, rect results 1’?"‘8&“ ﬂ%d

The arithmetic and regpgier @L,rg(wi)t 20 recei vesctehesltmttfausﬁﬂ on dur| ng bit
times 4Q [err] of the ten ty\peB(M))f |nstruct| ons twatisk pkyf. BE) <fbscr i bed,

the: arithmetic and - . W) _ Prepare A to accumulate product
: 2-P R Set pointer to LSD (Least Significant .
i _ - o _ Digit) Multlpher (Minus 1)
.  MPY4  P+I-P S - Increment to next dlgxt '
MPY5 A+BoA ' Add multtpller mantissa to pamal
. ' C-1- C((PXV) . product C(P) times. When C(P)=0,
IF NO CARRY GO TO MPYS stop and go to next digit
_ SHIFT RIGHT A(W) , Shift partial product right.
L O IFP#12 ' ~ Check if multiply is complete
~— ' ~~ THENGO TO MPY4 l.e.is pomter at MSD.
IFA(P)> 1 -~ Checkif MSD = 0. If so must _
THEN GO TO MPY6 - ~ shift left and correct exp.
SHIFT LEFT A(M) - Muiltiply by 10 and decrement exponent‘
C-1-.CX) - .
MPY6 C+1-C(X) _ Always do this to correct for factor
& ' - _of 10 too small
A>B(XS) ' : Duphcate extra product digits
' A+B - A(XS) . add 11th digits
® : : IF NO CARRY GO TO MPY7 If sum less than 10, then done
o T Adl s AM) - If sum more than 10 add1. .
IFNO CARRY GO TO MPY 7  If answer was not all 9’s,then done
A+l A(P) . If answer was all 9’s add 1
C+1-C(X) _ ~--and increment exponent
MPY7 A EXCHANGE C(M) - Get answer mantissa into C
GO TOMASK 1 | 'Go to routine to posmon the answer -

0 """ in A and make the proper mask in
' ' B. Then to the DISPLAY program.




register circuit 20 nust respond to only two types (nanely, AR THVETIC &
REAQ STER i nstructions' and DATA ENTRY/ DI SPLAY instructions). AR THVETIC &
REG-STER instructions are caded by a 10. in the |east 45 si gni fi cant

p.bits of an I, register 90. When this conbination is detected, the 45
significant. five bits are saved in the [err] register 90 and decoded

n instruction decoder 92 into one of thirty-two instructions. The .
CTHVETI C & REGQ STER i nstructions are active or operative onIvahen t he
Word—3Blect signal (W) gener at edl4s,26he of the ROMs 0-6 or in jhe 50
- ‘control- and ti C..Q0 For T stance; —suppose  t he
“instruction- 'nmg't\gﬂfﬁrl’]flﬂﬁﬂﬂd& oF R?B %P?qugl‘ INESi ed. The arithnetic
and register 4:|°|° aiete mn;i@f:(ameﬁ tmnh- & ind dubroufhes ofPnkliEusE0i sters Asand C

T - B
at-the m%ﬁ% 3;%% b gg oftmmsmsmplhy fbytlﬁ!séﬁﬁﬁﬁest he adder = °

output to aofea I B‘ﬁs' ae«éc«maﬂ SdLII’I 5y bit. :
times- [err‘}'l e:ghtlwm- E3n)h Beia % hg 5,% 1 as:ﬁ:“}irs git ti nese t he
exponent HEHE nldaméthclpawll‘mk eﬁfe ceﬁdo pios . 55

unchmnged Fa 1} #@preﬁmsl mbbtemmnd sel ect -si gnal
|s ah "i hddente slvﬂi’b 5 fiE d¢pu eg méiﬁﬁfé u%@é&gﬁrcwm 20 (when

""is at'pr dIOSI.hestmll'ld §I|s01ﬁe en it is- at

- I ogl c 0, g !d 58 OerQMszs rep:raatennu rm in the The DATA
- ENTRY/ DI s :E,‘?'ﬁmg,{ gﬁ'} i‘?f* 1 th@mhu ad!liefsaetaran 60

ent.ire regi etoéthe([iabe BAP) e%;f:#ﬁmn Fg'h&%‘il ve HOVI is-at
~logic 1 for. the entire vvord cycl e) Sorre of these sPPIi ons are: up -

" -stack, down stack, ~menory . exchange [err] and dlsplay on-or toggle A
'detalled descrlptlon of thei i ‘execution is given-herei‘nafter. 65 .

- For increased power saV|ngs a dlsplay decoder 94 IS partltloned to

partially 65 - 13 - - 1,454, 268

13 decode 't he BCD data |nto seven segnents and a deC|naI point in the
arlthnetlc



and register circuit 20 by using only five output lines(A-E) 38 with tine
as the other paraneter. Information or seven segnents (a-g) and a deci nal
point (dp) are 'tine shared on the five output lines A-E The output wave
forms fOor the 5 output Tines A-E are shown in Figure 12. For exanpl e,
the output line Dcarries 5 the segnent e information during [err] (the
first bit time of each digit time) and the segment D information during

[err] (the secedd bit tine of each digit time); and the output E carries
the segnment G information durlng [err] the”csgqﬁnt F |nforrrat|on durlng 29

[err] and the el point - {dp}—eHi-rg—f-ef Hre—aet-tet—stghats—whrth
woul d 10 - appear if a di glt 9 were decodaﬁ”‘épe shown i.n Fig. 13. The

as expl ai ned her rggi s erspid ' the arit hnet i GOIMERZ |ster .

decodi nggi's conpé &{% 10'1'I Ehe a Oq?gz@[' ver ofpdmputjggtp(ﬂygm ay unit 14
i Ne ' er Thei -
circuit 20 hold ommaen ﬂll?llhﬂsl .conprising ten RGBS ssa r*gll-t>sA

mant i ssagsi gn, onehil Eg‘lts and 't he expcgfgit S[ gh the
deci mal poi nt i s4n i | o gglw posi tion, Iﬁ?l\i(SCARRYGOWDmﬂ
ful'l digit positigonggge: t hgouiput display. This Mppar entSTMEiéHslAst ency is
15 achi eved by ugi oth. tlhel A.apd B19HYi St tg hol d M E

i nf ormati on. TheB8A b st l l:riet Upl..dz% hol d t HES ki spf 8% th the
digits in t_he,prl%p rde 1 The B. >e%1%§§r ol as a ITROMEQI st er
with digits 9 inge . f oriteACHidisplE37H0si t i OrSTIORL i:sDo %%Tcggi E\Ijed and

a digit 2 at thel2ddgdmal poi hi. |ocat|,%H When t HRDOWNI:

the output displ y 2{ 14”(:49‘1{ t 5”a poi gy code Cﬂg> ”] it
20 provi-des a si

70 thg.cafijods dLggye’ of t he out putGdl Ey1un|t to
nove to.the nextmdl]_gom posi.ti.on.. One digit and the deci. re one
of the fourteen Ui 21t | '{he digit 9 mask | reg % vvs bot h
trailing-and Iea{cg ergglﬂyb}e bl anked (i. 5progrgn;meA ]s into the
B regi ster) h

ne® . Mmor ki ng 25 _ raglcsters i\e:rle}A la&g&_
the C register t:n 99zit n i he. Auktber | MBI nal i zed form I %P&B

to hold the nu 5E he éﬂrayed> fﬂ ' aka tHlB regg @Matl mask)
all ows t cal c 4at 3 e_-lp_o.t h “a oat i ng pogvt and a-sesientific -
di spl ay fornmat 31eXpense11of1 o yL@936 ew nore ROM st aG&TO‘lﬁﬂle di spl ay -

bl anking is handzsemszfolldm LA | B3 err] t di §AT9 M gat ed. 30
from the regist eff 475 lqiﬁlbilay b”f.ﬁo% 96. IfRoRiS di G TONI O be.
bl anked, ‘fhe .30 Lmas': | | RETURN =
.39 LO036: .111_.1.'1.. ' Nt - : IFST#!
31 L9@37:  ..11....11 —> LOO6R- THENGOTON2
32 Lop4d:  .11..1.....—> L3p4] wwee SELECT ROM 3
33 Lop4l: ..1..1.... —> L1p42 - *»*x» XEYl : SELECTROMI
34 L9@42: ..1..1.... —> L1p43  #»»++ SUMI : SELECTROMI
35 Legd3:  .1.1...1.. DPI  : 1—>S85
3% LPp4d:  ..i..i:... —> L1@45 *=»+ DIGP - : SELECTROMI
' 37 LOM4S:  .......... S "~ 77 NOOPERATION
\_ 38 LoM6: .11.1.l... - DIVI : STACK—>A
. 39. LOM47:  ..1..1.... —> LIQ5@ ***as SELECT ROM 1
40 19959: 11...1.... —> L6@51 ***** DATE : SELECTROMG6
41 LO95l:  .......o.. " NO OPERATION
42 Leg52: 1....1.... —> 14ps3 *+++ SOD1 : SELECTROM4
43 LP@53: 1....1.... —> 1A4@S4. *=*=+ TRNDI : SELECT ROM4
44 LP954: L1 L. PRCI : STACK->A
45 L055:  ..l..l.... => L1@S6  wwwsx - SELECTROM 1
. 46 Lp@se:  .111...1.. S PRE : 1—>§7
< . 47 LEOST: .1....1.11 —> LPIP2 | ~ GOTOSTOR3
. 48 LOO6O:  .111...1.. . N2 i 1->87
.49 L@g6l: .1..111HL —> Lel7 o GO TO OWFL3
C - spUL@e62: 111l , DIGY  : A+1-—>AlX]
& .51 Lg@e3: - IN111.1.1. -  DIG8 : A+1-—>AIXI C
L0520 Lg@e4:  1M1L1.DL10 : DIG7 = : A+1->AIX] .
53 LEg6s: o :..l..1.11 —> L@p22 - i FNOCARRYGO_TODIG6
- 54 LO@66: . ..1111111. : ‘MIN1 = : 9-C-1->CIS] - -
LI —> LeP26 : JSB PLS! -

55 LOP67: - ...



register Bwll contain a nine (1001) so that at T the end bit [err] of the
B register wwll be a one (an eight would therefore also work). The input
to' the display buffer 96 or ORRED with [err] and will be set to 1111 if

the digit iis to be blanked. The decimal point Ts handled in a simtar Way
_ (0010) is placed in the' regi ster Bat 35 . the decimal point .

ion. At time [err] the decimal point buffer flip-flop.is set by 35
1 Any d|g|t with a one'in the second p05|t|on will set thesdecimal .

-_porntso(l 2, 3, 6 or 7). The,,gjrzgpl ay decoder 94 al so appl i es a START
srgn ne ||ne 4u ]Hlb blgnal-la a—met-t-syfRehi-ori-zati-er-—plkse, - whi ch
rese ﬁ -di g ner he cat h§&8140 0 Wer of the out put di spl ay
-,unl ‘t 58l ¢WJ2 asarpne“t blat_ih thode dgjpggr. W H 0 E%& di glt 1. 'wheg the

|§9 ILmﬁ‘orrm.trnrl is on the outputncgl B,: @rsgk1and E. ::The t| m ng- f or
. th| 56 ©igls !ﬁ > FLOL14 14, -One ot her specrmEnm_mmeature is
' requ52r 76 N’ }m gn ™1 s f)resente J‘. el ‘;-A’ﬂ,—‘ -notation -of sign

mgmtwdelmqt a,tu on by the di- git t r'ieq,55> : : I ocat i-on. - However,
-~“the & siml 2y miskt.1show-only . a. mi'nus si gn (| eg_sesggrent g). The - 45 digit- 9
| | n r§i ste “ﬁ:uin digi.t position 2 expon@ﬁt>S§| gn) or.-position 13 .
_ s{‘;gwﬁr gn % di spl’ ay % #re Gecodl ng- circuitry uses t he
: puIs&S dJOthe Llllbluss. 28 at bit rrre (sgesﬂ:g "3) to know that' the
Cdigif “di dj tllrloldr t—+>onL@16)f t he regi ster A shrHgNGoer@ciRpUs - and uses
" the l uI se{t hﬁé“ he digit 9in 5@‘"54#1d| it position 13 of ‘the

. w t
regi @t api: shpul'fia so_;bemlgn nus. The" puI se @pl. - bﬁ%s "' 50 28 at
bit 13| @1 err]lcarl he" set by a mask cim4 .on; wh_r> AJ ovvs the ‘m.nus sign of

. the p@ R’eﬂ% her Iocaftlli-ltﬂws foC——otSmarCKJses of - the cal cul ator
Ci rc—mr “4CL ER>T poI ar &93k dri QrT %N BRE phase .of whichiis
showt |I_mll§1 g. 1,]51 11-equires" 55- 5 CL4 Ies B5 il Ilvvatts and can

Cdri H&s uplltb.L.hree hundred pi C(IiWFBds V\m.t.ias',a vol t age-'swi ng of +7 to
-14 Mo 7An‘E “E ‘i nput 98 aIIovsz }:h oul puss [err] andQ2to be heId
to [sri 12t|he lj,ggr ¢ 0 state. Th| L}m e%T@ ‘e nmeans*of..strobing the

cl odR. La22i ng 1dcl; o leration, -the trarmvsLsar PALK: 1 r] all: ows onIy ongy of

t he séutﬁ%ﬁ tr'elnfl 11or pal rs. [err] to conductéZ_;Al[dﬁs(‘)]de D3 .prohl bi ts.

60 ‘g5 Lp125: .iiii.: -
. : e : C+1-

86 LP126: ~.1111.. 1 L e .;.C+1—§(C:Eg e
87 DOIZT - LN ~ IFCIXSI=@. . ... - .
88 Lmsu:-- 111111111-. - 7. THEN.GO TO | SKl S

89 LO131: - ..111.1.1. i U9 C e 1=y CIX]

9 L@132: - ii.tir1.. - . T IFCIXS]1=0

91 L@I33: . 1..1.._.11_1;,-;-.-__> Lg221-. o THENGOTOI SK2' :

92 LOI3: . 1.1..:1.. - ERZ .. : 1-=>85 -

93 .Lp135:  ild. ALd . 7 A+B->AIXS] e |

94 LO136: - I1....I111 > L@141. - . IFNOCARRYGOTOOWFLz '

95 L@I37: . ..Af..il1. o . : 9> C[W] -

9 LOM9: Q... <> Lp12g - . - JSB OWFLI . v

97 LP141: . oL, 111, -_ ~ “OWFL2 : 9—>CIW] - :

98 L@142: 1ML o R ._.C—1—>C[WP] -

99 - L@143:.. ..11.11.1. - S 9 —> CIXS] .

109 L@i44: 11141111, -, .0 tes i AEXCHANGECISI
101 Lowds: ...l Lo129: - - GOTOOWFLI
102 L6 . 1..1.. | ' DIS4  : 9->84 |
103 LR147:  1..11..1. * DIS3: . - 9->89.

104 L9150 R S T R—P
- 105 L@IS1: DIS5.  :.Q0->SB =

106 LO152: 1 : DIS6 : P—1:+>P" :

107 LOI1S3: iledidco o T T TFPgige .

108 1@154:  11.1.1.11 "=>-Le1s2 - =~ .~ THENGOTODIS6 S
109 L@155:. L. 1L 0 - . DISPLAYOFF =° . | = &:
- 119 Lei1s6: 1. L.1.1:. . - o u:sg#l - S
o P LOWST . R > Let7t . e THEN GO TO DIS7 oF '

- 112 Lglep: . .1.11..1..  f e : o> 85, A
L H3.Lpl6l: 1.1k S - :;+ . SHIFT LEFT AIXI]. S
114_L@162: . .11.d.... TKR 'KEYS—> ROM ADDRESS

: _l,lS Lg163:  1..1...1.. - ' DIS9 . : 1—>89



60 conduction fromtransistor [err] to transistor [err] during
transi ent operation. Thus, the only' possible transient short circuit
current _nust flow fromtransistor [err] to transistor Q However the

limted current handling capability -of the transistor Q (a lateral PNP)
limts this current to less than five ml.lianps peak. The input signals for _,
the clock driver 22 are generat ed on the anode driver of the output displ a
uni t 14 ~ 1, 454, 268 .

.14 14, and the ut put
in the system -FH T 1= : — o
As di scussed ab: e d1 spll |nforrrat|on S partlallyl;% olded inthe 5
arit hneti® and

of the cI ock drlveqs‘ggsto each of the M3 circuigs

r. clpipidi] i20_and ggpypl et el y decoded it HEN/GO TOISHPt
plus 5 deci rralnpowt675| gnalkl.)jin the bipolar anode dri ve¢+of—>t¢[WPtbut ut - - -

di splay unit 14120Th8178noddll diiyer->alldd63 ncl ude e ba Pd?@?
for the swstem. zZyd 1744 jrcui ¢l fpr detectiing | ow n on
al | the deci mal 1280i Bi73: Al(iet edii ng qigiguit of tf |s type I S° Bmd;osablsg
the conpl ete spidi Lowatiorlaf..dur -b. Kolgatent 10 - Sp@OMO RIS on No. .
1363175. A Iogll:25d am.gf- kh(% anod Jver i s SOIRIHh tnA B ?C],]INT410 The
cl ock . generat% . any éﬁtleﬁ'ﬁ g €S Ci rq\;llslg to.s ¢illator
frequency The a mes pfi1amn. il C serl es circuit-to set . g beAfXjequency ‘are:

(1) the- corrponemsLﬂzm bellspbd;ufled to up to 2 .tol er anc+ landA a crystal

can be connecte n?‘h ternal pin-to 'set the fr Fﬁg%for

timng 15 - onsl i¢.1Squar e- wave -osci | [ at or frﬁqggngyxl a I mes
1205

in this secti om;m be rieinrned—>130175 an 800 KHz oscill atl‘dirENGO
whi ch transl at eB4t- M@GQOO lKHzlcll ock for the cal Cﬁi t1 heB[
I I op

f requency. bei ng by a-f ‘% ggzm 12
Flip-flops Bl a}% %re cllpp%p?] of f % ernat e Msﬁﬂs ofn.fﬂ*p MSI%
provi de two 20013[8em§i§squla.rel\l\ﬂ\tes->asl.ﬂ22ﬁ)mm in Flg].( 18 A fl |C#EN?P'IBBMBI§I3 :

> ol o e e ok s LE
¢l ocked 149 L@214: - .....111,, MSK28 : P—1->P
. 141 L@215: - 1...1..111 —> L@211. , GO TO MSK14
C& 142 L@le: L1111 CLR3 : 9->87
. 143 L@217: .11k, ' 9> S4 -
144 D@22 G1.1...000 > L@121 - : _GOTOOWFL4
145 ‘Le221: ~ 11...1.1, MSK2 : C—>AIX]
% 146 L@222: . 1..1111..1 '—> L9236 JSB SROUND
147 L@223:. . MM A+1->A[XI] |
148 L@224: . 11.11.1.1, | MSK2l : A—lalAX]
149 L@225: 1..11..111 —> L@231 IF NO CARRY GOTO MSK22
150 L@226:  .1.11.1.1. o MSKI3 : C—1-5CIX]
151 L@227: 1...11..11 —> L@2i4 : IFNOCARRYGOTOMSK28
152 L@23¢: “1...1.1111 —> L@213 R GOTOMSKIS .
153 L@231: 1.1...11. - MSK22 : SHIFT RIGHT AM]
154 L@232:  1..1.1.,.1 —> L@224 o JSB MSK21 |
155 'L@233:  .....Ml.. - MSKI2 : P_1->P
\_ 156 L@234: ~1..1...11.°" - ' SHIFTRIGHTCIM]
157 L@23s: - 1....111.1 —> 19297 . JSBMSKI1
158 L§236: ..1..1...% —> LI237: **** SROUND: SELECT ROM 1
150 L@237: ....1l.... | o - RETURN
169 L9240: L 1..:.-—> L1241 #***++ MS2  : SELECTROMI1 |
161 Lg2dl- -i.. 1.1, ~ SCINT3 : IFA>=B[XS] -
162 L9242: . M1 —> Le24S - " THEN GO TO SCINT4
163 L9243: '11111 11,5 7 . SCINT2 : A+1->A[X] |
- 164 . Lg244:  11,1111.1% " T T A—1->AIXSl.
# 165 -L@245:- -..11..1.1. | SCINT4 : 9->CIXI"
.- 166 L@246: . .11..11.. : o 3I_SP - - o
167 Le247: 11,111, SCINT7 : IFP#12 - - -
168 L@25¢: ilil...111 —>. Lg36l o THENGOTOSCINTS
® . 169 LO2SL 1. doans T T SCINT6 : BEXCHANGECIW] -
19 LS il o T DIS] : 9—>86 |
171 L@253: - 11,411 —> Lp47 . .. - JSBDIS3
172 - L9254 1.111_1 .~ "'0—>A[MS]
173 Lg255: .i...1.1.. = - % ' 'DENTl : IFS4%

174 19256: 1.i11....11 —=> L9260 S THENGOTODENT2
175 L@257:  .1..1.1... ' o c—> STACK |



fromthe flip-flop B2 and in turn clocks a flip-flop B4 to provide further
count- down of the basic clock frequency. The two-phase cl ock signals
[err] are _generated fromthe flip-flop BL and B1 and an 800 KHz oscillator
| 00. They are on for 625 nsec and separated by 625 psec as shown in Fig.

. One ot her periodic 25 signal i's derived in the anode driver. Once
digit time a signal (counter-clock) 25 is sent to t he cathode dri-ver
the output display unit 14 (the trailing edge of this S|gné1/W|II step
t he. 3d|spl ay to the next digit)z4s4268 The dISp| ay conS|sts of fgfteen _

' char WhT T the Dasic calcurator cTycte conststs—of—fourteen -

_ d| gi %@( ex‘tlf Epr agt 9_03515 t he d@%l (ﬁ“ "O' .F3xpl ained 30  above,
E{ mzl s mtaced. in"the regi st er pBwatr heciKH AR g;sqsglist on of the#* -

'decurml 1988, poultl i.The di spl ay decoder 94 |rCIth°dlaTATMBret|c and register

.Ccir t |nd| this a signal onoutp E during bit tine
[erﬁEZ(%F q“ 254‘?! h‘B%/ll‘}l s condigphgi | S g%g‘ﬁy t he ‘anode drisver,
the 1@ Ecmmg pai.nt.. 3. excited-and an extr courIFe![M(IJ:ac signal -i's given:to

'step}S‘! hbﬂﬂﬂsplﬁéié!blt he>né~ﬂ346p03|t|on (see F| s TB!SNG_QTOQENBB/ - 20).

Ther 11 r g_di S |nthereg|st I one digit in

t he :8 5L é;lpl aly” 19S-. _iQLgHJ 20 show the si rmig mgcg(;)r%cw and the °

t i mi18gy: L@74t i onsnipif or the -deci mal point. THe+li is.critical since all

t he 18hd g) ﬂ“rlé t.in segment b (the Iast t bi’ - &k |ted) must be decayed
~ bef C{E COL‘ tleg (;I ock signal is g ngw the next digit
Cpr. tibe mml ning..cunfent woul d be: 9ge hl e wrong digit and a

f ai Av3.l. L:i ndlofl. ik srzgrﬂ‘ﬂﬁ b-on the sane di ngHFNtGDtI‘Qé)EiﬁEiEnaI poi nt 40
vvoul}%é ’.Tﬁé edi:mal point insertion tech g& i_s, the:-reason al ot her
sevg int gjanéiexcit ggs@uring the first Hﬁﬁd@@@%ﬁ-ﬂgtl ne...The
deciigrl Lg@s:nt ichiacrging.time is. one-half thatp-gfAfXpe ot her. segments. The
decilf®l :nt lé n’eht 45 - gets tﬁ@l‘ﬂ'éhe il?htA[Xh one half the tine

- and, ohalf E |gpt ?ﬁ st he other ; Ptlve circuit
- met tmpl 31dri viihg tipe 1Tght-émtting di odes ISHIB'ITD, pymlM a5| cally the

.. et 12021 LANDI| vad. ulsl hh thel®3d6e it. takes cur rGMTOMENTIL d up in an i wductor

- to I:Z % ﬁ:rrelht T ll%‘t her than usi ng QEPgé?st(%Eﬁtg[x]ﬁd%Oé[gﬁlly done W|th LED

_- 2¢5 Lo31s:  1il.1.11t, AEXCHANGECIW]
206 L@3le:  .l1.11.-.1. _ o L e—>S85- . L .
207 LONT 1i..il.0 —> Lol46 o JSEDIS4 L )
208 L@320: i...1.111. R - | BEXCHANGEC[W]
. 209 1@321: ..ii..1.1.° . . 9—>CIX]
210 L9322 .11111.11. S “ C+1—>CIMS]
211 Le®3: ..ol DENTI2 : §—>P
212 1@324:  .1.11...1. . o C =1—> CIP]
213 L@32s: ... il - .- . DENT4 : P+1->P.
214 L@326:  .1.11...1.- . o C—=1->CIPl
215 L@327: 11.11.1.11 —> L9332 IFNOCARRYGOTODENT6
216 L@330: .1...1..1. T . SHIFTLEFTAIWPl .. \J
217 L@331: 11.1.1.i11. —> L@325 .. GOTODENT4: . - .
218 L@332 . 11..1.1.4.- - DENT6 : AEXCHANGEB[X]
219° L@333:  .1..1.111. . A —> B[W] N
220 L@334:  .1.1.1.1. 0 o IFS541 -
221 L@335:  111.....H —> LP349 o THENGOTODENTT
222 18336 -.1....1.. T 1=>86 |
223 103370 11..1.1111 —> L9313 : GOTO DENT19 |
224 Lg3e:  .11..1.1.. | DENT7 : IFS6#1. L |
225 L@341: i.1i.10.01 > L@266 - ~ THENGOTO DENTS . .
226 @342 ..... m.. . - P_1->P .
227 L@343 .10 o . TFPg2 -
228 L@344: 1.11111111 > Le2r7 . . - THENGOTODENTS;- o
329 ‘L@345: - H.:....1} —> LO3ge - - GOTODENTI9 .. . & :
239 @346 L..1L.Ht. - o _-._DENT18 . SHIFTRIGHTCIWI - . =~ =
331 @347 L. QML o - BEXCHANGE C[W]
232 L@3se:  .ii..10..1 —> Lolde JSB DIS4 - }
233 L@3sl: ..l 11k . . _DENT3 1 9—> CIW]
© 234 LP352: . ....1:111. - . §—> B[W]

235 19353 - 11.1..11.. B P



50 read-outs. This saves power since the only | ossy conponents in the
drive system 50 are the parasiticinductor and transistor resistances. The
drive circuit for one digit is shown in Fig 21. Assum ng the cathode

transi sSTor swtch [err] is closed, an anode switch [err] is closed for 2.5

psec allowing the current to burld up to a value |, along a nearly v
triangul ar waveform (the ear| part of an exponent i aI bui | dup). Wen anode
55 svmtcH\-Perr] i s opened, the current is dunped through the LED,

decaying in about 5 .55 psec. The anodes are strobed according ,tothe
sequence in Fig.338. The primary reason fak 448ential ly excit nn t he
anodes is to redydge;gf3g peak ¢athode transistor current. [ADEONSTARTGAY
time is gmpproxi mayelgsss:wi cie. tihel.bui l dup time, it works owt—x$8at the peak
cat hode current Z3§ éﬁéért 21511tl Aes the peak current in a

The LED s are eg;l q\p e§crlb?§0at a | ow duty ;ggégﬂ%%qﬁans
ma.

hi gh «060 cur I’ﬁ tgq, QI’ shorfit . peri od aggogercuy rieTa[p] 250 na. -
cat hode Current )242 Fi 62 18 ki do.1dhows tL@sIr el ati onshi p bet: wee FHENGQAOSEINT6
strobing sequenc2é3a 68:he ldl' Play output signals (AE) f§D Plari t hneti c
and register ci r Ipe gnq‘@gﬂdrr ver ‘operates é@q@f Thattery

vol tage di reCt|yz4an 5lvesumll CHS2  : 9—C-1->CI$] 454, 268
t he decimal poi m;47s lz%t ctllricurt is provided that se e%g En t he - :
vol t age drops b rt I t_a ereupon turns ~ ci-mal

poi nts.. An ext er % ﬁ,_r,é%&fgea% or}‘%(lzo-’ﬂnect a tr| mmi ngqcm%hgromo ‘set

t he vol tage V\herzslthmmndl .Qatl on is to occur. 5 "~ NOOPERATION
CATHODE DRI VER 252 L@374: .......... F‘? Th@%&%gp ver.

t he out put drsplgﬁ hgﬁg 14; %o}nb‘rrses a frfteen p(§§P er for
scanning the fif 5geﬂ¢3;|79|t i splhiay gnqmgzach word ‘tine. Td;os-m ng

operation noves fromdigit to diigit in response to counter clock signals
fromthe anode driver. Once each word time a START signal arrives fromthe-

10 arithnmetic and register circuit 20 to restart the procedure A bl ock
diagramis 10 : .

%

&



shown in Fig. 22. KEYBOARD The cal cul ator enploys a reliable, |owprofile,
| ow cost keyboard with tactile feedback such as that shown in United States

Pat ent Speci fication No. A 3941953. 15 The keyboard enpl oys rret al strips

" boue

102 with slots 104 etched or punched out as . 15 shown in Fig. 23, T€avi ng

an_4&rea which can be stretched to formsmall hunps as shown in Fig. 24.:The

""*'. are spot welded to a_pri-nted circuit-board such that orthogonal

_ s run under each hunp. Pressing a key nakes el ectri cal co\a-?act bet ween

- one- of, the hori zont al strips and the correspondl ng vertical trace. The 20

. 4 e | ne milliseb$8d68 1 he cal cul ator. _contains “adwai't toop to
-i-..prevent :-' 20 doubl e entrles) Ext ROM ve |life testing of the. keyboar d

© indi capepidgp € than:a nmillion cycles can be expected. Tol erances: mustgbe
~.mai ntal nB gar ef U}t o prevent” the possibili tgﬁéﬁ;&l%y i si‘depressed, but

" no conZabt(ims ‘nede. dnd to-insure uni feamty.. 35, One of t he mai. n
“advant g ﬁf thélk Jhoard Lilest he " ov@e: centerdowomtall ., 25 away" feel .

Fig. 25¢ fgg ®F de;l ciqt Nely cur vBlfor ‘& typi key. As:can be seen a
i force ofL ut. 110 grams nust “be exceggod bef gie. I'ﬁsl-”rret al: hunp ".breaks"

' through UAﬂ't er tlhl ..Cri+d caboigal tre*¢ he-.oper at. QELE@@IR@M@I‘BVEHI contact from
“being g 13 IYI Wh%nL - key ISMUé.ilbastﬁhmnt act.i s maintained
until i@ € %IC_&_ ....... V\MEU p nmp @'JQS'E Kk.: Again, past a
crltlthILmﬁ nt 1t he: oper at or 30 canypypr even C.sgn § from:rel easi. ng.

Thi s 141 ac!ilehl revents. a condition knownFgegiteasing” in which a key
1S ne ﬁ a3l W movenent causes nummpn@mxmm The poi nt
on-thegs flgnme dq? ptllon Sufyggat which-contac sﬂ’g de -or- reI eased i s nost
desi r!a(bllylm the. .NEgHt ive Bliape portion. Int wl ator-it.is 35 -
elthe 'e ot E i y-at 14832 byetonk R4 nt: SELECTFROM £5) but never on

t he fiwau 23 35@ E i ve> sF88 porti - Fi gur QT@RbWs the |ayout of the

- keyb omd.mzuput uni t1Z2 which includesgg pl uraf |§ éof function and nuneric
keys. 218551%52 of tlhellf uactLun keys are capabl & onejform ng more than jone

'f_u_nct%3o n uFe cc?n_> H‘m i on wi tX\TVélZpref JSBXE\K 5. _
o -Idgg(la: “11 : 9->87 oo o
B31:  .1LH..1 ->. L1154 ADDll .. ISB - ' o
% L vl 3 MRt GOTORI3 |
27 L33 it DIGID . : 9387 R :
28 LIP34: .. ...1.... 3@ L@P35 #eees o -SELECTROMQ s
29 L1935 0l RETIl : RETURN o
g? .Hggg: .1“-._1.1ii ... -DIGIl ' : IFS4s1 - &
- poosJL A > Ligep . T |
gg Hgﬂ: WAL —> L1933 R 'GOTS%%E%OTODIGM
Ligdl:  .......... - | | -~ NOOPE
34 L1942 [iiiil -> L1317 XEY GOTOl\IrI{?l'gION
35 LI1g43: .1_-.-11.1111 > L1133 SUMI1 : TOTOSUMI2
36 L1p44:  .1..11.111 -5 L1115 “R.-  : GOTORI3
gzﬂgzg ALLL. S - IFS7#1 -
_ Lt > Ligss o B s
39 L7 .11 —> L1936 GOTg}lI)EI:lg}GOTODIGm
4 L1950:  .1111..1.. S - SDIVIl : 9->87 '
. 4l 'LIgst: ..111L11 -> LIg%6 . . -GOTODI
42 L1952 .1..1.1... - - 'PRC2  : C—>STACK .
;43 Hgssi:_ SHLLLL ST - IEST#1 |
| : L1 —> Ligg - | "
45 L1@ss: . 111...11 -> L1970 - - - . 'GOTEI;%%:?OTOPRQ o
46 L1@s6: "111.1.1i1, o ~ PRCIl -: AEXCHANGECIW] - .- -~ _
. 47 LIgST: L1111 —> L1952 . . | GOTOPRC2 S -
48 Ligep: ..l S DIGI4 : CLEARSTATUS L -
8 f}%: AL - TKRRI : KEYS—» ROMADDRESS R
% Ligex . e R9 : NOOPERATION .
CSE-LIO63: - ..., ... ... R8: -:-NOOPERATION 2
52 L1g6d: .. .1...1.. - - RT- -: 1=>8I L
. 33.L1®es:  ..al.b,c o . RIL. i 1-5S83 e
54 L1066 ..1....1.: 3 RI2© : 1-582. S
55 LIg67:  .1..11.1 | C T T

11 =>. L1115 L GOTORI3



40 For exanple, a function key 17 carries one |l egend "y" which refers
to its direct 40 function. Imedi ately above the key l|location, a |egend
19 indicates a—secondfunction [err] The legend 19 is color-coded to

designate not only the second function [err] but also to refer the user to
the prefix key 15 which activates. that function when depressed prior to o
pressing the kegy, 17. The coloration of the body 45 of the prefix key"

15 corresponds to the coloration of all |egends such as the | egend 45 19
initializes. The additional functlo

for association yith the functions it
_Lﬁ/_g_m‘lnn initialized by th’e45612@f|x key 15 are "YTM', 35

of the present.

"I NTR", BO\ID' "SG%LIWDCOVHIJTE"I ! DATE" [err] " QREe%F\" arwl ;g,}’l’] LED

DI SPLAY 30 57 AdOHent idnkdl.abowe, Lise i nductive dri VEBlsE@ini que | :
072 &y is inherently effici entDomme’EATbere are

erpl oyed for the $E 0725 - Hi:s

no di ssipative cc%pg]ﬂg;ats g}tbg ‘{than parasitic resistanc ﬁiﬂA e-forward
vol t age drop acr dds Le@msur afled,1j1ansi stor switches. “An in iver
simlar to that - Lge 197g: th’ellcdlcdul a1>orLlB431 di sclodad in puusnlm at ent

Speci fication No.g 50. 1 1= *55; d| spl a¥ ci rcw thg RlSed in the .-
cal culator .is shqwnumFl 0.1, ﬁél lft 50 ses an of LED s
in which the :ei glt6 E0M2: ard.Hchinned by the. anode- drlver hd tﬁé% fteen -

colums by the c hk drlqer” -TThe—ti hlhlg for. this: scannljsgm |scussed
6 105: cwlt pHar ram for one segmBd®® i s SMNROHUS 27

above. A sinplifiggd g

The equi val ent.. p|7echmee 1 unﬂar 1Circuit nodel is.shown i ‘F}g> . An -

anal ysis -of 60 71 I.Hhows t he mductoromgrrent Al an’d'

di scharge to be %aﬂﬁﬂl i r{éﬁr”ﬂ)r 60 16 | A+l—>A[S] - |
1,454,268 - 74 L2 1Linl. 16 the @Hg“['%d in
the cal culator. TheLHiZchangeifiime s oreharge-tine ratios iTlel y:

[err] Fig. 29 shéwsLi mdll}dtlor current for a bRséc cal GwhgkQs A Cl ock -
15; >

_ Lis:. o > LPI16 wwwxx R
frequency . Li116;. ...1_1.11.11. MlS3K2(0 ; S%E%JROMQ
| 79 L1117: ._.11..11.1_. _ . 9—> CIXS]
- 80 L1120: 1.1.i...1, | C+.C—> C[P]
u 81 Ll121: . .1.11...11 —> L1139 - IFNOCARRYTOMSK16
: 82 L1122 ..1,.1..1. . B > C[WP]
83 L1123:  .j1ii.ii1. - . C+1-—>C[W] .
84 L1124:  1t.11111, ' IFCIS]=0 3
. gg II:H253 A1 00 > L1zg . THENGOTOMSK16
6 L11%'6/'3 : }11} H : o SHIFT RIGHT C[MS] =
87 LIDE LiLn | .. SHIFT RIGHT BIMS]
SRR MSK16 - AEXCHANGEC[W]
89 LII3L: 11..111. S - C—>AlS]
99 L1132: 1.1.1...1F —> L1250 . GO TO MSKR9
o1 L1133 . .i1i.ii., SUMI2 : IFS7#1
92  L1134: - 1.1.11.111 -> L1255 - . THENGOTOSUM13
32 H{gg U - . IFS44
| L1136:  1.1.1.1.11 => L1252 SR
\_ 95 LI37 " 11..1.... —=> ‘L3149 #+esx . SELEEI%%%S«%TOSUMM
9 LI14g: | .1i..i.1.. R : 9—> CIX] o
97 LU4l: . .uIlld. . - T [psae |
98 L1142 1..1.11111 -> Li227 e . THENGOTORNDI
99 L1143  _il1i.1.1.. s e T Cele> CIX
100 Lll44:. fi.1.1.1.1.. . - C+C>CX] .
101 L1145 11,111 - o C+C-SCIX]
102 L1146  .:1..1.1.. ) RN3 : IES2#1 - -
103 L147: 10011 = L1227 B THENGOTORNDI
e igg/ H}g? i...{,l.l,_.;; : IFSl#1 -
105 o LG HLLIT > L1234 '
| 106 LI152: . 1.1..0.11 —> L1249 o GOTE%EIFGOTO RND3
197 L1153 . HiiiL.. . o s SUB 3 ﬂ—C—l—>C[S]
& 108 L1154 . .1.51,HML. - ADD . A—
. 199 L1155 S / WA
, S VT EEY IS D ADDl — -
‘ L . : A+1 > A[XS] :
110~ L1156: - 1111111.1 o A+1>AIXS] -
111 L1157 11111 ) - - C+1->CIXS]
112 L116@:  .11i11d.1.- . - 0., L C+1->C[XS]
113 Lii6l: A1, . " IFA—=C[X] - '
114 L1162: .1i1.1. %1-- ~> Lll64 " THENGOTOADD4

115 L1163: 111.1.11 A EXCHANGE C[W]



S of 175 KHz. The average LED current can be calculated fromthe
forml a: ~ 5 [err] The worst case display power (i.e
thirteen 8 s and two minuys signs) is about 10 110 millivwatts-

Ei-q
T |9-

29

al so shows the ringing inherent with inductive drive. 10
| NSTRUCTI ON SET Every function perforned by the calculator is i rrpl enent ed
py~a: sequence of one or nore ten-bit instructions stored in tRg/ROM s 06
i he read-only menory circuit 18.. The serial nature of the.

c ‘c 6a£}2rD 9|rEE|tj aIIO\‘N\s -t he. } 4,268 |n_struct|on bits to begdecoded from
LSB S "r IIL L\T—{ch c:||ou| VE _ltrlllcT J.?UIL |5aune 't he
“instd tll-1 11!“ a suE 3%’7'“ ne j uhBP8r a ﬁglhgi mh as sel ect ed
by tl'} H v h>e| ghtnblts | eft: for an,-.o e next | ar'yest
set |ms%uclt:|.g;§“|the arithnetic sebpsstarshglémklﬁlaTAWb fol | owed by a

o lle eavin i ght bits for e 3 ns. The ten
di fiv% %ﬁ peél Hst'rhc{'?’gﬁ 20 ADD7 errpto_yq 1 %é&ghdc%ul at or ’are

: bh@ub?l ow. R g .

| 4542261&174 11111, 1. . 17 TABLE OF0-NPRKLT] TYPES (X = DON' T
CARE)IZSA\JAIIEABLE”I' INSTRUCTIONS ~ © NaveA EXCHANGECISI ™~ ¢ g pg 1
256 ( ES) !ﬁiBRQJTI NE SUBRourmEC OO 0 1. 256
(_A _______ | BRANG4  BRANCH ADDRESS ‘THEN GO TO ADDS
5 31523 mmx EHI{ }IH ARI THVETI ¢/ REG STER AT IV\DRD 1 0 =256

22 H h“s d) o A_DD8‘ . A=C—>CIMI [err]
- 133 L1205_ il —> L1297 | IFNOCARRYGOTOADD9 g
134 L1206: TR | ~ 9—C—>CIMS] -
135 L1207: .11....11 "ADD9 : C>AM] -
136. L1210 - :1s..1 _> 12211 **** ADDI® : SELECTROM2 '
137 L1215 et o ' NOOPERATION
138 -L1212: .ol .* NOOPERATION -
139 L1213 ....een. ~'NOOPERATION "
- 149 L1214: 1111...1.° C+ 1=>C[P] ',
141 L1215  ..11..0.1. 9->CIXl - S .
142 L1216 - .1.1il..1. C - 1~>CIWP - .
143 L1217 1Lt BEXCHANGECIW] ‘
144 L1220 - 1i1.1,111 , A'EXCHANGE CIW]
145 L121:  .....1101; P_1-5P - |
146 L1222 .i.iti.0i —> L1116 . GOTOMSK20: . .
147 L1223 ... . NOOPERATION ' |
148 L122& ¢ LUl . NO OPERATION
49 L1225 Ll NO OPERATION
150 L12268 - aeiiennns 3 NOOPERATION
151 L1227:  ...1.11., RND1 : IESl#
152 L123¢: i..1i.1.i1 —> L1232 | | THENGOTORNDZ
153 L1231:  iill1.1, | o C+1->CIX]
154 L1232 .11, RND2 : IFS2#1
155° L1233  1..1i11.11 —> L1236 L THENGOTORND4
156 L1234 iiL1L0, k RND3 : C+1—>CIXI . o/
157 L1235  .1,1.1 = C+1->CIX] o
158 L1236:  ..... il o Lgp37 sessr RND4 : SELECTROMS
. 159 -L1237: Al 11 —> L1149 . .- GOTOR - L
160 L1248 - .....i.... =5 1241 #**+** SCIN = : SELECTROM®
‘161 Li241: . 11..1.1... ' MSi11 : DOWNROTATE
162 L1242 1id.1.1.. - IFST#
163 L1243: 1.1, .11 > L1351 THENGOTO MSIZ
164. L1244: L L., ' 0->87. o . o
. 165 L1245: 11.11..1.1 -> L1331 JSB ROT1 - o - »
- 166 . L1246: -.1..1.1... : C->STACK S
167 L1247  ....1...11 -> L1919 - GO TO SMULIL
168 L12sg: .ii.1..1... | ~ MSKR@ : 0->S6 S
169 L1251: .....1.... —> L@252 *xwx , - SELECTROM @ - : e
170 L1252:: .. 1111111, . SUMI4 : §-C=1: >C[S] o :
171 Li2s%: L. | 0->87. ,
172 L1254 .1.....1.. - 1->84° EEE
173 L1255 ildid. SUMI3 : STACK=3A
174 L1256 i...1..1 T p>ss
175 LI1257. I . C‘—> STACK



SETBI TN F= 00 | NTERROGATEN = 01 RESET N
F 10 CLEAR ALL F=114 24 64
POl NTEROPERATIONS P F 11 0 0 (30 used) SET
PO NTER-TOP F =00 TNTERROGATE P =10 DECREMENTP |
F 01 INCREMENT P F= 114 25 64 DATA =
ENTRY/ DI SPLAY N F 00- . 0 (20 used) LOAD CONSTANT
F =01 [err] F= | X (N =XX01) BCDI NPUTTOCREG :
= IX (N=XXiI) STACKINSTRUCTIO\IS PN = (---0) AVAILABLE . 4
F =003 32  ROMLS 454, 0P8 1 o o35
(11 used) -SELECTI'BOII{]}%g?‘ u AL 1B L0 KEYBOARD ENTRY JSB ADD £
(N = XX13 177 : .ENTRY RAEM -
SUBROUTI NE RETURKTS Hggg é Xé;%!? 4 Jgsfwﬁ,ly RESER\/ED
FOR X XX]% L1264: 6 M STO?AGE SIFS4+1 -
- 181 L1265: 111 11111 ~> L1267 " THEN GOTOSUMI6
| 182 L1266: . 11i11L 5 © 9—C—1->CISI
183 L1267 ' .il.1.1...  SUMI6 : STACK—>A .
184 L1276 .I..1.1... | C_> STACK
185" LI271: - -11i.1.1ii, AEXCHANGEC[W]
186 L1272: ~.L...ill.i —> Lue7 JSB ONE
187 L1273 - .1.:.l.1.. = i IFS44 1
188 Li27& i.iii1i.il — L1276 | ' THENGOTOSUMIS
189 L1275 - .i.111101, | ’ Cc-1->CIS]
199 L1276 - 1i.11...01 —> L1154 SUMIS : JSBADD
191 L1277 il..L.1... o o 'DOWN ROTATE -
192 L1390 .1i.1.100; STACK —> A
193 LI3gL:° .11.1,..0 —> L1154 JSB ADD
194 L1302 1. 1.0... C—>STACK
195 L1303 i1..1.1.0 DOWN ROTATE
196 L1304 11..1.1... DOWN ROTATE
197 L139s: .1..10.1i1 —> L1115 GOTORI3
198 L13g6: .1...1i1.1 —> L11@7 MS14 JSBONE
199 L13¢7: .1i.i.11;1 —> L1153 JSBSUB .
200 L1310 1...1.110, | B EXCHANGE CIW],
. 201 L1311 1i.1L... DOWN ROTATE
% 202 L1312 1i.1.1ii, | ‘A EXCHANGE CIW]
203 L1313 111,01 —> L1344 JSBDIV
204 L1314 1......1.. o 1> S8
205 L131s:  1iiiii,..1 —> L1374 JSB SQR
3 26 L13l6: .11.1.0.. . S STACK —> A
207 L1317 .1..11...  MSI7 : C—»STACK
208 Lizg: itili, . ~ A EXCHANGE CIW]
209 L1321 .1..1i.111 —> LIS - GOTORI3
219 L1322 - -il.10... CSN DOWN ROTATE
211 L1323 11..1.1... - DOWN ROTATE
212 L1324 . iililii. 9—C—1->CIS]
213 L1325 il..11... ' DOWN ROTATE
214 L1326 11:.1.1. . DOWN ROTATE
215 L1327:  1Lititil - L1337 GO TO RTNI6
216 LI330: - .......... NO OPERATION
217 L33l 1,111 ROTI : BEXCHANGE CIW]
218 Li332 1i..1.1.. DOWN ROTATE
219 L1333 1011, STACK —> A
20 L1334 1...1.1ii. B EXCHANGE CIW]
21 L1335 .1..1.1... C—>STACK
222 L13%: ..1...1il. . B—>CIW]
223 L1337 Q.01 RTNI6 : DISPLAY OFF
| 224 L134p:  1iii.i..il —> Li3s4 | GO TO RTN9
‘ 225 L1l .1...1.10.. RTINS : IFS4x!
. 226 L1342 ...Q...1i1 —> LIl | T .
__ 227 L1343 .ii.1i.... —> 13344 #s= RETR3 : SELECTROM3 -
- 28 L1344 iinii. DIV - : AEXCHANGE CIMS]
® 229 L1345 111..1il10 —> L1347 - GOTODIVI2
239 L1346  .1...1.... —> L2347 . *= MPY . SELECTROM2
231 L7 (il S DIVI2 ~ | A—C—>CX]
232 LI3SQ: 1.0 —> L2351 wwesx SELECT ROM 2
233 L1350l | MS12 : STACK—>A
234 L1352 1L.i1..000 —> L33l - ISBROTI
235 L1353 . .1..1.0... - C-> STACK



8 8 MOSCI RCUI T XX100000 09 7

AVAI LABLE X X X10 0 0 0 0 0 0 10. NO OPERATI ON
((NOP) 00 0000 00O 18 1, 454, 268

18 There are two type | instructions, namely junp subroutine and

_ o_ ditional branch. They are decoded' only by' the control and tim ng

urt 16. No word select is generated-and all. registers.in-the arrthmétic
'ﬁ g/v.egister circuit 20 nmerely recircul at e. The - obj ect of the\glinp-
sur%tr ne |nstruct| on is to rm\ﬁs;sa new 5 address in Rw and to

. ~strrgacdess—Cp : - Ihe | ast
i nstliﬁctl-rlé)ﬂ i nllel lsdblr outi ne rrust be a RETURN A(EX(IHHNGEE[Whe program wher e
it V\ég ILfI! i‘g pr%:ls}l Fqsll -—>A5L’(§I“§cussed above, t{2 ey b\[}ﬁ!‘l‘ and timng ci RCUi t
' 1600§r_¢9a|m§57a ty\ﬁn 1. ¢l gRt -1 Ak shift regr stery v Eh hol.ds- the current
~ei gh24gbili136@OM addr.¢ss and al so 10 ~has. STACK -biats of st.orage for one

retu ﬁ lags Mg él Hi g—> 1 ring bit.ti rresJSBlsU err] the. current ROV
- addr H‘ni ' r 64 and is inc 5 ? by -one.: Nor mal I Y,
t hi s24dQ ms |suru]q ated eac word ti rfemd—lowevgf’ >Eia 4he first two bits of
t he 243stlid6St i-on,.1Mhl1dh —arriM8s at bit times [err] WGO,T(IRIErmncr enent ed
cur r.£48t rest“rf f‘éut—é’d k134t he ret urn addre§9 TC .'T1§$ er 60 of the twenty
ei ghj4gbit 3 lrqu 1{ Iregister and. théA‘ i ni FEVg of ‘the
_ | nstz49ctl_nsm Wil . 1ar1e_t>heL117215 subroutTne a reqqigmgmlgﬁtyed into the
%595141 i st HilB8.1. These data paths with th&+ISB ANt ol - [ine are shown

|n F%é 3 A tlﬂif‘({) lt?y—Phe’-lrlé"[ urn adg.rqeﬁs hasIfhQ -We@oé'ﬁd‘\ﬁﬁé j unp

addr@gsmgsready e trangptted t EN EOTRS Rl[err] of the
next 2540iLd37%i ne...20.. - Thé nost - frequentkmmgﬁd instruttion is the

condi tional branch mhrch based 20 upon data.or . system status i mplement s
t he deci si on- nakrng capability of the calculator ~I'n the.calcul ator system
' descrlbed here this. lnstructlon al so- functlons - LR '




as an uncondi tional branch. The format of the branch instruction, as shown
in the instruction table above, 25 Is two ones foll owed- by an

ei ght-bit branch address. The instruction is received at 25 bit tines

[err] Theé Tast erght brts of the rnstruction are stored in the address

buffer register 68 (see Fig. 4). During the next word tinme the carry
flip-flop 66 is checked at bit.time [err] If the carry flip-flop was set  /2:\
during the prewous word tine, the current ROM addressis transnmtted to t 56

ROM's 0-6. |f- thﬁ carry flip-flop 30 u\ﬁsz(,glot set, the branch addressg9
is read fromthe—&el-el-ees-e—bﬂf—#—e-heﬁfumu t:.c

M OU UL dllu IUdUt!U I J1R0) .
the ROM address register 74" ‘(see- Fig.” 6). TFFB he instruction is a 'BRANCH
| F NO CARRY. 'They e 6. 't hi-gep way s hemarrv‘*ﬂl Rktlop GSEL‘EmTB@NéQet (1) by .
a carry generat eDI 1L.200t: he 1&k.i. tlﬂlh‘EtIC and regi steE gﬁéicw 2pr Tpy a- - -
successful inter ~’:“ 4 € A&l 1} p0| nE_ positio M @Qﬁﬁ;faulun
35 ignt er r ogat y 44 :of._i@ﬁe lq ve status bits. AAlx (W3 g| ven
inthe table BOSW. - 1. 191, . SHIFT LEFT AIMSI -
1,454,268 [err] 6 LM 111 1111, AEXCI%?%%E Céglé
20 desired. This!ikM%he - Hibn!h h?se?l@é of the plltl@,@;&K chis’

2 § X§98 Y
BRANCH ON NO CAF& 20

eczltrrlylfhpflop 66 is reset duri $PACKIt | on: of -
every instructi o EXEEpt l1arithaetic (type 2) and mterr%( N@ﬁcﬂwlnter
or status (typeSIBLm%i 4)1.11gi Hee only arithmeti &EN#hd in ePrﬁ tion -

i nstructijons. car§3s lﬁhe (}51 fI I p- flop 66, 5 t he Qap.neu>auml is not
severe. The j unyssgigeutine, |n$tru9t iLogppcan al so be us edF MO GARRE GO TO.ERR21

uncondi tional bnanceiT:f tlhlal Hévi-ous return address doe gAt[}y] be
saved. In - 16 . L2020: lllli) %—ER@&

17 L2921 ........ ll > L2009 IFNO CARRY GOTO ERR21
18 L2022: . 11111111 B ' LN25: : C+ 1->CISl- - ..
19 L2023: . .11 : . IN26 : A—> B[W]
20 L2g24: g '. 101, l_l —> L2926 GOTOECA22
21 L2¢25: 1.11.1..10+ ECA21 SHIFT RIGHT A[WP]
22 L2@26: - 11.111111. ECA22 : A-1->AlS]
' 23 L2g27:° ...1.1.4111 —> L2925 : IF NO CARRY GO TO ECA21
T oW 24 1203¢: - 1.EI11L10. @—> AlS] . :
.25 L2931: - 111..:11L, A+B—>A[W]
26 12032: .i..1.1.. . ' : IFS64#1 -
' 27 L2933 . k11.1.11. —> L2132 : . THENGO 'FO EXP29
* 28 L2034: - “ 11010100 Co A-1-—>APl -
. 29° L2035:  ...1..1.11° —> L2022 ) _ IF NO CARRY GO TOLN2S
‘39 L2936: - 11..11..1... : . A EXCHANGE B[WP] - ..
31 L2037:  .l...1..1. . Lo SHIFT LEFT A[WP] .
32 L12¢40:  111..1111. - . : A +B > AlS]
33 L2g41:  111....111 —> L2341 ° : - IFNO C_ARRY GO TO LN24
.34 L2942: . I11..1L.. . ' . 7—>P
035 L2943 - ..1111..11° —> L2074 C GOTO PQ023 :
36 L2044: - 1M111.1.1. PRE23 : A+1—>AlX]
37 L2045: - 1..1111,1. - ~PRE29 : IFA[XS]>=1
\_ 38 L2pd6:. 1I. 1111 —> L2337 : : THEN GO TO PRE27
39 L2p47: 11 .11, EERE PRE24 : A-B-—>AIMS]
40. L2050: g1 —=> L2944 _ _ - IFNO CARRY GOTO PRE23 :
" 41+ L2@51: "111 1 _ : . A +B=>A[MS]
42 L2952::. - J110 : SHIFT LEFT A[W].-
43 L2053: 1 11,1, _ C—1-—>CIX]
44 L2054: ...1..1.111 . —> L2045 IF NO CARRY GO TO PRE29
45 L2955 - 'l A1 111, S PRE25 : SHIFT RIGH'_I‘A[W] .
- - 46 L2056 - ..1I. 1.0 ' - 9->CIWP]
. 47 L2057: 111.1.1.1. -~ . AEXCHANGE C[Xl
: 48 L2060: JAr gy, o "PRE26 : IFCIS]=0 .
49 L2g61:. ... 111,111 —> L2865 - . - : "THEN GO TO PRE28
: 50 L2g62: 11..1.111. - S : ' A EXCHANGE B[W]" © -
¥ 51 L2063: - 'll.-.'..-lll. - A—B>A[W] .
- 52 L2064: NS D ) C ' : 0—-C—1->CIW] -
53 L2065: - BNTINTI o '~ PRE28 : SHIFTRIGHT A[W]
54 L2066: 1...1..1..7° - . @ —>.8% :

" 55 L2§67. - llll ll => L2074 GOTOPQOZ?s



sumary, conditional branch can be used as an unconditi onal branch provi ded
the state of the carry flip-flop 66 is known to be reset (i.e., provided

t he conditional branch does not follow an arlthnetlc or an |nterrogat|on of
poi nter or status 10 Instruction).

10_Arithnmetic and register (Type 2) instructions apply to the arlthnetlc
”Y egister circuit 20 only. There are thirty-two arithnetic and register

: uctions divided into eight- classes encoded by the left-hamf five bits
of--th4® i nstructi on.

Each of thesqs4mtruct|ons can be conbl ned‘,g(ylthha:ngI 01;I
ei ght sgngr. ereph nars 1o grve 15 a totat bt+-ty—of—two hundre
and fsgﬁkggfx uﬁ%{ﬁlgtlons The th|rt§§§ g i% ic and register
| nst r3ctli20Tes ar dlli.stied-> nLigwe tabl e oW, &ER BBde)HSTRU@'I ONS

91 dr20 bllHa ”Gode CCDE | NSTA +B —> A[WCODE 1.NST
o ébgo?.cidﬁgf Qil & 1 0000 PQO23 A 91.1‘33 GE CIW].. [err]
-1 0006k L2076: 1 u ierr] 0 0010 A &q"éql 0010 SHI RT C
Rl GHr630 f%%mai 1 C1 .1 0011 éOAlD A(N-MOO | 0161
B RIGHT 0 0101 +1=> QM L
[errlgs (F1Yeh g Pll(?b‘” ek I:rTr] P41 0 Sﬂgﬁ*ﬁ%ﬂ ®@AT 0 0111 )
[ errles0 i1t Lerr] IF 1 1000
1-'C- 67CL2193: 1111Q1ﬂ11 —> L2321 [err] O 1000 »F&é'ﬂr%cﬂ)fpsa o1
[ err]680 L2t [err] - | 1001 6—>P - [ers 1010
A C__(g9 L2105: l lpdjrpl “[err] 0 1011 0—>A[W{’]err] 1 1011
Lﬁ% 11 "1 1100 13 1101 . '
[err]710 D :1.:i.i., - lerr] , EXCHA[h?(Eé o 1 1110
[err]7§ 11:2110 1}}111}11101 ‘ [err-]l.l-O- 111L0ExS[HANg1§ s :
- err ' 111 AD[CGONSTA -
ArC A; 0 %Hl A1, 111[ > ]L2141 T GOTOEXP23 ~ -
L2113 1 111 Al EXP32 : IFP#ll .
75 L2114: - AL —> 12246 ' "FHEN GO TO.EXP31
77. L2115 L. e LNC2 LOAD CONSTANT 6
78 L2116 1....1.;11'.-..-1. . LOAD CONSTANTY9 .
79 L2117: 15110 - LOAD CONSTANT 3. -
80 L212¢: ...1.11... - LOAD CONSTANT 1 _
81 E2121: 1. 11.c." - LOAD CONSTANT4 : . -.
. 82 L2122 . LOAD CONSTANT 7. - e
83 L2123: 1. LOAD CONSTANTL . . . . '
84 L2124: 1...:1... LOAD CONSTANTS: .
- 85 L2125 ... l.11... LOAD CONSTANT® - -
- 86 L2126:  .1.1.11... LOAD CONSTANTS5 = .
87 "L2127: - .11..11... - LOAD CONSTANTS.
88 L2130: : 1.11..11.. VN
89 L2131: 11.1.1H11 —> L2327 . GOTOLN3S
99 L2132 11111...1. . EXP29 A+l—>A[P]
91" L2133 .1..1.11L. - EXP22° : A->BiWI-
92 L2134: - .1.11111k. C—1->CIs] . - .-
93 L[2135: ...1.11.11 —> L2926 IFNO CARRY GO TO ECA22
94 L2136: 1.11.1..1, - B 'SHIFI‘RIGHTA[WP]
. 95 L2137:  111.1.111. A EXCHANGE C[W]
96 L12149: .1...1.11. .. SHIFT LEFT A[MS] -
97 L214l: - 111.1.111. EXP23 : AEXCHANGE CiW]
98--L2142: * "11.111111, S A<1->AISI .
99 L2143 -~ .,1.11.1111 .—> L2133 _IFNOCARRYGOTOEXPZZ
100 L2144: - 11..1. 111 S A EXCHANGEB[W]- = .
101 L2145 H1i1...1. _ - A+1Z5AP]
102 -L2146: .1...1..11-1 > L2211 R IFNOCARRYGOTONRMZI
103 'L2147: 1..1.1.11. PQO21 SHIFTRIGHTC[MS]
184 L215¢:  .1:...111. SHIFT LEFT AIW]
195 L2151 111,411 .—> L2071 GOTOPQOl6
106 L2152 1..11.M;. S EXP34 : IFP%9
107 L2153  -.1iL.1..11 —> L2164 ; THENGOTOEXP33
108 L2154:° - C111..11.. INCD2 : 7->P
109 L215s:  ..11:11... ' LOAD CONSTANT3- - -
119 L2156: - ...11.11... LOAD CONSTANT 3
111 L2157: ....:11... LOAD CONSTANT®. .
112 L2160:  1....11:.. - LOAD CONSTANT 8" -
113 L2161: .i.1.11.°; LOAD CONSTANTS:
114 L2162: " 1..1..11.. ' 9_>
115 L2163:  11.1.11111 —> L2327 GOTOLN35



KEY: A B, Care registers; [err] means goes into, means i nterchange. The
ei ght classes of arithnetic and register instructions are: 20 (D)
Clear (3); (2) Transfer/Exchange (6);

20 (3) “AddrSubtract (7); (4) Conpare (6); (5) Conplenment (2); 25 (6)

I ncrement (2) (7) Decrenment (2); and

25 (8) Shift (4). There are three clear instructi olnsl. These instructi ons~"
are [err] Theysare inpl enented by sinply disabling all ‘the -gates entering~"
t he desi gnat ed 3;] regi ster. Since thesgg4bs4)gggr ucti ons can be conbined -4l

with any of th optTons, Tt 15 ST DI 0. clear a.
portion of a_re 6br & 'sH@h ggtim 30 The'f"&%gre's xi’ 8ENGOT Exp32
transferﬁexchan L gd‘uctll ‘qngq - Thése Tnstructi ongcpr e : [er_ﬁ]a err] -
vari ety permtsigati2iem thetlrngl sters A B,. and Cto beLﬁa %\Tﬁéﬂrﬂn
many ways. Agai ri20 tid7hower- 10Kl t-he instruction 35 . nu ONSEA |n
conj unct yon wt 2 rd- sql Hct option. Single digits cEBAPFCONS : pd or

1
transferred. These @i seven .add/ subtract instructi ons whOAD CONSTANT7 -
adder/ subt r act onzmxmmtry 8411 ‘They are [err] The |ast i hOADEON :Fl?l be _

used to divi de TH+ s acconpl i shed by first ad
nunber to-i tsel gerr]l lli' plying by two, then shifggyngpri g% one
digit, and. 28 L2200 .. —> 12327 1, 454 GRBBO LN35

21 di vi di ng by t123. LZZ0lke réSUIt ll s a divide by. f-| Y25I'h| sA'ﬂ SIn he'l
squar e T 0ot - routlg% 2202: ngn F‘ éﬁ# ' '

.2203: il —> L2291 IFNOCARRYGOTOMPY26
132 L2204: © 1.11..1tH1 MPY28 : SHIFTRIGHTAIW] -
133 L2205: . 1111 - Pel—>P
134 'L2206:  11.11.11, - IFP4
135 L2207 1.....1.1 —> L22@2 THF.NGOTOMPYTI
136 L221g:  .1id1.1,1. B T C+1->CIXI .~
137 L221k 1111011, NRM21 : §->AlS]
138 L2212 11....11.. 12->P" o
139 L2213 1..11...1. . NRM23 : IFA[P}>=1 o
139 L2214 1..1..1.11 —> L2222 . 'THENGO&ONRM%
_ 141 L2215 .1....1HL. SHIFT LEFT Al E
. 142 L216: - -1.11.1.1. C-1->CiXi
_ 143 122170 L:. 00, IF AIW]>= 1
144 L[2220: - 1...1.1111 —> L2213 , THENGOTONRM23
- 145 L2221 LALLM ' | 9> CIWL |
. 146 L12222: 111.1.1.1. NRM24 : AEXCHANGE CIX]
- 147 L2223 L., - . -C+C—>CIXS]
148 122241 I..1.11.11 —> L2226 IFNOCARRYGOTONRM29
149 12225  lillil. 11, - A+ 1->A[MS]
150 12226: . 111.1.1.1. NRM29 : AEXCHANGEC[X]
151 L2270 Q..MM e IF A[S] >= 1
152 [2230: 1....1..11 —> L2294 THEN GO TO MPY28-
S 153 L2231: 111.1..115 : AEXCHANGEC[M] '
154 12232: .11...111. . NRM25 : C—>AlW] )
155 L2233  1....1.1.. - o - IFS8 4
15 L2234 1i.ii1i.il —> L2336 THEN GO TO NRM26
157 L2235: - .1L..1.1, |  IFS6 4%
- 158 L2236 1.1..1.11 —> L2246 ) THENGOTOEXP31
159 L2237: .11.1..1.. - | 9—>S6 |
160 L2249: 1..1.1.1.,° TFS941.
161 L2241: ° 111..1.111 —> L2345 THENGOTOXTY32
16212242 lodn 9 —> CIW] g
163 L2243  ..... ill.. P_1_>P
164 12244 i.0l... | LOAD CONSTANT 5
: l6s Lads: il A1 > L2347 - ~ GOTO MPY2l g
166 L2246 I1..1.11.. . EXP31 : IFP#12
167 L2247: Wit —> L2327 THEN GO TO LN35
168 L225¢: ~ ..iL..1ll. - LNCI® : 9—>CIW] _
2 169 L2251 ..1..11... . LOAD CONSTANT2
© 179 L2252 . LALLM LOAD CONSTANT3 -
© 171 L25%: ... ... LOAD CONSTANT §
172 L2254 ..1..11... LOAD CONSTANT 2
173- 12255:  .1.1.11... LOAD CONSTANT 5
174 122%6: 1....11... . LOAD CONSTANT 8

175

AL11. .

- LOAD CONSTANT 5



There are six conpare instructions. These instructions are always followed
by a conditional branch. They are used to check the value of a register or
a single digit 5 in,a register and still not nodify or transfer the

- OI’]E) exa |e |l. |b UUDIICU +-o- UI a||\,|r.|| B

contents. These instructions nay easily ‘be found in the type two’

[ uction table above since there is no transfer arrow present: They are:
(B(Corrpare B to zero); (2) A-C(CorrpareAand C; 10 \J (3) C1
(Sonpare C to one); - 10 (4) oC

(Oorrpure C to zero); (5) A-B (Cpm%ge A and B) _ and .(.E.S),,f‘:}\ 599 aﬁ;edf\g}?

gf; ubz%g 15i"" ‘digitsis zero as.determ o NTtQhe 0-B

| lnstmcuzw is, ﬁDh}QV\Bd by: a: . 15 condi ti onaodP EONSTANG B Vas zero,,np
. ocarr 9(b?-26bor rklwy .Woul d be generat ed and the lramch wou occur The..

|nst?g l’o‘efl}rlead 1F [err] THEN BRANCH\EX§HIA|NGECW§ easy to. conpar e
si ngsg mst

) ﬂl’ Q. RPrtion.efg a register by d F‘%g(% elect.
) optllrsmstﬁm 111 There are two conpl enentAJ_@s ‘?3%??‘*? e nunber

repr h i on: s ét #4min 20 the cal cul ator IImegn:gand ‘magni-t ude not at_l on
for &b gg tls"slé\1 Hr'lbl t2nd2¢8npl enent not atlon |7ﬁHEN Qmmm field.
Bef qse D ers“cqnulj)e subtracted, th N§71btra ens corrpl ement ed
8 D22¢€) . Q& hé. al gorithms requi L®2$ he . nlmep_ppnp t (|
0 Clgg(%g% llllw There are four |ncrener$1}ﬁ$-¥lﬂ’§wﬁmnw1| nstructlonfhﬁé\go
he 5 ]e There are four SHi
regle}gfe[.%&d\ yi,lfleigd}?c c%nLEieMshl fted ri ght, zg‘gﬁgé ég‘hﬁggl ster A h_as a

~ shi 193] 33p1: cap]ablllllﬂ?/ Thezarl thmetic and regFQ¥§gNr§é;gi’§|2;)n set :
+ sumig}i by &mke‘ Tt h&24bl e below. vV o - THENGOTO

196 123p4: .1rK11.1.1. LN29 -t CHI=>CIX] - & -
197 - L.2305: Pe o I B .-'-:- S ' DISPLAY TOGGLE
198 L2306: 11001 o : o 11->P .- .
199 L2307: 1.....1. L2292 } GOTO MPY27
200 L2310: - - .1..1.] _ : . PRE21: ": -—> B[W]
201 L2311 iTh.:a. . C-> AlMI: o
. 292 L2312: i : C+C—=>CIXS] = . . .=
o 203 -L2313: LN - L2p47 . ilFNO CARRY GO TO PRE24
205 L2315 1. ~PRE22 " . -SHIFI‘ RIGHT A[W] S ' )
206. L2316:: - .111k.15:1. - ST S C+1:>3CIX1
- 207 L2317: - M..b 11 —> L2310 ' -_IFNOCARRYGOTOPREZZ '
208 .L2320: - 11,0 1L 12060 - Lo GO.TO PRE26 o
. 209 L2321 1...1.11,. R . EXP35 : IFP 8
210 L2322: - 11.1.1, . L2152 ¢ T . THENGO TOEXP34
- 211 '1L2323: © .1.1..1] " LNCD3 : 5-—3P... ¢
C212:: 123245 LT L “.... - LOAD: CONSTANT3 .
213 L2325:: :--.011,11, .. LOAD CONSTANT LB
© . 214 L2326: e o §->P. DN
- 215 L2327: v 1W1EL _ . ~ ~ LN35 : BEXCHANGEC[W] '_ '-;%' N
216: -1.233@: .. ,11..1.1.. ' BT - IF S641. o \_/ .
217 L2331 1,00 L2147 _ ' o THEN GOTO PQ021 .
218 -L2332: . 1.1l o SHIFT RIGHT A[W] i
- 219- L2333: , : ' P+l—>P . '
© 220 L2334: ... 1111, _ EE S P+l—>P.
221 L2335 -.iuuu L1 L2092 - - . GOTOPMU24
- 222 L2336: ..l.k...0 > " L1337 ***x% NRM26 : SELECT ROM I .
- 223 . L2337 lllll Al - - PRE27 : A+1l=>AM] - - '
T0224 L2349 i 100, 1 -—> L2055 : IFNOCARRYGOTOPREZS
- 225 L2341: _.11 1 . LN24. .. : AEXCHANGEBIS]. FRON &
226 L2342 1..1:.11. . R o SHIFT RIGHT C[MS] B : .
- - 227 - L2343:. . _'lllll!lll : L y L A+ LASAS]
L 228 L2344: 1 - L2@23: . ; = IFNOCARRYGOTOLN26 R
- 229 L2345 1Ll . XTY32  .: DOWNROTATE. i : B
.7.230 L2346 -.1..1.1... o - C—> STACK R ;'- : o
- ©231 L2347: 110011, - "MPY2l ; 3—>P
© 232 'L235@: - 11l.c1.0, . - MPY22 : A+CL>CIX]
- 233 L2351 . . 1.1nd, - : - DIV2l ! A-C=>C[S] Lo
- 234 L2352: - 111:11..1}. —> L2354 - , IFNOCARRY GO TO DIV22
235 L2353: - .:1.11 :

1. o | p—C->CIs]



22 1,454. 268

22 TABLE OF TYPE TWO | NSTRUCTI ONS (di vided by class) d ass
I nstruction Code 1) dear [err] 10111 ferr] The
twenty-eight bit shift register 58-62 in the control and timng CII‘CUI'[ 16
contains twelve status bits or flags used to remenber conditions of an /
al gorithmor some past event (e.g., the decinmal point key has already beg

depressed). The_s"e_ - can be individually set, reset, or _
interrogated or gll bits can be cleared (r,egsgtzss 5 si ul taneousl y). The.. 43
format for the-sfatus—eper at'i;l”.'- st mﬁllv‘fz'w U'X‘E‘)‘(C'H'Kﬁ('}'EB[W] '
instruction .typ e a S repeat ed bel ow. 23:

1,454, 268 i @g: Pl‘ﬁ’m!l © 23 TABLE OF STRRARYNSTRUCTI ON
DECODI NG [err] %Eiéb Am,. N F oo OIFP#IZIOOF -

'NSTRUCTI ON O' (240 LawT FLAG Nl@ - LZZM\I'I'ERROGATE FLAG 'BHBNGOTOMPYWO"
RESETFLAG N 221 L2361:  ....... FB[M]= b'IJOERRZI
CLEAR ALL FLAGS%éN{ég@O) 1 aindls e J 0 N i's sies V\henArEb;@mmg aawpon
"interrogate N'244s L23acut edi.iihe CARRY3é6 i p-fl op 66 in. t&O ToobIwSl -and .
timing circuit 248 w2365 be.ldét...IThe status bit V\ADIIW? emalﬁ §Be1>0[m§errogate

is al way's foll 0%9, '15? a cHr“h tlﬁn I> b‘[ﬁggzh |nst R

IFNO.CARRY GO TO DIV14
248 12370: 111..1.11. A+B->A[MS] .
. 249 L2371:  .1...l1.11. - SHIFI' LEFT A[MS]
'250 L2372: ... S o DIV16 : P=1-—>P
251 L2373 ....1.11, L o IFP#@
. 252 L2374:  1111.11, 11 —> L2366 = - S . THENGO TO DlVlS
253 L2375 11,1111, ‘ o - C=>AlIS] :
254 L12376:  i11.1. 111, .. . . AEXCHANGE C[W]

(255 L2377 L. -> L2211 " GOTONRM2I



10 The formof the interrogation is: "If status bit [err] then
branch", or "If status bit 10 [err] then branch. "The reason for this
negative orientation is that all branches occur if the test is false (|

- CARRY flip-flop=0O, a result derived fromusing the conditional and

u ditional-branches as the same instruction. Status bit 0 is set when a
depressed. If cleared it will be set eve‘r-y vvo'rd 15 time as {ong
as ekeyls down. - 1%/A four-bit

_counf‘Hr in the coptrol and tim Ag34268cui t 16 acts as the poi nt @4 .or narker
44 to-allow arithmetic instructiongyq-operate on_a portton-of a.register.
| nstructions -are aval | able to set and interrogate the. poi nter -at one of-

fourtded3098: 1111 —> | LY i ons orF¥R#i ncr MBONEOr decrement the peésent
posi tix0 383%he {)Hl h’t”z-lr 2Q 334 nstruction decofii K @“@F—%‘Ml in'the table
bel ow3 L3pg3: ..., -5 L3pa 20 TABLE OF WG TRUCTI ON DECCDI NG
BIT - 4 L3004 ol g. 761 54 XTY. 2: 31588 10 FI ELD + P
| 1 5 Se 1 NSTROCTH RS Od‘**** t poi n$l"elrEQToRW110 Interrogate

i f poi ﬁt Qr:;gqﬁtP bl ._mDegre,[g@'plt pointer 11 - f(giant pointer “i.e.
don' tSCa,BmQAs Wlth t.he status lnterrcme ms?.tygg the’ CARRY fli p- f.l op

66 is2s ml‘ \/\F% {104 ntep IO P*WMerSQRle " poSELRAT ROMA?". i nstruction is
exec Pe § Kp #étcr@ :ﬁ%rogatl&m the %questlon issinthe

' .negatmvm ml‘ ml 't RANCH" or- "I F HER THAN N, THEN
BRANGB!" 301’5h| S. |1hlstr1mct-|>orL3BiB woul d be foI BNGO TONYS | tional. branch.

‘In al outilrﬁel pi 3 allows: 30 proglssswme operation on a |arger
and Ig? or§i H 0 \/\/ggg8 After. &NMh i ter .e)- .t hr.ough a | oop,
18 zmip il oy ., %%(@

t'he poi ns@n: is. d60lemea§e¢3m i ncrenent ed) aRE ;! t'ed for conpl et:i on
to fdﬂctﬂgot hdr..ilt glatborl3086 a j unp out -of ‘tISBONB®pD. The data entry and

di spl e . dir g2t ildhY are.us ent@T@aN‘@ intothe 35
by pliive o
arlthlire s@sand’ ;re[glsfer circuit 20, nlplﬁ: ﬁ stack and mam)ry
regi szner.mzs -3511.11. ~> L3331 JSBSlz :
L3@27:  .1.11101. u —> -L3136 GO TO P47 .
24 L3939:  1.111..1. Fvap  : 9—>SI1 _
25 L3p31: Il..11..11 —> L3314 - '~ GOTOFV46 .
26 L3g32:  1...1..11 —> L3ipM " PV4p : GOTOPV4l
27 L3@33: i1..1.1.11 —> L3312 -~ PMT40 : GO.TOPMT42
28 L3@34: .11.10.111 —> L3155 . ROR49 - : GOTOFVR . _
29 L3352 .......... | S NO OPERATION e
30 L3@36: - .11..:.111. e N9 i C—>AIWI - PR
31 L3037:  1i..d.1,,,- . o DOWN ROTATE '
32 L3g40:  1111.1.111 —> L3365 . GOTON4l
33 L3g4l:  .1...0.1.. NS -1 IFS4#%1 -
34 L3p42:  1111.1..11 —> L3364 - - THENGOTOSELR4 '
35 L3g43:  ..1l.0.... - - TKRR3 . : KEYS—> ROM ADDRESS
36 L3pdd: ... : T NO OPERATION &
37 L3045 11..1.1... | CASH!1 .: DOWN ROTATE S
38 Lpd6:  ..l1.1.1... : : CEXCHANGEM . T '
39 L1347 i1l R . DOWN ROTATE e
49 L3950 - .1..1.1... , . C—> STACK '
41 L3951: .1....11.1 —> L3193 : . JSB'RI99
42 L3952: .11.1.11.1 —> 13153 B JSB ADD DR :
43 L3053 1111, o STACK —> A ' -k
4 L3054 1..1.1... - - " C—>STACK . : S
.45 L3@55: Q.1 A11. R A EXCHANGE C[W]-
46 L3956:  .1...11..1 —> L31g6 ._ _JSB ONE e T
47 L3957:° .11.1.11.1 —> ‘L3153 . IJSBADD Tt T
.48 L3060 ..... 1...1 => L3004 .  ISBXTY R
49 L3g61:  11..1.1... . g . DOWN ROTATE. R
.50 L3@62: - .1..1.1 C->STACK = - - = :
51 L3@63: ~ II..1.1... R " - DOWNROTATE . .« .. ¢
32 ngg: oLl : . - . DOWNROTATE . . . . @%.
X . S _  AEXCHANGECIW] '
54 L3p66: I1l...11;1 —>-'L3343 - - . - JSBDIV Wi
1.1.1.1.5. . o ‘M—_>C

.55 L3p67:



and to blank the display (sixteen instructions in this set are not
recogni zed by any of the existing circuits and are therefore available for
circuits that m ght be enployed with other

ot her external
The tabl e bel.ow contains a detailed decoding of the data

t he cal cul ator).
entry and display (type 95)
1,454, 268 ,

DECODI NG (X = Wdn't care,
not depend on thi,s b|t
execution.) [er+t=
Avai | abl e |nstruc°'o§%

Dot - Hﬂ%}k

. " Recal | g%ng%

fegl ster (545

0 I X
o I X°
X
0 1X
[err] A
20

3193

L3101'i
L3102:
L3103: - .
L3194;
L3105:
L3106:
L3197:
L3110
L3111
L3112: =
L3113:
L3114:
L3115:;
L3116:
- L3117:
L3120;
L3121: .
L3122:
L3123:
L3124:
L3125; -
L3126:
- L3127:
L3130 -
. L3131:
L3132
L3133:
L3134: .
L3135:
L3136:
L3137:
L3149:
" L3141:
L3142:
L3143:
L3144:
‘L3145:
. L3146:
L3147
- L3150:
L3151: .
5 L3152 -
. L3153:
‘L3154
L3155:
- L3156;
L3157:
‘L3169:
L3161:
L3162:
L3163:

|nstruct|ons

erther a |l

llllll

¢ ek bt

—
v b et ek bk b v

o ke
-

11111,

111...11.1
L1,

——
s
o e
- .
e

lllllll

or

->

1
Hl’ﬁ?
L3917

L1194

L3110
L1167

L3321
L3103

L3153

L3339
L3116
Lot16
L3004

L3196

L3134

L3152

L3132
L3343

L3345

L3971
L3p45

L4144

" L3343

L3196
L3153

L3167

L1153
L1154
L1155

L3349

L3273
L3321

24

24 TABLE OF TYPE.5 INSTRUCTI
whi ch in this context means the instruction doe
cause the sane

phrrory, 10 iy 19 i91s0 1%
err....l 00 ©
i 1110 0
ﬁ[s '[er
I111 1.1 XosX L3343

Bt LLL

*kokok

HRRREK

. N48

Mokkkk

ke .
*REAE

ek kokk

b | |
0

. Pv4]

PV42

CASH

- FVR .

Up

N42 Rot at
XX 0 1

R109
ONE

PV46
PV49

. GOTOPV4S
: SELECT ROM .
: JSBXTY

R14
PV48

PV43

PV45

PV44

P47

FVR49

enbodi nent s. of

10ll L.1per+y L315Enters4b| code m]wm Regl st er
y6TANT) 000 0 1 xR

£

yToggIe 0 01
—p@ 1ulerr]. O11

[er r] Jsmnst er
GO TO N4 )
NO OPERATION

: SELECT ROM 1
: 0> 811 :
GOTOPV42 .
SELECTROM |

I > Sl11

. JSBCSN
. JSB RI109

JSB ADD
JSB ROTI

JSB ONE

A EXCHANGE C[W1]

IFS194 1

THEN GO TO PV44

JSB SUB

DOWN ROTATE
DOWN ROTATE
"DOWN ROTATE

IFS1141

THEN GO TO PV45
: AEXCHANGEC[W] -
: JSBDIV
STACK—> A
: STACK-—> A
STACK —> A
: JSB MPY .
GOTORI3
: IFSI941
_ THEN GO TO CASHI
9—>S4 :
SELECT ROM 4.
o C+1—>CIX]
. JSB DIV

JSB ONE

"JSB ADD

SUB .~

ADD "
ADDI

FVR3

STACK —> A

. GO TO FVR43

SELECT ROM:1

SELECTROM |

: SELECTROM |

D IFSH %1 " '
: THEN GO TO Fv42
9->811 . :

IFSI0# 1

ATION O 1
Npm}vn ]

F?é E)It S)

- THEN GO TO FVRI
: JSB CSN -
9—C—1->CIS]



The first set of sixteen instructions [err] 00) in this table are not used
by any' of the main MOS circuits. They may be used by additional circuits
or_external circuitry listening to the [errLﬁIrne such as nay be enployed

wi t'h other enbodi ments 5 of the cal cul ator.
' he next instruction [err] in this table s caIIed the LOAD CO\ISTANT

of DIG T ENTRY instruction. The four bits in [err] will be inserted
L t' the C register atthe location of the pointer, and the porWer wi'll. be
décreéent ed This all ows a constigssessuch as [err] to be stored 46n ROM and

‘- transt ¢l¢ Q312 the L - arrtnnetr ce@r}% TEegr geri- Turt—26—Fo0 transfer

“a -ten- toifd3iesconsfianty riequires only €l I nst % (0one-to preset ‘the
poi nt ed 8 lseﬁberalll :exal usi ons -exi st in the .use 0 gomAmEr ucti on. . hen
used LtJ porl rllrln posk¥bn 13, |lt‘VR;‘t§nnot_J&i?eDI\bllowed by an .
- arith ,rql: d Eler instruction. (i.e., by T IGEM st ruct i ons “as
t here @ne BIwb! em; 1n.comon use of a five-bit: gr ‘91 in theg
.arrthrria%%r crga'ﬂd reﬁr sttler{ 15 nll;g}g circuit’20). WIS’BgQg%Z LDC can be fol] owed
by anotgle b by>a her .15itype -2 nsktruction. Wen used
~wWth't &és‘;%cermh lg‘{glsir tiyony sk4s thevinstructi of %ﬂqépf‘@btl ‘However,
when. PEI21an: LDC1EE1fQl.l owed by _a type 2 or ‘5 CEXCHANGEN -POsition 13 in
the re 8s 00C |sllrrbd|rf|ed ‘Loadi ng non=digit" cm $A1D-1111) is not
al 'owe th r@%bfred passing thr gl TARK: _dder 20. - ._.'The
next Sefy Q_2¢3nst[1uct rlons er =a X)=in the tyggwn RelAYgt i'on . decodi ng
tabl e. 1320L62ﬂ4t ar nlsl_I_\l\nldl—splmlsz nstructions andjsgsuﬁtack or.. memry
instru Thellf f_\§bllay->f 15353 | op i the ari tlrSrBe%lDD and regi ster circuit
20 con 3rsol j an '_'rl-" pf' a ﬁ‘% LED s. When it: YGEMhe code i s set
into tise zlp] ay. 1 Ich is* decoded ‘soc 15; Arm;ﬁﬁgrrents are on.

Ulfl
Ther e 13§ (54323111 nstly ubllr on to reset this FMR4g- f | ODOWN ROTAZE - ‘and anot her

to tog l3(0C)q “The togg] e feature-i's conv ;

.. 25 Thﬁml‘ @gﬁunr ny.: rrﬁtr’ucgr Qiiged N the: -type 5.iF% ?f‘on décodi ng tabl e

, i ncl udetit wa21af f eatiiingt . MeRdr YL change [err] - angsH [err] three - -
affectgggL fstr%ckl Up, Down,  and Rotate Down%—gSEA Kneral cI ear, ope for

XGHANGEM i . ki ng the

| oadi n l'ggrster Afromthe [err] 53 {(narrely, [err] and
onefor4s|gaa%rmgtl1re11 0 register C from BCD ( ﬁ @Qr Of the two -
| ast - rrléﬁt L@ﬂi@d rnstrlucﬂr ens L30p4 : JSBXTY 0 L _
L1 : - ~DOWN ROTATE .
.148_ L3224:_ o l A7 l o C-5>STACK." '
149 L3225 1M1..0,1.1 —> L3s4s 0 V'JSB MPY
150 “L3236: . .10 11, o B>CIWL or
151 L3227: ‘if _1__.- . S 7 "DOWNROTATE: '~
152 L3230: - H.. T : : DOWN ROTATE"'- e
153 L323F: - 1.1 —>° L3343 : CJSBDIV ST
154 L3232 11:1.f+... ... ... . DOWNROTATE. .
155 L3233: - 1i..1.1... - © oo w7 DOWNROTATE S . . _
- 156 L3234: 7 10 11..1 . —>. L31¢6 St "JSBONE L O
. 157 'L3235: . I1CT..1 =>P7 L3152 ... . . JSBSUB ...
U158 7E3236: 7 1.1.1.1... e T M=>C '
159 L3237:  Mt..0i1.1 —> L3343 . - JSBDIV ..
160 13240: - 11.:1.1... o el DOWN ROTATE |
161 L3241 - oo T e DOWNROTATE
162 L3242 ..1 —> L3152 ... . ISBSUB R
163 L3243 . : ST STACK => Ax
164 L3244: ; "7 C=>STACK..
165 L3245: L. e .;..BEXCHANGEC[W] ' »
166 13246; 1.1 —> L3153 .- .. ° "JSBADD ..
167 L3247 SR 'DOWNROTATE R
168 1.3250: . BEXCHANGE C[W] o s
169 L325% L ~ .DOWNROTATE . &
179 L3252 1.1, S e B EXCHANGEC[W]:;.-“;- S
- H1717°L32830 11 .. —> L3343 w7 UJSB.DIV - -
172 L3254. ) : : M>C. :
173 L3255:  141..1.1.1 —> L3345 et JSBMPY 0.
+174. L3256: .. 1.1.1... ' ‘ o e EXCHANGEM

175 L3257: —> L3153 o JSBADD



depends on bits [err]. The [err] A instruction is designed to allow a key
code to be transmtted froma programstorage circuit to.the arithnmetic and
register circuit 20 for _display. The entire fifty-six hits are }oaded

al t hough only two dIgItS of 25

1, 454, 268 . 25 information are of |nterest@

The [err] |nstruct|on all ows data |nput to the arithnetic and regi ster
circuit -20 fromra data storage circuit or other external source such as

m ght be enpl oy gi wi th ot her enbodi ment s "afasapes cal-cul.ator. -The RG\/I sel ecd?
and ot her type- m,\ lllaLIULLIUIIb —are. denoted Dy tne pattera XCH M10000
|n|nstruct|onb coding table for theselr@F |onS|s
shown 5xbel ow. Bt 6él: Tl\{I{)En K LNSTI3eK4TI ON DECODI.NG O.ISBmEJN6[err]

into Data Stor agE79OLBIG31 t Théi lROM SELECT i nstruction all O X %
control from onelwflg an th]eFIHEa'éh has a masking ogg é‘gho Rd6
programgd to de . Er r{]33 sel ect FR@yl 3§ nESBMLY | ON' read
fromROM 1 will ggsej}g;he |1p qr33:710 10 in ROM 1. aiss S22t t'he ROE
flip-fl 02670 in le\/lgzm“l'hella}?ﬁllelss i s i-ncrenentéd in the. de & Xbnd timng
circuit as us us lect s in locatio BOM - 1,

the first i nstruﬁl @@Ead If{rdr{n I!?OW W be l"ogatgon’ 1%1-6 egt}e‘{;kg are three
ways to arrive aissa L3Z®i remladtlirless on a different ROV aAEXSHANGEGBWh in
Fig. 30. In pathI88AL2E: trnsflérl (via 1a3|343mcond|t|onal bra Vor 2 jump 15
subroutine) to al 0a g?ﬁss _';e{ I{)ef*ore the desired addr ess TA@Kexecut ed
in ROMN. first. g hqm@ fiSEhECt Mis given. In BB, th&EWMGEC[WHer

is shown (first mvlljslsmel ect ihén -2 tLM6fer) .. Because t-ﬁ@ N
transfer |ocati 0194( L1433 E% hﬁ.‘e}al real%g?ee occupi ed by: a u‘g'?%%l
d: E

third p055|b|I|t ........ S | ess efficient jsg vt es but does
not depend on prpggra_m 5ocat1 ons.. 1A_t>raml r to L3 20 -JSBONE
198 L3306: JgAt.1.1..1 —> L3152 JSB SUB
199 L3307: 1111, 1 . CC+1I'—>CIX]
200 L3310: .1111.1.1. C+1—>CIXl
201 L3311: LJI11,.1.1 —> L3971 ) JSB R13
é 202 L3312: 1.11.1.1.. : PMT42 : IFSlis1
293 L3313: J...11111 —> L31@7 - . ; THENGOTOPV46
204 L3314 1.1..1.1.. FV46 : IFSIQ#1
. 205 L3315 Jd,.1..111 — L3111 . THEN GO TO PV49
°, 206 L3316 LA111111. o _ @—-C—-1—>CIS]
B 207 L3317: d..1..1.1 —> L3111. JSB PV49
208 L3320  .......... ; NO OPERATION
209. L3321: L1ou1.... => L1322 *+*x (CSN :+ SELECTROM 1
210 L3322: 1.11.1.1.. . _ " FVR46 : IFSII#1
" 211 L3323 111..111 —> L3g71 THEN GO TORI13
212 L3324: 11..1.1... : _ DOWN ROTATE
213 L3325 11..1.1... : - _ DOWN ROTATE
214 L3326 11,.1.1... ' ' ’ . DOWN ROTATE
215 L3327 ........ 11 —> Lo#d GO TOFVR47
o/ 216 1.3330: LI..1.... => L1331 *+xxx ROTI : SELECTROM1
217 L3331: 1,111, S12 . 9> C[W]
218 1L3332: 111,01, . C+1-—>C[Pl
219 L3333: 1111111, - : . C+1-—>CIS]
220 13334: 1.1.11..1. : ' " C+ C—>CIWP]
221 L3335 1..1.1.11. ) ; SHIFT RIGHT CIMS]
222 L3336 1101, 1. A - C+1—>CIX] :
223 L3337: ....11.... _ RETURN
- 224 1L3340: 1.1..1.1... . Fv42 : IFSIf#1
3 . 225 L3341 111..11.11 —> L3346 : : THEN GO TO FVR4
226 1.3342: Jd11.1..11 —> L3164 GO TO FVR2,
227 L3343: L.1..10... —=> L1344 . *»exx DIV + SELECTROM1
. 228 L3344: RS § DR ' ‘ TRN16- : RETURN
& 229 L3345: SIolo... => L1346 ***x* MPY : SELECTROM1 .
230 L3346: 111.1.111, - : FVR4 : A EXCHANGE C[W]
231 L3347 it 1. 1... . o _ DOWN ROTATE
232 L3350. I DU T S C—> STACK
233 L3351 Jdobne., o ) , - C—>STACK
234 -1L3352: 1..1.1. C—> STACK

235 [3353: i.il.i1.i1 —> L3ee 'GOTO FVRY



is made, then a ROM sel ect, and then an additional transfer fromL4 to the
final desired location. Wth this nethod, L3 and L4 are overhead st ates.

-Bits Jerr] = 01 designate a subroutine return (RET). There are eight bits

of ‘the 23 fU3354eg| 5t1er Lt is also still pRlar nedy n Ine TEtur T aduress: :
- regi ste§376 33330 . .11 .I.A keycode is-entered |nt@+1%
. ;ﬁGdep

-~ Cl rcui tezsg
- det ect mbxsmposntmv
the. keyMaLaBals | nekied, 10ut- because this ‘'status

that a 2seybisaz:d eml rIYl .al ways junps to one of th

- of storage in the t\/\enty eight-bit shift register 58-62.of the control and
S tifmRng circuit 25 16 for retaining:the return addr ess when Junp

#rputine is executed. This 25 address has al ready been increnented so
.t4'kon of RET is sinply a matter of out utting the address orf 1. Tine 32
: reland also jnseb#34268it into the ROM address 1 8] ster 58

troI and tim ng
r}g a 30 key on the keyboatd.-A xy depr essi on ks
" nt errogation of status bfrxt+1&>A[&lrrr ng -a- conput atr on
) or dinarily not .be
interr t ntrlllrleidrn t-o the displdy |oop. 'Iérela.gt,dg‘ key: depress,gon
saves t ‘e of - il e syste%éé%unte*"(vrhl chis lkE’HdRNhe key code) in 35

the key24s0 e;;abuffﬁrj B {SEB Bd set tRAMEit 0.. Execution

~of the 2485LKEG‘BOARD ENTRY_bn&Blmctr on rou es th ode (six bi ts) in:the
. key co ;’b 55] nilol t ke IL3133i ne. 32 and mtombm%)\/l
eg-, err

‘addr ess reglster 58
‘nost significant two bltsD_gWNrI}O'afEEset to zero so
ixty=four states.
40. 251" L3pgh aIl odithns used in the cal cul at oig ydi scussed to
furt. he,252 374 AEXCHAHI@Eggl' Ilustrate the

i'nstr uc2§4 om3s@t qT‘nehifl”st oiggﬁese al gorithns. |I§S?§tjl spl aﬁ)vval t | oop,. used

at bit ¢ ni

after @5kebd3nns heen.pipcessegpiand whil e waitingd Rty to be
actuated. The second.of these algorithns is a floating" por nt -l tiply .
operation A flow diagram of the display wait |oop is shown. in Fig.This Ioop
is entered after a keystroke has been processed the regi ster A :has been

pr operI y



| oaded with the nunber to be diplayed, and the register B contains the

di splay "mask" as di scussed above. Two flags or status bits are required.
Status bit [err] hardwired in the control and timng circuit 16 to
automatTcalTy set wnenever a key is down. Status bit 8 (S8) is used in this

programto denote the fact that the key 10 which. is presently down has
al ready been processed (since a routine may be . 10 finished before the é
key is releasedy. In states D1S1 and D1S2 these two status bits are

initialized, Thegya loop i's used as a tine;ghbgy (about 14.4 ns.) to wait49
out any key boumce—tmEtSt—status—brts % S, CheckRed, 1he T1rst (1 ne
through the -algorithmit nust be | since it %Ms“et in DIS1 to denote.the -
key has peen 15 g p4pgp0cessed. | n st pjgpi DI« t PRRORS R S8ELEST Rovgpd on
(actually it is tloggl(md si.nce...t..must” 15 previously havum&ﬂ%&t her e

is no DI SPLAY" ON Jicti-on):;:-At thi me,Lhe gnsver aBRX ﬁ e user.
In. DI S status %% Oﬂ’\ {s check eg3®6 see |le TERY i % th) not

(i.e., S0=0), thés pragys:ous keM hias_beemis el easedsoamd St 3SRIPOWN3 8 (S8) is
reset to Q (DI SV)MWE:e maldhihe. i s now ready to accept a—h key.-'since the

previous 20 - 7been pridcessed rel eased. The &ggafit hm cycles
m% i t?l_r; a new key. Thi gsgg e basic wait

t hrough D1S6 and 9 rap1¥0 D ST 1\4\/31| tTi\g
cycle of the cal ol papoz:.. f.l SOl i DiEb, the key whi chGQ;TdS@DMay ‘be the .
old key (i.e., the W&} ust. lrd)dessed) or a new ke§TAIThj s° 8EAC termne -
upon return to D ire - %Fus bit 8 (S8) is checked. g> key is
down (S8=0), exegjt Jurnps 10.D1S8., the displ ppws ZSDOWN med, and
a junp out is nate mrser\mce It. he key. A listingDOWNhe & ROIATE 25

given in the table %g%w ITABE. OF V\AI T LOOP ALGORI THM:L ROTATE
OPERATI ON 1T LAkl DI S ) S8 e status 8
D1S2: [eng |Lap23:  .....1..11 —> BagsetStatusO DI S3: ~ THENGOTORETURI
Decr ement poi nt e 148242 ]121i.l.... -> L5025 ***®¥3wor d IoopSlEBEQTBQ)Mﬂ'HEN co)
TO D1S3 - ,zztﬁ%ét 9%’?..F%YP°“”CE4@%SPLAY ¥ FHEN GOTOSOD? .
: 23 LAP27: AL —> L4937 ‘GO TO SOD6
: 24 LAG3G:  ........ 11 —> L4900 FV .+ "GO TOERROR
* 25 LAP3l: ... - .. NO OPERATION
: 26 L4932: 1.1..1.... —> L5@33 **x**x Py - SELECTROMS -
27 L4933 1111.11.11 —> L4366 PMT : GOTODNOTEI
. 28 L4p34:  .1.1...1.. ‘R 1 1=>S85
29 LA4935: 1.1..1.... —> L5p36 ~****== _  SELECTROMS -
- .- 30 L4936  ........ 11 —> L4009 N : GOTOERROR -
31 L4937: .1...1.1.. ‘ SOD6 : IFS4#l :
32 L4p4@: 111..11111 —> 14347 ' -~ THEN GO TO SOD1
33 L4p4l: 11..1.1... - o 'SOD3 : DOWN ROTATE
34 L4gd2:  .1..1..1.. SOD5 : 9—>S4 ,_
35 L4p43:  .11.1.1... ° .  STACK-—>A
36 L4p4d:  11..1.1,.. - DOWN ROTATE
37 LA@45: - .11...111. - . C—> AlW]
O 38 Lape: ... 11111 —> L4I7 JSBDOWN2
39 14p47:  .11.1.1..1 —> L4152 - . JSB SUB
49 LA950:  ....1.11.1 —> L4p13 - , JSB STAI
- 41 Lap51: .1...11..1 —> - L4196 - JSB ONE _
42 14052 -1.11.1.11 —> - L4132 . GOTOSOD4
43 14053 ...1.1.111 —> L4925 DEPR : GOTOSOD
44 14054: .111.1.1.. R TRNDI : IFS7#1
45 14055: ..11..1.11 —> L4p62. ' 'THENGOTOTRNDS
' ‘46 LAPS6: - .1...1.1.. . IFS4%
. . 47 LA@57: .11.11.111 —> L4155 - THENGOTOTRND3
48 L4p6p:  .1..1..1 i _ - 0 —> 'S4
49 14@61: 1..11..111 —> L4231 GOTOTRNDS.
' . 5p LA@62:  .111...1.. ,_ .. TRNDS : 1-—>§7 :
« 51 L4@63: .1...1.1.. = . IFSa%1. . .
: 52 L4P64:  .1...111H —> L41¢7 _ - THENGOTOTRND4 :
53 L4@6S: .1..1..1.. P—>84 _ :
54 L4p66:  11..1.1... . DOWN ROTATE °

11. : :
55 L4967:  1..1.1.111 —> L4225 o ' GO TO TRND2



Dl S4: IF S8 [err] 1 | f key not processed, THEN GO TO

Dl S8: : | eave routine DI S5: DI SPLAY TOGGLE Turn on
di splay DI S6: |F: SO [err] 1. I f key up, reset [err] [err]
Key. down. Check if same key [err] Indicate key not processed [err] GO TO

Dls6 Back to wait for key D1S8: - - - Blank di spl ay

a% KEYS[ err] ROM ADDRESS  Junp to start of programto [err] The -
gati ngpoint nultiply algorithmmnultiplies x times [err] vvher\s-/the' :
-reglsst‘)er C contains x in scientld4s4gegotati on and t he regl ster.: & -contai ns

[err] ( g.nat 4 n The 30 CaLLga Irle T TOT capOﬂdS to

t he useg*;s 7[eg|13k'q'rij¢hd fhe ?7eg| ster B?égo %%E%m]regl ster)
When t hés h4ﬂ72| plylkeblis depressed,the wait | ogpsategr it junpato a
ROM ad SOF - %‘pﬁ ding to the first step of HQ@QONST{&NSF%I gorithm.
becauseg f velyifingji nstruction KEYS [err] @state DLS9 in

Fi g. 31)52|B4ge5<ecuuﬂd .1.The key code actually bec@:p;; i ]next ‘ROM 35 .
addressﬁ3 At-49t7'h lrﬂa .the contents of, the reg |5RE§!IH{1\A—D_ar_e i ndi cat ed by.

t he e |s>te 2 float| P@‘DTI%I ntJ gUBn of “x Regi ster B .
di spl aY6 Or 1X1 &?9' St Es1gsCi i fic formsﬁ g’ﬁ@ms - Register D
scienti 61 chOJm af. 1y1 ..... —> L11@4 *+++ Rigg. : SELECTROM1. . 40 - 27
1, 454, 268 L4194: 11 : "TRNDB ThDCWNROTATE f or executlng
f1oati np pidfifg; mu # P" i3 oM | heghghl e b%ﬁ C'11311<30M1
.71 LA19T: lll...l.. TRND4 - 1-—>87. .
2 L4110: .10 > L4913 - -JSB STAl .- :
73 L4l . nLnd. . | . AEXCHANGEC[W]
74 LALI12: --.1...11..1 => L4196 . . JSBONE' ..~
75 L4113:  (11.1.11.1 —> L4153 : JSBADD -
76 L4114: 11..1.1.. . o - DOWN ROTATE
S 77 LANS: - L 1..1.1.. : L  C—>STACK
78 L4ll6:  I11..1.1.1 —> L4345 - . . JSBMPY.
79 LA4117: mn..r.r... . : . _ _DOWNROTATE :
80 L4120:. .1...1.111. ' - ‘BEXCHANGE C[W] _
81 L4121: - 1i.-1.1... ) ... .DOWNROTATE |
82 L4122: - 11..1.111, ., TRND9. : AEXCHANGEB(W]. .
83 L4123 . 11.1.11.1 —> L4153 _ JSBADD - . . A
84 L4124:  11..1.1... o S DOWN ROTATE - S
85 LA4125: . .11.1.1.. S T -~ STACK-—>A -
86 L4126: .11.1.11.1 —> L4153 , JSBADD . o
87 L4127: - .1..1.1... L S —>STACK L
88 L4130:  ....1111.1 —> L4917 e .- JSBDOWN2.:: _ : :
- -89 L4131 LA 011 > L4979 - " GOTORI3
99 L4132 - .i1.1.11.1 =5 L4153 . SOD4 : JSBADD -
" 91 L4133 . 1.1.1.1,.. : . . M->C
.92 14134: 111..1.1 . 14345 ' JSB-MPY
93 L4135:  .11.1. L4153 ~ .JSBADD
94 14136: - - " L4013 : .JSB STA1
95 14137: - ...1... . . : B —> CIW] .
96 L4149: - -111,. L4345 a JSBMPY ... ¢ w
97 L4141:  ....1. L4013 L . JSBSTAl - . e
98 L4142: I - AEXCHANGE C[W] '
.99 L4143: 111, L4070 ... .. . GOTORI3 .- L
100 Ld1dd:... .. 1.1;1... -“INTER : CEXCHANGEM ' i
101 L4145; - L4103 S - JSBR109 SR
102 14146: " 1.1.F.1.. e - M=>C .
103 - 1L4147. 1.1.111, _ , ; 'AEXCHANGE C[W]
104 L4159: TS OO 3 SR ' : ) ' CEXCHANGEM R _
105 L4ISL: - 1.1...1.11 —> L442 . . . GOTOINTERL-. " -
106 L4152; ~ ..1 —> L1153 #**** gUB ~ : SELECTROMI  : - = Y.
107 L4153 - .1 ~> LI154 = ADD  : SELECTROM1 -
108 L4154: .. —>- L115§ **** ADD] : SELECT ROM 1 : G : :
109 L4155 .. 1 =5 L4p13 . TRND3 : JSBSTAI - Lt
119 L4156. - .1..1.1... ' . R . C=> STACK ' ' ST
11 L4157 - -> L4343 JSBDIV -
112 LAl60: = 11, _ . | . _DOWNROTATE
113 1L4161: .~ .1...11..1 —> LA4Ig6 . JSBONE .
114 L4162: ~ .11.1. —>.- 14153 IR JSB ADD

115 L4163: B->C[W]



The letters in parentheses indicate word select options as follows: P

poi nter position M mantissa field with '

poi nter position I\/B manti ssa with sign 5 out ?(I ggx\é\gnegﬁ “Jel d

W entiTe word . 5 XS Exponent sign S
manti ssa sign only TABLE OF FLOATI NG PO NT MULTI PLY ALGORI THM LABEL - :
OPERATI ON . _COWMENT MPYl: STACK A .
Transfer 'y to W+ Drop stack MPY2: A+C'[err] C( X) : - - Add
exponents to forﬂwe\xfp\er;e‘gt of answer A+C - @gS)268 . .- Add signs!.

to formsig OPY3 of —amswer. 0

-F . [err] %&WNROTATE
CBjor[ﬁgL Si gn :cf bdtl @@%\t I vlc%l WP\{?, > (83451 B(W- - - JSBMPY ™ Cear
, Lransfer’ mant i ssa .of ySTBgK‘)J—xAO [err] .

AW . 119 Lam*parlelA tioi acsuibddit e product [err
Set pointer to LSO20Lb&KE: Si h4h"_¥chnt—>D|‘ﬂl5t) Mul t'i pl i er (M Bofﬂ@ P+

1- P I nt to next di
ilgit. MPY5 /€F—>BSTM:K A
Adg mul ti"pl i er mi“lltzg %%17%0 paiti i G4 [a1s2] C(P) - 7~ JSBSUB ]prg‘é‘fm
C(P) tinmes. Wien GQip) EOL741F NG ICHRRY-SOLFOAPYS st op and?® ‘1{ R
digit SH FT. Rl GHT 1B5WLAL75:: L1 Shi ft partial .product NGE BIW]
Check i f rrultlplyi i%ﬁjeteu’lll:_lNci'j;T P ue rl]g err] 12
at NED. | F A(P)> 1IN Y4 JlSBeDOWH3p0| nter
(P)> 1158 Laoos  .1.. _Shdalws f VBD. = 0. THEN GO
-I\I-/UOILVPYIG by 10 129 LAMNS 1. lllelfﬂ énd>cdr41153?ct exp: SHI FT LERT
| n
ply by 10 and ﬁeﬁ%entlﬁ PTGt Crlgaher ] . JSBDIV_
132 14204 - :11.1.11.1 —> LAI53 - -7 JSBADD
1337 14205 il..1.1... . DOWNROTATE
134 L[4206: 11..1.111, - - - - AEXCHANGE B[W]
135 L4207: -~ .11.1.1..1 —> L4152 - JSBSUB
136 L421g: .11:1.1... o - STACK-=>A
137 L4211: - ....1.11.1 —> L4913 .. JSBSTAl
138 L4212~ ..1...111. | B—>CIWI]
139 L4213 . 111..1,1.1 —> L4345 o - JSBMPY
149 L4214 L1 -+ 'STACK—>A
141 14215 _ .11.1.11.1 —> L4153 - = - JSBADD
. 142 LA216: ©..1111111. 9—C—1->CIS].
‘143 L4217: .11 CEXCHANGEM .
144 L4220:  ..11..111. : 9> CIW]_
145 L4221: .1..1.1... | C->STACK
- | 146 14222: 1.1.1.1... . M=C
147 14223 .1..1.1... | AR C—> STACK
148 14224: . .1...0.00 > Lal4 ~  GOTOTRNDS
149 L4225  .1...11..1 —> L4106 TRND2 : JSBONE
150 14226: - .11.1.11.1 —> L4153 | JSB ADD
151 L[4227:. .1..1.1... .. C—>STACK
152 14230:  .1..1.1.. T C—>STACK:
153 1[4231:° .11.1.1... . TRNDS : STACK—>A
154 14232: . .11.1.1... -7 . STACK—>A’
155 ‘L4233 .11:..111, | . Ci>AlW]
156 L4234 ... LD —> L4917 .. . ISBDOWN2
_ 157 14235: © 111..1.1.1 -—> L4345 .. JSBMPY .
158 L[4236: ~ 1.1.1.1... . M3>c T
159 L[4237: .i1.1.11.1 —> L4153 .~ '~ JSBADD
f6p L424g:  ....l1101 —> Lap3 o - JSBSTAL |
161 LA241: .1...1..11 —> L4184 | 'GOTOTRND6 :
162 L[4242: 1.L.1.1... INTERI : M—>C -
163 L4243:  1il...11.1 —> L4343 ~~ JSBDIV :
‘164 L4244:  11..1.1... - 'DOWN ROTATE °
5 165 - L4245~ .11.1.1... " . ~ STACK—>A -
166 L4246: - .11.1.1..1 —> L4122~ = - JSBSUB .
167 L4247: ....1.11.1 —> 1413 - ISBSTAL .
| . 168 ‘L4259 ..., . . - B_>CIWI
e 169 L[4251: ~.11.1.1..1 —> L4152 o _JSB'SUB"
: 170 L4252 .il.l.l... . SRR CEXCHANGE M
171 L4253 .1...11,.1 —>' L4106 : . JSBONE
172 [4254: " :11.1.11.1 —> LAIS3 . JSBADD ...
173 L[4255; - .1..1.1... S C—>STACK  °
174 14256 - ..1.1.1... o o C EXCHANGE M
175 L4257: ..... M. —> LApe3 © JSBXTY
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‘. dubroutTnes s gi ven bel ow.
subr out82eE4266ind donét ahts> 346

% Tt he 1 il lwﬁtlrpa elﬁﬁi

mto—the DI'SPLAY
U%ﬁé&]"ﬁ@%& | NSTRUCTI ONS A

‘instruct I ong

PHM enpl oyed by these
- 3 routines,
stored in thqs -{Jer ], as |nd| JLat ed

ociated with eadﬂBRﬂD Each I|ne in €ach
e first colum fJF

| eft hand si de of

Me 1isti ng. .
t he pad@6 Wﬂkfamlttlate-5>r@.ﬁw36ncet0 d|ffere :
Eachpa lsl Ferr]- |s represented - octsa' by 10 four -
digits ]g sec of um the |eft-hand §EPQCHANGEMD619€ T[‘e f|;-.‘rst
digit 190 I mtlfuﬁs lwhgcb> s2and the next th LS Lopresent @ "
ni ne- bil laldm’zgssl tﬂ]a preceding these four diglSgd s nerely an addres
i dent i f % 3the g’c AvlctT5onLéM5 const ant st oredésglmlg(i%%iress of ROVl $
lerr] itdy r@l@ grseni el i q binagygformin the g ONE ‘
195 14303; d1.1.1, —> L4152 : .. JSBSUB ' N
196 L4304: 'll 1.1, _-. DOWN ROTATE
197 14305: lllllll - 9-C-1->C[S]
198 L4306: l .1, : C—> STACK
199 14397.. 11_1_..1.1.1 ~> L4345 JSB MPY
200 L4319:  11..1.1... ' DOWN ROTATE
20] L4311:  .1i.1.1... - STACK—>A -
202 L4312 JA1L1LT. .. STACK—>A =~ o
203 LA4313: R U OO DI . CEXCHANGEM o
204 L14314:  [11.1.1..1 —> L4152 JSBSUB
205 L4315 1.1.1.1... _ ‘M=>C
- 206 -1A4316: - 111..1.1.1 —> 14345 - JSB MPY o : .
207 L4317: L1 > L4979 : - .:GOTORI3 - L -
208 L4320: 111..1.1.1 —> L4345 - DNOTE3 :. JSBMPY . : L
209 14321: ..1.1.1... - CEXCHANGE M
210 14322: . .11.1.1... STACK —> A :
211 14323 ... 1.11.1 —> L4913 JSB STA1 -~
212 L4324: L1111 —> - L4971 . - JSBL36®
213 L4325: 11,...11.. T 125P
214 14326: - 111...11.1 —> L4343 JSB DIV
215 L14327: 11..1. 1... - DOWN ROTATE _ :
216 LA4330: ..l-ll..l.l —> L4071 - JSBL36D. . - <
217 14331: .1.1.11,.. - - LOADCONSTANTS
218 14332: ° 11.,..11.. C12—>P 0 - ' :
-219 14333:  111...11.1 —> L4343 JSBDIV "
220 L4334: eI o> L4913 JSBSTAl
221 L4335 .11.1.1..1 —> L4152 . JSBSUB - .
222 14336: WAL > L4017 JSB:-DOWN2
223 L4337: -~ .11.1.1.., . .. STACK—> A" -
224 14349: - 111.1.111. " AEXCHANGE C[W] :
225 14341:  .1..1.1... _ . C—>STACK . ' 6 -
226 1A4342: -.1......11 —> L4190 . . GOTO DNOTE4 S
227 L4343: (1000, -5 L1344 s ppv : -SELECTROM 1 |
228 14344. .......... : : NO OPERATION -
229 L4345: ° ..1..1.... —=> L1346 *%*x= -MPY : SELECTROM1 R ® -
230. L4346: b loo.0 —> L1347 ***s* TEN6- SELECT. ROMl o ' '
231 L4347:  .1..1..1.. SOD1 ~ ': 9->84
. 232 L43se: L.Qlld... . © | CEXCHANGEM
233 L4351: © 11.:1.1 . DOWNROTATE
234 14352: .1..1.1 - C->STACK .
235 L4353 .1..1.1 .C—~>STACK



third colum fromthe |left-hand side of the page. Branching addresses. are

15 re resented in octal formby four digi '

( gits in the fourth colum from

the eft-hand 15 side of the page. Explanatory conments are given in the
renal nrimg _cor anns. 29 . 1. 454 268.'
29 ROM 0 [err] 30 1, 454, 268 -
30 [err] 31 -1, 454,268 - - gql B
Lerr] . 32 - | 1, 454, 268 e
3 [ er r] | [er I’S; 33 B _ 1,454,268 . 1, 454, 268 _ ._'53

236 L4354 g1 —> L4106 _ JSB ONE

237 L4355 A1 —> L4153 1 JSBADD

o 238 L4356: : . 1...1.111. : . BEXCHANGE C[W]
- 239 L4357 1ll..1.1.1. —=> L4345 JSB MPY .
240 L4360 - ..1.101... - .. CEXCHANGEM
241 L4361 111.1. 111, S : a A EXCHANGE C[W] -
» 242 14362:. - 111...11.1 —> L4343 : S JSB DIV
- 243 L4363: Y ) 0 SRR . " CEXCHANGE M

244 1.4364: 11 => L4042 _ GO TO SOD35

245 L4365: LI : SELA4 : KEYS —> ROM ADDRESS

246 14366:  .1..1..1.. DNOTEI : 08—

_ 247 - L4367: N T I g : . CEXCHANGEM
: o 248 L4379: - .1....11.1 —> L4103 JSB R100
_ 249 L4371 - 111 1111, ' A EXCHANGE C[W]
' ' 250 1L4372: Aot o C > STACK T

- 251 L4373: 111 111 —> L4343 : JSB DIV -

252 L4374 5 D 0O T ' STACK—>A =

253 L4375:  11..1.1... . DOWN ROTATE

254 LA4376: A IS IS ' o CEXCHANGEM :

255 LA43TT™: 1.1....11 " —> L4329 GO TO DNOTE3

»



. 3 /‘

34 1,454, 268
34 ROM 1 [err] 35 1, 454, 268
35 [err] 36 . 1,454,268
36 [err] - 37 ' - T I 4547268 —
SZf,err] 38 1,454,268
err] - '
54 1,454,268 54
_ ROM 35 S - :
0 LSOO ... - NOOPERATION -~ + =~ =
toLSeol: ... s ~ NOOPERATION -~ . .
2 L5902 ...l > ums s#x#x XTY  : SELECTROM4 - __
3 L5093: - 11..1.1... S182 DOWN ROTATE'.,-.'_ - I '
. 4 'L50@4: [1..1.1,.: R C—>STACK . e
5 -L50@5: .11%.1.111. - AEXCHANGE C[W]._ :
.6 L5006: A6 C—>STACK .- . =
7 -L5@@7: - .. 11..111. 9> CIW]. S
8 L5plg. ...L.11.. LOAD CONSTANT1 -
9 LSOIL:  1..o.00.. LOAD CONSTANT 8 _
10 " L5012: J0.11005 LOAD CONSTANT2 = = . . =
11 L5013 - .i.0011 .- ~ LOADCONSTANTS - . S
12 L5914: RO § B S . _LQAD _CONSTANTfﬂ.- oo !
. 13 LSP1s: 111011 S185. P C+1->CIX]-
14 Lsple: . A1LLE1 . C+1-5CIXIl
S I O ) b A EEE § S § e - 12=>P
16 LS@2e: . LU udL L "RETRS : RETURN
17 Ls@21: - .11, 111, 5180 - : 9> CIW]: v
- 18 L5022: SRR S § D B LOAD CONSTANT l
19 L5023: 1,...11... - LOAD CONSTANT § - : ;
- 20 L5024: LLILMY > L5S@LS GOTOSI185 . , ' -
21 L5@2s: 1.1,.1.1.. : . IFS1941 . : e
- 22 L5026 L1 11 —> L5939 _ _ THEN GO TO SEL6
23 LS927: S S : .o . "RETURN
24 -L5030: - 11...1.... —> L6@31 *»*x* gQEJG : SELECTROMG6 oy
- 25 L5@31: .......... ’ _ - NOOPERATION '
- 26 L5032: cetrrreens ] : NO OPERATION K
- 27 L5933: 1.1...1, _ : BONDI : 1-—>85 . .
. 28. L5034: oL > LSIgS JSB ONE o o .
29 L503s: AL, 11 —>  LS1SS " GOTOBOND3 T o o
-39 L5036: A1, —> L5976 BONDR1 : JSBSTAl - I .
31 L5937:  i.11...1.. - S 1S
32 LSe5e:  .1..1.11i. ASBW)
- 33 L5041: Lo, 1, : C—> A[W]
34 L5042: AL, .1 —> L5154 -JSB ADDI1
35 L5@43: 11,.1.111, AEXCHANGEB[W]
36 L5044: 1i1...11.1 —> L5343 JISB DIV
37 L5@45:  ..1.0.1... 'CEXCHANGEM |
38 L5946: Adooo 101 —> L5192 JSB R199Q . : u
39 L5047 111.1.111, : AEXCHANGEC[W] et
40 L5050: L., 11.1  —>.- L5343 JSB DIV '
. 41 L5@51: ...... 11.1 .—> L5093 JSB S182 -
42 L5052: I11...11.1 " —> ‘L5343 JSB DIV o
43 L5@s3: .. .dii10. . IF CIXS] >=1
44 L.5054: UL 011 —> L5134 - . THEN GO TO BONDR2 i
45 "LS5@s5: - ,.111.1..1 —> L5072 _ _ JSBDOWN oL E
46 L5@56:- 1.1.1.1... o _ ‘M—>C : S :
- 47 LSOST: 1..1.1... - BON2 : DOWN ROTATE o
- 48 L5060: | 0 T U DO BONDR3: M—>C" .
49 L5061: . 011 —>  L5g1S - JSBONE -
50 L5062: 11,1111 —> L5153 JSBADD T T
51 L5063: 11,1 —> L5976 JSB STAL - o e e
.52 L5@64: . 111.1.111, . . " A EXCHANGE C[W] - B
- 53 L5@6S: 1.11...111 —> L5261 - GOTOBONDR7 . - - - - -
.. 54 L5066: A6 1L, DNOTE2 STACK-3A o T E
» .55 L5067 1.11..1,, 'R13 T0->85 : e T



39

‘1,4
39 ROM 2 [err] 40 54, 268
40 [err] 41 1,454, 268
41 [erd 42 1,454, 268
42 =T =z _ . 11 4541 268
[err] 43. 1,454,268 [err] 44 . '
1, 454, 268 . ] 44 ROM 3 o
Y [err]
55 S . 1,454,268 _ 55
_ 56 LSg70: . .11..1.... —> L3071 e SELECTROM 3
57 Lsg71:  1l..L.1.. ©~ DOWN3 : DOWN ROTATE
* 58 Ls5@72:  11..1.1.. DOWN2 : DOWNROTATE
59 Lsp73: 11..1.1.. """ " DOWN ROTATE
60. L5074:  ....11...  RETURN.
61 L5075: 11..1.1 STA2. : DOWNROTATE
g 62 Ls5p76: .11.1.1 STAlT  : STACK—>A
| 63 L5g77: .1..1.1 : C—> STACK
64 L5100 . ....11. | RETURN
65 L5191: ...... e L | NO OPERATION
e IS182  i..ll. —> 1413 wess+ RI109 _ : SELECTROMA
67 L5103: .1.1...1. L DNOTE5 : 1->85 -
68 Ls5104: .1...11.11 —>-Lsig6 . . " GOTODNOTE6
% L5105 1...1.... —> LAlg6 e+ ONE _ i SELECTROM4
70 L5106:  1.1.1.1.. DNOTE6 : M—>C '
71 L5107: 111..1.1.1 —> L5345 - " JSBMPY
72 L5119 .1....l..1 —> 15102 JSB R109
73 L1l 111110, : AEXCHANGEC[W]
‘74 L5110 1L,..11.1 —> L5343 JSBDIV . .
75 L5113 ..1111.1.1 —> L5975 JSB STA2
76 LS5114: 1.1.1.1... : M->C
77 L5115 111..1.1.1 => L5345 " JSBMPY
78 Lsile: . l...:l..1 —> L5102 - . JSB R109
79 L5117 ili.i.aii, AEXCHANGEC[W]
89 Ls12¢: - 111...11.1 —> L5343 JSB.DIV
- g1 Lsial: 11,.d.1.0. DOWN ROTATE
& g2 L5122 - L.L1.1.. | - IFSl1#1
| g3 L5123 ..11.11.11" —> L5066 - THENGOTODNOTEZ
84 L5124: ..11.11111 —> L5067 GOTORI3 - =
85 L5125 - 11..1.1... - T DOWNROTATE
* 86 L5126: 1t...111, ' _ C—> A[W]
87 L5I127: 1. 11111 . - IT2 IFAIXS]>=1
88 L5130 ...l....11 —> L5020 - THENGOTORETRS .
89 L5131: - 11.11.1:1; A—1-—>AlX]
9p L5132: .l....:lI. - SHIFTLEFTA[M]
91 L5133 .l.1.11111 —> L5127 GOTOIT2
92 L5134 .11.1.1... T BONDR2: STACK->A
93 L5135 1.1.1.1... o . M=>C
94 L5136 .11.1.11.1 —> L5153 JSB ADD
95 L5137 ..I1111..1 —> L5076 JSB STA1
\_ 9% Lslap: . ...1...1.1 —> L5l JSBS180
97 L5141: " ilL... 1.1 —> 1.5343 JSB DIV
o8 L5142 .1...1.1.1 —> L5195 JSBONE .-
99 L5143 .11.1.1,.1 —> L5152 JSB SUB -
100 L5144: - 1...1.111. K BEXCHANGEC[W]
101 Ls145° ..1.1.1... .CEXCHANGEM-
192 L5146: ~..I11111L, - 9—C—1->CISl-
193 Ls147:  1il..1.1.1 —> L5345 JSB MPY.
194 L515: .1...1.1.1 —> LSI95 JSB.ONE |
5 195 Ls151:  ir.11..111 —> L5331 . GO TO BONDRS
- 198 L5152 ..l..1.... —> L1153 *x=ex SUB SELECTROM 1 -
197 L5153:  .1..1.... —> L1154 s+ ADD  : SELECTROM:
108 5154 ..1..L.... —> L1155 ~**+* ADDI .: SELECTROMI
- 199 L5155 1AL - BOND3 : C+C—>CIW]
v 110 L5156: 1il...11.1 —> 15343 .- - JSBDIV
111 L5157: A O W Bt _ : CEXCHANGEM
112 L5160 .1....1..1 —> L5102 - JSBRIgD . o
113 L5161: * °......11.1 —> L5083 . JSB S182
114 L5162 111...11.1."—> - 15343 _JSBDIV
115 .. dHd o IFCIXS]>=1 -

L5163:



1, 454, 268
45 ! 1, 454, 268
45 [err] 46 1 454 268
46 [err] ya ’1 4::_)4 2;38
47 [er r] 48 - , ;
43 1err] 49 1,454,268
D 4 Jerr
56 _ _ 1,454,268 56
116 'L5|64 Coal L —> L5232 : THENGOTOBOND2
117 L5165: L —> L5975 JSB STA2
118 L5166:- - .1...1.1.1 —> . LSIﬂS' JSB ONE -
119 L5167: =~ 1.1.1.111.. ' C+ C=> C[W]
120 L5170: ML, AEXCHANGE C[W]
121 LS171: - AE1.H.1 —> L51-53 JSBADD
122 " L5172: S0, ) c B> C[W]
123 L5173: 111.,.111. —> L5343 JSB DIV o
124 L5174:  1L..1.1... . DOWN ROTATE '
125 'L5175: 0 N U I - STACK—> A -
. 126 "L5176: -~ 11..1.1... _ DOWN ROTATE
- 127 L5177 .11 R, s - §-C— l—>C[S]
128 L5209:. el —>  L50@2 - JSB-XTY
129 L5201 d.1.1,1.1 —> L5125 JSBITI .
130 L5202: 1.1.111 S AEXCHANGE C[W]
131 L5203: I...K1.1 —> L5195 JSB ONE
132 L5204 1h.1.11.1 —> L5153 JSB ADD
133 L5205: ceeesoboll —=> L5002 JSB XTY
. 134 L5206 L1011 —>  L5p71 JSB DOWN3
© 135 L5297: LI —>  L5P76 - .JSB STA1 .
136 L5219: J1.1:1, 0 —> L5152 JSB SUB
137 L5211 L1 T —-> L5153 ..JSBADD
138 L5212 1.1.1.1... M—>C
139 L5213: '111:.1.1.1 —> L5345 JSB MPY o
149 L5214:  11..1.1... DOWN ROTATE
141 L5125: ....11.1.1 —> -L5@15 -JSB S185 :
142 L5216: I .1.1... ’ DOWN ROTATE
143 L5217 .11, _ C-> A[W] -
144 L5220: 11.1.1... ) M-—>C
145 LS221: ° 111..1.1.1 —> L5345 JSB MPY o
146 L5222: 11..1.1... ‘ . DOWN ROTATE. -
- 147 1.5223:  11.1.1... STACK <> A :
‘148 'L5224:  111...11.1 —> L5343 JSBDIV
149 L5225:; d101.1... STACK —> A
150 'L5226:  .11.1.11;1 —> L5153 JSB.ADD: R
151 L5227 I..1.1... o DOWNROTATE o
152 L5230: JA1L.1.1..1 — - L5152 JSB SUB '
153 L5231: LI > L5067 . GOTORI3
154 1.5232: S —> L5875 BOND?2 . : JSB STA2
155 L5233: UL —> LS@21 - - JSB'S180
156 L15234: 111..:11.1 —> L5343 . JSB DIV o
157 L523s: 1h..1.1... DOWN ROTATE '
158 L5236: 111..1.1.1 —> L5345 - JSBMPY
159 L5237: - .1...1.1.1 —=>. L5195 . JSB ONE
160 L5240: F.1.1.111; _ - C+ C—>C{W]
161 L5241: L1 —> L5153 JSB ADD: S
162 L5242: - ..1.1.1... _CEXCHANGEM.-
163 - L5243: = .1...1.1.1 —> L5105 JSB ONE . :
164 1.5244: LWL > LSP1S - JSB SI85 ..
165 1.5245: LT 1L - —> L5153 . JSBADD -
166 '1L.5246: - .. 1...111.- . s B —> C[W] B
167 L5247: . .1.1.1... o CEXCHANGE M- o
168 L5250:  111...11.1 —> L5343 JSB DIV L
169 L35251: L1 —> L5153 JSB ADD
170 L5252: AL —> L@ JSB DOWN3
171 L5253: . .1...1.1.1- —> L5195 ~JSB ONE
172 L5254; 11,1 —> L5152 . "JSB'SUB L
173 L5255 LI , CEXCHANGE M..,-
174 L5256: Hi 111 —=> L5345 JSB MPY :
175 L5257: 11 D N S DOWN ROTATE



50 1,454, 268
50 [err] 51 1, 454, 268
51 [err] 52 1 A54 268 52
[err] 71,454,268
53 236 " L4354: .1.. 11 1 -> L4106 JSB ONE [ertf %‘
54. 1,454, 268 54
5 0 L5000: N ' NO OPERATI ON |
L5001: SRR 7 B o _ 1,454,268 NO OPERATI ON [err§7T
176 L5260: l 111 l l l 11 —> L5376 - .. GOTOBONDRé6
177 L5261: .1 —> L3092 “. BONDR7: JSBXTY -
- 178 L5262: l . l . l 1 —> L5195 - JSB ONE
179 L5263: - All11. > . L5152 . JSB SUB
180. L5264: 11.11,...1 => L5330 ~JSBROTI .- .
181 L5265: L1111 = LSaNn -JSB DOWN3 -
o ® 182 L5266: L1111 —> L5152 , ~ JSBSUB
. 183 'L5267: 11.11.. l —> L5330 K JSBROT1I
184 L5270: 1..1.1. 'DOWN ROTATE
185 L5271 111 .l.lll. '~ AEXCHANGE CIW]
186 L5272  -111...11.1 —> L5343 : JSB DIV :
187 L5273: 1.1.1.1... . - M=>C
188 L5274: 111..1.1.1 —> L5345 JSB MPY
189 L5275: 1,1 —> L5976 JSB STAI
199 L5276: Jd1.1.1.1 —> L5153 . JSB.ADD
191 L5277: S 9 U U DA R STACK —> A
192 L5300: L1111 —=> 0 LSeT72: JSB DOWN2 -
193 :Ls30t:  ..1...111. : B —> CIW]
194 L1.5302: .11 > L5975 - JSB STA2
195 L53@3: - 1.1:1.1... M->C
196 L5304: 1.1, 11,1 —> L5153 JSB ADD
197 L5305: 1.1.1... - CEXCHANGEM
198 L5306: S DU ¥ § B —> CW] :
199 L5307: LeWi1r > LSOLS JSB S185
200 L5319: ....11. 1.1 —> L5015 . JSB S185
201 LS311: LW 111 > LSPIS JSB S185
4 202 L5312: A1, 11, IFCIM]=0
.203 L5313 11..111.11 —> L5316 THEN GO TO BON1
204 L5314: J1.111.1 IF CIXS]=0
205 L5315: Jdb,...11 —> L5060 : THEN GO TO BONDR3
- 206 L5316: i.11.1.1. : ‘BON1  : IFSIi# :
"207 LS5317: 11111, i111 —> L5373 B THEN GO TO BONDR4
. 208 L5320: - 1.111..1.. -P—> 811 .
209 15321 11..1.1... DOWN ROTATE
210 L5322: IS DS I D o ' C—> STACK
211 15323: Jd.101,1.1 => L5125 JSBITI .
212 L5324: 111.1.111. . _ - A EXCHANGE C[W]
213 L5325: g, 611 —> L51@S JSB ONE
- 214 1.5326: Jdb1.1..1 —> L5152 JSB SUB _
. 7215 LS327: 111..11.11 —> L5346 ' GO TO BONDR9
U 216 L53309: L1..1.... => L1331 *s*=+ ROTl. : SELECTROMI
- 217 L5331 A1.1.11:1 —> L5153 BONDRS : JSBADD .
218 L5332: JA1.1.1. o ' STACK-—> A
219 L5333: ... 1.1 - - L5343 JSB DIV
220 L5334: Jd...1.1.1 —> L5105 JSB ONE
221 1.5335: Jd1.1.1..1 —> L5152 JSB SUB
222 L5336: 1.1.1.1.. . -M—>C
223 L5337: 11t,..11.1 —> L5343 - JSBDIV
224 1.5340: 111111, .11 —» L5374 GO TO BONDRS
» 225 L5341:  .......... NO OPERATION
226 L15342. .......... o NO OPERATION
227 L5343: 1..1.. —~> L1344 ****x DIV : SELECTROM |
228 LS344: ...l : : : NO OPERATION
- 229 1.5345: .10, — L1346+ ‘MPY = SELECT ROM |
- 230 L5346: I § § % - . BONDRY9 : B—> CIW]
231 L5347 111..1.1.1 —> L5345 ' JSB MPY-
232 L5350 1.1.1.1... M->C
‘233 L5351 11,.1,1.1° —> L5345 JSB MPY
' ggg L5352: lill {“l —> Ls5p72° JSB DOWN2

L5353:

C —> AlW]



55

55 [err]

56.
57

1, 454, 268

1, 454, 268
1, 454, 268

56, [err]

58
60

. 1454268 .

1,454,768
1 454 268

bsterr]

&N

245

247
249

250
-251
252

253
254

255

L5354;- ..
L.5355;
L5356;
- L5357: 1.
L5360: - -
Ls361: . ..
- L5362:
L5363:
L5364:- . .
“1.5365: -
- L.5366:
L5367: .
‘L5370:
L5371:
L5372: .
. L5373:. .. 1.1
L5374: <.
L5375: - .
L5376:
L5377:

CA1AL.1

LD

Lsp72
- 1:5345
L5105

L5153
L5343

L5076

L5345

L5345
L5957

L5915

‘L5153

L5067 .

" ISEDIV

. JSB DOWN2: .. -
= JSBMPY .
" JSB ONE.

CUUA EXCHANGE C[W]
- SBADD |

B +>€[W] _- ) ;.. -

- 'JSB'STAI1
' JSBMPY | o
" _DOWN ROTATE e

- JSBMPY

. :‘;;AB__QNDR6

:JSBADD
- GOTORI3

STACK —> A

C> STACK.

Sl GOTO BON2"'"':-"
 'BONDR4: :
“BONDRS :

M=5C
JSB S185. -
C—>A[W]




61 1, 454, 268 61 [err] 62
1,454, 268 62 [err] 63

. 1,454, 268 63 [err] 64

1 454, 268. 64 FUNCTIONS Al O the

functi ons performed by the cal cul ator are given in the table below The

notes referred to in this table.

OF FUNCTI ONS: |'N€ORPORATED | NTO THE 5

CALCULATOR
65

)

vodonwbsw—e |

e lq

Lopol

L6354

BUSI NES

are gi ven at the end of.the table. TABL
S

1-45238 SI MPLE COVPOUNDI NG [ er r 59

DD} U\l | /-\NN AL RA
ROM¢ 2 ARG e

LLLL LS

16214

L6211

‘L6017

© L6g27

L6006

L6034

L6222

L6234
L6055

16353

Lpsd

-LG%4;

ERR71

. DAS
DM6.

'DM3
. DMI

..DM2

YCl

YC2
‘DD6
'DDS8
DNI1
DAl
' DA3

~ DAI3
' DMS5

: SELECTROM®

1->84

'GOTO DA12
: IFP%9

_THEN GO TO DM7
RETURN -
A EXCHANGE B[W]
IFP+2

" THEN GO TO DM4
A+l—>AM]
C-1->C[MI]
IFCIX]=0 '

- THEN GO TO DM2 .
A+¥1->AM]
C-1-—>CiM].
RETURN

. 'LOAD CONSTANT 3 f'
 LOAD CONSTANT6

IFS44 1

LOAD CONSTANT 5

THEN GO TO. YC2
A+l1—>AIX] -
RETURN . .
LOAD CONSTANT 2

" LOAD CONSTANTS

RETURN
NO OPERATION
NO OPERATION"

:. JSB DM3

‘A EXCHANGE BIW]

A+C—> C[M]
P-1->P

IFP+0
THEN GOTO DD6
P> CIX] -

C—> A[W] . _
IFS741 _
THEN GO TO DA4
STACK —> A " '

" AEXCHANGE CIW]

GO TO DN3
IFS741

"~ THEN GO TO DAl.
IFS4+%1 _
- - THEN GO TO DA3-_’

: 9->87

C—> STACK
C—> STACK

: STACK—>A

IFST#1

THEN GO TO DA13
C—> STACK T
A EXCHANGE C[W]
GOTODAS .
IFP#6



* 3.1 Solve For i In (see Note 1): n R 1+-.x- 12 100
(1L +i)-1 [err] n = No. of Months R = Annual Add-on Rate
5 4 ACCRUED INTEREST n zNo. of Days 1 = Annual Interest Rat e (%9 PV = :

Principal Amount n PVi 10 4.1 [err] - : _ -
- 36000 4.2 [err] = [err] x .98630137 5. DI SCOUNTED NOTE n

. of Days = Annual Interest Rate (% 15 -FV = Face 'Val'ue of Note

FV x n x i 5.1 [err] 36000 [err] 36000 5.2 [err] n [err] 36‘8"53[err]

60 60 365 dx 36500 1454268 . 60 .
55 L6@67:  ..... '.llll —> L6003 . _ o THENGOTO DM6
56 L6070: R § P : _ RETURN- : :
57 L6@71: .......... : _ : o .~ NOOPERATION- . .. =
58 L6@72:  .1.1.1.11, DA7 i A—C—> CIMS]. S
59 L6973: . .. M1L.111 —> L6075 L _ :IFNOCARRYGOTODAII
60. L6074: .. 1.11.11, - R P~ C=>CIMS] - . B
61 L6@75: - 1...1.111. - - DAIL .:__BEXCHANGEC[W] S w

62 "L6p76: . .11.1.1... ' ' STACK—> A - S
63 'L6@77: 11..1.1... : : DOWN ROTATE
64 L6100: [ 1111111, R ' 9-C—1->C[S]..

65 L6101 J11.1..1.1 —> L6151 : :JSBADD63
- 66 'L6192; 1. 1111111, - 9> AIS]
67 L6103: RIS _ L 9—> CIW]
68 L6104: A.1.010 C _ S=>P.
69 L6105: ...1.11.... S _ -LOADCONSTANTI
7% Lelg6: - 1....11... - : ' LOAD CONSTANT 8
71 L6107: = 111.1.111. . e _AEXCHANGEC[W]
72 L6110: 1....1.11, s IFA>_B[MS] oo
73 Lélll: . .11..1.111 —> L6145 . ' THENGOTODAIO
74 .L6l12:- ..1..1.1... ' : DA9 : C—> STACK
75 L6I13: ~ ..1...111. N B3 C[W] -
76 L6114: [I1.1....1 —> L6159 ADD62 : JSB ADD61
77 L6115 . [1.11..1., ' - - 9—>85 -
78 Lellé: ~.1111..1.. ' L 0->87 . -
79 L6117:  .....1.... —> L@I129 *ewkx SELECT ROM0
8¢ L6120 RIS 5§ 5 JAN ' DD4 : P+l—>P . ,
81 Le121: . .1.11.1.1, ' C-1->CIX] . >
82 Le122:" 1....1.111 —> L6295 IFNOCARRYGOTODD3
83 Le6123; - 111.1.111,. _ . AEXCHANGEC[W]
84 Le6l124: ~ .......11, ' ’ ' _IFB[M] 9
85 L6125 ........11 —> L6pgo o THENGOTOERR?I
86 L6126 . .....11..1 —> L6096 - JSB DM3
87 L6127: -~ 111, 11, ' _ : A+C—>C[M]
- 88 Le613g:- - 11..1.111. o . AEXCHANGEB[W]
89 Lel3I: d...100,. , B IFS43:1
99 Lé6132: l 111..11 —> L6134 . THENGOTODDS
91 L6133: lllllll —> L6037 GOTODDS ..
292 L6134 1...... I1. - DD5 . : IFA>=B[M] - .- -
~93 L6135: lllllll ~> L6837 o THENGOTODDS
94. L6I36: . ........ 11 —>° L6009 . . GOTOERR7l - .
95 L6137: " 1.111.111. . DYl : P> AIW] O
9% L614p: - 1...11..1. - - 'BEXCHANGE C[WP] '
97 L614l: ...1.....1 —> L6029 . ... JSBYCl
98 Lé6142: 1..... 11.. ' : . 8=>P
99 .L6143: 1...11..1, - - S BEXCHANGEC[WP] N '

- 100 Le6144: .111....11 —=> Lel6p s GOTOMU3 . . o N
101 L6145 . .1...111, : o ‘DA19. . : B->C[W] e T
102 L6146: dbd.,. . 1. —> L615p - ) . JSB ADD61- '

103 L6147: - .1..1.1.11 —> L6112 o . .GOTODA9. o g
104 L6150:  1.111.111, - _ADD61 : 9—>A[W] S
195 L6151:  .1.1...1. - - ADD63 : 1—>ss; e e T
106 L6152: 111...1.. . ' 1->87

: 107 L6153: ll L - 12—>P _ IR

108 L6154; ' l 1. —> LIISS  kwswr . - SELECT ROMl S . @ -
199  L615S: lll lll ' ' MU1 : A+B—>A[W]: ' ST
110 L6156: . .1, 1. C MU2. : C=1->CPl. -
~111 " L6157:  .II. A1, lll —> L6155 T -IFNOCARRYGOTO MUl

- 112 . L6160: l 1. 111, : S .MU3 + SHIFT RIGHT B[W] :

113 Lél6l:  ..... lll : : - . P—1>P

114 L6162: lll 11.. : ' : JFP#3 .



5.4 [err] n [err]

20 6. BOND

20 6.1 Price of a Bond (PV) (see Note 2):

for | eap days)

of Days (unconpensat ed

1, 454, 7268
n 182.5 100c

2): Solve for i
on n.
| - Dat e2 _
Date + n Days.

accumnul ated | nt e’rlés!-6
- 117-

[err]

118
_ 119
120
- 121

S 122

123
124

125.

- 126

127
128
129

139

131

132

133

134
135

136

137

138

139

140

. 141

142

143
144
145
146

147
148
149

150 -
151

152
153
_ i
N~ 156
157

158
159

160
161
. 162
163

3 -. - 164

165

166 .

167

' 168 .
. 169

170
171
172
173
174

know ng PV,
Sol ut i on\.gl ves [err]

'L6165;
L6166::"
L6167:
L6179
‘L6171:
L6172:
L6173:
L6174: . ..
L6175 - .
L6176:
L6177:
L6200:
L6201: .
‘L6202: - - .
L6203:.
L6204:
L6205:
L6206:
L6207:
L6210:
Le21l: - .1.
L6212: ..
L6213: .
L6214:
L6215:
L6216:
L6217:
L6220:
L6221:
L6222:
- L6223:
L6224:;
L6225:
L6226:
L6227:
L6230:
L6231:
L6232:
L6233:.
L6234
L6235:
L6236: - ...
L6237: . -
L6240:
L6241: .
L6242:
L6243:
‘L6244
L6245:
L6246:
L6247:
L6250:
L6251
L6252:
L6253: Ys
"L6254: . -
L6255:
L6256

1M1 1L,

< 11111, 1.

U § ) ) IR
1..1..111.

U8 O § T §
Al .11

11.11...

1111111,

111111
AL L,

l 11, 11

ll lllll

1111

: ..-l.l..ll.

111,111,

AT,

T
RETHTD

NTNTN

i=vyield ¢ = coupon rate

182.5 [err]
I n the above 2 equati ons,
7. DATE (see Note 3)

o | gr{:f_;lf .
~ o ATE 1L

—> L6170

—> L6177

—> L6129
L6009

—> L6966 .

> L6217

—> L6351

- ml'

—> L6354

1 —> L6232,

—> L6000

—> L6243

—> L6020 .

. 66 For

10

e
Fer 1%, ACCUMULATI ON 85\|\/|1:.K>
—> L6167 -

D.Y2 :

DD1

..DD2

DD3

DM4
DM7
- DM8

DA4

DN2

DN3

DN4

n > 182.5: -n
6.2 Yield of a Bond (see No
whi ch one dependin 49

7.1 Date. .
10 7.4 -

1°
IFNO CARRY GO TO DY2
A+1-—>A[W]

: A+ 1>A[X]

Pil—>P

" 'SHIFT RIGHT CIW] |

IFP#9
 _ _THEN GO TO DDl
LOAD CONSTANT 3

- 4->P

B EXCHANGE CIWP] -

: 'SHIFT RIGHT CI[W]

P-1->P
IFP+14
THEN GO TO DD2
IFCIX]=0 '
- THEN GO TO ERR71

: IFP#12

THEN GOTO DD4-
GO TO ERR71 -

NO OPERATION

IFP4#4
THEN GO TO DM5

'RETURN

IFP411 ) g
' THEN GO TO DM8
RETURN

: A-1-—>A[ML

Ci1—>CIM]
RETURN :
C-1->C[Pl
DOWN ROTATE. ' :
IFS941 :

THEN GO TO. DA6 ’
IF S4 4

1. -
THEN GOTO DA8 '
GO TO DAIl2

: 9>

SHIFI' RIGHT C[Ml

: C+1—>CIP]

IFNO CARRY GO TO DN2
IFCIX] >=1:

THEN GO TO ERR7 1
IF C[S] 0
THEN GO TO DN4
90— C—>CiM]

: A+C-=> A[MS]
qJ->P .

P—>CIWl -
LOAD CONSTANT 7'
LOAD CONSTANT 3
LOAD CONSTANT @
LOAD CONSTANT 5
IFA>=CIMS] °

" THEN GOTO ERR7l

- 8=>P
JSBYCl
9> B[W]



67 1,454, 268 - 67
[err] 10. TREND LINE' n nf[err] 11. SUM OF DIG TS DEPRECI ATI ON n=
Depreciable Lifetine PV = Initial Value of Asset 2 PV 11.1 DepreC| ation at

time (k)= - (n-k'+ I) n(n+ 1) PY(N-K)(n-K +1) 10 10. .n”(n:.+.|'). 9,

bogk val ue at (k)
' FLOW 12.1 Current Sum of Present VaI ue of “Cash Fl ow[err] Not e 1: Flg.
3 -IIustrates ‘the al gorithm used for -the solution of 2.3,2.4 sad 3.1 .

abovq;z The: t echni que _|s a SI npl- ﬁwon Raphson met hod for the: sol ution. of

an i lr tTTIt cquaL T un 26 —te+ ~Fi-g—-33-showshow t Heprice of . a

bond 173 PRI e}md Fig. 34" 20 i1lustrat élsEX@éA F@@Mhm use? to "
5 trates the
corrpqtﬂe 561:Y 1 ql {mtyrkﬁ%of a bond,: Note I’% NC1SS y
dat e 128 giog262: hmi'irTiEe A1rs3 conput le)s ‘the d@i@'fo @83 é‘H.nd the HEXt
1 1 da s NIl . :-A§¥1=3A[M]: ST
hal f 53“%85 © é ] h y = "DN15. : SHIFTRIGHTBIW]- <% - .~ -
‘181 L6265: ... _.-1-1;1-..-. . L PELSP o .
- 182 L6266: l.li-ll..-..=ll' -> L6270-. ; ’ GOTODN6 S S
- 1837°L6267: - LML, . .1, s ‘DN5° - €+1=3CIP] .
184 L627@: . 'IT,...111, . - ) DN6 . : A-B s A[W]
- 185 L6271 LIt 1111l —> 16267 T IFNO CARRY.G TODNS
186 ~1.6272: - I1I...111. A Co A+B-> A[W] “
. 187 L6273, ik o el ' IFP#Q _
© 188 L6274: 111 1.,11 —> L6264 - : ' "THEN GO ODNIS
- 189 ‘L6275 - 1..11.:11, : L . .IFA[M] >=1 i
199:. L6276: - - LI, ....111 —> L63gl L “THEN GO TO DN12
191 L6277:" 111...111: - o A+<Br—>A[W] .
- 192 L6300 :-1,11.1.1. _ . . s C=1—> C[Xl : o
193 L630l:  ...11.1.1, /7 DNI2  : IFCIXi>=1 ;-“-' S
194 L63@2: -11-..1..11- —> L63p4. A “THEN GO'TO-DNT..
195 L63@3: ::11.11111. o e e R L AW
- 196 L63pd: 1.7 1T, DN7 . 4P s
197 -1L6305;  ..11.11... e LOAD, CONSTANT3 e
198 L6306: - -......11.. C el S 9=>P. A
199 L6307: ... 1111, : : o BEXCHANGEC[W]
200 L6319: A1 ET R S : D=5 CIW] S :
201 L6311: - 1i1:i.1.1. o AEXCHANGEC[X] .
202 L6312: RS 1§ b I _ . DN8 : Pxl—>P : o o
203 L6313: .. 11111:1.1. A+I=>AIX] 7
204 L6314:: ..1l...11. eSO )
205 Le6315: Gl —>  L6PaT - - JSBDM]. ST .
206 L6316: .- =ll'.-.-....ll' ) o A= B=>AIM] _
. 207 -L6317: .. 11.1...111 —> L6321 o IFNOCARRYGOTODN13
© 208 L6320 11.1.:1111 —>. L6323 - s . .GOTODNM
- 209 ..L6321;:. --_'lj-.-.-t-ll-'; A1, ; ~- DNI3 - -1 IFAIMI>=1 - - .
210 L6322: 1. l 1.11 — L6312 - : THENGOTODNB :
~211: L.6323: . 111....11, _ : ‘DN14 A B-=>A[M] - :
212 L6324: llll ll='.- T : A+ C=> A[M]:
213 L6325.  .A;.... 11. o T SHIFI"LEFTA[MJ _
214 L6326: - 11111..11. T . . A+l-—>A[M] o -
215 L6327:- .- ll l 1,11 o : - AEXCHANGE B[X] o
216 L633¢: Al oo , 9> CIW]
© 5217 L6331 ., l llll I, _ ' L €=125 CIXS] - _
. 218 L6332 ;.ll-ll.'-;'.-l'll_i.- o . o - A+ C—> A[W] .: R
© 7219 . L6333:-  1l.;1.111, o LT AEXCHANGE B'[W]-:_ K
- 220 16334: | 0 o R _ " T 13 P
. 221 - 16335;- ,-._.'.-._-."1.11'1.. R . DN9 1 P= 1—>P LR
-222 “ L6336: - .o S ' B SHIFT LEFT A[W] :
223 L6337;::.. . o . _ .IFP#7 Toocii oo '
224 16340: ll lll lllj —> L6335 - oo : THENGOTODN9 : T e
225 LeMl: 1MLl N | A+B—>A[W] LT -
226 b6342.-"-- PR 3 B R o * DNI19o 1 Peli>P : '
227 16343: ..l _ | .~ - SHIFT. LEFTA[W] ,
- 228 16344: 1101010, C .. . IFP#12 . . e
229 -16345: ¢ 1115 L1 —> . L6342 . : - . 'THEN GO TO DNIO S C
. 230 L6346: - I1111.1.1.. S : - Ay l—> AlX] - e
231 -L6347: . - LLL.1. 111, L SR - . AEXCHANGE C[W '
232 L6350: W1, ._-'l'l.. LA —> - L6il4 . i . - 'GOTOADDS2 : EERE
. 233 Le3s1: .1...L.k.. = - : - DA6. _IFS4#1 . ‘ foui
- 234 L6352; - lll L, ll —~> Le072° ' - THEN GOTO DA7



68 1, 454, 268
68 OPERATI NG I NSTRUCTI ONS All of the operations described bel ow are
controlled or initiated fromthe keyboard i nput _unit 12 i i

Fig. 1."BASIC IINSTRUCTIONS 5 . Cearing :
5 To cl ear display : only CLX CLEAR To clear . ~
everyt hi ng (except - const ant storage) [err] Constant Storage 10 . . - To'-
store a constah’ - . 10 To recall a constant

press RCL NOTE; Oertar n |rrportant pre proqr
previ ous, cont S—& € o e
Per cent age Rate 5§1 on- 1— lectl ve. yi el d of agﬁﬁﬁnur tyﬂ payment R
and si nkieng fund ued | r st S@ QJ seount ot.e’ pf %ﬁg‘%@qgnm _
| i nes (Il east squggrse:u 55near [egnessr on Sum of -t he- di gi tmmm C8S

-Bond cal eul at i 021!9 g{m:e ant, . rlel,d) - Accurul ated i nteresdd—p€iXi on a | oan

- Di scounted Cash? hal ysi‘s cept e not édPAbove: & ins
L8 |s_:t“u1‘rqr ‘?f Igﬁ&l{)ver wr i tten by @gogm{}#&%ﬁ

_ ged cal cuI ati .ons overw it e=-63

in the nmachi ne u

15 Roundi ng 243 L6363: .1i...111. _ . C—>A[W). .
15 To round-of f hé6%ﬁ48plh ohl y) ' pre%-s>P , then
any desired nunefgl beték'%lp [err]. A numeral key gre#@ZD%b A%TQM Il
put display in sg7cq @'d "scigptific not at i on Nor mal - twmg@dﬁﬁgNﬁl -
aut omat i cal l'y rowmsded3’mo two denr mal pl aces. 8—>P '
249 L6371 .e . . - o -IF A >= C[WP] S
250 L6372: .-...'...,ll —> L6009 S THENGOTOERR71' i
- 251 L6373: R I F DO . - ... . LOAD-CONSTANT 1 - )
252 -L6374: 1..1.11... ' ’ S © . LOAD CONSTANT9
253 L6375 1..... 1., s 8—>P - '
254 1.6376: 5 I S I : . : A-C—> C[WP] Co
255 L6377 . lllllll -> L6-137. _ . . IFNOCARRY GOTODY1
. \
%
-




NOTE: Rounding affects the display only. The full internal accuracy of the
20 machine is maintained. Arithnetic Operations To perform sinple
arithnetic operations between two nunbers: -key in the first nunber

press SAVE t -key in the second nunber, press desired operation, [err]: 25
I 25 To perfaorm
ajn cal cul ations, only the first nunber has to be | oaded through a SAVE t

\operation ... all subsequent nunbers need only be keyed in and= he desired
f unctédon key pressed after eachissages Automatic conputation bet\wen a -
di'spl ayed nunber and. a i of ed. 98%‘1‘?6‘1\18 30— TS achrevedby pr essr ng

- RCL  and 't he Afl@pink gshclibiGeitOitied by the calcul 80 i
1, 454, 268 TGhaoigs Rferfadgo i hisciabe g fcaca'éﬁ%?e o ahdl i'ér%?'glﬁgﬁbnunber . press

CHS To enter. a negatrve nunber ;. key in nunber - press .€HS Raising a
Number 19,2 PautABLE or Fulienons RRSokbdea Es uRUThsE <"f° be raised to a
powe§ press S V\SE USI‘?ESGCRLQQMT exponen . s gs.

“press To Cbt.ai n Square Root of a Number Key in. nunber

press i er er cent age Cperations = ' '
~10 To obtain %‘he p(édrméiéﬁpgé)em nmount of a nunber: -~key in- the base hurber

press SAVH.[ EViJ PVkEy i*n the percent (as a % ' press [err]
To add or slthbt,{,ac't:wi1 )percent age amount to the base ST _
L. L3 i=(FV/PV)im | K
. 10 _ 14 n = (Log(FV)yLog (PV(! + ) RPN
2. A_NNUIT'Y_ | |
(1 +l)"—l

(+iP=1
2.2 PV=PMT
e

- 2.3 Solve For i In (see Note 1)

2I FV=PMT"

e (1+ipr—-1
15 - PV PMT =0 R o ' '
- _ . 1(1+l)" ' R ST : 15
2.4 Solve For i In_ (see Note 1): | B
| ()
i

log (PMT/(PV — PMT))

- FV- PMT

25 n=

log(l +1i)

log (FV x i/PMT + 1)
26 n= — ' .

Nlog (1 +1) _ _ _ S
il +ie .' . ; B ' : o -
(1+i)“—-'l L . S e

20 27 PMT=PV

2.8 PMT= FV

a +1)-_1



15 . nunbersinplypress [err] respectively.

15 To obtain the percent difference between two nunbers: -key in the base
(or reference) numnber press SAVE t -key in the second nunber

press ~—Terr] (answer 1s displayed In percent) 20 Cal endar Functi ons

20 Date entry sequence is: nonth, deci mal point, two numeral day and fo-

nunmer al year. -Exanple: May 8, 1972 5.081972. Calendar range is from. .
January 1, 1980°to Decenber 31, 2099 'To obtain difference between two
dates: -key in first date 1,454,268 press . SAVE [err] - key.

in second date_9%___, S P65 BAY-—25————Foobtarma
date from a base daté ADD. ON TO ANNUAL 'RATE : 25" - -key in the
base date VE [err] -key in the nunber of
days (can be posr ti ve31 Som For'%?%iﬂg Sﬁ negative) - : _
press [err] - DAY . R, 454 268 .- i

70 To obtai-n the day ofthe' d te key in today s date :
press 'SAVEt key in degi rve‘ﬁgdal[taé a(l 65 " -press  [err]

SAVE [err] -key in - 1(1“)- .. .. press .[err] 5
-key in-that portion of the drspl ay left of the decr nal poi nt .press -key
in[err] again press “['eH°]°IM°P‘H% date in question is beyond today its

day of the Week slerr] M|AnnbﬁA&WMgday pI us the nunber shovvn inthe s
di spl ay. : -

4, ACCRUED INTEREST
~ n = No. of Days
: = Annual Interest Rate (/)_ | .
PV = Prmclpal Amount
nPVi
36000
4.2 iy = Lig x 98630137

10 4.1 im_ .10

e - - - 5. DISCQUNTED NOTE _ | B S .
' k - 1 = No. of Days . | . | | | BRI
i = Annual Interest Rate t%) o

15 FV = Face Value of Note ' ' S - S o 15 '. .

dygo X 36960 .
A(FV-d)
53 d”, = “_36¢? X :Es |

o | dmx3650(j)'-
54 yteld;,,:rm. _

5.2 yieldsg =

S BOND B
: 6 1 Prlce of a Bond (PV) (see Note 2): | S o
n = No of Days’ (uncompensated for leap days)

i= yleld o

¢ = coupon rate



10 If the date in question is before today, its day of the week
10 will be today's day m nus the nunber shown in the display. Error

...lndication An inproper or illegal operati on (such as dividing by zero) wll

resuI t in a steady blinking display. 15  Battery Condition (towcharge

<ation) ' - . 15 All- decimals in the

y indicates |ow battery condi tion. Pl ug i nt-o recharger.. COMPOUND

. ST NOTE: To use the corrpound interest keys (top row) si r’rM remenber

to enger your known val ues in qu4g4;6@ ri ght sequence and then pr ess the key

whi ch—cor- rFesFrﬁza% TO VOUT  aITSWer——20———————Fti-tre—Val-ue -
20 Key in Au |8 T tinme peri ods ot LT press [err] Key ln '
i nterest rateper trrre perjod (in % . pres_s W:Key in present value-
(principal) . S —press - [err] To obl_é‘i_nfuture val ue

- press.NOTE: _Si rrpl e aji tlrﬂ%étrl@o,ppera,tr ons ngy llsasperfor med.-prior to- ent ering
any’ 25 PV = - 108(ue —N so, +a—m sitakep last_ontry_ Ghy'  be corrected by
. pressi ng CLX , thé¥ 25 keyiing i 0t he ca@mect val ue .and pressing thé‘

- appkopri ate k\e%uf’r_qse@,tdc}ﬁhye Key i n..nunber of .tinme per.i ods
press . [err] Key in interest rate per tinme perrod (ln 0/() press Key in

future val.ue ’é‘rmunt|825 o press 30 To obt ain present
.. val ue . ' . .press - 30, _HZLGQ - L
1, 4554 268 _Mre L8R T
180 100

- 6.2 Yleld of a Bond (see Note 2)
Solve fori knowmg PV, in the above 2’ equatlons, whlch one dependmg on n.

Solutlonglvesllmw—lu.¢|<2xr xCxlO“

7 DATE (see Note 3): e . S
0  7dDael-Dae2 - - . . . 0 @ °
| 7.2 Date + n Days | | h | . E

© 1900 < Date 5__2099'A.D,- o - T
8. ACCUMULATED INTEREST
8.1 accumulated interest (in §) =
(1+i )e=
100

15 PMT § k—je 1-_(1+1—-)3'-.kﬁ_.:-'-_'
' - S - /100 100, L.

PMTx 100" -
8'2'.P.Vk=_ {1—(1+1—)""}.

15

1
9. ACCUMULATION.& MEAN & o
9.1 Sum=xx, -
- 9.2 SumofSquares=2x?. .. . .

- T
20 93 Meari = —zx,
nl



Rate of Return (growh rate) Key in nunber of periods
press . . Key in present (beginning) value press [err] Key in
future (ending) value press FV S To obtain effective rate per period

(in % press .5 Nunmber of Time Periods (for a conpounded anpunt) Key in |

interest rate per perrod (in % press [err] Key in.present S
(begi nni ng) val ue : press - [err] Key in future (ending) val ue ;
press 10 " To obtai'n nunber of time periods press [err
10 Nominal Rate 6gonverted to Ef.f__.ectr ve ,.AnnluB-rz&ate Key . in nunber of ti rre67

perl Odsper yeak pre ; <€yt offrTrer r\aLC \aa o) /(}
press [err] Key in: [e I n ess [err] 15 . To obtain
e

effectiva annual rate (‘r"h‘ .--l’f"z Me*ﬂ‘r e ~15 Effective -
Annual Rate Converted to-Nom nal Rate y |n nurrber of t| ne perrods per
year .. préss STO Key in [err] Key in effectrve annual- rate (in % .
press .4 < [err] 20 To ‘obtainmomnal rate (in % -

press RCL = 10. TREMND BINKI NG FUND Future Value of an Annui ty

('si nki ngf und) ‘Key in nurrber of time per ods - press ' [err]
Key in interest rate per per i- ok (n&l press [err] 250 o

Key in payment (install rrent) armunt press lerr]

25 To obtain future vdpdes'ol""“ BT l)/6' T press.

In n+l
10 2 Y Intercept =—2Xy, —
.(c) nl

. slope

- 1. SUM OF DIGITS DEPRECIATION

n= Depreclable Llfetlme

®
' PV = Initial Value of Asset §
. . - 2pv
- : : 11:1 Depreciation at time (k) = {n— k + l)
' ' ' L : n(n+)--. o
' ' CPV(m-k) (- k+1) T
10 112 Remammgbookvalueat(k)_. - — e .- 10
S __j_n'_(n+_1)_ e e e
U 12. -“CASH FLOW e
l2 l Current Sum of Present Value of Cash Flow T
) __sz'F, a+ i)f'l;“_;.__’ o
and i = cost of capital

. Note l Flg 33 111ustrates the algonthm used for the solutxon of 2. 3 2 4and3.1
above The technique is a s1mple Newton-Raphson method for the solutlon of an
1mphc1t equatlon - _ S

20 ' Note 2 F1g 33 shows how the price of a bond is calculated and ‘Fig. 34 20
1llustrates the algorithm used to compute the yield to maturity of a bond.

"Note 3: Fig. 35 illusttates the date algorlthm The flI'St half computes the dates
dlfference and the next half the date + n' days. :



72 1,454, 268 _ _
72 Sinking Fund Payment Anpunt Key in nunber of time periods .
press [err] Key in interest rate per period (as a %9 press Key in future

press: 5 To obtain paynent anount ~
s[err] - 5 Effective Yield of a Sinking Fund Key in
Wer of tine periods - press E Key in paynent (| nstal | ment)
press [err] Key.in future value
-pr esS68L0 .- To obtain |nter1gstzesat eper perl od (as a % 6@r ess [err]

10- Nunber "of" Perlods ReQypg lﬁg{. Gh : L&ﬂgf’?u“u KeyTn—rnterest—rat eper
ey | a

period (as-a 9. . press nstal |- rrent) amount -

press [err] Aipyr th@ Jple'lratflorﬁ dé?d:l(gg&vbelow are controlled or mltlated [f é)l“r ﬁhr ess [ err ] '“15

" To .obtai NkepbuERE inp@ urit 1PEwR&T 4 n in Fi pre
15 LOAN. REPAYNENT Accrued_(Si npl e) %erest Payrrent Due Key i n° number of
. days = , BAﬂCGMTRB.m‘md)N!@y I.n annual interest. rateg(l n %
- press: [ ) Rey Tn the primct pal: (present val ue)

préss [er raf 50 To obtain interest payment due on a 360 day basu‘é pr ess

[err] To obtraicRad dipfiyest. paynment due on a 36 press [err]
[Discoun't ed Not é adgg Effective Annual Yiel ds ggga@ CLEAYY |n nunber. of

days - - To clear everything (except cistafitstoraged! I'| m i-nt erest
(di scount) rate (i.n % press Key i-n the face (f lm of note
press. 1{]nl$@raabt ain the discount armunt (i.e.-the. i nterest portl_on)
| NTE of the g asanda60 day basis * press’ MSS - lerrlyo

| To recalla constant .‘ _ ' o press-

NOTE: Certain 1mportant pre-programmed calculations overwrite previous_ '
contents of the constant storage. These are:

—Add-on to annual Percentage Rate Conversron -
—Effective yleld of an annuity (Loan repayment and smkmg fund)
- —Accrued interest and discounted note. problems X : : L »
—Trend lines (least squares linear regression) Lo e ' .
—Sum-of-the-digits calculations :
- .. —Bond calculations (price and yleld) '

.. .—TAccumulated interest paid on a loan -
~ '——Dtscounted Cash Flow Analysrs
Except where noted above, a constant remams in the machme untll it is turned
off or over-wrltten by another constant. : '
1§ Rounding . : 15
" To round-off (the drsplay only) : B preSS ' LN
~ then any desired numeral key ‘between- -and - [6]. A numeral key SR
. greaterthan 6 will put display in so-called “scientific notation”. Normal
turn-on mode is automatically rounded to two dcclmal places
20 "NOTE: Roundmg affects the dlsplay only. The full mternal accuracy of the _ 20. .
* | machine is maintained. o .
-
Arithmetic Operations
: To perform srmple arlthmetlc operatlons between two numbers: ot 6 :
S . —key in the first number : ' . ‘press [SAVE 1] :
L —key in the second number, press des1red operatron, B E . E . '
©25 "-'.'_: - or - § ' 25

. To perform chain calculatlons, only the first number has to be loaded .
' through a [SAVE 1| operation ... all subsequent numbers need only be
: :'keyed in and the desired functron key pressed after each one ' '

- Automatlc computatxon between a dnsplayed number and a stored constant .
30 “'is achieved by pressing and the desired function: S k)



73 _ -1, 454, 268
73 To obtain the effective annual yield on a 360 day basis

press. [err] . To obtain the di scount anpunt of fhe note an a 365
day basis . press [err] 5 - To obtain
the effective annual yield on a 365 day = 5 basis .
press [err] True Equi.val ent Annual Yleld Key in nunmber of days O
press \~Ferr] Key in [err] press . =
err] 10. Key in the principa

%err} ' 69 'y1“ Vey"g e Eacc(ggﬁign%§z?Lyi)vgfuzftiu HL?ES pré?S
[err] To obtain true@qmnsaﬂ!ynt annual yield - press - [err] Pr esent

Val ue ofean Annuity (Principal Amount of a Loan) Key in the 4 er . of . tlne
peri ods (nonths, year s, Teghange the sign ofétdgpl)ayed number. - press

press [err] nterest ate per eri I n @@

press Jerr] Key in thébéﬁtﬁﬁ"rﬂegﬂ%’ef‘w@ ST "}9  peri opgess PMT To
obtain present val ue (principal) press PV Loan Repaynent Anpunt
20 Key in nuﬂbemgeﬂwmﬁﬂebpékWBds : press o

20 Key in interest rate per period (i ess Ke —esent val ue
(principal) -~ 5 pr'eegsmvebmweb%wéteﬁmisag%?ﬂmér%ﬁ E@Eari od °
press PMI True tnteres Rate of a Loan 25 . - Key in_n er of time
periods , Be We’rﬂe"”“"'“ 25 press U@ "

'Ta;Obtaln Squ_are Root o"f':a_.Nu:'mber

Key in number - g - press

N
B

10 Percentage Operations | _ _ o | 10

'_[‘6 obtain the percentage amount of a number:

® - - - _—key inthe base number - press  |SAVEt
—Xkey in the percent (asa %) - press  [7]

S To add or subtract the percentage amount to the base o O g
15 . number s1mplypress or E ,respectwely B 15

To obtain the percent di ﬂ'erence between two numbers .

" —key in the base (or reference) number .~ press SAVEt
| S o | o ' AY,
o - —keyin the second number press- Y/
~_ (answeris displayed in percent) ' :
2 | Calendar Functions . . . ' o B S o 20

Date entry sequence is: month decimal point, two numeral day and four"
numeral year. Example: May 8, 1972 = 5.081972. Calendar range is from
January 1, 1900 to December 31, 2099.

o R T_o obtain difference between two dates: . - AT :
. R ;keyin'ﬁrstdat‘e' o o press  [BAVED
SR _——keymseconddate ._ | - . press Pay]
L 25 = Toobtamadatefromabasedate ; S - 28
Lo - —keymthebasedate _ - .. - press - _ -
' —key in tlte number_ of days ('cani be positive DATE

or negative) - . -~ press _ (DAY



Key in paynent anountper period press PMI Key in present val ue

~ paynent (or pérfydn L7

(principal) press To obtain interest rate per period (in %
_press i__NOTE: To obtain an annual rate SI rrply key in the nurrber of t| me
per| ods per year and press X 74 -

454, 268 _ 74 Nurnber of Tine Perr ods o

¢l r edf or aLoan__Key |nth_e I nterest: rateper ti-me period ress i
~ KeyeA n the paynent- anount per .tinme . period. - press PMI Key i n e present
‘val- Uem(pri nei pal ) =~ pressllasa,ﬁ;g '  To obtar n the nun%er of time

peritods ~5—ActT tefest Paid on
a Loan (bet \Aggﬂblfﬁbhef&ﬂn'gweﬂ‘qf‘ﬂ‘g? Key in the payrrent nunber “cor.respondi ng
‘to the first pokeyintoflayishistet i ne span.in questlpoa;s ‘press- STO Key in
' _the: paynment nunber corresponding to-the last 10 = point--of the tine
span i.n-quest. |‘0‘Ft’ym‘_’°5"3ddate press . press. DAﬂ [§8VEe] - in the total
~nunber of paynents : the loan” press o ‘Key- i h-the interest rate per
ress [ Key in the pay?m?ht unt per peri od

pre PMI To.optain the. a ted interest: - . press 15,
-Rerrassrsnr ng Bal a(r)tg:e% Ja%?:)f 3[053};?1”3?8@' ’ﬂb%fhhe o | 5 -
15 As an exten5| on “or lthe ‘prévi ous problem Tc?"’ébt- the remai ni ng baI ance

~(principal) | e,s ebkil, “Add-on" interest Converted to a True Annual”
Percentage Rate &ey'u %ﬁe nunber of months 3%? oen' . press n 20
- Key in the "R @k in'gaéstioh RBEyoAI U] its day of the wel €SS .1 .. . .20
, o "~ will be todays day plus the number shown in the dtsplay . o

10 o : If the date in questlon is before today, its day of the week A o 10
' w1l| be'today’ s day minus the number shown in the dlsplay - o

Error Indication

- An improper or illegal operatlon (such as dividing by zero)
wnll result in a steady blinking dlsplay : .

15 .Battery Condttton (low charge indication) oo : EATRIE o - 15 - -'_ -
All decimals in the display indicates low battery condltlon o ' '
Plug mto recharger. :

LCOMPOUND INTEREST—I

NOTE To use the compound mterest keys (top row) s1mply remember to’
enter your known values. in left-to-right. sequence and then press the key
whrch corresponds to your answer.

20 Future Value S . LT T ._ L _ _. 20
o Key in- number of tlme perlods o - press : : N
_ Key in interest rate, per time penod (in / )- . press E o o

SR Key in present value (prmclpal) S press [pv]

T obtam future value N :_ _'-'_":fi,:":press E ’ o

. o NOTE Slmple arithmetic operatlons may be. performed prlor to entermg any S :
25 - | .value. Also, a mistaken last entry may be‘corrected by pressing” ‘CLX then .| . 25
' keymg in the correct value and pressing the appropriate key. '

Pres'ent Value

Key in number of tlme perlods | ._ S press E] . .
Key in mterest rate per tlme perlod (m ) press E s
Key in future value amount o o ; press " _ T
% Toowwmpmemvne  ms 5]



To obtain true annual percentage rate press i To obtain the nonthly

paynent anount press Then key in the principal anount to be | oaned
press Interest Rebate (Rule of 78's) 25 Key in |last paynment nunber
press n- _ 25 Key in total nunmber of paynents for the |oan
press n Key in the total finance charge - press PV To obtain
the unearned interest (rebate) - press . 75 '

1,454, 268 N .75 To obtaln t he renalnlng

princi pal due, kﬁy in the anount . of “each paygmag press SAVE key in the .
nunber of payne ||La remar TN Ter l] LEPREu AT O /-\rvu-<|| ZAT N5
Sum of -t he-year s' Di 8¢ & f& '%Féz’f"?f? "GH

5 [err] Key in gi ven yeﬁ(%lgggrggerogpenﬁgegl nni ng year nUTTB?el;QeS;'

press [err] Key'in life er of. years) Key i'n
depreci abl e- armunt (prﬁEﬁﬁ?reL&%&e?ﬁ‘M{g”}%uéLo S rég@Jl
press -R¥Y [err] - To obtain gr ven year s d eci ati on
press - . SOD [err] TReyAR Tiitdrd (hUiAgRAMENt - Year' s depr egpreds i . press
SCD 0 Contjinue step [err] as desired [err] To obtain the depreciation for a
particul ar yearsnot in 12(50btam effect1verate$vecmﬁd§\d:(€n %pi nply keyess n|-iHe year -5
nunber desired and - press n SCD [err]
Continue step O as d%}nf;eg%f Time Perrods (for a compounded amount) R
| Keyin mt,e_r_est rat_e.pep_'pen_od_ @in%) - '. ' :'pr'e'ss '
_'Ke;(.in:preseht _(beginning) velue o SR 'pre's's';' 't
' Key'in:ﬁrture (ending) value | o press '
10 To optein nuriber of time periods S o press [El 10
_ Nommal Rate Converted to Eﬂ"ectzve Annual Rare | ) .
) Key in number of time perlodsperyear ‘. | . ' press . _ E
. -Key in Nommal Rate (asa?%) _ press [Eéﬂ [-——I l—l—l _
| ool DB~ oewEO M W
15 . To obtiin effectlveanru_lal rate (in %} R pr_ess E] " 15
| lEﬁ'ective Annual Rate Co'nve'ﬁet.i. to 'Nomirra'i R;at'el | a _ |
o | Key in numberof time perlodsperyear o press E
..Keym EI @ @ _ ' _ press
Key in _e_ffeet_lve annual rate (in %) .. pl-'.ess“ |+ [ IFV ] - li]
20 ' e __To ol?tai_n n(_')rp_irial rate (in %) _. o .pr.ess.. RCL . E 20
_' - ['SINKING FUND_ |
. Future Valu._e. of an Annuity '(sinking: fund) .
| Keyin n=umber:'ef time .periods ' ) _ .'pr'ess. m -
Key_.'i__n iriteresi. rete per peried (as a:%)'. e press. ’ m o
25 _ 'Key:-in pzaynser:ft'(instellment) amorn.{t:' I ; .p.res_s. .' 25
"?:-;To obt'é_._ip fuiu_re_ rrelue o | : press @



NOTE: To obtain the remaining book value after each year's depreciation

press x=y . The x=y key must be pressed again before the next SOD
calculation (step 5). Straight Line Depreciation 20 _ Key in
depr eci abl e anount (purchase | ess salvage 20 val ue)

@aiyber of years) press NOTE:" To obtain the renalnlng “book val ue aft er
~each) year's depreciation, first press. | STO (for book vaMlie after
f|rst7year) then RCL for each sgbg@guent year. 25 Vari abl.e,Rat e,

- Deci T NG, g ance Te recrart o ' 25 [err] (- Key
in [err] ing Kl Payment Amount - - press' SAVEt [err] Key in life of asset
(nunber of y ey in decllnln f act or rate [err] «76
1,454, 268 Eey in numberofpmeperlo§ % @ in depreciabl e amaunt

: (purchase | egs ﬁ%h&@ﬂ%neeﬁk %Q bt ai-n. year, s d ciation.

. press RCL To %btaln reng I ng 6@ val ue prss iy press - [err]ﬁs
‘[err] Contingeyinireie vhgér] for subsequent YeHrsss: :el
5 Di.m ni shing Bal ance Depreciation [err] Key in-l of "asset (nunber of
years) - Po elmsinpaynidnt gmeun} Key i n_begi nni ngesydPMe Jof ‘asset - 5
press [err] [err] Key in .ending (salvage) val ue of asset . press FV 10
NOTE: Sal@ﬂgﬂwwbwdefmﬂ&hmbéwqreater than zero. . a .

10 :
Keyi in nu_mber_of_txme perlods _ S press E .
* Key in payment (installment) amount . e | - press PMT :
Key in future value . - o p’r‘es:s' __
10 To obtain inte_rest rate perperiod (asajg) _plr_ess-' III 10 .
Number of Periods Required for a Sinking Fund | B
. ‘Key in_ihtexjest rate per p_eribd (asa %) | | press: E »
Key in payment (installinent) anie_un_'t. : "~ press
Key in future value o - ﬁress__" ' : »
5 To obtam number of tlme perlods ) '_ . - press: . E] | 1'5 -
[ LOAN REPAYMENT | .
Accrued (Simple) Interest Payment Due o - . .
Key in _rrumber of daj)s ' | press E | \.J
Key i.niejmnua_'l interest rate in%) . press m
© 20 - _Key'ih the prihcipal'(present value) o . br'ess | : S 20
- o e . _ - T INTR
"~ To obtain interest payment due on a 360 day basis - press % PMT]- _
o --_To obtain interest payment due on a.365 day basis pres's: ' x=~,-y'
Discounted Note and. Effective Annual Yields. - | o o s
' -25' - _ _Key in number of days’ . o . press E N 25 .'j_-_
B Keyi_in annual interest (_dfsceunt) rate (in %) - . press- m
K_'ey in the face (futuré)value of note press

Z
—
-

To obtain the discount amount (i.e.—the interest portio_n) '
of the note on a 360 day basis . press

"U:
£
~



[err] To obtain and store rate of depreciation press. [err] [err] Key in
begi nni ng val ue of asset [err] Toobtain year'sdepreciation

press RCL [err] To obtain remai ni ng book val ue press [err]

15 rerr] Contrnue steps [err] for subsequent years.

15 BONDS Price of a Bond [err] Key in either maturity or purchase date
press SAVE't O Key in remaining date. . press 20

[err] Key . in Mldto maturity (asa% press

20 [err] Key |n.F30upon rate (as 'a [err]) ,454268 press BOND.[err} Tp
obt ai n bond priee— eSS Eid to—vatorTty-of—a Bo'rrd—
25 . [err] Key |ﬁ°@‘?‘?‘ﬁé‘F°ﬁﬁ?‘UFr“t'§‘aldr'e‘b‘tl‘r 8% dat. e* " presq 9=y

25 0 Key, i n remaining L press bAY [errt=&éy in -

coupon rate (as a9 s« ntgmo ?of helf’({yg'odﬁfyl nt hebondprr ce
Jogt

press YTM 30 . %(5? 2: hf’d’ R |
press _ ° ' Normal accuracy of boncf caI cut atrons S

two deciTal’ p'a es for~ Shiah A% Freotlvh af il JM oPERSUACY 1S Tequired, the
foll owi ng procedure shoyif replace steps [err] of eitherpr@&f the abdwra.

Ext ended Precision Bond Cal-cul ations NOTE: This procedure replaces Steps
[err] in normal bond mlmlvaémqnﬁml Yieldapr ovi des si x decr mal- pI ace accuracy
for all bond price cal cul ations andthree .

Key in number of days .. S © press

keyin[3] [6][3] . ees [E] [ﬂ
. '_10 : Key irt the principa_l (present value) of note. L press

Key in the face value (future valt1e) of nete o pre..sHS'

To ot)tain true equivalent annual yield - o press

Present Valué of an "Annuity (Princip_al Amount of a Loan)

-EEBB  HEE fn

* - Ke).r.i-n the number of time periods.'(mo:nths, years,
15 © etc) _ o . press
- o L Key irr interest r_at'te per period (in %) a _ pfes_c_
Ke)r inthe amoutmt ot‘ the paymerlt per peri_od | ] press
To obtain prese’_rit value (principal)l ' o p__r_ess.

Loan Repayment Amount -

: \\/ 20 ' _ Key in number of time t)eriods | . -press E '
| | Keyr m i.-n'terest rate per period (ih ‘7) : o " l. _ [aress - m .
Keyin present value (principal) : | precs -
To obtain payment amount per perlod | . | _ _-press _

True Interest _R.ate of a Loan
25 I Key in'n'umber of time periods _ press .

Key m payment amount per perlod o _ press

<

Key in present value (prmc1pal) S - -  press

. To obtam mterest rate per perlod (in %) - press

'EJ' afEfa)

NOTE: To obtain an annual rate s1mply keyin the number of time perlods per
year and press [x] .

15

25



deci mal place accuracy for nost yield calculations. a) Determine the nunber
of days, nonths and years to maturity (in accordance with trade custom 5
b) Key in nunber of days, press SAVEt 5

c) Key in [err (days/ nmont hs) - . press [err] dy KW—n—thrrrb‘e' TOer
.) \ %t hs [ : ! press_e)_Key in [err] ~(mont hs/ years).
.

' 10

s f) Key. in number of years : "press- [err] _
-'Key in [err] (days/year) o press [err] 10 Cswtinue with
. st ep perr] of bond cal-cul at.i ons14j4ngSTI\/EI\I'I' ANALYSI S] _D| scountﬁd Rat e of

‘Ret-urn (1 (5] rromer—of .LI Tre- pcr —o6Ss -
e rf%’tﬁt“"“df ‘cash 1 owper perrod o press

ringefgy Tcme er

press [err ‘i" re,

| | i nvest ment - pres,s
PMI- . mthejlﬁteﬁ tyraﬂetoerq eq:reré? rn (in %pﬁ%srs @ od press-. i -

PV To obtain ceir scounte t
- Di scount ed Cﬁgﬁmﬁ[gyyﬁgﬁla%gﬁlﬁ érftﬂ{epEH en caspe nlerr] Key in. di scoun
rate .(in % per period g [er .Keyrn orrgrnal .
i nvestnent - Keymthepresentvalue(ﬂ%h@iﬁﬂ) CHS . P¥ess: I P\ I 20 [err] Key in: Cas
flowper period : press PV [er [err] Cont i nue, step

[err§) for- smd»elaapuetretnufﬂbakumuﬁa}ﬁdsl nvest rrentpr¢55 rof i table (to she extent
of the-discount rate) if the result is positive. FUTthernore, the user can

“deter ni neAIx[];,’,ui,',}g& Wg_;@)‘ﬁg IIB%I %'pe’egye IS?VBO antts I;lnetllg rl Od I n Whl Ch st e[) [err]

<

- first yielded a. positive res

_ 1,454, 2_6.8 - Keyinthe payment number correspondmg to the f' rst7 8 STATI STI CS _ __. .

pomt of the tinie span in questron . ) press
= . Key in the payment number correspondmg to the last T _
10 : pomt of the tlme span in question [T “press.-:..;-';__. 10
Key rn.t_he total nur_n_ber.of payments_of_th_e_lpa,_, .. .'-:.:_pl'egss_ E:] .
Key m the interest rate per payment (or period) -_ :__press'-___:.__ E _
‘Key in the payment arnount p_e_r_peri'oc:i. | _P:lf_e.s,s_:,' - I
To obtain tlie'aéeumulateti interest o press )
15 . Remammg BaIance (Prmcrpal) of a Loan T - 15
| ) As an extensmn of the prevrous problem T T -
| To obtam the remammg balance (prmcrpa]) - pres's- - AR
“Add-on" Interest Converted toa True Annual Percentage Rate ) \/
| Key in the number of months of the loan N _ , | Press E o T -
20 | ' Key in the “add-on rate (per annum) o . -- .pres”s m i '_ 20
| ) To obtam true annual percentage rate _ o press E’ |
To obtam the m0nthly payment amount S ‘_ press - &
h Then key in the prmcrpal amount to be loaned :_ press L_x_—J , o
Imerert Rebate (Rule 0f78 's) R .
2'5'. o ) Key in last payment number o . press m 25
| Key in total number of. payments for the loan - .p.r.ess E]
 Keyin the tota[ﬁnance charge —‘ : :- - press -
-To obtarn the unearned mterest (rebate) | press - -



Mean and Standard Deviation CLEAR [err] Cear the entire nmachi ne by

pressi ng [err] 5. [err] Keyin dataitem

press 5 [err] Continue step [err] until all data are
entered. [err] To obtain nean (arithnetic average) press: NOTE: To
obtain the standard deviation after each nean calcul ation press [err] keys
must be pressed agarn bef ore resum.ng. 10 [err] To return to the
sumat i on mode ' press 10 [err] Continue

W th- step [err]ﬁf desrred NOTE To corrlenggdata itemkey in its-valys
and press - [ertt—Frend-trnes LCd.QL elbd rTTear. Hegr essTon) CLEAR 15

[err] Cleartheentrremcﬁ?%ﬂ?ﬂﬂ&&%‘}‘ﬂ%pmc’p“ ue, [er{] .]

15 [err] ¢Sequential ly, k N err
NOTI[E E!’;ICh ?r me TL yr s g%/ye'gg'eccfm(’tl?f&eam&ﬁeyr%eé" nunber . fo ?1 m

di spl ayed.

step
[err] untgdl all data arek%y'!r'tehregdnbefOfrpﬂme‘insr?n?aarmrﬁgna%r%sstr@datqlr F—_l ]
sequence - press 20 LerrI—To—abtain &=Hic value on the
trend Iine key i n: the' : @‘j I M rlzjq Q_plerrod nuhrrber B
press [err] [err] P often as desrred -NOTE: - The user
may al so "step- fxr ong' hﬁhﬁ%ﬁdbfﬁ %’Q?‘m‘m nmply. press- |ng TL -as many > :
times as desired. Furth@rKeytl};l v&f&feﬁﬁﬁhbtﬂ( eEi%Fni’nQ?eaF'U”be" may be ‘obt ai ned
by pressing [err]. The. ue,n;e) - 'key nust  be preSsed agalré,gssbe[‘rlp_@'re resum ng.
0 To obtain the anmount: of change of the trend-line.per _
peri od (commnl y cal|ede" Héyﬂﬁ)ﬁfe))fasset(numberofy&{rﬁss [er rﬂres_s [ﬂ ‘
25 o

® Key in depreclable amount (purchase Iess salvage S

R D o B
| L ® To obta_rn 'g:iven y'e'af;'s depreciation pi'_es's' - |
® To obtain subsequent year’s depreciation - press |
# . e Cdntirtue step@asdesired ' ' o

" @ To obtain the depreciation for a particular year notin =~
- 15 ' sequence, slmply key in the year number desired N o ' s

and - press E

Continue step @ as desired.

NOTE: To obtam the remaining book value after each year's depreciation
press. [x=y] . The x=y] ‘key must be pressed agam before the next
. ca culatton (step 5). .

. \/ ' Straight Line -Depreczatzon

.20 Key in depreclable amount (purchase less salvage e L )
L value) _ . press|SAVE t| ISAVE 1]

To obtam each year’s depreciation

- S —key in hfe of asset (number of years) . . press- E -

NOTE: To obtain the remaining book value after each year’s depreciation,
‘first press - E (for book value after first year) then
[E[ for each’ subsequent year. S . A

S 25 Vanable Rate. Declmmg-Balance Deprectanon [ _ 25
® Key in m . [EI and : : press . [SAVE®
@ Key in life of asset (number of years) - press El SR

@ Key in declmmg factor or’ rate (1 e—I1 5 2 etc. ) _ press E m



* To resunme operation : . press [err] 1, 454, 268
79 WHAT WVE CLAIM1S:- 1. An electronlc cal cul at or conprising: keyboard
i nput_means for entering,information into the calculator; storage neans,

coupl ed to said keyboard i'nput means, for storing infor rratio-n 5 ent.ered

o the calculator; 5:
eSSI ng neans, coupl ed to sai'd keyboard i nput neans and said, storage
REA for processing information entered into t he cal cul at or “hd stored in

sai d. Zfr arage means to perform sb##P®d cal cul ations; and out puts means,
coupl ed to smmymrw&%abmgmmgmmﬁasmes@kmg@y| ng- The Tesufts o 10
‘sel ected cal cuhlat) ons perfornmed by said processi ng neans;
- 10 said keyboard input neans including. a plurality of
- oper abl e f or® Jawbtaingyesrs d¢prisd@ssi ng means tcpra;er' EI rst plurality of
operations desi-gnated by a:first plurality of |egeno tioned. on said
keyboard i-npht onaéansreawalnahg@mamed with sai d:rq:slsur- ty of input keys 15
- said¢keyboard ut neans -further -including a conmand key nenually . = 15
- oper3b| e with (lé’&{)‘ﬂ‘eﬁﬁeﬂsr%i"ldt@yf°b‘f“b?eﬂmYﬁé‘esys for causing said processing:
nmeans to rallty of operations desi gnated by a second
pl ural i'ty %"f”fy;'g‘] cﬁ'%(ysgﬂ’ Ghed on said keyboard i nput neans and associ at ed
w th sai-d pl @r@wnyfeofasmmlnbkmjsearﬂo . ... pesi {ocormand key and. said
second plurality .of. | egends bei ng" coded to  20.g5sociate said command key
with each of®s‘$?yd"§?§ewmvﬂw?faﬁﬁety of “oper at i pes ( | gnat ed by said second

i nput keys manua - 1 y

pl urallty of lg‘?en s.. 2. An_el ect.roni c:.calcul ator i.n claimt wherein
sai d second BItFar F'ldﬁf’gé‘fm"laﬁfééﬂw P§°‘p05| ti i oneﬂ'e%n panel of said keyboard
' an} nea[bNaﬁlEds'ﬁvage veﬂue must be greater than zero. o 10 o

@ To obtam and store rate of depreciation press.- L_l l [ l l

® Key in beglnmng value of asset _

® To obtain year’s depreciation _ L press - . .
@ To obtain remaining’ bookvalue "~ . _press E] |
15 - @ Contmue steps@and@forsubsequent years | e 15 B
BONDS .
Prwe of a Bond . L
@ Key in either matunty orpurchase date =~ . press h SAVEr '_ L
® Key in remaining date - pre_s's-_.'. o o
.2 ® Key in yield-to-maturity (as a %) : -~ press ' o L2
 ©_ Keyin coupon rate (as a %) R ';iréés: R -.
® To obtain bond price L _ _ press ' PV
Yield-to-Maturity of a Bond o |
: 25 _ ® Key' in'either'maturity orpurchasedate* - - ' press [SAVE? - 25 *
' ® Keymremammgdate ST " press’ ' B '
L@ Key in coupon rate (asa°/) : N press |[PMT/|
@ Keymthebondpn’ce_ e E pl_'ess' ' ' S
: - o . YIM
30 ® To obtain bond yield : : . press. il 30

NOTE: Normal accuracy of bond calculations -is two - decimal places for
‘most cases. If further accuracy is required, the following procedure should
replace steps @ and @ of either of the above. :




25 associ ated different one of said plurality of input keys.

25 3. An electronic calculator as in claim2 wherein: each | egend of said
first plurality of | egends is positioned on a different one of said

pl ur al rtyoftmput Keys, 4. An electronic calculator as in any one of

claims 1, 2 and 3 wherein said 30 command key and said second -(Egg

plurality of |egends-are coded by col or. 30 5. An electronic
cal cul ator asN claim4 wherein the body of sai-d command key:-and the
characters of said second plurality of Iegend% are _the sane coI or. 6. An 77
el ectronic cal cullator as in_any one of cl ab$$288 o

processi ng.neans is: mﬁddewlmaednlmsnﬁcmmzwn of said commndkey to perform
any 35 - one of sai d second plurality of operations in response to
subsequent actuati onfef—35—the x,uncapunm Li° P Une of 5a|1(g'5) aiﬁ‘s‘ T t

i nput keys. 7. An el =cFPJﬁr'Eh' Eﬁ%iﬂla"&%ﬂ‘? l ,
5, and 6 wherei n: saf dP1o¥ m °°r?§%lﬁ§°y 8# prffﬁﬁﬁlflf%ml?% tf“SF
entering numerical i phf8eHRY R °Fﬁ?5mfﬁ§'ﬂgf¥ﬁ HMd function keys for
controlling the cal culations 40 perforned by the cal culator; and
40 each of said plurali tyDeferrhin® e Kayber 0 aRys| MmBHthslali ;,Jagrtent one of said
function keys. ERIC POT Eﬁia&n@uﬁm&@inc&im&areedstmﬁ ent Agents, Kingsway
House, Kingsway, -London WC2B 6QX. ‘Printed for Her Majesty's Stationery
Ofice by the Gourier PbepXsyinhembermfdays Spa, 197& Publ i spres bjSAVEt Patent = § -
Ofice, 25 Southanpton BU|Id|ng?]l%9ndon WC2A | AY, fron1mh|if:§op|es may

4,

be obt-ai ned. . c) Keyin (days/mo_nths) o press
o d) Key in number ef months o _ | breés_ '
e) Keyin lII (months/years) . press
f) Key m number of years © press
10. : g) Keyin I 3‘| I 6 I l 5 | (days/year) . press E m - 10 |
Continue with step ® of bond calculations.
L ) -
- | INVESTMENT ANALYSIS |
 Discounted Rate of Return (for even cash flows) | )
Keyin nimiﬂer of time periods R _ press E |
9 15 - Keyinamount c.)_.f.cash ﬂo;;v per period press - 15 '
Key in original investment = . | i press '
To obtain discounted rate of return (in %) per period press E
B Di.gé'ountéd Cash Flow Znalysis_(for uneven cash flows) .. '
g ® Keyin discount rafe (in%) per period . - press m
. 20 )] Key in ongmal mvestment . o press 20 -
| ® Key in cash flow per penod ' _ o press '

@ Continue step ® for subsequent flows.

NOTE: Investment is profitable (to the extent of the discount rate) if the
result is positive. Furthermore, the user can determine the “break-even”
period by noting the period in which step @ first yielded a positive result.




78, : 1454268

I .L.STATI..S'I;I;CS; 1

. Me_anj'_and- S’tandard-:b’ey_iatian-- o

T T R S
@ Clear the entire machine by pressing - S f o 'CI_.-;X_[

5 @ Keyinedata:iﬁﬁm-_ = . S . press- Iz4]

® Continue step @ until all data are entered;’ -

® To obtain mean (arithmetic average) T press’ “

“NOTE: T 0 obtain the standard deviation: 'at’t'ér-j_ éﬁéh?; mean calculation
© press The - [X=y] key must be pressed again before resuming.

10 . ® Toreturnto the summation mode - B 'press-_',' ' .

® Continue with.step @ if desired.

| NOTE: To correct a data item key in its value and
' T o
| press ' ' .

Trend Lines. (Least Squares Lingar R'egres._s_'i_qn )

B e CLEAR
'I.'5 . @ Clearthe entire maphine by prgsgin_g o

® Sequentially, key in ddtaitem . . press 1ot

NOTE: Each time. is presséd, the Sécjuence number for that itemis

® Continue step @ until all data are.enter_ed._

~ ® Toterminate the data entry sequence . - .. pf_es_s_ﬂ_ 17/ -
20 ® To obtain a specific. value on.the trend line, key in.;'t'h:. ' '

appropriate time pgg'ipd:numbe_r [os. . - press. E -

® Repeat step-® as often as desired; - »

i NOTE: The: user may also. “step-along” the -trénd- line by simply. press-

" ing ~as many times as desired. Further, the current time period
| number-may be obtained .by pressing 5 . The -f key must be
" pressed. again before resuming; - . T .

@ To- obtain the amount: of change:bf: the trend line pé)' |

.25 _ _ period (cqmm_on_l_'y_called “;ldpe’f)- .. - press _ _

©--'I_"-.0'_res'umé operation - . - b pfeés“f'-__ _ '; . e

10

15

j 25 :
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" associate said command key with each o

WHAT WE CLAIM ISi— |
1. An electronic calculator comprising:
. keyboard input means for entering information into the calculator;

storage means, coupled to said keyboard input means, for storing information '

entered into the calculator;- . _
processing means, coupled to said keyboard input means and- said storage
means, for processing information entered into the calculator and stored in said
storage means to- perform selected calculations; and -
output means, coupled to said processing means, for displaying the results of
selécted calculations performed by said processing means;
said keyboard input means including a plurality of input keys manually
operable for causing said fp‘rocessing means to perform’ a first plurality of
operations designated by a first plurality of legends positioned on said keyboard
input means and associated with said luraliti" of input keys;
said keyboard input means further including a command key manually
operable ‘with said plurality of input keys for c_ausing said processing means to
-perform a second plurality of operations designate by a second plurality of
lefgends plc()sitioned on said keyboard input means and associated with said plurality
of input keys; o : o :
said command key and said second fplurality of legends being coded to
" said second plurality of operations
designated by said second plurality of legends. o N
2. An electronic calculator as in claim 1 wherein said second. plurality of
legends is positioned on a panel of said keyboard input means adjacent to an
associated different one of said plurality of input keys.
3. An electronic calculator as in claim 2 wherein: :
each legend of said first plurality of legends is positioned on a different one of
said plurality of input keys, . :
"4. An electronic calculator as in any one of claims 1, 2 and 3 wherein said
command key. and said second plurality of legends are coded by color.
5. An electronic calculator as in claim 4 wherein the body of said command
key and the characters of said second plurality of legends are the same color.
6. An electronic calculator as in any one of claims 1, 2, 3,4, and 5 wherein said
processing means.is-conditioned by actuation of said command key to perform any
one of said second plurality of orerations in response to subsequent actuation of
the corresponding one of said plurality of input keys.

7. An electronic calculator as in any one of claims 1, 2, 3,4, 5, and:6 wherein: -

said keyboard input means includes numeric keys for entering numerical
information into the calculator, and function keys for controlling the calculations
performed by the calculator; and

each of said plurality of input keys comprises a different one of said function

keys. - :
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