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the buSiness uSer?D) INECLABER N | y - designed 10 to solve th

ﬂgpiejﬁcation pellishedi3Novetflibr ed t 0" neet -t ¥
el enent Ak :;.cal"c'u'l(%%’il'aigx fageeptancesi ness di'scipline (i . e banki NO\S
estate, #r finance, erc E _?%336$ﬁ?5§g§5§%&%‘&?%‘&65$l9§ﬁ%|-I|
di sci plifnary business cal cdl-ati ons. For exanple, there are speci¥

cal culators for financiers to solve bond yield and ‘bond pr i ce_problens, and
calculators for 15 = .. .. real(b)AMPROVEDI BIESINESS GALCUIATOR i 7at i on and

ar r.-a._ 15 financier wha wi<hes to qui ckl oo
Compare-the Bt & ol M R A AR A o .
conpare the rate of jfehiftify ég__ wo oftle s £ e %ﬁ of eE\ of 1€¢ _
two expensive cal cuéﬁsg:.@agpmm Réad ?vemétn%t@lﬁmmp' fted State efb ﬁeﬁ%&)d& eé-aé’:gcur acy
of the cal cul ation lajne ﬁsntgm's_ X ch oz praytpatcupateat may)be grenttd tonms n a

. L ethod hich,it i erfar 5 LO; agticularl ibed in and b 5
si ngl e purposé cal cﬁ@#&mng s@ﬁtgnénﬁt:ﬁ_{"cl?ftﬂ HArmsd. o hegreticplary deser d by
' . 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 .
10 than is required to meet the needs of the business user. They are usually designed 10
. to solve the most elementary calculation of one business discipline (i.e. banking or '
SR - real estate, or finance, etc) and lack the capability and flexibility for inter-
o disciplinary business calculations. For example, there are special calculators for
_ financiers to solve bond yield and bond price problems; and calculators for :
15 realtors to solve mortgage amortization and depreciation problems. However, a 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 ap?lications 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.
This requires a longer user orientation period before productive usage begins.
; 25 Due to the high cost and the limited capabilities of the available business 25
N - calculators, and sometimes, simply because there is no calculator available to
' * perform certain calculations, the majority of the ever day 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 accuracy 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 .

places and the interest rate is given in one-eighth of one percent increments. The

- use of tables with this limited accuracy could Iead to errors of several thousands of
. dollers in a fifty million dollar bond issue. _ . o
: ‘Another disadvantage of using tables is the requirement that the user must
“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 -
. applicable. Even then, it is often necessary to take a reciprocal or multiply by a
_ - constant before the answer is usable. This [imits the user of the table to only those
4 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. = . - - .
- In the complete specification ofy our copending United Kingdom patent
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R~ pat ent _and. representmg the normahzed value of uncompensated days for a selected L e
penod of time; . - _ _ AR -
: : oA fourth- reglster mmally stonng the contents of the first regxster, T :
35 _ -4 fifth register storing the result of a calculation; - 35
. first. means coupled to'the first, second, third; and fourth reglsters to combme o
the contents thereo;f’ m accordance w1th the relatlon Co _
(1+R) . T _ . .
- E where R.i$ the contents of the fourth reglster (excludmg the- 1mt1al contents : S
40 thereof), N is the. contents of the third - register, P is the contents of the second .~ -40..
-register, and K is the contents of the first register, said first means being coupled to
-the fifth register for storing-the. result of this combination theréin; - ' e
second means coupled to the fourth and fifth ‘registers-to substract the_ Ce
- “contents of the- fifth register from the contents of the fourth register and to store -
. 45 - _the difference in the fourth'register; ‘accruing'means coupled to the first means and
C the first, second, third, and fourth registers to calculate-an accrued interest portion
of the bond price, to ad_]ust the contents of the first-and:second registers to account
for the accrued interest portion of the bond price,’and thereafter to cause the first
means to combine the contents of the third register and the last-stored contents of
50 the first, second, and fourth registers in accordance thh sald relatlon and store the
. result of this combination inthe.fifth register; .
-: third -means: responsive to.the contents of the flfth rcglster, when those N
contents. are less than 4 third selected value to mltlate operatlon of the accrumg
o, means; .and.. - :
55 - output means coupled to.the fourth reglster and the third méans to prowde a
: vxsual output indication: of the calculated yield to maturity of the bond, said third
‘means ; being operable " after operation” of . the accruing means, for imitiating.
".operation.of the output means. to prowde a vnsual mdlcatlon of the calculatcd yleld :
to maturity of the bond. - - R
60 . A principal object of this invention is to prov1de a general purpose busmess 60
" calculator that. has Vastly greater . capablhty -and flex1b1hty ‘than conventlonal S
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ut means coupled to said processing ‘means. for indicating the
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. In a calculator as set forth in the last Preceding paragraph said. é:lur'alit_y'of : '
25 function keys may comprise five financial function keys associated with five 25

- functionally related financial variables; and said processing means is preferably
responsive to successive actuation of one or more of said numeric keys and one or
more of said non-numeric control keys in a sequence, including one of said
financial function keys. followed by one of said financial function keys without .
- 30 interruption by any of said numeric- keys, for- automatically performing a 30 .
" © ' mathematical operation employing selected numerical data, stored in said storage : :

35 - In a calculator as set forth in the last preceding paragraph said five financial 35
function keys may include: - S - : S
-a first financial function key associated with a financial variable representing
a number of periods; . = . S o S :
_ a second financial - function key associated with a financial variable
_ 40 . representing an interest rate Eer'-period; N S
U - -~ athird financial function ey associated with a financial variable Tepresenting
) . a periodic payment amount; .= . : T
* . -a. fourth financial function key associated with a finangial variable
representing a present value of princil?al' - - R :
45 " - and a fifth financial function - ey associated with a financial -variable 45
representing a future value of principal after one or more periods have elapsed. - '
~In_a calculator as set forth . in the last preceding lparagraph- or the last
‘preceding -ll()aragraph but. one said non-numeric contro keys may include a
command. key for associating .one of said five financial function keys with an

50 al_tern.at{ve financial variable -representing .a- yield to maturity of a”bond, for 50
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55 ma_nually.'_operable, \_Jvhen._, actuated successively following actuatiéq of -said " 55

S|

(,5. : Ina calculator as set forth in the last ﬁrecedih'g ﬁar'agraph but one each ofsaid - 65
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'35 flrﬁrs'tl Irf“;!lv,'ta.‘r:f;;gtlaDL A l “ L “e r esubj gOdea watlh@aE ﬁl 'cﬁﬂl mg:;atl the '.'h. '-._-}-ﬁ | ' '

canbi-ne t ?EEQL ‘ﬁlb;ﬁw lsa 0 eyb u n th regi sters to
e h §Aicid indiedin Itﬂaﬂteﬂ!aWetﬁna -

contents Gl Wé'ﬁharfciagfusttmn m@% qng " i where R is the

o)
iﬁ‘ﬁ?l“%‘éﬁﬁ‘é%nt s 4
agedel&&l“ gfdph it ifive. sdid contgnts of-

t her gof ) , Kdy lamd taidandnele E E
as S|
s ﬁe é

1

. the:second. ?
Ctitst mea : mentaetuadomdﬁaﬁfﬂomofregl ster, "s&id
i ?ff%shlﬁ meau 260! Eegs fongerbiatingithe e acfbwis nETee g;aﬂgwt he resul t Tof

this COﬁbldw%lstoﬂedﬁMsialcbstu‘agemeiécfgi ‘%?8} %ﬂgﬁ rth-god fi
regi T ] |
of gt hee; ?)u%‘? meis 5&% megns © I? o) st hd fe ohﬁ@ltstsad efid-om t he co

e a g ngthe standhod devratlon bfelumef1¢3é dapstaredn ¢ he four'

“register; gGaidlitdigbemans sai (ppdcesi a on of a '

o oron E,P:;"”"’ %&"m&?‘%@i "g?’%”ese'g'“‘.% Syt et Blndine 45 the 117!

adt pked&di pipd saﬂ npm urper A

: reg' SLerS I:&‘ltt%?ﬁéw ay fifdlude ce omnd&@pmm@mer ¥ it IM rcst)oral.gd SECOI‘ld

and there ea‘cbmrndnmumueeommb“)’%?”h%"ts e&l '--fsconuia a&@ﬁ;t ents S;I 'f ﬁe
nfet

third re ongrks rig 6 ‘
and %urghsqrem 3’{#2}5? oned c%lg erk}aﬁ ic ferage andsatdhaad-fl rst20 second,
signhl} wmsttdndsamndrrewat it® ‘{fﬁﬁ re-th
;:zul t of 'hm hﬁ:eg@mw@aandahe st (dmgwa iqnifpr qat@egfrgfrgnrencalsda aenteregjt Hit demagg
onsi ve into saidheto °" sehem o
I esg t han ; ts e h(gggi ﬁgntn# last :yﬁ&"ln but mfiiose contents are
2 niaﬁil yabea pmtlabmmr regre ohe ac? ui ng

mean#? andg, sa1 umenc keys forosﬁ)qmgt equailyx cﬁ‘ 'seﬁgﬁﬁﬁ% regi st er, al:ld

the third nmeaedcal datp
’“‘”‘d""” % trfi ’thdl-a boiotadamsad the |
eysSﬂy ndltidera:lcommandéahs bels‘l;l'g ! -

*

¥
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. o : ke and said first non-numeric control key are successWe y. aetuatred in {: (J
mentloned for causing said processing means to generate a first value of the least-
squares linear regression of the numerical data stored in-said: storage means and
: - for causing said output means to indicate said first value in decimal digit form. .
35 In a calculator as set forth in the last preceding paragraph ‘said first value may .35
: be- the value at the. y-intercept:in rectan ular -coordinate notation; and. said
processing means may be responsive to furtier successivé actuations of said first
non-numeric control key for generating succeeding values-of the least-squares
_ linear regress:on of the numerica data stored in said storagé means. . - :

40 * " In a calculator as set forth’ in the last preceding paragraph but one: asecond . 40
one of said non-numenc control keys may be manually operable with one ormore - e
of said numeric keys for storing the sequence number of a chronological numerical NG
datum in said storage means; and said processing means may be responsive to - - . L
actuation of.said first non-numeric control key, when successwe preceded by
actuation of said second. non—numerrc control key, for generating the- value of the 45

least-squares linear regression for the chronological numerical datum designated o
- by the sequence. number stored i in said storage means by actuatlon of said second
non-numeric control key. -
_ " In a calculator-as set forth in the last precedmg paragraph but . ten sard _
50 _ processing means may be responsive to actuation of oné of said non-numeric 50

' control keys for determining the _percentage. difference between two numerical R
o values stored .in said storage means and for theréupon causmg said. output means

to dlsplay that percentage drfference in decimal digit form." : :

: -In a calculator as ‘set forth ‘in the last preceding’ [;1 ragraph but eleven sa1d . o

55 . processmg means may be operable for ‘generating the percentage differénce. =~ 55 .

: between two numerical values stored in said storage means; and said nen-numeric - S
control keys may ‘include a command key manually. operable with :another of said"
‘non-numeric eontrol keys, when said command key-and said other non- -numeric
control key. are successively- actuated in the order mentioned, for causirig said
processing means Lo ‘generate the percentage difference between two numerical =~ 60
values stored .in said storage means and for thereupon causing said output means' SR
to dlsplay that percentage difference in decimal digit form. :

1n a calculator as set forth in the last preceding paragraph but twelve sard_

numeric and:non-numeric control keys: may be manually operable for storing . - S
65 numencal data representmg any two calendar dates m said storage means ina. =~ 65

a5

60



operation of the output neans to provide a visual indication of the
calculated yield to maturity of the bond. 60 A principal object

of this invention is to provide a general purpose business 60 cal cul at or
that has vastiy greater capabilTity and. flTexibility than conventi onal 30 .

1, 454, 266 : 3 busi ness cal cul ators and Cj

that is small, inexpensive and easier to use than conventional business
cal cul at ors\—~The present invention provides an. el ectronic cal cul at or -
conpri sing; keyboard input neans haV|ng a R4-6gllty of nuneric keys <
manual 'y oper.abhPe 5 for :
and having a plur alprbt;emfnmedldeclmal &gnmnmt; amdcmdtpmcbssingmanmnyaﬁdlqde @r abl e
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rel ated financg al Frhed Sfoa si (ﬁ h Q]ie umger&ﬂ!l ect egl
numer i ca¥ data as s@vﬂ;‘nfs abrwmdabnll?é{iundomr gé&r;d&lﬁt i oni n '%g{ls the
cal culator to perfor rfﬁ { g@ Cp (ﬁ g'e -
10 stofgge means -cofffifate “.fi'“e%é%/ e bial St e BRI aﬂ?lpt ¥ indhsmiter i cal
data enfered jgto Oﬁredba&rmtﬂeatiedmh)dn emmhﬁmﬂoaitming mﬂmaatmgepmanmg aoupl e0l -
to sai d§keyboard i 1 nititlralendar d

siccieadhe, act ot AL R T ST L i

of said non-. day kdi€in da,gdaeyge of

said functi omekeys droinclndetiwithiil & pied etmnadframloﬁlcaﬂme:tdam dod Jor caysinglsaid t 15
i nterruption by anwlﬁ?“agfaqs A Pﬁat thepenerates calendanditr ARy pedssmiclg a

met haneti cal oper at PSHbMBLEYIEY a5 ol erphes dn bR sﬁteﬂg Saragibol §ttieNagiai d
storage neans and dgreieding ipatigrapls bmmmdmwcessm nieahgp ﬂembondixdevaecanbl es by

actuation of eme ormmpeesmnsxgatcd p jopppid R %Oﬂ- ualc @ gl ey fonsawsimgue 2@0
of a financial. varf ﬁ’“éa%?@tﬁ mr gl éfm &tﬁ? ﬁ‘%’ﬁfﬁﬁ‘ Says i
sai d 20 sequencepre aG@M sih@om;ﬁﬁbl with SEssddigmirRans . f o

i ndi cating the val udecinfal digie fdrmmami third waansdb @mpsssatingfoethe wktrdday irelebms t of
said function 2$(ey s gearsggptgrm within said predetermined range of calendar dates.
In a calculator as set forth in the last preceding paragraph but one said non-
-numeric control keys may include a command key manually operable with said
one non-numeric control key, when said command key and said one non-numeric
: control key are successively actuated in the order mentioned, for causing said first .
% 30  means to generate the calendar date of the day correspondmg to said number of 30
- days from said initial calendar date and to cause said output means to display the
generated calendar date in said predetermined decimal digit format. -
In a calculator as set forth in the last preceding paragraph but two said first
. means may be responsive to actuation of said one non-numeric control key for
35 = generating the calendar date of the day corresponding to said number of days 35
forward from said initial calendar date, when the numerical data representmg said
number of days from said initial calendar date is positive, and for generating the
calendar date of the day corresponding to said number of days backward from said .
initial calendar date, when the numerical data representmg said number of days
- 40 from said initial calendar date is negative. ' T 40
_ ' In a calculator as set forth in the last preceding paragraph but seventeen a first = -
N\ . one of said non-numeric control keys may be manually operable with one or more
- of said numeric keys for storing a first numerical datum designating a particular
_ period within the depreciable life of an asset in said storage means and is manually
45 operable with one or-more of said numeric keys for storing a second numerical 45
g ~datum representing the total number of such periods in the depreciable life of the
asset in said storalge means; a second one of said non-numeric control keys ma;
manually operable with one or more of said numeric keys for storing a t 1rd
C numerical datum representing an initial value of the asset in said storage means;
50 said processing means may be opérable for generating the value of the sum-of-the- - 50
2 digits depreciation and the depreciated value of the initial value of the asset -
% ' : represented by said third numerical datum for the period designated by said first
% numerical datum; and said non-numeric control keys may include a command key
" ‘manually operable with a third one of said non-numeric control keys, when said
A 55 command key and said third non-numeric control key are successively actuated in S5
! - the order mentioned, for causing said processing means to generate said value of
the sum-of-the-digits deprecxatlon and said depreciated value and for causing said
output means to display said generated value of the sum-of-the-digits depreciation
in decimal digit form. E
60 In a calculator as set forth in the last preceding paragraph said processing 60
‘means may be responsive to further successive actuations of said third non- :
‘numeric control key for generating the value of the sum-of-the-digits depreciation
of the initial value of the asset represented by said third numerical datum for each
period included within the total number of periods gresented by said second
65 numerical datum subsequent to the period -designate by said first numerical 65



sequence. In a calculator as set forth in the |ast precedi ng paragraph said
plurality of 25 function keys may conprise five financial function
keys associated with five 25 functlonally rel ated financi al
variabl'es; and sald processing nean s-prefera Yy TE€Sponsi v ¢ S
~agtugtion of. one or nore-of said nunerlc keys and one or nore of said -
- ng unmeric control keys in a sequence, |nclud|ng -one of said financial

f ket i 'on keys foll owed by one of .sai.d financial function keys Wi tNadut 30
|nterrupt|on by any of said nuneric keys, -for automati cal | y: perfornIng a
30 matbhenntical. operation enpl oylAH:266| ect ed nunerical data, st@red in- said

- 'storage NEam amo;daﬁmwmadngﬁ nfbafs @rdxs.pﬁg SachigeBe¥itdd {aniosrahel vari abl es by
act uat.i on smfl-OGﬂle-dzmts mrecmﬂonsaldebnhalm funct & on keys ‘to determ ne the

‘val ue of ‘g f ‘}1%1}1?‘%"‘1’(/ r,.?ﬁ'efg §0 d%sF ﬁg;% ; eral 2 ‘;{é’hl d financial
~funegion léﬁléfn dtl lay&a:l‘g eneratec;1 ltllep);eg?ate@ ve cg re%ﬁr as .sgt forth
in the'l asdgg:t m:edl ng par agra h salg five .1 napcial.. 35 function keysmay

| necl ude: ?SQIC\MtWaWéFté‘PﬂH:% ,-!"m m&fﬁ @Btwlttha first i nanci al -
“variable "’PE? éﬂi‘é‘x’?@m%" aﬁﬁ\ 2 AL Chaa nf p iﬁlﬂlﬁ" fU”Ct'Orkkey
assqgi at e‘gf MSictdssivk aylﬂaﬁﬁh co cﬁdhie%b aftl’ '-numerlc dﬁﬁ'&ﬂﬁ inﬁ‘rﬁ!aﬂ‘}n i ntgyest Fate

per per: i o@perable with, one or more-of said numeric keys: for storing a second 40meridahi r d financesg

. function l@é{}'{"’:ﬁ&'&%"f"&‘!@ﬁe }Met’ﬁ“ ite; pes payesy; aighird %Pﬁsmp‘?ﬁg@l‘ﬁ ng a peri o@ .

: ysopera le: with one-or. more: of said n
. payment -agieq T ol Fep ke el d{oun Msagwth a
- finasci al salamrc&bssmgrmanesaespo eato cﬁmﬁoﬁ oﬁ/aifmethoénepdﬂ saﬂnmal 4515 -

“and a fif mpmeriq waﬁehlms fPUSR‘EE}}BF& Yﬁé‘f‘fﬁf nmber of suceessiveci al var i abl e

.. 45 i epr es SR 5 .b'.- ﬁ“a@ ‘%L:h fﬁr"“ﬁrﬁgg%énmbe peri ods have

el apsed. kdprésest 'aﬂtseiona%uﬁ&ﬁc par agraph or

add’fei ¢

Sl

t he20 ast pvselesedne vahbutl demealsimltdommmmmlﬂy pachobsiid ol k2y/s may
include aft émn@ %%"o‘&i"é‘f‘Fﬁ@f’“&’h’é‘y6F°’%P<_ﬁ3ﬁaf‘ﬁ‘%“?PFFanm al function
keys with &) Iculator aslsst%mm £HE81abt pPECREing! {aﬂ bRl ewspbRSENt i ng a yiel d
to matur.i lt’yst oﬂie oa‘sh:dmdn-nﬁmenmsmmays by opbraBlaiwdthfonw er f i nanci al :
fun@®i on l@éﬁe N _ fﬁl é’rﬂ?&;‘PV‘? 3 'F%&% nerjcal ‘P‘h%g@eSP@EEGé%&%ntl n%P an

accr ued ' fé.-z§1 k@; l%&%%:%ﬁ 211568 le?%e*vltl‘%m? ore

-of said numeric keys for stonng asecond numerical datum representmg an:annual

interest rate in said storage means; a third one of said non=numeric control keys : :
- 30 " may be manually operable with one or more of said- ‘Aumeric: Keys for. storing.a 30 i
third numerical datum representing a principal amount:in said:storage means; and -
said processing means may-be responsive to actuation of a fourth one of said non- - e

numeric control keys for generating the values of the amount of interest on a 360- ~
. day basis and on a 365-day basis of the principal amount répresented by said third .
35 numerical datum for the number of days represented by said first numerical datum . - '35
© and at the annual interest rate represented by said second numerical datum and for :
causing said output means to display. the value of the amount of interest generated
. on one of said bases in decimal digit form. Preferably said-nion-numeric: control -
keys include. a command key. manually. operable with' said fourth non-numeric N
40. control key, when said command key and said fourth nen:nunieric: control keyare 40
’ successwefy actuated in the order mentioned, for causing said processing means to T
. generate said values of the.amount of interest and to cause. said’ output means to - N
display the value of the amount of mterest generated on sald one of sa1d baSes in- "
- deécimal digit form. . L
45 .+ . In a calculator. as set forth in- the last precedmg paragra h sald processmg 45
means -is preferably responsive to actuation.of a fifth-one of ‘said non-numeric
control-keys for. causing said output means.to dlsplay the value .of the amount of '
_mterest generated on the other of said bases:in decimal digit form. - ' .
. o ~In a cdlculator as set forth the last preceding paragraph:but twenty-three a -
.50 " first one of said non-numeric control keys may be. ‘manually operable -with one.or 50 -
"~ "more of said-numeric- keys for. storing a first- numerical datum representing the -
number of p ryments within-an interest accruing: ‘period.in said storage: means; a -
second one of said nion-numeric control keys may be manually operable with one
- - or more of said numeric keys for storing a-second numerical'datum: representing . E
55 the annual add-on:interest rate in said storafe mieans; and'said processing means . 55
I e ‘responsive: to reactuation .of  said: second: non-nimeric control key, e
o fol owing -storage of. said second: numerical -datum in said storage means, for
generating the: value of an annual perceritage interest rate and the-value of a
: - . monthly payment factor for the number of payments represented. by said first - -
60 " numerical datum at the annual add-on: interest rate representéd by said second - 60 -
" numerical datum-and for causing said output means to display. the generated value -
of the annual percentage interest rate in decimal digit form.
' 1Ina calculator as set forth. in the last preceding paragraph each of saxd fll’st .
. ' _-and second non-numerlc control keys may compnse a dlfferent one’ of saxd S g
- 65 . function keys. . . . S T - T




i [ [ [ [ | | ternative financial variable
five financial function keys with an a \ _ _
?Lp?gggnting a bond price; and each of three |ast-nentioned financial keys

ively foll ow ng

I operabl e, when _actuated successive . (
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tor LS Yetoall camm : ﬁgﬁ'pagqgs_s@?w i
may include: first dnsgplhmyr__eﬁql?eig,s_lf()fee,;ag,pgg:tbu Jebip} 1" esfhitd ‘of “hon én‘ﬁf"}ﬁ‘ T cal
non- numeri c c¢ont r oProgEy "f-ﬂb-if kge:ﬁnér;&i,t,h_lﬂ%? tcwel;l%tt "tw'tﬁ%rémﬁﬁn%m%ﬁg dnédi spl,gy
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¥ - T expe At knpwidded ethgproBlemlarddd t he .
means and r%pOHSimgiiﬁﬂl%ﬁﬁ%ﬂﬁv?zg gﬁ‘{ﬁ;ﬁ"ﬁkgpggém tglggm andai d 25
latig to aé‘en &% of r?ﬁ?gg géed to
pt

st andard devi ati ons-oﬁzfed.nnggrre fite 10% h&étgd i 0 §re grou : e(t_her and
ir eans bdssigoptedmmocsidance with tHelge rally’ ac business symbols (e.g., “i”
proces3ing rre for i_n%’;‘rest. per period, “PMT” for payment per period, etc:). The key layout and
the ‘keying sequence are such ‘that they suggest to tlie non-expert user-the.

30 . information necessary to solve a given problem. For ¢xample, in solving the 30
. general class of compound interest and annuity problems with this calculator, the
-8 five possible variables, number of time periods, interest rate per period, payment
: T per period, the present value and the future value are all located on the top.row. A
- user can key in any of the three variables in the prescribed left to right sequernce o
35 -_.and the calculator will solve either of the remaining unknowns as requested. This 35
. procedure does not require any_previous” knowledge .of compound interest or :
annuity mathematics, and any of the five variablées can be solved without ‘any
intermediate steps. Hence, alflthat' is required of the user'is that he be able to
define_the variables of the problem, and the uni jue 'keying sequence. of the
40 - invention will carry out the necessary. mathematical manipulation, e
v . A calculator constructed according to the preferred embodiment of this
~ invention is small enough to hold in one hand, is capable of displaying data as it is

.45 .-mathematical operations required for different business disciplines. The limits of . 45"
' - miniaturization and sophistication are realized, however, if the keyboard of such a
calculator, becomes so small and so crowded with keys that the human hand can' no
longer physically or conveniently manipulate them. One solution to this problem is

e ... toreduce the number of functions the calculator can perform. A better solution is o
/ :2 . 50 ‘to assigh more than one function to €ach key, thus reducing the number of keys 50
. : -~ Decessary to incorporate all the’ functional capabilities: of the calculator. L
i _As more functions are assigned to each key, however, the clarity of labelling a -
gy key’s various furctions becomes important. Moreover, not only must the labelling
= clearly refer to the particular key, but the functions each key causes the machine

55 to perform should be easily understood and learned by the user from scanning the 55
- keyboard labels, Afterlearning the total capability of the particular machine from '
a reading of the ' nianual, the user should be able to know the relationship between
" . keys, the function(s)- each key initiates ‘and, therefore, the operation of -the
machine, from his knowledge of the keyboard itself.: - -

60 .. The limitations of miniature calculators have been overcome by the preferred 60
embodiment of the present invention by incorporating easily interpreted, coded '
legends to_'the-'k'ey_board'sur_face'immedi_ately above certain keys to which more
than one function is assigned. The coding not only designates the separate function
of each of these keys, but also refers to the prefix key which activates the second

65 fu_nction of the_ key when it is depressed. 65



?ﬁgpndtone of said non-nuneric keys for causing said output neans to
o :ca el5 said standard deviation in decimal digit form
n a calculator as set forth in the |last preceding paragraph said

. operabl e

ReR—Atef+e—contTol keys may 1 nclude’a comman

sald first and second non-nuneric control keysOI \lf\,ﬁ)én Srlrglnga!sgoggerabl e wth
: -_-nulrrerl c control key, said commond key, and said first non-nugesic

& .I:r-o key are successively actuated in 20 the order nentioned
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par agr aph lalgbritbme traditionadly qisedin: "B}lﬁex ggnﬂ%aﬁ_ %?Q c __a ors. so v ng.

rranually o;&j d@oyﬁi&&lg@ﬁve&co% e dr@caﬁﬁ 1fyo| keys may .be

Rfisive. Heyeyelf,ma stordthg th
sequéhce n BitdrNadeBinggtoC de f tigha it g the
& s s Fort e gy S orage neang;

and sai d prefaagisiaoi ﬁmmgsﬁaydvn?e d band yiel
. used to allow the incorporation O these tWo ﬁonéﬁ% ﬁgl tions ini a small, general o

'_purpose calculator at a fraction of the special bond. ‘calculdfor price.
35 " Conventional business calculators designed to, caIcuIate accurnulated - 35
mortgage interest and remaining rmclpal ona mortgage. can give the cumulative .
totals up to a given time period. However, it is often necessary. to determiné the
accumulatéd mortgage interest and the cumulatwe principal pald during a specific
) fime period. This is not gossxble with prior art calculators ‘without making two
40 separate calculations. an then taking the differencé. In contrast.a calculator . 40
o according to the present invention permits the userto find the amount of mortgage . : : )
interest paid during a a?ll specified time period, as well as the remaining principal in o/
-one step. Thus, this ulator can for example automatically calculate. either the ~
. interest paid durmg the past year or the interest pald during the s1xth through the
35 tenth years.

Conventional business calculators with discount cash flow capablllty discount
the entire stream of expected cash flow and solve for the ‘rate.of return of the
-investment. This’ provides for 4 summary analys:s of the cash producing life span of

~°° an asset, but does not provide any-interim information on the repayment of the .
‘50 - original mvestment ‘A calculator according to the present invention has, on the . 50
o other hand; a discount cash flow' capabthty that discounts: ‘each ‘cash flow and-
- maintains a running. total of the outstanding amount of the original i investment.
~ Hence, when the outstanding balance becomies zero, or greater, the-user w111 know-
- the number of periods ‘before the. investment. is recouped. - _
In the past discounted note. calculations were. made. by employmg dlscount - 88
note tables where-the dlscounted interest rate is given at 057 increments,: the - T
_ discounted amount is ‘given to "six decimal places, and the equivalent_annual .
- 'interest rate is given only to four decimal places. Thus, one who wished to. findthe
o - discounted amount or to conivert the discounted interest rate to an -equivalent
60 annual interest rate‘is faced with two llmltatlons (1) the discrete interest value 60
o and, hence, the need for interpolation to_ ‘obtain the discounted interest rate; and - '
2) the four decimal place accuracy of the equivalent annual interest rates. Both of
these aforementloned lnmtatlons cani have a s1zable effect on large sum

calculations. : _
In some money markets outside the Umted States, a 365 day year is used for 65 . ..

s

65



actuation of said first non-numeric control key, when successively preceded
by 45 actuation of said second non-nuneric control key, for generating
the value of the 45 |east-squares linear regression for the chronol ogical

nuneri cal datum desi gnated by the seéquenece nunber stored in said storage
nmeans by actuation. of said second non-nuneric control key. In a calculator =
as set forth in the last preceding paragraph but ten said 50 _ .
processi ng ans. may be responsive to actuation of one of said non-nuneric
50 control keysofor determ ning the percenigggsedi fference bet ween two 9
nunerical val 065 Stofed I n.oal 0 SLorage means and 107 THer eupom. cav 0
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commandgskey and sai @turgiicallycaiquly F'?qfﬁ'g ng) u the equi pal driteres

. ate t | _ d the hic 10

actuated in tA or AT SERAELINI RIS IRATHER e JidRsieer picheans
to gengrate the perggkésge difference between t nunerical ) valtles
stored.dn said st or ageCompentionalnbhisiness tadiaiaterp owithc avthinregjc Smeat and ptahdaréans t o

di splay that percer _eﬁ io thity grevery restrictady Fh&ﬁg’%ﬂfmﬁm%ﬂ“ most @s@aq‘:f-ﬁﬂ ator |
s e o P e e
non- nuneri c. cont rol_stdndﬁﬂ, demiatiore  Also) Lomkd éhe.oﬂﬂl_i @D kmefedrand tthé lafithnfetic mean

; 101 it{ispot pessi d Ve p data pointtosvalepte theans i n
nurer cal data 1 epraiesiy Rl o sombydeatigaresr Adsapumonien eans |1

- -20 . data points and performing the e’:&;fufgggn% r again. . . .-
5 predet ernined deci Na{ caleglator a6doRihg tGIKL Brobet BAvRARSHS LAATCTRAMRS bBMY:nk nc! ud
first means responsrihmetio naean aad ithenstaidardodegiatién swomiativelly- fromehd inpotodita. Ol

k for determ ni the,grithmetic mean apd-the stagdarddsviaionaie galcwptedes and
Chrobentod. o mumi b i R

c
represented by NUMGhput data ¢ hé&Srigidhl ReofHafd \ 25
predet erm ned deci rall sthngartl deviation without re-entering all the input values. Hence, this
) ' calculator is highly interactive and permits the user to measure the influence of
: hypothetical inputs on the existing data.. . S : o
s .. A calculator according to the present invention also has the capability for
.30 determining a depreciation schedule based on the sum-of-the-digit depreciation 30
method. Given the life of an asset and the depreciable amount, this calculator :
, computes the depreciation for any requested period and the remaining book value
o + to be depreciated. Furthermore, the user can find the same information for all -
' o subsequent periods to set 1:1;: a depreciation schedule, o o
35 -In order to ir:rlement e extended capability and flexibility provided by this 35
calculator, new algorithms were developed re:&uiring less hardware to solve )
complex problems. A new algorithm using internal transformations was developed
.to solve for the interest in the gresent value of an annuity and in the future value of -
an annuity. This same algorithm also solves for the effective annual percentage
40 rate from the so-called “add-on” rate. Thus, this one algorithm has made it - 40
.- possible for a user to solve any of these three inherently different interest problems
\_ . without having to identify the problem. A calculator according to the present
invention can automatically- identify the type of interest problem from the
prescribed left to right keying sequence of the relevant data, and the input data is
45 = then converted to a form acceptable to the new algorithm. . 45
- Another new algorithm was also developed to reduce the complexity of the
bond price and bond yield problem (and the solution thereof) so as to make this
.- problem solvable using only five registers. This new algorithm uses an explicit term
- - . that eliminates the need for a series of summations, which would otherwise require
- 50 . substantially more hardware. . C 50

«

- The algorithms for performing the functions of this calculator are stored in a

_ read-only memory circuit including séven serial-address in, serial-instruction out

: read-only memories regulated by a control and timing circuit. This control and

.y . timing_circuit includes a microprogrammed controller, which receives status
= -55 - conditions from throughout the-calculator and sequentially outputs signals to 55 ..

control the flow of data. The control and timing circuit also scans the keyboard to
obtain a six-bit read-only memory. address, which is generated at the keyboard
. each time a key is actuated as required to initiate one or more algorithms for
performing the functions asSo_ciateg with the actuated key. - :
60 : Information from the addressed read-only memory is transmitted serially fo 60
an arithmetic and- register circuit where a serial, binary-coded decimal (BCD)
adder/subtractor performs the basic computations. The results of the
computations are transmitted to registers in this circuit where they are either
stored temporarily or outputted via a seven-segment, 15-digit, LED display.
65 . There now follows a detailed description which is to be read with reference to 65



5 format, and for causing said output nmeans to display the determ ned
nunber of 5 edays in said pre-determ ned decimal digit format. In a
cal cul ator asset forth in the |ast precedi ng paragraph but thirteen said

-25Inac

nunmeri ¢ and non-numericcontrol keys may be manual |y operable for storing
Qerical data representing an initial calendar data in said storage means
.-|3\ 10 predeterm ned decinmal digit format and for storing nune al data

epfesenting a 10 nunmber of days fromsaid initial calendar dat and said
"_pr oce§§| ng means rray keys for gengg“%' ng the cal endar date of. tt&e day

cor - ~eatet —eat e, - when
said init |th‘F agaeapg &y es’t:w%l@%atq accordj éolt b-,’ a8 within a
- predet ermi tII':?r[l't “Q tl‘bﬁgi{v ulgior e AL EE B 15 out put

means. to.likiGgfiomy the. gener at eolI cal cfgr _at_ 1R sard ’f)re et erm.ned deci nal

digi$ format In the drawings}1y a cal cul-at.or as se fo._rt'h in: the “I'ast prsacedl ng

- par agr aph eﬂlb olf sﬁh""gﬁ?ﬁ @%‘@J%&tﬂé@k&'ﬁﬁr Batordne %_.élledpfﬁf‘HE%sm ng -rreans
‘preferably 1" §§blo‘é€9 am?t the calcdlRGoY pf,@qponm ve to.actuation of said
one non- nunethg X dntr wdvefoeni diggram sillastrating 22 ﬁmtnﬁ seqﬁqmué afeaes to i ndicdte

~ whet0 nunerinter lgrgat ﬁg l"?%@ﬂ; _l{toﬁﬁ e rreairtfté:_ szgnts an. et oneous
cal endar dat : ¥: term ned range
-of  cal endarig.( gtes is" mc%mﬁ‘atl [ et ;@Egafd pfe -eter %ed deci nal ad;Lglt
format, and tf"ia |6ds mm&dﬁmamc@ﬁgnéml\ﬁ gOF6rof iFige 26Xt ¥ a-day i n 1 eap- 25 .

- yeat$ occql};[éfﬂ) HAVROuT figerpim, frating;a {enicaf addacss dgnalandadypigel dat edd 3

atanngsatgrtanmatng nteembaatm HifRg sstha@orwﬁat aph but one'
sai d non- addmsh;glcseqmtnter ol keys' nay lnc ‘ude’ a-command ‘key" nanual ly - operabl e

with said -‘F‘Blg. cgggs‘rgﬁ_}@l}st q,\mgrd ﬁ%glegjt mlgh Zf*ﬁ% gpg gfal_ d

one#on- n§lEfrrHe cal?ﬁ

ment i oned, fqng eQLisSd BlgckSdibgharhiof e a?ﬁhmetlc andRépter icBc@EOEFigt R t he cal endar
date of th %?HC‘M P%,tbpmmmr@the@ctsdlddtamathb@rth@freglﬁisﬁa;FStnﬂlme sai.d-initial

caI dar PAE st O 4 dissp! g gene ted

cal &hdar Wt é\ﬂﬁat sﬁ% sﬁ ég} A ﬂaﬁg 5&0{%@”’%}}&3{ 83% §9 Ay SRS

: caI cul at or afigs a3} isf owalefarm dntwnh dlsltstr qhu%l %aphdlsplay t vvo sal df | rst
O

means may B‘é"dF’e%’pB‘sﬁa%M E’be g% 200 2ot ey edver | ﬁ control key
f-or .35 g,g,efgc[%f 5 e 6kHig, 10 amt"é lb THe o Te888ndi ”936 0 said
nunber -of da; Isa schematxc dlagram of the ‘clock- dnver of Fig. 2; :

_ ig. 16.is-a waveform diagram illustrating the: tlmmg relatxonshtp between the - E - ,5\

~ .input and output signals of-the clock driver of Fig. 1
~ Fig. 17 is a Jogic: diagram of the ‘afiode driver- of F1g 2 S o
35" . - -Fig. 18 is a waveform dragram illustrating the timing. relatronshtp between the © .35
- mput output, and . other signals of the anode driver of Fig. 17; ° o R
Fig. 19 isa schematxc diagram of the basic. mductlve drlve c1rcu1t for one of ' -
the LED’s employed in the LED display of Fig. 2;-
' - - Fig. 20 is a waveform diagram illustrating the trmmg relatlonshrp between the o
40 decimal point drive signals for the LED display of ‘Fig. 2; = 40 _
' .~ .Fig.-2l is a schematic dlagram ‘of the’ 1nduct1ve drlve en‘cult for one d1g1t m the o T
.LED display of Fig.2;. . - _ S
Fig. 22 is a logic dragram of the cathode dnver of Frg 2y Co S
o Fig. 23.is a top v1ew of a metal stnp employed in; the keyboard mput umt of . -
45 Flgs l'and 2; R 45
o - Fig: 24is‘a side view of the metal stnp of Fig. 23; - o N L
_ . 'Fig.25is.a force-deﬂectlon curve for a typrcal key in the keyboard 1nput umt
ofFlgs ‘1:and'2; . S
RS ‘Fig. 26:is a schematlc dlagram of the LED drsplay of Frgs 1 and 2 and the s . .
50 . inductive drlve circuits therefor; . 50 . i
o ' - Fig. 271 isa 1 schematic dxagram of one segment of the LED dtsplay of Frg 26 o -
- Fig. 28 is'an- equivalent. pIecewrse-lmear model for the circuitry of Fig. 27; "
- Fig. 29 is a waveform diagram 1llustratmg the inductor current and LED S e
SR anode voltages in the circuitry of Fig.27; R
55 .. .Fig: 30 is'a path’ dlagram 1llustrat1ng the posslble transfer paths between the - 88 o )
S ROM’s 0—6 of Fig. 2; : o T
.Fig. 31-is a flow dtagram of the dlsplay walt loop employed m the calculator of
Flgs -1-and 2;. -
S . Fig.32is ‘a flow dlagram of an mterest algonthm employed m the calculator of SR
60 - ths land 2; - - - 60 .
. Fig. 33 is a flow dtagram of a pnce of a bond algortthm employed m the- .
calculator .of Figs. 1 and 2; :
Fig. 34 is'a flow. dlagram ofa yleld to maturlty of al bond algorrthm employed
' m the calculator of Flgs 1 and 2 and : . o




forward fromsaid initial calendar date, when the nunerical data

representing said nunber of days fromsaid initial calendar date is
positive—and for generating the calendar date of the day corresponding to

~J

sai d nunmber of days backward fromsaid initial cal endar date, when the

nunerical data representing said nunber of days 40 from slai dinitial _
cal endar date,is. negative. - o o -~ 40 In_a- :

cal cul ator .as set forth in the |ast preceding paragraph but seventeen a
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neans may be sesporisei¢onieotidglbusds hnd likies 26584 B sRowi AL Figiie 3! ra -t 0%
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nunmeri cal datumf Olon€ 3Gtputd&ich rdt'i}ﬁctl ﬁfgu@u OE funttfons | en- \{vg 0 . ;
represented k@p sai dbsseb.Orbiri6d which theulybuds 28lis ghtive)m subsequent to The peri ogy -
desi anated by said fj F8¢ Libused cq?je_s. tegsbit instructions from the active ROM in the read- .
g . y. : onfy memory circuit 18 to the other ROM'’s, the control and timing circuit 16, and '
' - the arithmetic and register circuit 20, each of:which decodes the instructions
...~ .. locally and responds to or acts upon them if they pertain thereto and ignores them S
'35 if they do not. For instance, the . ADD instruction affects the arithmetic and 35.
' register circuit 20 but is ignored by the control and timing circuit 16. Similarly, the '
SET STATUS.BIT 5 instruction sets a status flip-flop 5'in the control and timing
«circuit 16 but is ignored by the arithmetic and register. circuijt 20,
- The actual implementation of an instruction is delayed one word time from its
40 receipt. For example, ah instruction may require the addition of the digit 2intwo’ = 40
(N - of ‘the registers in the arithmetic and register circuit 20. The ADD instruction
: g “would be received by the arithmetic and register circuit 20 during bit times b,—b,,
of a word time N and the addition would actually occur during bit times by—b,, of
_ . a ‘word time N+ 1.. Thus, while one instruction is being executed the next
45 instruction is being fetched. AT -
ST " The WS buss 30 carries an enable signal from the control and timing circuit 16
.or one of the ROM’s in the read-only meniory-circuit 18 to the- arithmetic and
_ register circuit 20 to enable the instruction being executed thereby. Thus, in the
e, . _ example of the previous paragraph, addition occurs only during the digit 2 since .
N 50 . the adder in the arithmetic and register circuit 20 is enabled by the WS buss30 50
- only during this portion of the word. When the WS buss 30 is low, the contents of
the registers in the arithmetic and register circuit 20 are recirculated unchanged.
. - Three examples of WS timing signals are shown in Figure 3. In the first example,
‘ the digit 2 is selected out of the entire word. In the second example, the last eleven
55 digits are selected. This corresponds to the mantissa portion .of a floating point =~ 55
: word format. In the third example, the entire word is selected. Use of the word :
select feature allows selective addition, transfer, shifting or comparison of portions
of the registers within the arithmetic and register circuit 20 with only one basic
- ADD, TRANSFER, SHIFT, or COMPARE instruction. Some customization in
60 ‘the ROM word select fields is available via masking options. o
' ' The I, line 32 serially carries the addresses of the instructions to be read from -
the ROM’s —6. These addresses originate from the control and timing circuit 16,
which-contains an instruction address register that is incremented each word time
unless a JUMP SUBROUTINE or a BRANCH instruction is being executed. Each

one or nore of Ao TUNETTT k’eé
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1, 454,266 datum and for causing said output neans to di splay each
generated value of the sumof-the-digits depreciation in decinmal digit
form In a calculator as,set forth in the last preceding paragraph but gne

a fourth one of said non-nuneric control keys may be manually operable for
t eafter 5 causi ng sai d output nmeans to display said generated o
- d eciated value in decinmal digit form. In a calculator as s.e&t/fort.h: in
- tRef Fast preceding paragraph but twenty a first one of said non- nuneri c .
. contrdR keys may be manual ly oped#PA.B6wi th one or nore.of said Bumeric keys
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& wlod poeRis s (AR 4

out put rream,rcbmezsgb%
noN-NUIer i Gdaatbrt®ht 8 in 2006WA borRftion Vel i suppied bretoP unction keys: In
a cagecul atissuppliedtoithd @idulatdriwheintheloasif spitelcefdhakeypeardppaipinitddt t wabity- one: a

first one (@de Kgil inmavedipdhe ‘on'crosition| keys may -be . .' it h
first one @ ,ar% ey %“ggﬁ?ﬁ SRRy S5 TP EIARUBdugber 201 € Vi L
one _ betwdt'a %y Lddet Sthd ArfthiEticSant Pégisedr Qirti#20%hnk 'ah @hod8UMTET 1 Cal datum
© represent i digvei O theZsutpiid "display @it ddy Datal tbhhﬁe\&ﬁ-ségﬁeﬁffﬁi%ﬁlaﬁpmf @i ng period in
sai d2sst or a@p@im@@nm;'isatirg@mg iglexed ‘onto these five output lines. A start line 40 25 o
- ‘connected between the display decoder of the arithmetic and registér circuit 20
: and a cathode driver of the output display unit 14 indicates when the digit 0 occurs.

o - CONTROL AND TIMING CIRCUIT * -~ =~ = = A
. " ‘Referring now to Fig. 4, the control and timing circuit 16 contains a master g S
. 30 - system counter 42, scans the keyboard input circuit 12, retains status information - 30
L - about the system or the condition of an algorithm, and generates the next ROM o ' L

address. It also originates the subclass of Word Select signals which involve a = - R
pointer 44, a four-bit counter that points to one of the register digit positions. o T
o "~ The control unit of the control and timing circuit 16 is a mictoprogrammed: .
- 35 controller 46 comprising ‘a’ fifty-eight word (twenty-five bits per word) control 35
. ROM, which receives qualifier or status conditions from throughout the calculator
~. 'and sequentially outputs signals to control the flow of data. Each bit in this control
.. ROM either corresponds to a single control lifie or is part of a group of N bits
: encoded into 2V mutually exclusive control lines and decoded externally to the -
40 control ROM. At each phase 2 clock, a word is read from the control ROM as 40 -
. determined by its present address. Part of the output is fed back to become the W
next address. : o - e L ' :
Several types of qualifiers are checked. Since most commands are issued only
at certain. bit times during the word cycle, timing qualifiers are necessary. This : .
45 ~  means the control. ROM may sit in a wait loop until the appropriate timing 45
qualifier comes true, then move to the next address to issue a command, Other -
ualifiers 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. ..~ . .. - = o ,
" Since the calculator is a serial system based on a fifty-six bit word, the; six:bit, ' =
50 system counter 42 is employed for counting to fifty-six. Several decoders from the . 50 &
®" . system counter 42 are necessary. The SYNC signal'is generated during bit times =~ .~ - . -.
'bes—Dbs, and transmitted to all circuits in the system (see Fig.'3). Other timing CoL
qualifiers are sent to the micro-programmed controller 46 as mentioned in the . - . .= -

: __ 'previous paragraph. S CoT S S e S e
" 55 " The system counter 42 is also employed asa keyboard scanner as shownin- - 55°

o Fig. 5. The most significant three bits of the system counter 42 goto a one-of-eight RO

decader 48; which sequentially selects oné of a plurality of keyboard row lines 50.
The least significant three bits of the system counter court modulo seven and go to

T a -one-of-eight multiplexer 52,- which sequéntially selects one.of a plurality of ' SR
60 - keyboard column lines 54. (durini sixteen clock times no key'is scanned). The - 60" . -~
' . multiplexer output is called the key down- signal. If a contact is'madeat any . .

intersection point in the. five-by-eight matrix (by depressing a k_'e%),' the key-down
signal will beconie high for one state of the-system counter 42 (i.e., when the
appropriate row and c_olumn lines are sele’c_te‘d).' The .__key down signal will cause



one of said non nuneric control keys may be manually operable with one ?_r
nore of said nunmeric keys for storing a second numerical datumrepresenting
an annual _interest rate in said storage neans; a third one of said

i - b ble wth one or nore
non- nuneri c control keys 30 nmay- be manual |y opera _ e
o? said nunmeric keys for storinga 30 third numerical datun1represent|ng_a
principal'aqunt in said storage neans; and 3a|q processing nmeans may be
responsi ve to actuation of a fourth -one ot-sald non nunerlgocogtroLaEFZsan.
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preferably responsiyge )Br% i h%;l address., This 3, Girg esyt §h ssenigl o
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form' 17 o calL R oty e e it
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! 63! datt reen hit, the 1@;& set. etc %ﬁl?e'-r aiged-inthe sptes bifs. bodadh non 25
interest accriing Redelthicaldalasiis (.sﬁg ’ ﬁ#z 55 Sppropril o o s o
-nuneric control Keskingtater e iSRAUAYyEsY addiVer 16 dlstatidli rm ill sét acarry flip- the
nuneri cdkeys - for B 66 Ayjindicated bythe womresl isigad] 1SIRIntFiE, HERKESRRE bit\anbe set,
annual - add- ogyi nt er.’g%‘g ofﬁiﬁ%ﬁﬁf AYvde staatige threughshe addér Shiinregpooge®shég 20
a i iofl, s el ' -
means - 55 nay be re Q‘%&in\d@u iBn St Adwink %eIOJf stitbilin® SGIP Dﬁne_ ?agrnr}t'dgggsl is
contraob*key - stored in the eight-bit return address register 60. Execution-of a JUMP subroutine
e stores the incremented present address into the return address register 60.
- ' Execution of the RETURN instruction retrieves this address for transmission over - :
35 .the I, line 32. Gating is employed to interrupt the twenty-eight bits circulating in 35
' the shift register 58—62 for insertion of addresses at the proper time as indicated '
'by the JSB control signal in Fig. 4. o ' '
- An important preferred feature of the calculator system is the capability to
select and operate upon a single digit or a group of digits (such as the exponent
40 field) from the fourteen digit registers. This feature is imrlemented through the use 40
o of the, four-bit, pointer 44 which points at the digit of interest.. Instructions are '
'_k/ available to set, increment, decrement, and interrogate the pointer 44. The pointer
is incremented or decremented by the same serial adder/subtracter 64 used for
- addresses. A ‘yes’ answer to the instruction “is pointer=N" will set the carry flip-
45 ~-flop 66 via a control signal TPT in Fig. 4. ' _ 45
' The word select feature was discussed above in connection with Figs. 2 and 3. o
Some of the word select signals are generated in the control and timing circuit 16,
namely those dependent on the pointer 44, and the remainder in the. main ROM’s
-9—6. The pointer word select options are (1) pointer position only and (2) pointer

‘!
g

position and all less significant digits. For instance, assume the mantissa signs of 50
the numbers in the A and C registers of the arithmetic and register circuit 20 were S
to be exchanged. The pointer would be set to position 13 (last position) and the A
EXCHANGE C instruction with a “pointer position” word select field would be

N given. If all of the word except the: mantissa signs were to be’ exchanged, the A

select field set to pointer.and less significant digits. The control and timing circuit
word-select output is or-tied on the WS buss 30 with the ROM word-select output
and transmitted to the arithmetic and register circuit 20, _ ’

: Any carry signal out of the adder in the arithmetic and register circuit 20, with
© 60 word select also high, will set the carry flip-flop 66. This flip-flop is interrogated 60

during the BRANCH instruction to determine if the existing address should be

" incremented (yes carry) or replaced by the branch address (no carry). The branch

address is retained in an eight-bit ad ress buffer 68 and gated to the I, line 32 by

: .the BRH control signal. : . _ : T

65 The power-on signal is used to synchronize and preset the starting conditions 65

. 55 EXCHANGE C instruction would be given with the pointer set at 12 and the word 55



following -storage of. said second nunerical datumin said storage neans,
for generating the value of an annual percentage interest rate and the
val ue of a nonthly paynmept factor for the nunber of paynments represented by

said Tirst 60 -  numerical datum-at the annual add-on interest rate

] sent_e_d by said second 60 nunerical datum.and for causing said output
NEa@s )t o di splay the generated value of the annual percentage intepest rate
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95 logic:l is 0 volts, The signals on 1, and 1, are normally at-logic.0. However, when - - 25

the output buffer circuits are left at logic 0 they consu

) : lits are onsume more power. A decision . -

“was therefofe. made to invert the signals.on the 1,-and I, outputs and re-invert:the L o,

f%glha]_s, at all inputs. Thus, signals a) __ge_ar at the I, and I, outputs-as gositiv_e_ logic. '

, ~The oscilloscope pattern.that would be seen for instruction 1101 110 011 from state . o
30 11 010. 101 is shown in-Fiﬁ--sé---f-..._ R O R .30 .
o - The serial nature of t| e calculator circuits requires careful synchronization. . S e

“This synchronization is.provided by the SYNC pulse, generated in the control and .
‘timing ciréuit 16 and. lasting for bit times. b—Dby,: Each:ROM has its own fifty-six

o ‘state counter.72, synchronized to the. system counter 42 in the control and timing S

‘35 . . circuit 16, Décoded signals from this state counter 72 open the input to-an address - 35 -
' register 74 at bit time by, clock I, out at bit time b,y and provide. other timing

control signals. R S A TR L : '

As the system. power comes on, the PWO signal is-he

d.at 0 volts (logic 1) for

. at least twenty milliseconds. The PWO signal is wired (vid.a masking option) to set
40 * the 'ROM Output Enable (ROE) flip-flop.70 on main ROM 0.and reset it on all - 40
: - other ROM’s. Thus when operation begins, ROM 0 will be the only active ROM. N
In addition; the control and timing circuit. 16 inhibits the address output during R
start-up so that the first’ ROM : address will be zero.. The first instruction must be a
_ ~ JUMP SUBROUTINE to get the address: register 58 in the control and timing
45 - circuit 16 loaded properly. B T T P PP G
"~ Fig.7 shows.the important timing.points for a );chal__addressing_._sequ_ence-.
. During bit times b,;—-b,, the addréss is received. serially from the control and
. timing circuit 16 and loaded into the address register 74:via the.l, line:32. This o e
-~ ‘address is decoded and at bit tim¢ b, the selected instruction is gated in parallel . - = ... &’« :
5. . into an I, register 76. During bit times b.—Db;, the instruction is read serially onto . - 50
 thie I, buss 28 from the active ROM (i.¢., the ROM ‘with the ROM enable fhp-flop -

- transferred bétween ROM’s by a. ROM: SELECT .instruction. o L=

4

-~ Control
. . Efféctively this instruction will tufn off the’ ROE flip-flop 70 on theactive ROM . - - -
5. - and turn on the ROE flip-flop 70 on the sélected ROM. ‘Implementation:is = 55 - . ..
. dependent upon the. ROE flip-flop- being .4 ‘master-slave flip-flop; In the active AR '
ROM, the ROM SELECT instruction is decoded by a.ROM select decoder 78 at
bit time b,,, and the master portion of the ROE flip-flop 70 is set: The slave portion
. of the'ROE flip-flop.70 is not set until the end of the bit time: (bs;). In the inactive S
60 ROM’s the instruction is read serially into the.l, register: 76 during. bit times - 60
T b,—bs. and then decoded, and the ROE flip-flop:70:is set:at bit time bgs inthe
selected ROM. A masking option on the decoding from the least significant three
bits of the I, régister 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.




di sciplinary analysis, for exanple, between real estate or bond investnent
programs, quickly and with one calculator. Furthermore wth a calculator

20 according to the present invention, a sophisticated user can

i ncorporate the 20 mat hematical fornul ae of several business

disciplines to solve a conplex probleminvolving several disciplines. A ~~
busi ness cal cul ator ‘according to the present invention is small and doesééé)
not require-a high level of user expertise or a working know edge of the
probl em area 25,5 . and the necessary majhgnpgical .fornulas before the s
probl em can be—set—ug—aird— -

of problenms are gr @E %ﬁl". f@%ﬁ’ﬁél’legﬁ%ﬂ%ﬁ%ﬁg&@;ﬁ%m@a&@ﬂﬂ% 'n_ g@ng\[rom__.:‘hd]e
general Iy accept ed &}@gj& - éfﬁg’a‘f 315§ GOmaster-slave) OIf %&—,‘%ﬁﬁ% ,bﬁg? re‘ﬁﬁ? g,
"PMI" for payment patruqiefiiiok thelafithinetid h@efiﬁ%xlﬁhb@ OM'thus @é?_le £/ 4 %r‘d
sequence are.$uch 'M%s’%tpu;ﬂgsd ebit titg by the mnﬂlmcgas relgated 14 the sBe and

i nformation necesséj’ﬁﬂgﬁod%zﬁﬁn‘?ég‘d: emﬂgm%%?gmnéﬁﬁgﬁf amx?_i ._rls_'é_.slgil.gs_.s heving
the 30 general ssmeoupln Wlihal ehated line Ko -'A'Mnaﬂéﬁigi fg th
this cafcul ator, t ROM careoyy mtgh?&g.rﬂ-ga .|_»ﬂﬁgth.1§rm(f _ga;,_agqme& OrROMS
i nterest ratdOper Fiygvithiag eantrol andtinfieg dirguit 16. Ae discussedaboveathe &V Ssighakt he 19
future val ue aPe afl ;‘g%ﬁ maHC #rddegisy "-;"8\_}!}?-20,&962@%' thaPORiep of HWEIMmSE t he
three ariabl es int hEhe¥EROM gaaerate@fword @icki Siifhals SQQUR IHeQaBRator are shéWid t he
cal cul at or vmélgl ;_'so'wl_"z'g- iﬂgeRQM’sQ—Hejmmipmmgﬁmn psi@miwstl;als bag%?l?e:gm This.
procedure dods not gy Eggf ﬁﬁﬁ}f’:ﬁ%‘g’ ?ﬂ‘é“s 188 "’é‘g ;cpruseﬁhgg e thendlisplayst  oris
Gty mat herat | oo S et Rt SIS P Coms AT Gl
any intermediate steps. Hence, all that is required of t_h_e;_ user I's that he
be able to define the variabl é%}bggwﬁggi_mﬁg?ls@qq%@ﬂm gge mlfx%'ic”g :
sequence of e 40aud date ONBD LinBRL e CalLRang O 1 Eoflé_ e e i 20
mat hemat i cal mani pSYNCIl@es 30, 28, and 26, res 'ecti\{i-é;; &c@ﬁé&kl tﬂﬁ:ﬁBhs&ﬂﬁ?tﬂe% '
according to. the Prépesrthed, Enei?8oicndsirt qm?f_atib.mbask_tcrthec;mtlmmnd_slnﬁrl_mllrllc’memou_gh to
pord n"one hand” [k iRl clos Rty b f st el i
nuneri cal regyl t am;ahd provideNaSTARIhise f¥ile bathode ARVER e | M? bR 25
functions_ i n order to syngheotfizpr the tisglay.nunber and ki nd of " cal 1 ons and 4

ol oy R e 0
e e ygatgég?:‘&f: PR it SRR e

“cul a

t he keyboard3oef sushowa irChikClul BieGowednd TRSibilit) n s isldefe #8fal h keys
t hat t¥® human- hangfeatgrtentdy the variety of data paths available. One of _the,advantages of a serial
T structure is that additional data paths are not very costly (only one additional gate
per path). The structure of the arithmetic and register circuit 20 is optimized from
the t_H:e'of algorithms required by the calculator, . ' e
The seven registers A~—F and M can be divided into three groups: the - 35
working registers A, B, and C with C also being the bottom register of a four- - '
register stack; the next three registers D, E, and F in the stack: and a se arate
storage register M communicating with the other registers through the register C
only. In Fig. 11, which shows the data paths connecting all the registers A—F and : .
. 40 M; each circle represents.the fifty-six bit register designated by the letter inthe 49
— circle. In the idle state (when no instruction is being executed in the arithmetic and o
register circuit 20) each register continually circulates since with dynamic MOS
registers information is represented by a charge on a parasitic ‘capacitance and
must be continually refreshed .or lost. This is represented by the loop re-entering
45 each register, =~ = - - o ST .

- The registers A, B, and C can all b¢ intérchanged. Either the register A or Cis
connected to one adder input, and either the register B or C to the other. The
-adder output can be directed to either the register A or C. Cértain instructions can
generate a carry via the carry flip-flop 85 which is transmitted to the control and - L
timing circuit 16 to determine:conditional branching. The register C always holds a 50
. normalized version of the displayed data. o e ' L

In the stack formed by the: registers C, D; E and F a ROLL DOWN
. instruction is executed by the following transfers: FSE~D-C»F. A STACK UP -
: instruction is executed by the following transfers; GC»D-E-F. Thus, it is possible.
.55 to transfer a register and also let it reirculate so that in the last example the 55
contents of C are not lost. The structure and operation of a stack such as this are:

35

45

11
8

- further described in U.S, Patent Specification No. 3781820. _ . _ .

-In the serial decimal adder/subtractor 84, a cortection (addition of 6) to a

BCD sum must be made if the sum exceeds nine (a similar correction- for -
60 subtraction is necessary). It is not known if a corréction is needed until the first . 60 -

: three bits of the sum have been generated. This is accomplished by adding a four-.

bit holding register 86 (As,—A,;) and inserting the corrected sum ifito a portion 88
(Ase—Ay;) of the register A if a carry is generated. This héldini register 86 is also
- required for the SHIFT A LEFT ’instruction. One of the characteristics of a



| onger physically or conveniently mani pulate them One solution to this
problemis to reduce the nunber of functions the calculator can perform A
better solution is 50 " to assign nore than one function to each

key, thus reducing the nunber of keys 50 necessary to incorporate all the
mctional capabilities. of the calculator. As nmore functions are assigned
tigaepch key, however, the clarity of labell ing.-a key's various fyngtions
Tes i nportant. Moreover, not only nust the labelling clearly refer ' to
~the paII(tICU| ar key, but the functugmgsaeach key causes the machi ma 55 '

. to per = 500 JET Dy T T
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~able to knmdlﬁeldeThmllampmﬂrqmtlfet \amﬂmatkmysnvolvm dnpnoumeny(.dytaeach key = -
Cinitisates:{ W{gta g AYE godemdonipiirnce; B opestied Heenpincerrere restlisaf hi s kidowl edge
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1 456he Word Select signal (WS) generated in one of the RO venti gnal
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"~ The DATA ENTRY/DISPLAY ins ructlons, except for d lt entry, affect an

entire register (the word select signal generated in the active R M is at logic-1 for - P
the -entire word cycle). Some of these instructions are: up stack, down. stack; ' C
© 30 memory exchange M—C, and dlsplay on or toggle A detalled descnptlon of thelr 30
execution is given heremafter ' .
“For increased power savings a display decoder 94 is partltloned to. partlally R

' decode the BCD data into seven segments and.a decimal point in the arithmetic
: + and register circuit 20 by usm% only five output.lines. (A—E) 38 with time as the .
as other parameéter. Information for seven segments (¢—g) and a decimal point (dlp)_ : 35 -
: are time shared on the five output ‘lines A—E. The output wave forms for t
output lines A—E are shown in Figure 12, For example, e output line D carries
. the segment e information during T, (the first bit time of each digit time) and the -
: . segment D information during T, (the second bit time of each digit time); and the
40 output E carries the segment G information during T;, the segment F information 40
during T,, and the decimal point (dp) during T,. The. actual signals which would e
appear if a digit 9 were decoded are shown in Flg 13. The decoding is completed N\
in the anode driver of the output. display unit 14 as explained hereinafter. " S
_ The “registers in_the arithmetic and registér circuit 20 hold. fourteen dlglts
45 comprising ten mantissa digits, the mantissa_sign, two exponent dlglts, and the 45
' exponent sign. Although the'decimal point is not allocated a register position, itis .
given-a full digit position in the output display. This apparent inconsistency is
achieved by using both the A and B registers to hold. display. information, The A
_— register is set up to hold the dis layed number with the. dlgxts in the proper order.. o .
59 - TheB reglster lS used 'as a mas ing register with digits 9 inserted for each display 50 .
; position that is to be blanked and a’ -digit 2-at the. decimal pomt location. When the - _ . w0
anode driver of the output display unit 14 detects.a decimal point code during T,, it
‘provides a signal to the cathode driver of the output display unit to move to the L
_ next digit position. One digit and the decimal point share one of the fourteen digit .
55 times. The digit 9' mask in the register B allows both trajling and leading zeros to be. .55 . &
blanked (i.e., by programming 9's into the B register). Use of all three working e
registers for dlsplay (i.e., the C register to retain the number in.normalized form,
. the ‘A register to hold: the number in the displayed form, and the B register as a-
mask) allows the calculator to have both:a floating point and a scientific dlsplay
60 format at the ‘expense of only a few more ROM states. .. 60
: - The’ dlsplay blanking is handled as follows. At.time.T, the BCD dlglt is gated
from the register A into a dls(p;0 y buffer 96. If this digit is to be blanked, the, -
, - register B will contain a nine (1001) so that at T, the end bit (B,,) of the B register..
. will be a one (an eight would therefore also wor ic) The input to the display buffer .. . .
65 - 96 or OR—ED- with By, and w1ll be set to 1111.1f the dlglt is to-be blanked. The_ - 65



Conventional business cal culators have very conplicated procedures for 10
establishing a trend line froma set of periodic data points. In the
existing prior art, 10 the user_enters the data points and is given the

f the y intercept and the slope of the straight Iine that best Tits
Yﬁl&uga?a poi n%/s (herei IElafter referred to as the best fit line). In order .t__, .
forecast future -values, the user had to .rrul_-tl ply the .s_llop_e_ by the futurg
time period and add the result to the-value of they intercept to get 1
the desired futlre value.- A cal cul ator acc@s4tiéag to the present inventiogy

is, in 15 contrasty, i&i‘l%%%'t%h%’rfl lgd‘ét er.m nrl‘pag Desgéglroli_t_ll F1Te t'géueg;gﬁgépt
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the ordtnal. val ue ftsiEe -Is@Wq.%gjglﬂi d increments. Conventional business
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cal cul ators 12arge conplicated, and exparsiy’®rRiERvVer, in a. 30 present I%Og .

_ rdi ¢ hipeanvlask driveri22,ama phae of which BeNova i Fig. 19) Requir&aUi T
cal cyL at g:}t ?CcﬁeSS{l(?f mﬁgll{f%tsg erngitive poadsup todhree hundrad mieofaradsatithans ar e
stgniric y SSyolfd gof +7to = v_g A put 98 8l V%TI:P pteuts Q: 2pds g |
used to allow the Qn Fh@fd&% 'VQE‘thQ.Mg ﬁégc e. THhis1s 1| egnscgl_étrobmgat_or -
general purp@Se cathelomk.dPurig &.Obélﬁﬁéﬂ,ﬂﬁ tEHnsibtBepa G L allV (1% of te 25
price. 35 - ' "-"(‘I%‘Hv‘é?‘ﬂsis@ﬁ 'H (57 RePs Qat@uicatmdsctdas digae ®, t prokibitscul at'e
' d 3 “-°t{‘;a,§}i%“ @msg'r"é ‘& HAnsstan Qe fiuring tsnsisat onperation. Fhusor t gage
accunul®at e -Sthe By e transient Stort°circuit curfent must flow. from 't vgr 580 s
can give the:cunul aidsisr QntHowevétthe Bmiedduyrieht H{;htmg:g abiti pfk@g&‘a dto 5
of ten necessadPy tofad @r_e[li‘q dimiththisgorenttd c:fmel}tltnalﬁigﬁgi?lm@iv t osfr::mcoeglfbigpsuiglén; e 30
- o . i O @ar n 1 rive € output ai
cunul at% ve pri n_CI-pf%fa- ﬁ h@ lﬁf@ .t%g%ﬁgéqdr?vg 20 to each of the MOS circuits 1n the
- - system. The timing relationships are shown in Fig. 16, L

: ’ ANODE DRIVER
35 .. As discussed above, the display information is partially 'decoded in the 35
““arithmetic and register circuit 20 and completely decoded into seven segment plus '
. decimal point signals in the bipolar anode driver of the output display unit 14, The-:
‘anode driver also includes the basic clock generator for the system and a circuit
S for detecting low. battery voltage to turn on all the decimal points. A detecting
\_ 40 circuit of this type is disclosed in the complete specification: of our U.K. patent - 40
..~ . Specification No. 1363175. A logic diagram of the anode driver is shown in Fig. 17. . '
' The clock generator uses an external LC series circuit to set the oscillator
frequency. The advantages of an LC series circuit to set the frequency are: (1) the
components can be specified to up to 2% tolerance; and (2) a crystal can be
45 connected to the same external pin to set the frequency to .001% for timing . 45
. applications, : . _ - . o :
~ The square-wave oscillator frequency-(all times in this section will be referred
. ) ...~ to an 800 KHz oscillator frequency, which translates to a 200 KHz clock for the
ik -~ calculator, the actual frequency being somewhat less) is divided by a flip-flop BL
: - 50 to 400 KHz. F(l)ig-ﬂops Bl and B2 are clocked off alternate phases of flip-flopBlto 50
' rovide two 200 KHz square waves as shown in Fig. 18. A flip-flop B3 is clocked C
- from the flip-flop B2 and in turn clocks a flip-flop B4 to provide further count-
w down of the basic clock frequericy. The two-phase clock signals Q, and Q, are
S ~~ generated from the flip-flop BL and B1 and an 800 KHz oscillator 100, They are on -
55 for 625 nsec and separated by 625 usec as shown in Fig. I8. One other periodic 55
signal is derived in the anode driver. Once each digit time a signal (counter-clock)
is sent to the cathode driver of the output display unit 14 (the trailing edge of this
signal will step the display to the next digit). T _
- The display consists of fifteen characters while the basic caleulator word cycle
60 consists of fourteen digits. The extra character is the decimal point. As explained 60
- -above, a BCD two is placed in the register B at the digit position of the decimal
goint. The display decoder 94 in the arithmetic and register circuit 20 indicates this
v a signal on outputs B and E during bit time T, (see Fig. 12). When this condition




fime period. This is not possible with prior art calculators w thout making
two separate cal culations and then taking the difference..ln contrast a
calculator . 40 accordjng to the present invention permits the user to

fmd—the—amount of nnrtgage interest paid during any specified time period,

as_wel l. as the rendining principal in one step. . Thus, ‘this cal cul ator can

Sggbexanphe autonatically cal cul ate either the i nt er est paid durk_g t he
year or the interest paid. durlng the sixth through the 45 tenth

. years, - _ _
' COI’]VFI‘lsI onal busi-nes: 3 TN !:45-4; T e o 18 ty 45
_ di scount tnmc@d‘ttilbyehesdnbwmm tl&)ﬁemtabdoxmasﬂcmimdand"t ovet he rate
©return of clock sigwal agivenme ste siSP ext ypst ?; E)Pet hgt gag]h
- _produci ng 291 Befgﬁséﬁﬁ"o‘lemé‘l‘l‘“& ity In tfe reefiisL & ate) ls'ppr ow e ny | hterim. .
inf ogrmat i % 11980l SOMOWRRS suﬁi)lrflebelrﬁﬁ and-the’ tihﬂngnel!abnshlp\f twrent A
cal cll at Ol’deaﬁ;ﬁm’odit ttmmdtecrprcelsemal thveﬁ!qt@'r?“ﬁeﬁ . -‘Gﬁm‘f 0 ot her hand a

d| scount dast e belen %ﬁa‘tﬁ}

) tés%amfﬁt Bﬁmﬁzfﬁﬁff%g%ﬁ% gl

t he nunbe rsegnﬁentseare odtateé eﬂmglat

di-scount e(f"g?1 samg &W?‘#}é

-tabl es whe§§ il scoun I nter est' ate i s given. 05%:j ncr emants t he
. di'sgaunt ed “anmLinductiss rcu&metlmdyfslﬂ‘dmhﬁhshti l“&tlf diodgp 3 € _g)y ui valldnt -annual
(Tna the dEegURgR: "‘i%i*"‘l”ﬁf"i"“%@ﬁ kit B TS e wino w shed to
find the e' %& erGinc iheQﬂ Bisy. cé’f'.f,"'"'__;f'tsmue\tiﬁd systemrest rate to an
- equi val entar, eparasltléilirﬂukﬂbr amiltmnmttr resastaactrss Ariveicipduitiforiape dieitni t at j ons: (1)

ggteazltlns;:[]giglsgnmel‘sszl ecm ngt‘f ea% {'ﬁi«'—;‘fi‘d&l’al nél erpol&tion to
o4 gsé ﬁ ‘o 8] tialbgildup) Widaaiodel . pl ace
accur acy ?&%l néa| tﬂaturﬁuﬁﬂk hmpdatttnroegtthc aEEsdecammn@bOltt Bese

af or enent |ﬁzaed‘hle lamdeaarecstrsbeslmcwdm ‘ath3| T .
cal c2f at i ofegson g sequentiafy exeligg %@! kca(i’t&@rk%ﬁutte eﬁu?s fates, a

- irice th d time |8 E‘g upltiv
: 365 day ymhi et Tatho urre ¥is about 2.5 tlmes the peak ‘urrent'in any segment.
' The LED’s are more -efficient when excited at a low duty cycle. “This méans high
currents for short penods (80 tha. anode current, 250 ma. cathode current), Fig. 18 -
.30 .also shows the relationship between the anode strobmg sequence. and the display - 30
L 'output 'signals (A—E) from the arithmetic ‘and register circuit 20:" -
“Since the anode -driver operates from ‘the battery’ voltage drrectly and. drives L e
the: decimal point segment a circuit is provided that senses when the voltage drops ~ : SR
. _below a certain limit and thereupon turns on all decimal points: An external pin is S
35 provided to connect a trrmmmg resrstor to set. the voltage where the mdrcatlon is =~ .35

tO 0ccur

é\%ﬁlﬁé‘xﬂﬁgand mai ntains a

énihallpninest ment . .- Hefce,
rother' % er- WPI | know
gm

%{% pOJ t he past . -
ght @4 the@ktiek 55 note =

; ' . CATHODE DRIVER-"-; Pl '
The cathode drlver of the output’ dlsplay unit1 .comprrses a fifteen posxtlon
o shift, register for~ scanning the- fifteen -digit dlsplay orce -each ‘word time. This
40 scanning opetation moves from' digit to digit in response to ‘counter clock signals 40, .
' from -the anode driver. Once each word time ‘a START signal ‘arrives from the S
arithmetic dnd register circuit: 20 to restart the procedure A block dlagram is

_ shown in Fig. 22

o s ' KEYBOAR_D ' ' e T
45 . The calculator employs a rehable, low-profile, low cost keyboard w1th tactrle 45
- feedback such as that shown in United States Patent Specrficatlon No. 3941953, - =

© The keyboard employs- metal strrps 102 with'slots 104 etched or ‘punched out as

shown in Fig. 23, eaving an area ‘which can be’ stretched to:form small humps§as- -~ - %,
_ shown in' Fig. 2. The straps are spot welded to'a prmted,' nit’board such.that . .~ .~ - T
© 80 orthogonal traces run under édach hump. Pressing-a key makes electrical contact. - .50 -
between one of the horizontal strips and-the correspondmg vertical trace. The. =~ - - _
bounce is léss than one millisecond (the calcuilator contains.a wait 100p: to prevent - B

double entries). Extensive. life testmg of the" ‘kéyboard indicates more, than a
K ~ million. cycles can’ be expected Tolerances must’ be. mamtamed carefully to . L. :
55 prefvent ‘the possrbrhty that a key is depressed but. no contact is. made and to msure B - RRTRE
uniformity.. o
" One of the main’ advantages ‘of the keyboard is the “over-center ot “fall
away” feel. Fig. 25 shows a force-deflection curve for a typical key. Ascan be'seen
. a force of about 100 grams must be -exceeded before. the-metal hump. “breaks” P
60 through. After this critical value the operator cannot prevent contact from being . . 60 -~ -
: made. Similarly when the. key is released, ‘contact is. maintained until a critical - -~ .
value when the hump bounces back.’ Agam, pdst a- critical point the operdtor
_ cannot prevent the key from releasing. This type of actron prevents a condition
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9 interest bearing transactions. This nmakes it necessary for an
international investor to nake extra cal culations_{o convert a given

interest rate froma 360 day basis to a 365 day basis or vice versa. Thus,
it would be very hel pful for an international investor to have the
capability of finding the equivalent interest for either interest 5
beari ng- per Nod. o ' T
5 A calculator_gccordlng to the present nvention can replace t he discoqgt
note tabl es andZperfo he-—C GRSt ed—t-0—d - od—noi-e

W t hout .being lim. tkadwﬁa:s‘ttleasmg’eherhiihs(keymhenﬂly|dqtressonsandlslwhemown'dnu qaum:cur ate -

to ten digits. It es) farge defle '
Coutval ont” Gnubl SRS B Apsaci WE}ré't:a:' SR SRS e

360 day year ‘and t hsithebsléhe poytRal I.C ena I'es pronpt eval uati on of
i nterest- bearing i nst Figwent showy thh fafyout i bgardrmpkeumt IZJUMEmCh@Pﬁa#

S .
busi ness cal cul at oPurglity af fupgtiop Hhgdy bi | | ty
are Very restr1 ot R T LN ﬁ%%é:::& T
st andard devigtion fuﬁch&n Ll&ﬁiedﬁitw)t aBavé sne keynidcdtids, a/&rgeralnmemﬁiwas 4 hﬁ:oﬁdum of 10

ﬂ

the 15 squares of fedstion f 'ﬂ’& leeeaqh rtca to SI qnb’oﬂ!‘e gfcopde
vari ance to find tif§“0§ ’he§ af’g:}a l%ed and
the arithmetic rreara,ft:ha otH ofatio famqsge echta@t

renove a dat aspoi ntl9farmasaoaiauatmttltglm fmfc{l:mtxt mglahfge The addng,xg‘tal fun;gngg??cé] Dt,n,d thets

st andard devi at i on P§§s Nﬁ"@@' ﬁ] ep are

perform ng the cal ct ht% E g%dg @& gLEAR éﬁ ) 20 A

cal cul ator according to-the present’ inuBD DISPLY corrpute both the -

arithmetic nmean and_t e mnammommeandt@nv?M\@mhnmm employednfor the thB)
i8¢ 1 T

data. Further¥or e, t aall%ér:tsi@i%’presm nces a orwzriﬁrde‘%ﬁ ro s%g?ﬁ;ﬂéf@g@ﬁ% glfsl.t‘obn ar 80

cal cul ated, a.cal CYbaiteL AHm@lcav &pmﬁ. ¥ GBlhIRir R &isloted

user to add or: rerrmmeUZG PatentS mcattbatm \Aajsums fromthe or| |naI set of

Q.__.

data and cal cuI ate a wdlél? fiY the caigulaiprds shown| Pt?ﬁ i t hout
re-enteri ng th hg gbn eelghéf Caé‘e{'l ﬁ}gn was 25
i nteracki ve and perdiﬁbﬁsﬁedtdBBVwAQfm medraﬁbauaeg ais Mﬁ)p
i nputs on the exi st;l‘hngqldmlalt pﬂcwdedmbatmtlgac;gdm abldsté gm E:tmte’lii elsfﬂlusmfof :

1 O U current ouldup an 1scnarge to be nearly inear Ol‘ .
i nvention al S.ﬁ has Eeh;;!;ramtﬁers used 1§€h§t§aﬁlculator The dll?scharge-tlme to charge-txme ratios is 30

S : approximately: o _ _ S
o .-_'dis_c_;harge- Y,V - 38-01737
‘charge . Vo + Vaw 16402 18

F1g 29 shows the inductor- current for a basic ealculator clock frequency
~of 175 KHz. The average LED current can be calculated from the formula _

"\/ 35 - Ave I,_m_= pulse___current x duty cycle = R _ - .35
' | o | 588sec. | '

" x 56
175 KHz

_ (80) (5.88)i(. 175) _
S . a— " _'735ma
| - Y -

B '=' _(-} X 80 ma)

B The worst case dlsplay power (1 €., thlrteen 8’s. and two minus s1gns) is about
- _ - 110 milliwatts.. Flg 29 also shows the rmgmg inherent - with mductwe drive.

- 40 R ' : INSTRUCTION SET . , 40 .
' Every functlon performed by the calculator is 1mK{emented by a sequence of
one or more ten-bit instructions stored in the ROM’s §—6 of the read-only
memory circuit 18. The serial.nature of the MOS calculator circuits allows the
instruction bits to be decoded from LSB:to MSB (right to left) serially. If the first - _
45 . bit is a one, the instruction is either a subroutine jump or a conditional branch as .45 -
' selected by the second bit, with eight bits left for an address. The next largest set of =~
instructions, the arithmetic set, starts with a zero followed by a one (right to left),
leaving eight bits for encoded instructions. The ten different types of instructions,
: employed by the calculator are shown in the table below =



30 determ ning a depreciation schedul e based on the sumof-the-digit
depreciation 30 nethod. Gven the |life of an asset and the depreciable
anount, .this cal cul ator conputes the depreciation for any requested peri od

and the remai ni ng book value to be depreciated. Furthernore, the user can
_ f|. .the same information for all subsequent periods to set up a. :
' eci ati on schedule. 35 In order to inplenent the ‘ext ended .
ability and flexibility provided by this 35 calculator, new a\l"gorlthms
- were dmvel oped requiring | ess handsase to sol ve conpl ex pr obl erm. A new :

- .al gori Thm usl. ng bm; d o solve Tor the

Jinterest in'the. B‘R@E&r@l’ %ﬁg?{:)ﬁ an ﬁ%%){,\ﬂs%(gﬁ\feéhggﬁe future value of an

- annui Ty.] AVAfLA#Ee alporithm-also sol'ves} for the effective annual :

_ pe_rclsniggmséfﬁkucnongte frorm{lhg so-cal led " addplgm)sr ate. Thus, this one "
al gorttinras made Tt 40 possSi bt e for 4 USer 10 S0t VE any of" tnese three
- inherent|{ly different j.nterest problens wWthout8having t the = -~
. probl ém| 2%6¢APPRESSEY)| JEMPUBROYVHNEhe pf JSUBR U __ DRESS rrat| cally

eyt JcARIabBREsShel BT aRALRRANSS, "then

then :

convertdd to a form-acceptable to the ne - _ 45
~ Anot her. [new al gorlth was' al'so devel oped to redyce the cgnpl exi ty of t ke
‘bond prifce.and bond yj alrdTAMETEREGISHER D¢ s to make

thi's prdblemssol vabl e using only five regilst GCDDETh.I s'l hm uses. an

~explicitl'termthat el mnates the need fior ‘a series: of’ sumratlons “whi ch

woul d otlherw.se requijre 50 __substantifal #or @ hardware. The al gorithns
for pdrflorfng the funSTABHS OBERARIANE | cWNat ot dtels8dréd % alrlead-only
menory qi BZeee). i ncl udi ng seven seri al - addr ess i nlshserk al L ndt ru'@tl on out

" read-onlly mam)rl es reg Ef“iﬁfl by .a contr tIOB‘I ng circuit. - Thi s -control

- and tim|ng circuit inck WI‘E program’re ceytroll er, which receives
status 35 - condi tji qf KoM throughout the cgppul ator and sequenti aIIy
"~ outputs|signals to - SCQgghr@Lthe f1 ow fof dqx{alb}h@“ oMol and timing "
circuit Jal so 'scans the keyboard to obtaijn a six-Bit. read- only menmory .
address,| which is generated at the. keyboard4each2t| ne_a_ key i S_actuated as
 requi 4ec t64initiate oﬂ@IMTERr@PéRAFWStH _ ge. 1. nctions;
associ.ate@ovﬁedh the dctuated key. -~ - | = -~
C _ SET POINTEI TOP F =00 ‘_,
INTERROGATE P F = 10 -
‘DECREMENTP . F.=.011
INCREMENT P F=1 J P = XXXX
5 e _DATAENTRY/DISPLAYT IN-"T F |'1T 0 0 0]
| (20used) 1 3 -
- LOADCONSTANT F=01" YR
IS»A F=I1IX(N = XXOI) :
BCDINPUTTOCREG: - _ F=1I1X (N = XX11)
" STACK INSTRUCTIONS F=10 N=(—==0) '
AVAILABLE : F=00 R
6 32 - | ROM SELECT, MISC. [N T FT 1006090 ..  °
(T1 used) - | ' L , o W
. o SELECTROM “N” " F= 00 T S
“|JKEYBOARD ENTRY - F= 10 (N = XXl) L
| |EXTERNAL ENTRY - - - (N = XX0) &
| 3_SUBROUTINE RETURN} F =.01 (N = XXX) . o
_ B B S B 4 - ' e
"7 | 16 - .| RESERVEDFOR [x X . X X || 0000 0] !
S S PROGRAMSTORAGE.—-. 3 .
8 |8 Moscmcurr '-|x X XT1 0-0--_0.0 0]
BT D B '_'-A_VAILABLE_ _ o _.'_[x x X[ 0 0 070 0 0 0] -
10 S| NO OPERATION (NOP) lO 0 0 . 0 0 00 00 0] -




60 I nformation fromthe addressed read-only nenory is transmtted
serially to 60 an arithmetic and register circuit where a serial,
bi nary-coded deci mal (BCD) adder/subtractor perforns the basic

[ fransmited TO regrsters
conputations. The results of the conputations are _ 3
inn{)his circuit where they are either stored tenporarily or outputted via.g

I gi I Sp ' . follows a
seven-segment, 15-digit, LED display. 65 .~ There now
det ajzf_edgde§cffi ption which is to be read with ref e_[]ence to ﬁSi o é?awi nos
1,454, 266 21 i + el 45426]69 : e aCE'OEE? ?/f_ ?Q-f Q. hpﬁ_

of a busi nessTtarturatyr—according-—to—t+he Fr—-Rvent e
' hegegre twaytype) il Austrnctivas namely j adtatiné aid cbaaiibhdpt i on .

cl early under st ood grgnc e}éﬁ%‘l’.‘g edont ntraland. timing ciren. — on

toillustrate the igpgm} ﬁéﬁ% | regist lgénﬁﬁegz'it ﬁl]g:tip and rggs'tg%?tt'c&%f 2?&353 at .

5 : I n-t he rel¢irlate] The object of the jump subroutine instruction is t mov&to a ng\;}r ede.
5 Fig. 1 is a5 top adiussgh ROMusd nesse tel exisliy dadrea @Rk Ghé)Gis b ethRCadRfets. 1 I €05,
b d: SNt of the | é‘:ﬁ}t ngl:pcnm a sglbqogtn& mshbka BEAYRNto cbntinnethe praprdnat or o
eroodl e of ! leftpg‘g’ i} g e ti.m ng sequence of

Fig. 1, Fig. 3 is a W Qiserdsted aBb dﬁé& tt&l LM%E& llz_lpcqntl gonttainsatg,’re_nty gight-

the 10# inter C(hitrsbifttnegigew&sﬁe&vh&m(ﬂodsﬁlﬁscu nt'dight-bit ROM address apd also )
10 Fi 4'is 18 bl ocRs gehinhiiral storsgecior omt retirn addretsi (®enEjg.C4)! Ditidig Bit timed. 2; 10
\ g. 4. 3 By, r gﬁké?h@d @qwstkr u ¢ adderj64andriyinergmented ui t ry
Fig. 51is a nore d%&%h. r:ﬁij Et is s ated ¢ac & W ”Em irs) two| '
of Fig=4;, Fig. 6iditaotrheddst tﬁﬂ!ﬂmlp_risé‘ﬁ tﬂﬁi : ‘_‘.fgér ' lgyﬁhei eménite d .
Fig. 7 i.s a wavef orcpireiit addrasnis tohied to theiretgrnoadiiesy @aibte reRetwehty Bight-Bind
typi cal instrdcti o@ﬁ%

bgﬁ Fl& dand"the remaining eight bits of the instrut:tli]on, which are ﬂ;ﬁ 15
; ; g address, are i i e es; i SE datp pathywitht s f or
15 Fig. 8 is a ti Mo l@mra%eﬁie‘ﬁ%ﬁéﬁﬁga th f@%g@}éﬁa%gy q%?h%?&eé&i g
a typical addressi sayedenlitheganp bddyess . leSdycto W Rl ot at Bip L@y | .
the word sel gct si Qn"a'liz ?élw?m t%}?ﬁitimezo tr;le cont.roll anﬁl tllln;;lg dCI reurt
e _ : ~ The most Tregyently instruction is-the gongitipnal anch, which base 20
(0] I , . -dat 8 status i ments the decision-making capability of the .
f Figs; 2 afd 4 aﬂgodga R {0\ Lt ot G o Al bility of th
_ : . calculator. In the calculator system described here this instruction also functions -
© ' as an unconditional branch. .
. The format of the branch instruction, as shown in the instruction table above,
25 - is two ones followed byan eight-bit branch address. The instruction is received at 25
_ bit times b,—b,,. The last eight bits of the instruction’ are stored in the address

buffer register 68 (see Fig. 4), During the next word time the carry flip-flop 66 is
“checked at bit time b,

: : . If the carry flip-flop was set during the Iprc:vious word time,
®. o the current. ROM add ess is transmitted to the ROM’s §—6. If the. carry ﬂilp-flop
30 Wwas not set, the branch address is read from the address buffer 68 onto the , buss - 30
' 32 and loaded into the ROM address register 74 (see Fig. 6). Thus, the instruction
. is a BRANCH IF NO CARRY. There are three ways the carry flip-flop 66 can be -

set: (1) by a ‘carry generated in the arithmetic and register circuit 20; (2) by a
successful interrogation of the . pointer position; and (3) by a- successful
.35 {)ntlerrogatiqn_of one of the twelve status bits. An example is given in the table 35
elow. S C : ST :
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Fig. 27 is a schematic diagram of one segnent of the LED display of Fig.
26; Fig. 28 is an equival ent piecew se-linear nodel for the circuitry of

Fig 27, Fig. 29 is a waveformdiagramillustrating the inductor current and
LED anode voltages in the circuitry of Fig. 27; 55 . Fig. 30 is a

pat h di agramlllustratl ng the possible transfer pat hs between the 55 ROM5»

[err] of Fig. 2, Fig. 31 is a flow diagramof the display wait |oop’ errploy\

in the cal ctat or of Fi gs. | and 2; Fig. 32 is a flow.diagramof an.
i nterest~al gorithm errpl oyed i n. the cal cuI at_or of - 60 - F| gs. 1 and 2;
60 Fig. 33.i5. 23l ] -3he_
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unit 24. The-three dGﬁtbGight cl:‘as § éhc d4iVe Bits _
i ntegration 20 - of these instructions can be combmed with any of eight word select signals to give 20
a-total capability of two hundred and fifty-six instructions. The thxrty-two
' ' : anthmetlc and reglster mstructlons -are llsted in the table below.: .

TABLE OF TYPE TWO INSTRUCTIONS
_ : (in ‘order of bmary code) -

] .
Q.
g
les)

; INS'I-‘ o _CODE : INST
: 0 0000 0-B_ 1. 0000 - . A-B 3
B 0’ 0001 . 0SB 10001 ‘BensC
. 0 0010 - A=C 1 0010. '--SHIFI‘C RIGHT
0.0011 G-l 10011 A-l
0 0100 . BsC . 1.0100. . SHIFT B RIGHT .
0 0101 0—-C-C 1 0101 - C+CsC
0 0110 ~ 0C . 10110 SHIFT A RIGHT
0 0111 0—C—1-C 10111 0-A
0 1000 . SHIFT A LEFT 1 1000 A-B-A
0 1001 A-B 1 1001 A—B
0 1010 'A-C-C I 1010 . A-CoA .
o -0 1011 C=1-C 1 1011 A=A
- 0 1100 CaA 1-1100 A+B=A
: 0 1101 0—C 11101 AesC
0 1110 A+C-C 11110 A+CoA
0 1111 C+15C 11111 A+l-A

KEY A B, C are reglsters, - means goes into, «—» means interchange.

. ' . _The eight classes-of arlthmetlc and regxster mstructlons are:
% _ - (1) Clear (3); .

B Q) Transfer/Exchange (6);

. 53) Add/Subtract (7); _
4) Compare (6);

Complement (2); .
(6) Increment (2); _
{7) Decrement (2); and
(8) Shift (4).

'y

—~
Lh

S

- ‘There are three clear instructions. These instructions are 0»A, 0B, and 0-C.
25 They are implemented by simply disabling all the gates entering the des:gnated
Flster Since these instructions can be combined with any of the eight word
ect options, it is possible to clear a portion of a register or a single digit.
" 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 registers A, .
30 and C to be mampulated in many ways. Again, the power of the mstructlon



(LSI') circuits with low thresholds allow ng conpatibility with
transistor-transistor logic (TTL) bipolar circuits and allow ng extrenely
Iovv-power Qperation (less than 15 one hundred mlliwatts for all three

cirCurts). They are organized to process 15 fourteen-digit bi nary- coded

SLpal (BCD) words in a digit-serial, bit-serial manner. The maxi mum bit
or cl ock frequency I's two- hundred ki | ohertz, which gives. a mnrd tine
p hundred and eighty nicroseconds (pernitting a floating poi
adertign to be conpleted in si Xt Y 458,36ki seconds) . 20 S Thza contrO‘l
“and TTmTgcrTeur T Lo, the T eag-ont

E ari thmeti d“ hbe ?"é(g?‘%a gzy“?‘tﬁ’ﬂﬁ‘t‘tl‘ébe é?"@ *k@é@é{;ﬁw&réﬂﬁf "g‘[‘lgﬁugﬁr oni zet |. on

(SYNC) bus 338 ereai}e sV dd%ﬁl{?ﬁct{ ﬁﬁth]ctlbtﬁs\ﬁhlaﬁuse&h%ﬂﬂkrﬁﬁﬂtﬁ@for (WB) buss ' 30,
anvinstr uaﬁmmﬁyaaaldrm;s rerA4C4G, nA+B-_2A_. AHE-A, Candr +C+»ﬁeT84 lastl | oper ati ons

" occub on dnst“Ft! e psed to e Thip i BCD. i gi-t s):
e g ?gr;.g""d B ﬁf@“ B e 26 s
i s shown 1rautEk,gure . 25 The *SYNC: buss 26 carri es .
‘synchroni zat IT(hnrest{ teommﬁ@ned'rh (!nStl'uﬂwn! #rﬂﬁh’gysdwfqﬁﬂby 16 t the RO\/I S
Lordp i dipdiag ,w@mgggg #:%ﬂa@ﬂatmﬂé;tazmg:é ¢ al register
circuit 2¢ - L65UnRB16 abdbs 6G8 thbie IWAOMAMIRS ONe out put.
each V\Drddr!lowa)res'ﬂm S‘hcwarp:ut al so functions -as a ten- b|t W de WI ndow 301;

N [err]ﬁ durlng( 1°c yap '& t]° s 28 isdctive. - .
B e[err] -blt |nstruct|onsfromthe actlve ROVIln
t he read- onI rmmeﬁaré@Jlotm ; to the other ROMs, the control ‘and ti m ng

. circuit 16, %ﬁdﬁt (Compatend apd B rﬂ!dregrster ci r'¢uit- .20, ‘each of -which -
-decqges the &??%ﬁ?ﬂ%ﬁslmé“ ih i 3R98 qiom.é i iR e | | they
per tain thﬂ,fu% iv IW the ‘0-B Tin srh&ibn WdwedF8r ai Nst ance, the
ADD: i nst r uohditionafibfagcit. §f B lwas mm.tdorvetr)'@rdmdow ﬁenatedlanéul t 20 but. i:s
ont

|gnored byhe hren@bwa%?ccahahﬂ 'ﬁ"g%ﬁ’ rgggiﬁf SET STATUS BI T

ngtruct égf%sy o °?'3P“’° SIH Ip op i mngscircuit
16 but IS | grmeledr wotcbuﬁplamertthmuotmnaﬂﬂem estepresmatrpms)tsteﬁﬂn The actual.

i rrpl enent &h¢ oalcyipton ris |SFG§t masmtu ig ey pdbatefom jt's 40
recepr. f%g% oair] %ﬁgtm%ﬁ é}?&f%fi RIS o1 o degi
nﬂ s

_‘2 i ot WO lngt GeCOSCLL.A)he ari thnetic and reg| ster. ciremit 20.:
The ADD i nst (Thetei aye fmuhdetbeltfde@emvednwyctme (taoi of rpaeh)i Eheyrater egi' st er .
. CI ! CUI t 20“ CPAl ﬁg %urchlﬂngs%rulzt%ng ]All three registers A, B and Ccan beshifted .~ ... %

right, while only the register A has.a shift left capablhty The" arithmetic and S
35 register instruction: set’ 1s summarlzed by class in the table below. o ‘ 3B



of a word tine N and the addition would actually occur during bit tines
[err]Jof a word time N+ 1. Thus, while one instruction is being executed
t he next 45 instructiaon is heing fetched.

45 The W5 buss 30 carries an enable signal :fromthe control and timng

circuit- 16 or one of the ROMs in the read-only nenory circuit 18 to the Z=
arithmetic and register circuit 20 to enabl e the instruction being execut @é
thereby. Thus, in the- exarrple of. the previous paragraph, addi'tion occurs

only during the25d| git 2 since 50 the: qd‘ggﬁ@r n'the arithmetic and, .~
register circart 20-Ts enapted O RCan e T - V= A <Y % )
portion.of the word. When the’ \@%@Fg‘g T‘E’% RHCEHPN%nts of the

regi sters in the arithnetic and regi st 0 are recircul ated _
unchanged. Three exanpl es of Bsstim ng-si. gnairnstr@henshowdé n Eigure 3. tn

at i

the first exanple, the digit.Z TS Setected—out—of—the—enti+e word.. In the

second-exanple, the |ast elev nééu di gi t%_'gre sel . (Hled This -
corresponds to the mantissa portl on-of a floapLpg . poi 125 wor.d- forrrat In
the thitd exanple, the entire vvord i s. sel ect e@-CUse ofoot word sel ect

portions. of the registers Wt Goedl i t het cand r circuit 20
with oty one basic ADD, "TRANSFER;: SHI FT, or - C@(PARE QY uct.i on. . Sone..
custoni zation in 60 - the ROMword sel ect f AebBs i s 14001i | abl e vi a ‘maski ng
options. " . ..~ 60 The [err]line 32 s r‘r’ IIy ﬁgres t he-addr esses
of the instructions to be read fromthe ROM s [err].. de addr esses. -
originate fromtheé control -ari ci rCU|tA16-.CWh| @n1oont ai ns an

i nstruction address regi ster that tfagt I ncrerrenﬁ §ach ﬂd time. unl eSs a

feature-all ows sel ective addr? ite;/ansfer rBftr ng Qr corrparr son- of
i n ot %

JUVP SUBROUTI NE or a BRANCH | nstructr on is bekt xec " Each .12~
1, 454, 266 essugotransferred to the

ROM s [err] durlng b|t tlrres [err] and i's st e@-»An .anlMddr ess regi ster of
each ROM However, only one ROMis ‘active at #re, aM@onl'y the active

ROM respohds to an address -bw) oGémphré i Ng an |¢15§ruct| 96boe N the[err] Iine
28. Control is-transferred. between the ROM s (bé,Ca RG\/D]ISELECT : o

. o S _A—B - 10000
A=l 0011
| R ~C-1 .. 0001 .
-, . 5) Complement == = 0-C-C - 00101' '
sl S0 0=C=1sC  00tI1 -
(6) ‘Increment | A+loA 11111
R ' 0 GIsC o orlil
7) Decrement - - - - A—loA 11011
) _ S . C-1-C 01011
\,- - _ *8)  Shift ~ ShARight 10110

ShB R‘ight 10100
Sh.C Right - 10010
SHALeft 01000

The twenty-elght bit shift register 58—62.in the control an |
.contains twelvé status bits or fla, ags used to remember condxtlons%tt'l:rlnlglggg:-rlflgrjrtl cl)?
5 - ?lome past event (e.g., the decimal. point key has already been depressed). These
N ags can be mdmddually set, reset, or mtetrogated or: allyblts can be cleared (reset 5
¥ simultaneously). The format for the status operation (type 3) mstructmns iven in
the: instruction types table above is repeated below. . &



5 instruction. This technique allows a single eight-bit address, plus
eight special 5 instructions to address up to eight ROMs of two hundred
and fifty-six words each, The carry line 34 transnits the status of the

carry output of the adder in the arithnetic and register circuit 20 to the
: _.roI and tinming circuit 16. The control 10 and tim.ng circuit 16 uses
5} i nf or mation to make conditional branches, 10 dependent upQJthe
-|caI val ue of the contents of the registers in the arithnetic and

regtstgr ci rcurt 20. The control @IB%&& m ng ci rcurt 16 |s organtged to scan

o acf i u28 by ei-ght—pair T erTOMRLTIon that

.+ desi gnat es actuat | G‘AB(M: (aF ISE&TUS\@'SISUCTION DECOD[NG
‘type of met al -tg-metal ¢opt ed as. a ke Bounce r obl ems are
‘15 overcone by | l’Sora =d{1| ztk?n in* fuﬁ k.éa}t, k Lt utine. pEaCh key has
~an associ ated SFIELDI t . .cdde. mpower-onFm CLﬂt 36 |0n0the power supply uni t
24 supplies -a sTgnal 1orcing the cal culataer-te start up in a known"

*. condi ti on when Fpomerlﬂsq-mbfqed thereto. Power 20 - 'is supplied to the
cal cul at or - when-t he o.a_of__i_sw_t-ch of ‘the- keyboard i nput unit 12 20 (see
Fig. 1) is noved to the 'o posi tion. The.prijary outputs of the

~cal cul ator ar® 4 ve %Fdltw N nes: 38 .connect ed. bet ween a di spl ay decoder of
.éhgpﬁgrthnetl?4qngargq:cﬁmggrgeuhnﬁo and an arode driver of the out pit
. y ‘uni a-far a séeven-segnent display plus.a 25 . deci mal
‘point. is time-Imflti pREREHFAEN these five output lines. A start I ine 40 25
c_onne.ot ed betvegn' t hg ghRRlIdFIdREPEEbo0ej the arithmetic and register - .-
. '\(/:\'/Ihrcut'h 28 ann“g cat hooye driver. of the out put di gplay unit 14 i ndi cates
en the di the status bit lsém@he ' ¢ now to Fi
4, the conFRBFWefHEfﬂ? fﬁﬁg o e ‘ %ﬂfﬁ -- Fgﬁg ‘&'bg syst-em g_
count.er 42 %gsﬁh & t 4:4 f 10 al tion y :
£ Th f b hlie! ﬂ%ﬁtﬂs bﬁl Diihkn 'cﬁ”e&raﬂmmstbat us i 8f ormati on
30 about ti;zl Stggit brahah. “Tmreesoadertthmmeyhv?m@l rluSttg allzhgpchesner at es t he
next ROV aek¢ne etF% SEI @gﬁ?&?mi ved fromJisig8 B8l oct si gnal s
whi ch i nvof‘tf'ég i ai agﬁ'c ;ib?s d. “GOABatedlit Wi 'Btsdaewﬁamtdo one of the.
- regi gg er diige fas Rﬂﬁlaitlﬁﬂ&y 1sT control unit of the contrql and ti nlrong 3
ci rCUI t 16 i sAdouribitrco p Abggogtrol and timing circuit 16 acts as the pointer or : -
marker 44 to all -ari metlc instructions to operate on a portion of a register.. :

- Instructions are available to set and interrogate the pointer at one of fourteen
locations or to mcrement or. decrement - the - present posmon The pomter

15 _ instruction decodmg is gwen in’ the table' below, - .. . . S e
.'  TABLE OF POINTER INSTRUCTION DECODING |
BIT#+ . }|-.9 8;_7_ 6| 5 4 T3 E 2.1 0
mEp | p | F [ 1| 100
FOmSTRUCTION
0 séfhointer'{;l’*'--'
10 | Interrogate if pomter atP _.

01 s ".Deetement pomter
.- 'Increment pomter e 'f-:"._ '-’don’t care _ : .
As wnth the status mterrogate mstructlon the CARRY fhp-ﬂop 66 is’ set 1f the' o - -
_ pomter is at P when the “pointer at P?” instruction is executed (as with.status =~ = .
_interrogation, . the actual .question is. in the negative form: “IF P«N, THEN_- ; e

20 - BRANCH” or “IF P = OTHER THAN N, THEN BRANCH?). This instruction - 20 -
- would be followed by a conditional branch. In a math routine the pointer allows. - o

. progressive operation on a larger and. larger portion of a word. After each iteration-

(cycle) through a loop, the pointer is decremented (or : .incremented) and then:

S tested for completion to force another interation or a.jump out of the loop. . .~ e
25 The data entry and display (type 5) instructions are used to enter data into the" 25 -
s arithmetic and register circuit 20, to manipulate the stack and memory registers,

and to blank the display (sixteen instructions in this st are not reco%mzed by any.

of the existing circuits and are therefore available for other external circuits that -
' might be employed with other embodiments of the calculator). The table below R
30 . containsa detai ed decodmg ‘of the data entry and display (type 5) mstructxons 30



| Si [ [ ty-five bits per
46 conprising a fifty eight word (twen ve
\%/grd) Corc]?pglrol lC%grRO\/l vmrr})ch receives qualifier or status conditions from

fally autputs signals to control the
t the cal eulator—and sequentially L g . :
%P:)\?vugpogat a. Each bit in this' control ROMeither corresponds to-a single

i i f Nbits encoded into [err] nutually
control.line or is part of a group of. led 1ot . it
exclusive.cqutrol Tines and decoded externalty to th cont | ROM X

1se ' i d fromthe control ROMas . -
At each phase 2 clock, a word is rea omth & ted back to becoms
determined by i%s present address. Par t, of;-4 _ 'OUt.:P.lIJ.-t 'S .?.Si_ pee mst 2
Commnds are | squed only at TABER R BPE 3 INATRUTMONGDECODING d cyEle,. 1T m g
qualifiers are nece_@f@;;ir@ghs-t:g;pe,swﬁﬁ mtﬂﬁ%it tthgé C{ : 'r'os“t'.‘sﬁtlf;fgf?*“' dé?ﬁ’én Tove
wai t leop until the appsmoghis.bad; @itker & &k a ﬁ’f,,ql&é? sétih.e; “Bx _cu&%"é’”éfsat e of
to the next address to issue a command.. Gt her qual’ |ers_?|r?a -fldb-f'and e
the pointer register, the PWO (owers _ m .isp-a- serial - -
state qf each of the 12 status B4+5—'Si-hcs 14 &l or - stor 2ount er’
system based on a fifty-six bit word, the, six-bit, 50 fsym em coun _
42 is enployed for countinlg tiol§ifLydsix. SeverIHSTmEIC’orndg:;tegoduri_____é._;bit
pysteneonter 52 oo Necagati e o7 AR Le T T eT TITI0 bl
times [err]. and transmiied Lo.alll ciredits [T Tanmed contTorTel 46 as
i m alifiery areMent |to the |mcro-progra e _ .
Serr}teirotn-:a(rjn P% ?Ee previ ;‘ug"’ﬁ‘%ﬂ g@?_ap‘h.. IThe & ‘sé{s;émtgo@qfﬂe?“P 42 ";?Cglntsp' ﬁ?gla?yed
asa keyboard scanner a$ shown in| 55 Fi geof({fﬁiﬁ%&ﬁh‘g&? PGy |

bits of the system coupter—4; o H6—a—oHe-—ok- 3 row || res 50, The least
i - sel 000 - yBogied row |'i nes 50. JThe I
seque?tlal Ityt ﬁel gct)?t?gf':ozgﬂ%l §§{E|r;‘:tcymgg;§§y %‘F&%@ewn anfl go to a
i ani fi can ree bits AgEo PPSter . ok k 0
glng?lof-ei ght mul tipl'expr 52,11 oct‘}‘ xemenﬁ*ﬁ%ﬁ  ¥EFS &Rne of a plurality
cRe¢qall

' ' i 94 i clock times no kpy is:
of 60 keyboard col upm Illn‘éi% 54_1(%|irls_.r gDBpMO;I?;H.NE«)Md@V\n Sional 1 a
scanned). The 60 mult|pl e%e?_;o_ tfutXis ﬁ o ‘var o sianay 1f e
contact i s made at” any| i nt arpepoi an oi it EASAREHEBA Rt mtf i x (1
ssing a key), therkey: ——becohe iy AL_tns state.
?ﬁgrgyé't e?n coun%/e'r "4:%( ey 1t g_prj&?_’mgggegg/g? ig) ggl um | .| nes are
sel ected). The, key dawn si-ghgll-w caus = register (3 ST

The first set of sixteen instructions (IsI, = 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 L, line such as may be employed with other embodiments

5 - of the calculator, e e
. - '__The next instruétion (LI, = O1) in this table is called the LOAD CONSTANT
(LDC) or DIGIT ENTRY instruction. The four bits in LI, 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 transferred to the
. 10 - arithmetic and register circuit :20, To transfer a:ten-digit constant.requires only 10
~— eleven instructions (one to preset the pointer). Several exclusions exist-in the use
of this instruction. When used with the pointer in position 13, it cannot be followed
by an arithmetic and register instruction (i.e., by Type 2 or 5 instructions as there
- are problenis in 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
e - type2orS instru‘ction,,,Wh_e_n_ju’sed-.}wi_th,thﬂe ointer in position 14, the instruction -
has no effect.’ However, when P=12 and LDC is followed by a ty e 2or5
. instruction, position 13in the register C is modified. Loadin non-(g it codes
3 - (1010—1111) is not allowed since they will be modified passing through the adder.
: 20 - The next set of instructions (I I, I, = 01X) in the type 5 instruction decodin table 20
T contains two'display instructions and six stack or memory instructions, The isplay L
) ﬂi‘ﬁ-ﬂop ini the arithmetic and register circuit 20 controls blanking of all the LED’s.
When it is reset, the 1111 code is set into the display buffer 96, which is decoded so

: that no segments are on. There is one instruction to reset this flip-flop I, I, I, ='100)
25 gpd lz‘m‘other to toggle it (000). The toggle feature is convenient for. blinking the: 25
" The remaining instructions in the type 5. instruction decoding table include
two affecting memory (Exchange .C<—~M and. Recall M-Q), three affecting the
stack (Up, Down, and . Rotate Down), one general clear, one for loading the
30 - register A from the I, buss 28 (namely, I, I, I, = 011), and one for loading-the: 30
register C from'__B'(_:f)_ (111). Neither of tﬂe_; two_last-mentioned instructions- :
depends on bits I, I,, or I,. The I, A instruction is designed to allow a key code to
be transmitted 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



13 1, 454, 266
13 that state of the systemcounter to be saved in a key code buffer 56.
This six-bit—code is thep transferred to a ROM address register 58 and

~of the sy

~becones .a starting ad_dress for the program which services the key that was
(th.I eading O bits are added by hardware so an eight-bit address- -
%, {s). Thus, during each state of.5" - the system counter 42_Jthe
_deeoder-nul tipl exer combination 48 and 52 is looking -~ 5to see if a
2{325 fagc key is down. If it is, tlws436@ate of the system.count er2®econes -a
“startTng _aq.igress"ror\ -F-X‘?Cuﬂﬂ@-ﬁ thén;l 5’@& fanng Do P
| . T iion gy of ingereit THa BUp LBlinelsGotiohil6hd Gia ipi & dbal Sixteen of
~ the fift y;’i i imctic ind Fegiér Gifshit 96 Qn‘f,ﬂf'Qﬂatnﬁ'&atbrﬁ?'mﬁ'ifoﬁmhdg’fmdmﬂ the function
b o ot a3 scton. e AT e st &' | =5LLY
.'.~S'i gniif"i ca 0fX in‘--i_ps_truétion%%?s?g ot El‘?é‘?de__ic%dingjtalﬂé'fg;’zptfé‘siﬁ?n trict dgij%’welnf F gduﬁtedb (
- shift regi sesger- whi ch circutates.-tw ce each-fifty-six bit word tiymé, g-i S. !
__ S_rrp! oyed in the cophppk :cﬂﬂi'yft-.%b@@!ﬂﬁii@@ﬁbﬁfﬁﬁbﬁmﬁﬁ twenty-eight bits are
~ divi ded into three functional groups:.a main ROM address register 58 (3i'ght
CPLLS) B Spbout) ne Leturn address regi st ot 00 (o ol b A s
o0t AT S DA 015 T el (o)

- contai p{wo—hungd gy }

~ei ght-bi t addr ep@. 0ThPg Gad@y dssOcid cOl:d es thil ﬂ%‘i% A Fl‘;s T _
~adder/ pubtractof 64 and 4 sgilncrgngnt gd @uri ng Tt L1 MeS f}?r.r'] (ekeept in
the cape Or" rapch and J unp- subroutine instrpuctions for-which the ei ght..bi t
addres$ -field of 1200 1.|othg et_l.-'tﬂ tDn;sﬁ ructfon.i-s- substituted fpr the .
of thelcal cul atpr. Spch i"nfcrhﬁt.-i.:--o'n-'-nas_ whet hn'erCfEé deci mal point| 25 . .
‘.'.u_\.,. Ss—papt—events—oy—settTTy| an.

curren{ aduf.ess e text dddress; 1§ 20 trangidutii igr the 1 lin

to each of -ﬁe élkp %:{ldlﬁ 806 —bit h{gg}%ggaﬁe&yic statua'lr:agii?gr

62 confai ns.twe|xeé 3f0s oroflliage. Whi 0h tar e ufskkternal kexgode ety of | t he st ate

has begn hit, the nghus sigl set; ©tg. ‘gust beksBbai g S bit

'n each 25 &% & Yys Sl gnfgrb.«e(geﬁhndrg t eKdyBbatli By I n the sfat US.-b'.I ts.
S C end Address from C Regis- i

_ terto Data Storage Circuit e

%)

Lo ¢

L 2t B U AN S NV

- appropfi aDpaTat afus. bt and | .. .
: 'STORAGE|1 X |0 1. 1[1 0.0
B o

1 of1 1 1fr o

00
0 0 ' Send data from C Régiste.r
. . into Data Storage Circuit - -

*_..« The ROM SELECT instruction allows transfer of control from one ROM to
o another. Each ROM has a masking option which is programmed to decode bits .
10 I,—1,. A select ROM 3 instruction read from ROM 1 will reset the ROE flip-flop70 . 10
ol in ROM 1 and set the ROE flip-flop 70 in ROM 3. The address is incremeénted in '
the. control and timing circuit 16 asusual. Thus, if Select ROM 3 is‘in location 197 -
in 'ROM ‘1, the first instruction read from ROM 3 will be location 198.. . " . S
o " ...~ There.are three ways to arrive at a desired address, on a'different ROMas =~ . ° . o’
15 shown in Fig: 30. In path AA’, a transfer (via an unconditional branch orajuip = 15~
' - subroutine) to-an address one before the desired address (L1) is executed in RON
"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)
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: transfertoL3 =~ .20
s is made, then'a ROM select, and | hen an-additional transfer from L4 to the final .- -~
desired location, With this' method, L3 and L4 %re overhead states. -~ .. o
. 'Bits LJ,"=.01 designate a subroutineé:return-(RET). ‘There are eight: bits of - .
e storage. in the twenty eight-bit shift register 58—62 of the control and timing circuit S
25 16 for retaining the return address when: Jump Subroutine is executed. This - .25 .
7+ address has-already been'incremented so exécution of RET is simply ‘a-matterof, ;
outputting the address on I, line 32 at bit times b,y—b,;and also inserting it into the
ROM address.register 58 of the shift register. It is also still 'retained in the réturn
-~ - address register 60 - - - v 0 O oo T .
30 _ A keycode is entered into the control and timing circuit 16 by depressing a’ 30

key: on the-keyboard. A key depressiorn is detected by a gositiw: interrogation of
 status bit 0. During a computation the keyboard'is locked out because this status
‘bit would ordinarily not be interrogated until return to the display loop. The actual.
: key:depression saves the state of the systém counter (whichjs also the key cod€)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 . :
‘buiffer 56 onto the I, line 32 and into the ROM address register 58 at bit times -



Is set. A 'yes' answer toastatusinterlrolgggripn\lfzvill .
. = : in Fig
set a carry flip- flop 66 as indicated by the control signa

Any st at usybit Ean be set,_reset, or |nterroqat ed while circulati ng t hr ough

asking later if it

r 64 in response to the 30 -appropriate instruction.
ggeTﬁgd?nstructlon Eet al l ows one | evel of subroutine call. The return ~
address is storedin the eight-bit return address register 60. Execution t';@
a JUWP subroutine stores the increnented present address into the re':]urn :
address regi st 60. Execution of t.he RETLiFﬂ‘j‘mgbstructlon r_etrl eveswE L:sng
address far transm oSl onover eSS 2—Gatt+ng—t+Ss—erptoyee—

\nd b. k o
to interrupt the t\yg‘m ﬁ-@gﬁ% jﬂf“t' aﬂéftmb}lrﬁis&? foﬁrﬁfess‘é"t‘ﬂes%ﬁpﬁaé e:?r?LZrJSB"}
0 [

‘ertion. ofr ih e wibel i
ggn?rzo}c O;I IgEZI in Mt ratﬁth nstr seéﬁ!thep“nrefoe:treadalgcem:m;nea Ehdile:aﬁt l; at Ors .
€ a

syatem > e tapali e as%::ﬂ@@?%ﬁ sadopomians e,
group of digits (suchAaﬁo % walt loo laE‘ f
digit-registers. quntsreﬂeﬁbua eyisoliertk mag&glst ng rl
four-bi¥, poigter “WP&“& etdlrﬁelalg staltd Eﬁsmmammmfs;gt mggl)iy Onsm
are availabl €%to. sgﬂdwirﬁpl% E,m] r’m@k Fr?f“e"leﬂ‘b gl¢ paty st er
The pointer is mclseimnISt ud bit ess)ﬁmﬁ ﬁe ‘tttﬁ key
subtracter 64 usedel F@Slsebwn/has k&dyéba oc sﬂadt cd m&édthh@trh
pointer [err]fs wil '“%‘i%a, l%}‘? feiqa )J,BStates DISII %% &hmtuostmsbxtsl "
signal .| PT i n F| 9. kél bokinge, VIR ﬁdﬁgl;ﬂnﬁ ef#lﬁ’@ﬁm:q i
connection with Fi glsontﬁmamhu& beSd)rmcoit \inheseWiH een :
generat ed in the c l‘éﬁtﬂ) Q!ﬂplaamturnicﬁqn(aanﬂly is thguled sii aitﬂfggnt onrOI
Lorelt operon a”dm) BRI B ety e

| ect options are 0t e ufkeyha 5 is
;gs?tcl onpand al | tsgm@i Thermactling 1s1newr dytolaﬁ&bﬁdhib@vke Siﬁwtﬁe réﬁ d
signs of 50 the'n ora elea @b?'a 12 |_ dan
register cirosit- Zﬁls@fhek whih & g{bggﬁi et %kﬁg rjl‘é{ °n;}LSt5f’r°§§s¥ ”s
position 13 (I ast c:aﬂtéd

e e Q, drecuy [tb D8, thé dis
}Xi@%% = ,}gﬁ‘? e,%& 'gga %f&ﬁ&é@‘emfeﬁ%% of the algo h(%HANGE C

"pointer position"y
except ®#he manti s

i i 2 and the word . 55
instruction would be given vvlththe poi nter set at 1 , E
sel ect field set to pointer arTABESOFsWalT LOQHHALGOEI’FI?M The control and
tinmng=circuit '-LABEL OPERATION COMMENT
DiSi:- l—»SS . Set Status8 . o
. DIS2: - 0580 _ Reset Status0.
~'DIS3: - Pl —>P _ Decrement pointer, -
O IF P2 48wordloop(3 x-16).
THEN GO TO D1S3 to wait out key bounce .
) _ : DISPLAY OFF o
. Dis4:. IFS84#1 If key not processed
: - 'THENGOTO DISS . leave routine . .-
DISs: DISPLAY TOGGLE Turn on display
D1Sé6: IFSO4 1 If key up, reset
~+. TTHENGO TO DlS7:' _ S8 and wait -
_ .- GOTO D182 - Key down. Check’ 1f same key
~DIST: 0-88 -~ Indicate key not processed:
_ _ GO TO D1Se: Back to wait for key
o .. DIS8:. Blank display
¥ . : DISY: - - KEYS—» ROM ADDRESS Jump to start of program to
. : : process key that was down.
CONTINUE L
v . The floatmg pomt muhtply algonthm multxphesx times y, where the reglster C
. : contains x in scientific notation and. the reglster D contains y (note that in the
calculator the register C corresponds fo the user’s X register and the register D to
' the user’s Y register). When the multiply key is depressed, the wait loop algorithm - -
35 will. jump to a ROM address corresponding to the first step of the multiply 35

algorithm because’ of the
‘D189 in" Fig. 31) is executed.
address. At this tire the
fol]owmg

The key code

'way the instruction KEYS -

actually

ROM ADDRESS (state
becomes the next ROM
contents of’ the reglsters A—D are indicated by the



wor d-sel ect output is or-tied on the W5 buss 30 with the ROM word- sel ect
output and transmtted to the arithnetic and register circuit 20. Any carry
signal._out of the adder jn the arithnetic and register circuit 20, wth 60

word serect also high, WTT set the carry flip-flop 66.. This flip- flop is
uerrogated 60 during the BRANCH i nstruction to determ ne if the existing
ggss shoul d be i ncrenent ed (yes carry) or replaced by the branch address
~.(nGyLarry). The branch address.is retained in an eight-bit addresS. buffer
_Eli_ﬁeaat ed tohe [err] I| ne_3_g4_ 26Is.he BRHcontI sr_g._n.al :6_@0
condi ti ons- RGEister A14'loatmg pomt for'_ of x* 7 e e
14 of the ca slfta't d‘sP]ta}' _ --f'Uh’Cf‘i"Ons one Of-Wh.'I _
“address of t. §t§ln (i fg,t’;ﬂsleﬁ to a proper starting~state and the other
~of . which is- to get: the system counter 42 |n “the’cont.rol#and tining circuit
‘16 synchronr Thelalggrithm forexesy Eép tiply|isgiyooy éFarbleb‘RE’ thesygtem power
comes. on, t“ﬁéﬂtpmnéﬂaﬁﬁ%sefs"dﬁéted” SE18% |°8“Ts(af)g._;;8 i-n~this systen) for at
“least twenty. rpl d"ﬁtep fisn Thi's aJ I -0WS M- 5 iafivgisatiesd i __oﬁmgnter 42 -t.o nak#&at
Ieast one. paSEPt es | .err |MSwinar *3"_.'“&@ hi.gh “thereby setting
main ROM 0O %%ﬁf e fest. of thel e WO iovE - When the Py si gnal
goes'% o’ Iogl c CHTUEL) | “the. addr ess” o con TOEROV 467i's 'set to 008000
. where proper: op e 'READ-ONLY
VEMORY' O RCULT '?Aﬁlb%‘F %EBA'?E%%IN%%ULTIPLY ALQB R :%e_*fRGVI s TorrrTin i he
read-only mmropmxmm 18 store the pC@MMEﬂTf'or exe-u.."*-n.g t he. f'un-ct-i ons
“required:ofthe systenr Fnce - each ROM comt - “brt-‘words, there-
are 1, 536 0 ‘bits of ‘RCM; ,'mib am of ‘each of; the ROM s
[err]. . slfﬁﬁ( rn+E|_q:(g§The basr C. opw&%ﬁn@g _Mxnovhm a serial - addr ess
in, a ser| al-i nstruCtlon 15 Duri: ny : em"yerfrft..y "'-x--"ibrt word tinme the -~
address cones in, si gnificant t§t Jrambi't [er r] through b| 1
ferr] Every ROME" ,ﬁg m@mmm?éﬁ b Shorp -

Correct sr,gn lf both negatrve

is to get t'he

MPY3 ""-0->B(W) RS ClearB then transfer

CASBM) 7T T mantissa of y. BX)=0; -
0-AW) - : Prepare A to accumulate product
2,P ST ser pomterto LSD (Least Sngmﬁcant o _ . ‘_‘
e : Dlgrt)Multrplrer(Mmus l) ST
R MPY4 PiloP o L Incrementto next drgrt 5 '
. MPYS A+B-+A(W) B ' Add multlpller mantrssa to: partral
; ' C—l —»C(P) I * - product C(P) times. When C(P)=0,
oy F'NO CARRY GOTOMPYS o
SHIFT RIGHT A(W)= o _ 'Shlft partlal prod t-rrght __ : v
CIFP#12 S Check if multrply_;s:complete o S
: THEN GOTO MPY4 Lo deds pomter at MSD R
CIFA@s1  Checkif MSD =0:1fs0.
"THEN GO TO. MPY6_- T ‘ shift left.and ¢o ect exp. -
- SHIFT LEFT A(M) R Multrply by 10 and,___, ecrement exponent g
C-1-CX) L : U _ - R
'MPY6+ C+l->C(X) R _';AlWays do th1s to~correct forfactor . R
S T ' oflOtoosmall . AU
' A-+ B(XS) | S : Duphcate extra product dlglts : S
- A¥B o A(XS). ..-.add:11th digits .- . L T
o IFNO CARRY GO TO MPY7 Ifsum less thari 10, then done T
O A¥ISAM) . If' sum more than 10; add 1 R
s TRENOY CARRY GO TO MPY7 If answei was. not all 9’s, then done R
T AYTSAPY IV j-..'Ifanswerwasall9’saddl L
S C+1—+C(X) S B and increment exponent | L
MPY7 A EXCHANGE C(M) O _'Get answer mantlssa into C %
- GO. TO MASKT ' : -' Go to routine to posrtron the answer

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



eight-bit address and frombit time [err] through [err]tries to output
ontothe [err]line 28. However, a ROM enable (ROE) flip-flop 70 in each ROM
insures that no nore 20 than one-ROM actually sends an instruction on

the | line 2 at the sane tine. 20 Al output signals are inverted so that
t he steady-state power dissipation is reduced. The calculator circuits are .
P-channel MSS:/ Thus, the active signals that turn on a gate are the nore < -
negative. This is referred- to as negative logic, since the nore negative '
| ogi c | evel iS-he l'ogic-1.. As. mentioned: g logic 0 i's +6 volts and 2
logic 1 is O volts. The j# gy ' c.-.rana%%%mmnv at_1ogic 0.

However, when 25 the o %ﬂ‘t"ﬁgflflé‘ uROETmES Athslde)Qﬁl‘l\ﬁ;sO t hey

consune. nor e povver AAdﬁﬁn et Mist gt o'invert the signal's on-
the [err] out g)uts a hynheenalcyﬁgsh%aﬁd 1 r%ﬁ“”h{ﬂ:ﬂs ) “§°s wstrucsmmal s
appear- at the’l: j o BIWpaﬂldftheee oRGh ,su n (4

pattern. t hat . Woul dwhle e&@ﬁﬁ Yihd uet l"ﬁi‘iggMetlthé)ﬁabJofﬂreGmt% séf 1101 i}
is shown in FI g. 8 column from the left-hand s1de of the pa e _I{il:efparately numbered in the ﬁrst30 T e -.
serial naturg of t ‘Séﬁ’éf'ifdlsamg@ﬁa@l addresd @ R a¢ el g @mﬂau
Thi's synchr on| zat. lrﬂéhtir s ’P'hféO@WQbfphdnseme gRhep ﬁeﬁ, :

controlg and tini ngsrmeﬂmglthes& u? t%ﬁex Tﬁ‘edl'lgltbrqprqnmgm btk M hé%

its own fifty-si X { 4 storediin each ddiresy M re en er)S he mfwmtoer 42°in

the control gnd: tit &'Q\" c't‘ t&e lefMGdMi of (e E‘g 'arre golht er
fligitsein tMoatth boltlmh 7 11@ refhan 'ock

72 open theinput. stdeoa ca'sf? §
[err] out at bit tine [err and prow "‘Sftﬁéfell‘l’%‘h@h%@mammg eolugma.ls

t he system power “conmes on; the PWO signal is held. at 0 volts (logic. 1) for

at |l east twenty mI_Illseconds The PWD.signal is wired (via a masking
option) to set 40 - t he.. 'ROM Qut put Enable (ROCE) flip- flop 70 on nmain ROM
0O and reset it on all 40 other ROM s. ‘Thus when operati on: begins, - ROM
Owi || be the only active ROM - n. addi tion; the control and timng CII’CUIt

16 i nhibis the address output ‘during. start- up so that the first ROM address
will be zero. The first instruction nust be a JUVP SUBROUTINE to get .the.
addresg register 58 in the control and timng ci rcuit 16 -l oaded properly
45 Fig. 7 shows the inportant . timing points for a‘typical addressing™
sequence. During bit tines [err] 26t he address i's recel ved seraIIy fromthe
contragl and ' . ._ = : . :

&
N\



timng circuit 16 and | oaded into the address register 7 via the [err] line
32. This address is decoded and at bit time [err] the selected instruction

is gated in-parallel 50 |, into an [err]lregister 76. During bit timnes

Ferr—tte—nstruciion Is read serially onto 50 the [err]buss 28 from t he
~active ROM (i.e., the ROMwWth the ROM enable flip-flop set) Control

I's:

tre ferred between ROM s by a ROM SELECT instructi-on. Effectl_ve-laﬁl thIS

. ind@uction will turn off the ROE flip-flop 70 on the active 55.

. and—tupn on the ROE flip-flop 70 144:246e sel ected ROM Laple erRREREH ON i'S
55 dtpcuuclll gpon the ROE flip-fl

_ IQ@Mlbelngarnaster-slavefllpflop In the
- active- RCJ\/[ t he ROM SELECT Fnstructi:on-i-s- decode a ROM sel ect decoder
78 at i mg_fienr]1 and L#es2master b‘éw

@Of R flip-flop 70 is set.

4

The quortmml O t+E. R@E fI|p fI ;0 i.S. AP _§mx1unt1l ‘t.he- end of the

 bit t_2 Qarr]1111 rc[{-he inactive-60: DIGz RG\/IAsnheAlm]struCtlon i.s read
seri-af |y to} err]

register 76- DG ng b|-.'+"_' T HES T@ 1]3 and then’
deco a$id the.. RCEfJ—}pLﬂMdp 70 |35ﬁfﬁ “at, R G :Arerr i'n the sel eat ed

A ml nglbpti en -on yf@ degadin romlfsg.'easltomu nificant three bits
of - th‘é {er 7% 8 eachmvlto rQ@W’bﬁT to.its-own code The
SIX s ¢ rd znalegt mn@nals are._ nerat maln RO\/IS [err],”-
EC 1

.1 oy LIOI3 L Y - GOTOSTOR2:
- 15 mnyLome tvxklll/p ‘dlsePed't":""o5 i.gnal s ntnomhRO'ﬁeTPO NTER come from
t he dén ’ol hlrpg -G rmnt 16. - The word s@é"‘Q 14 L¥he i:nstruction i's
reétaige - a vy(prldlsel ect- ister 8Kl so* ;’lr,-‘ ﬁEmS' ave). If the first,

“two- hlstmne 0l}. f.hH1| ﬁ?tr l|on i s of the arNO/OPERATIONpe for WhICh t he -OM

rrust letwmte a-word:5 . select gati-ng S|gN9IOPERtA ON time [err] the .
' W7h L2Obi t §ijar¢ dat ed to the s a\RI@nd 5Ar*e}t'a°i
time {t.,o

for the next word -
decoderilint o one of six SI ﬁgﬂs SBHoNi zati on counter 72
pr ovi e L0024 ngllﬂhfl naw a wor se ect NOdBrRIB&QGW@BIﬁbut Ws -
si gnadl - ilgogat ed; b p-fl op MG1so tha'[A }g active ROMcan |
out IOU; he V\H ne 30;, Liei3e h ’T*S*‘Gﬂ:\;ll ed WI ot her ROMs
24 -Log3p:  1.11...1.. | GOTONl . -
25 LOR31: it —> Lo u . BTN _
' 26 L9032 _lllllll S LO#36 | ll:MTl : GOTO?
: 1.1.... e - -
% li%ﬁ: I = L9g36 RORI - : -ggTTI?Rw | -
9 LON35: _ _ e . -
7%%'1-.%36‘.'_ RTE I S . NL IFS73FHENGOT0N2
31 Loga LA > LW3¢41. weews © SELECTROM3
32 IWQ .11..1...-- T3 Lig42 +ws= XEYI : SELECTROM1
B L1l T3 L1 vesss SUML ?ELES(;TRQMI
34 Lopd2  ..l1..1.... _ SUM1. : SEL
35 . Lg@d3:  .1.1...1.. L LSy ROMI.
36 LOD44: LAilD —> Lipas wes DIGR NOOl;?RAXION | |
37 LOP4S: .....eeees _ vi . STACK —> 3 .
s Us AL g e D sLECTROML
S P . E e
40 ll:ggg?: Qi > Lepsi et DAT 'NOOE%%I\I&OP
41 P Sy sxexs’. SODI  : SELE
42 LoB%2 }{ :; Iljmgi s++ix TRNDI : SELECTROM4
43 L9953 L.t T2 'PRCI  : STACK—>A
M LBIE. LA S Ligse e SELECT ROM 1.
G Doose.  ilic.dn | CoPRE Lot S TORS: LT
47 19957:  .1....1.11 => L1192 N L2 s .
©ag rppep: il o oo M T GoTO OWEL3 :
49 Lomel: 1AL —> S . DIGS  : A+1->AIXD B
3 li%g% (11,1 .., . -bigs" ﬁﬂ—;ﬂx% | e
. . Ll . M . 4+ i —
52 Loged  TUMLAGL g DIGT* {FNOCARRY GOTODIGS
3 T i CMINL - : 9oCo1—>CiST |
.55 L9o6T: LAl —> Lee6



10 and also with the controland timng circuit 16. As di scussed above,
the W5 signal 10 goes to the arithnetic and register circuit 20 to control
the partion ofa word tinme an instruction is active. The six ROM generated

word sel ect signals used in the calculator are shown in Fig. 9. The ROMs
[err] output.a one bit-time pulse on t he [err]buss 28 at bit time 15
[err] to d?%te the exponent mnus-sign time. This pulse is used in the
di spl ay decoder of the arithmetic-and register circuit 20 to converyi=z/
ag9into a dljBayed m nus sign. The tinejdsgzssi on of this pulse is a magk
optl on.on the R THIYIETH: AND REG STER CI'RCOF T The. arT ThmerT Tt drlu -
regi ster circuyt 1shon ijn" i a, r ovi des arit (W 20 - - and -
data storage f58ntod7en fnrlltlhencaic gas(,or icggsiont 1 qé 5ot he V\B [err]
and 20 SYNC 15E go Rg;.ldnd 26, respectlvellchlrecell\F@B#unstructl ons - f F.om

the ROM s [er]6 t'h 1“I e ds i nformation bacKHEN GRFORCH ol
6 \fﬁa it hlebCA%R\}‘ﬂ

and tim ng: ci 6gULb@7 i ne 34; BRAER & | & t he di.spl ay
i nformation: béﬂoL@?tranlsmntll ng it.vi a the out put | NRE_ L1t 0 the anode - .
driver %of the? gf ayl-unjt- 25 14; and.prowi-ge&ipa START .pul'se to.

t he cat hode d&;vgm oqtput di spl ay'unlt %épki‘?]% t%- nchr oni ze the-

di splay. The a‘rlmlmatl cland JHeoister ci r@@-].-o nt ‘aifne even,
fourt e®n- di gi ﬁs(mlﬂiy silki.bilt) dynam.c regi st eLR2A-F emg7M1and a .seri aI

adder/subtrac%) 66: Acltlud!) -dbta>pdPHE, not shown in Fi THBNdl@TO@UH}el r
corrpl exity, agp 1pEuUSSeU 1k shown in

fipangaay | show 10 SIS, dipobauer

flexibility of2 amulmst rluctlllolll sed 921

the variety o 3 pat |115.l ai'l abl e. -One of t BER&dvaniCAgesT. Ka serial
structure is’ d|t idata Es are not "very é‘os>t$ lbnly one

addi ti onal gatmemupath estru ‘Ure of 1R Lr|th eglster
circuit 20 |s7britﬂllﬁ zed lfrldmthe type of al goRcL ns . rmu5E;e )y the
cal cul ator. S;g 6: helseven registers AOWEMId :Mp—s&1 be di-vided into

three groups: gf h%l rkllhglr gisters A B, anhgw% &r—al o being the..

bottom regi st@r mﬂflzla f olr.-..1EQi St er stack gl sters D, E
and F in the 22: angl.al débar at e storage reQWFLST I\/IAcermml cating with”

the ot Wer reggst ig thlll]tigiHI}I he register Conly. In .FiIZ‘J—>El si whi ch shows_ g

t he data pathss apmsect i ng; a t he regl sters A-F and' 'C+1 >C[P]
LP126:  .1111.. - R C+1->CIP]

- 87 L9127:  .11,1ii. _1 | - IFCIXSI=9
=88 LPI0 . 1IiniIilE. s Le17n : THENGOTOMSK] -
89 L@I31:  ..111.1.1. .. - . 9=C=1=>CIX]

99 L3  Liraitil. o " IFCIXSI=9 -
91 LP133: 1..i...11 —> Lg221 : THENGOTOMSKZ
92 L34 o .i1...1., - ERZ : 1->85
93 LO135: _111..11-,1.', e T A4 B> AIXS] 2
94 LPI36:  .1I....111° =5 L@I4l - IFNOCARRYGOTOOWFLz
~ .95 LpI37:  .1l. 111 9—> CIW]
o9 LeMe: . (1.1.....1 —> LP12p : JSBOWFL1
N/ 97 Leldl:. 11,000 OWFL2 ;. 9—> C[W].
.. 98 .Lp142:  .1.111..1.. . C<1> CIWPI
99 L@143: . 11.11.1. | 9> CIXS] IR
199 Lpla4: iitinill . - . - AEXCHANGECIS] -
101 LP145:  .1.1....11 —> LQI29 -, - ‘GO TO OWFL]
. 192 Lpudé:  .1..1..1.. ' - DIS4 - @->84 ' -
103 L@147: - 1..11..1.. DIS3 ~ : 9—>S9
| -}gg- ig{grla: 11111 e 12->P
- _ RS B P DIS -
® 106 Lp152: ... 11t. ... Dlgg :'g—isip
- 197-LpIs3: 1ML, . L - IFP#12 -
S 198 LS4 L 1li1.b01 —>  Lg1s2 - THENGOTODIS6
. 109 L@15s:  1...1.1..7 . DISPLAY OFF .
119 L@1sé: 1..1.1.1.. .. . CIFS941 .
11 LeIS7: - LML 11 —»  LeITi S THENGOTODIS?
112 Lg16p:  .1.11..1.. & - P—>S5 -
113 Lotel: -~ .1....1.1. ' : SHIFT LEFT A[X]
114 LO162: i..l}.l.i.. "TKR - : -KEY§9>ROMADDRESS
Y B : —> .

. 115 L@163:

DIS9



40 M each circle represents the fifty-six bit register designated by the
letter in the 40 circle. Inthe idle state (when no instruction is being
executed in the arithnetic and register circuit 20) each register

-~ seri

—continualr Ty circul at es srnce with dynam c MOS registers information is
.represented by a charge on a parasitic capacitance and nust be contrnual[y
re hed or |OSt Thrs IS represented by the loop re-entering 4 - ..each

-.res'” er. : .+ 45 The registers A B, and C can al.l  be
';rnt-r%hanged Erther the regrstert;;%' C |s connected to one ac er |nput
and. eidfher the ¢ tor B 4400 1 .

di rags. emltm el t hlerllthe regr ster A aor. C Certalr—»l?nstruct i o can' 'generate a

car rl 7vm6§he d rl f 85. whi ch i's.trd the-control and 50
% de eme ﬁﬁhﬁgw%r% éigm:

tim Ui t condi ti onal br@p@ _ st er ~C-al ways
h | oawé norlma med yengign of the di'spl ayIEGNOEIGARRYIGOT_ 59 ack  f

y. tiae L@gl sters 10, .D, ~E and, F:a; ROLDISIOMN [}?ﬁP%YT&GGIsE execut ed by. t he
foII ran ll[err] 1 STACK Biswnstr FP#E.NSG@;E@qﬁggd by the
: foII ran ll[e r]wl5 hus, it is possrd;)d)e_'ss “to transt er-a * -
: regrlase[,mastd altsq at r-eci rcuI at e SEINThat An>t3h7él Iast exarrpl e the
. contigat EGIg6: C latelpdt +-bstL024ﬁhe strug %{1‘? an OGNSR

"t hi slzg E%%rrth}erild crrbed‘v’?"’f‘? uU's. P

el 1 plder]/subtract or 84, a correctArar)?;-- ' 6):it.
~ sumipugpere nHde.i.flht hé sum exceeds nine., (a Sﬂﬂ‘l@ﬂcﬁdxrect
- subt Bhc o9k |s“néc .'__:$ar=;y). I't is not known ifA: XG_ : -
't.he lﬁg %8204 t'i‘fl 8 1pi LS Gfgrishe: sum have been. GERNBIENG :
_-accoppl 3";|1ng a four- bit hol ding. regpsﬂ!@X] 86 [err}and ‘inserti ng
the Boerﬂed hhlrito a portion 88 MYEAl of A L& carry is

gen l‘I’Thr’s Ho 'd?ng>ré'g??3>3t ef 86 inpgdl4SO: MEHY BT A LEFT
| nst 3§c ;. _fiheschapmct: @i stics of a " TEN GO TO MS I13 454,266 -
6 dBoi. 3adden |1S that> rldlMBCB"‘t"odMS mrlﬁgrmmnot ai vve_d '
: ' : P=1=3P S
TheyWI ngjlg => L0211' e GOTOMSK14
142 LO216: L . CLR3 1 @>8T R o
143 Lp217- S o P> 84:: : -
144 L9220 - L@I21 . GOTOQWFL4
145 Lp221L: o MSK2 - : C—>AIX] |
146 10222 . - L9236 e JSB'SROUND: L
147 19223: S L :_A+1—>A[X] R e
Lo - 1487 L@224: - 11 C ' MSK2I" ¢ AR 1 23tALXT T
149 - L9225: - L@231 : ' IF NO CARRY. GO TO MSK22-:. -
150 L9226:  .1.11.1.1.° ¢ _ MSKI3 : C-1->CIX] . . SO
151 : LP227+ 1o BLAadE Le214 - "= - IENO CARRY GO TO Msms. :
152 L@230: D Lg13 . GOTOMSKIS = "l .
153 L@231: 1. - MSK22 : SHIFTRIGHT A[M]
154 -L@232: - Lp224 - T JISBMSK21 -
155. L@233: o .MSK12_._:_.: P=1=5P"
156 L@234- . o i --"-._SHIFTRIGHT_C[M] Y, .
- 157 L@235: L@2eT JSB MSKI1. ..~ , .
158 Lp236:: L1237 | wsses SROUND -~ SELECT ROMl
159 L@237: ... e _ : RETURN: - -
160 LO24Q: 7, 5. L1241~ **s** Ms2 - : SELECTROMT: cn
- 161 L@241:  1..0 SO SCINT3 - IFA>=BIXS] ..
162 L9242: 1.1..1.111+—>-Lp245 . - . t THENGOTOSCINT4
163 L9243 1itiii.ac 0 7 SCINT2 i A+1->AIX]:
164 'LO244: 11.1111.10 - S A—1->A[xs1 o
© 165~ L924S5: -.-.11..1_._1.'-", - 77 'SCINT4 : 9-=>CIX] = -
166 L@246: - .. A1 0%, o T ' 3>P .
o167 E@247; - 101,000 o SCINT7. ,_;_-E_IFP#IZ :
168 wzsa:-;:.,:; -1111 111-___>__, L9361 Lo THENGOTOSC_IN_TS
169 .. L@251: o u A ' SCINT6 :- BEXCHANGECIW] '
170 L@252; - .1l.1.. N "~ DISI  : . 90->86." - S
B ¥} L0253 L9147 " JSB DIS3:
172 L9254: P . p—>AIMS]
173 L@25s: L., o . _DENTI 2 IFS4#1° -
174 19256: - > "LO260 . - THEN GOTO DENTZ
- LO25 S - C—>STACK :

175 L92ST:
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tlon execut i on ¥
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agif.q >;qment| re

register (t tﬁg\/\éﬁ? sel ﬁlgnal gﬁg rated in the actliF\Pe[PR@\/l i s at | c |l
for the. entim: n@jl cyqlﬂe.)“” ese |nstruct|o 1(90wn
stack; '30 - 202nbpaiey eMchange [-er mjp3gend "di spl-ay on or et ai I ed
descri p?l on %ﬁ %Br 30 lekeeut ion is given ﬂiIENaIlnaf tAex-> BIX] T
_ 1,111 B EXCHANGE C[W]
: 205 L@315: 111 1.111. A EXCHANGE C[W]
: L@316: " .1.11..1.. N 9—>S5
~ . 207 L@317: 11..11..1 —> LQ146 JSB.DIS4
- 208 19320: | P B B § AR : B EXCHANGE CIW]
209 L@321: 1,11, 9—> CIX]
210 19322 1111111, C+1-—>CIMS]
211 L9323 SR § PN DENTI2 : §—>P
212 1@324 .11, 13 - C—-1->CIP]
213 L9325 ....1111, DENT4 P+1->P
214 L@326: .1.11...1 . _ C-1->CIP] -
215 L9327 -ll.ll.l'_.ll —> L@332 IFNOCARRYGOTODENT6
(216 ‘Lo33p:  .1...1..1 E - | SHIFT LEFT A[WP]
217 L@331: 11.1.1.111 —> L9325 - : GO TO DENT4
218 19332 11.:1.1.1 DENT6 - A-EXCHANGE B[X]
219 . L9333 1.1 111, - A—>B[W]
%%(10 {,gggg i}.il.l_.t.. : IFS5%1 '
1..... 11 —> 19340
222 19336  .11....1.. T —>S’2HENGOTODENT7
223 L@337 11..1.11ii —> L@313 : GOTODENTIO
S 224 L9349 10101, : g DENT7 “ IFS6#1
- 225 L@34l: Q.1i.11.i1 —> L1266 o THEN GO TO DENTS"
226 L@342: ..., L1, | P_1->P .
Do Lo iililii —> Lo27 [FP42
- - L9344: 1 —> LO277 . | THEN GO -
. 229 L0345:  1l......11 —> L9390 o GOTODEN’1‘19TODENT5
230 L9346: 1..1,.111, DENTI8 : SHIFT RIGHT C[W] .
231 L0347 1...1.111, - BEXCHANGEC[W]
ggg %gg? 1}1 1{“1 —> LP146 o ' JSB DIS4
: : - DENT3 : 0-—> C[W]
234 L0352 ... 111, : ?-> B[W]
1. 13—>P



For increased power savings a display decoder 94 is partitioned to
partially decode the BCD data into seven segnents and a decimal point in
——the arithmetic * angd register circuit 20 by using only five, output
[Tnes (A-E) 38 with tine as the 35 ot her parameter. Information for
.sexen segnents (a-g) and a decinmal point (dp) 35 are tine shared on.the
] output lines A-E. The output -wave forms for the output |ineg A-E are
: in Figure 12. For exanple, the output line D carries the gnent ‘e
in Ornaéthn durlnaJerrl (ThP flrqu' ﬂﬁq tine of. . each rhnlf f|n‘giand the
segng@t L3sunf or matuon duri. ng- [err] (the seconbbthOQNSfTﬁNiB each digit
med3y- amSS.t hel AQ..1..~output E carries the. segﬂ?(ﬁt nf or mat:i on. dur i ng
[BE

--."-[err§38 seg '# information 40 during = ER8 deci mal poi nt
- (dp)3 il u"{'ile aCtL%is Slgnals whi ch' vgo Bmmr 't a digit 9 were

dec: edmse s D\Ml L., de SOUNTY rsIFdd eted in the anode dr| ver
of "tHe bategut Urlslplbly um thill as expl ai-ned here SO TRRCINGi sters in
the F: tic lqu {rlegr ster circuit 20 hold f; 1L_rrlt§ |g| ts 45 ST

. 45 S .'tenl rmqﬁmsa.ﬂrmhs, t he manti-ssa Gogmsalm7exponent ai gr ts and

the 2465 L@3eponent1dign. - Al't hough the d&tS2mal : pQJ1—ﬁt—1|-s>ﬂk§i al l'ocated ‘a .-
.-rengeM srtr ndtHE s given a full digit p§i in the out put display.
- Thi. 324 7% i cqr}lﬁrlstgnc&mhﬁ achi eved by usgolr 339[;3 tthe A and B regi3ters

to d 3pay’ r nf.ornetion. The A register .. sNeﬂPHm'ltIONhol dthe 'di splayed

nunbEn \wrfﬂ the.di.gits in'the proper order. 5 OOPE%EE@%I ster‘is -.used as

egr stle wicth-digits®9 ins for y .~-50 position
_.-that be pl,aﬂed and a digit 2.at the- dem ipol nt Iocatr onr-Wien the
anq ﬁssdrm:war ofi.{ he. 10ut-|3utLQ102;pI ay unit 14 deGORGSEORECI mal | “poi nt. code
during 74, it provides a signal to the cathode driver of the-output display
unit to nove to the next _di git position. One di. git: and the deci mal  poi nt
share one of the fourteen di gi-t 55 times. The digit 9 mask |n t he
register B allows both trailing and | eadi ng Zeros,to be 55 bl anked (i.e.,

. by .programi ng 9 s i'nto the B register). Use of al | three wor’ki ng. regi sters
for-display (i.e.y the Cregister to retai:n the nunber in normalized f

the. A register to hol d: t he nunber -i n" the di spl.ayed form  and-the-B regi ster
as a mask) allows:-the calculator to have both a floating point and a-
scientific dr spl ay 60~ format at 't he ‘expense of onIy a fewnore ROVI

. states. . - . 60 The di spI ay..bl-anki- ng i's handl ed as -
fol | ows. At trrre[err] the BCDdrgrt (S gated ' !




fromthe register Ainto a display buffer 96. If this digit is to be
bl anked, the register B will contain a nine (1001) so that at [err] the end
bit [err] of the Bregister will be a one (an eight would therefore al so

wor k). The input to the display buffer 65 96 .or ORRED wth [err] and

Wil be set to 1111 if the di glt is to be blanked.. The 65 17 S
1, 454 266 ' 17 deci mal point is handl ed'
in ammlat"vvay A two (0010) is placed in the register B-at the decamal

poi nt |ocationg7At time T2 the deci mal pom;ﬂaaffer fI|p flop is set by 37.
[err]. Any digit wth a one |n The Second o Wi —Ser-the decrmar—
point (i.e., :2, 3, 6, or 7). ' The d|“§" a[y decoder 94:al so applles a
START si gnal tﬂolﬂm I'i ne..4.0...Th| S Si gnal 51is a: V\DrdnemAqmonatlon
pul se, which rleﬁ ‘t he-- +g + scanner in the cathode U@iQPERAdtIONhe out put
di splay. unit- asstrrl gt t>h hode dr ;\/er we | &tl_ digit.I -when
the digit | |r4f(mmt|on is.pn the ou puts A lRi C D he tlmng for
this signal i9 dhdasn inl. Fllgllll4-> RITUES . One ot heomrzl al.“decodi ng
feature&eis re U|L1l A‘Jml ub epreger?{'l'e\ﬂ in: 8.0 8kns conpl errent
notation or siggi aad nplqnttiUQe ot é%n by twl(ji]l‘ﬂlt %‘rﬁﬁ%‘f@“& gn -

| ocati on. I—b\A/sveJlmlt he.di ﬂpimy_gusml own only a nugomw(l cy segrrent
g) . Thé'di gi t199 L2t he. k.edi st er>A L21Yi gtt**p@QRli on: 28K _ sign). or.

posi tion-13 (fa 35 Li.onlmust ‘be di splayed®¥Ini n$
2

circuitry use3 th@spul 8¢1 QR iihe,lqr 2615 . buss GO0 A ]
(see Fig. . 3) MOLII(MGW t at1.the" d|>g| t b% in dirgit positign 5“(%?2%)&?12
regi ster A's IFe allrh‘lduslaﬁd Jsld® t he SYNC pul se ASBSIQR)W that the digi t

9 indigit p 13 Iot! t‘n‘é r'§g| A.sho Edr Iso p q’ A The  pul se
on the [err] 1bu;,$gzé8 al 1b|1t11t1| 0 [apés can b l@gtlo whi ch
all ows the mlaugi®Bgn of.1t.he. exponent to appe&sr I n otlhessﬂ ocations for

ot her uses ofzgt 2821 cyll ci. [c 20 R4 : _.—>S3
CLOCK: DRI VER22 Eiﬁzg Libit}:)}r" L XTY 2}"@3 Bi pol ar cl ock -
driver 22, ong p@3e ofl. whmtl Ls E{hmm in Fig. 1!% re@l@ﬂ‘bﬁ@m' ess than. 25

mlli Watts_ 'argg. é&ﬁﬂdrl#élll olads up. to three hundred |ﬂ}€>f$17rads with-a
—> 1154 ADDI1 -JSBADD

* 2 Lmsz: 1 11 111_ - L1115 o ~ GOTORI3
27 L1933 .11il..1.. | DIGIp : 9->87
28 L1034: .....1.... => L@B3S wewwx - SELECTROM 9
- 29 Lig3s: ... 1., " RETIl : RETURN . . _
. :;? Hggg 1“11ll -le. - DIGIl : IFS4%#1 -
_ s = = : THEN GO TO DI 14
. 32 LI1p4p: AL > L1033 . GOTODIGIf. ¢
33 LIg4l:  .......... ST " NOOPERATION
34 L1p42: Ciiiiil —> L1317 ' 'XEY : GOTOMSI7 .
- 35 L1p43:- .1 A1 =5 L1133 SUMI11 : TOTOSUMI2
36 L1p44:  .1,.11.111 -5 LI115 RO : GOTORI3
_ g;/ H%g: 'l'l{'ili{ii" . IFST#1
: o L1ili1iice> L1933 ' THEN GO TO DIGI
-39 Ligdr: . uu 1 =S L1936 . GOTODIGII v
.49 L1050:  .ii11.. . SDIVIl ;. 9—>S7 .
_2; Hggé .111}1{ A1 —> L1976 B " GOTODI
: N T U5 TN PRC2 : C—>STACK
'13; ﬂggﬁ: : .}11.1.1.._ ; § o IFST41 . '
L1954:  -.1......11 -S> Ll@gp. - THENGOTOPR
45 L1955: . .1i1,..11 => Lig?e. . - GOTO PRC3 C4
46 LIgse:  iiL.1.iir, ' .PRCIl ": AEXCHANGECIW]
'~ 47 LIoST: 11111 > L1952 . GOTOPRC2
™ 48 Ligep:  ....11.d.. DIGI4~ : CLEARSTATUS -
49 Lmgel: il oo TKRR1 : KEYS—> ROMADDRESS
.50 L1962  .......... . 'R9 '+ NO OPERATION g
o 5L Lwges  TTUTTUT o RS : NO OPERATION
™ 52 Liged:  ...d.i.b.. o " R7 i 1> 81 _
53 L1965 ..11..-1.. RII  : 1-5S3
54 Llg66:. ..1....1.. =~ - - - RI2- :1—>8
111 —> LIS GOTORI3 .

55 Lig67: .1..11.



vol tage swng of +7 to -14 volts. An ENABLE input 98 all ows both outputs
[err] and Q2 to be held to [err] the MOS Logic O state. This is an
ef fective neans_of strobing 25 the clock. During [err] operation, the

lerlbIS[Or paiT [ err] ar i ows onl'y one of .the 25 output transistor pairs:
5 ‘to conduct. A diode [err] prohibits conduction fromtransistor [erk]
. “ansi st or [err]during transient operation. Thus, the only possible ™
NaAsi ent .short circuit current must. flowfromtran5|stor ferr] t\oJ
'.tranS| tor Q. However - '
_trapQJ fnr fefr] . 3,4 NS S . I
five 5i Ium?arrps lpeakl .The’ |nput 'si gnalPsRC330 fod— :tma cI ock dr| ver 22 ar'e
gener: t Hecl'ahb(!le—étr|1v1é1"’3 of the output - nt . 14;.7and.the
-outp Ihe tpek-driver go to each of thecN ?%Rt s.-';i' _-h_:e - system
- The- tggmumu el ﬂtlpmshl ps are shown in Fi.g. 16C-AN Rl VER: 35" . ' - As
di scrﬁssmabovd lt hd.di'spl ay i nf.ormation’i's p@Hll—alﬂil;(l decoded- i n the o
- 35 arg2 fgl sPer ‘é cuit 2®Pland co 6 ly. decoded i nto. seven’
segmyit béms dp,qr lpo ntm3§5 gnal s iprcighe blmll@pyanode driver of thee
out pws dimg ay. T HRE 114 “The anode dri.ver al: SCCI—’(IG—I>L(CLKS the basr c clock -
- gener6gt &41%2pr- tlhdl .4 stem: and aci rcwt for:: %dt—r>rféjxl ow, battery vol.t age
to ttgz L(%, 3aII }t 5t dcrrall Mﬁ nt:s.- -' ectr o ctrcwt of thls type
is dl@Cl}:@ d |qi ig 1¢onplete specrfrcatlon ochq >¥¢§A patent -
: Specr?bl mmﬁon N011 1363175. A | ogi c diagram ofCt-rle>aGtKHe dri ver. |s shown in

Fig. B7Lie h lener at or uses an ernaiﬂ't ARKL | s Circuit to set the
osci | at(} ”J‘ re %

. The advant ages of an: L GoypeF [wpt 40 set. the *
frequ;ang,yuare 11 Dmhe corrponents can, pe .specAExe 'mmp[wp:i Q%tol ‘erance;
‘and (72) Lallgr ystlalllclalrh ‘be. 49337 connect ed: toGOH'@&M external pin to set

t he: f;g gFgcy tld-1. bOl%forwtl#g\ r;g*" 45 appﬁﬁ%ﬂ' 9 The: sqtjare wave
s

osci-lJga treq*_qe ¢ (arl in trM ect|¢)n> referred to an 800
KHz omecichiiai or . fitdaguency, which. translat €es,. tw-ébQD(SIKHz clock “fof the

cal CLﬂﬂaerZP thbl b cy being sonew ediby a -
. fli p—gli %‘:’I% ?b Lﬁlto 433&'%&2 Flip-flops B g af%%&gked off -
altergga eughaseﬁminfl ip-flop B I"to 50 provcde_b\mmoo KHz..squar e wawes

as sisgwibli24: F| 111811 ‘A flip-flop.B3 is cIockel(!"Gle#ﬂthe fllg f|0p B2 and in
: urnsé bHE: 2 H] fl|105>84“1t1%p provi de- further MF&EN Kis .

IGHT C[IMS] _

L1127. . SHIFT. RIGHTB[MS] ;}' L
L1130: MSK16 AEXCHANGE CIwl . R
: 89_-Lll3l‘.-' o : ’-C—->A[Sl o
99 - L1132: S Li2se “GOTO MSKRﬂ
. 91 L1133 T '-SUM12. ot IFS7&1
92 L1134 - L1255 .o S j. THENGO TO SUM13
93 LI1135: D T "‘IFS4
©.94 L1136: > L1252 o 0 THENGOTOSUM14
95 LI1137: ‘L3149 ***++ . -SELECTROM3 . ~°.. ..
9 Li14p: .. Lo R 2 0->CIXI: - o NG
- 97 Lii4l: . .. S e " IFS3#1 T
. 98 Ll1142: —> L1227 ' e THEN GO TO RNDl. I
99 L1143: . L L 7 C+1->CIX]- )
100 L1144: . 1.1.101.1+ - C+C—>CIX]..
101 L114S: . 1.1.1.1.L, _ . C+C=>CIX] -
102 L1146 ° .:1,.1.L..° . - © RN3 T ::IFS2#1. ST
- 103 L1147 11111010 =>" L1227 - T THENGOTO RNDl;_-'-‘: :
_ 104 "L115@: - o.r L, .o o s IFSLal: Lo -
- 105 L115t: o 10 —> 'Li1234 - N THENGOTORNDS. T
;196 LI1152:. . 1.1.....11° —>' L1249~ " GOTOSCIN : .0 w00
1107 L1530 L | '.'_SUB - ﬂ-‘. C=1—> C[S]
T 108 . L1154: . 1 - ADD.. - : A->B[W] . .
- 199.'L1155: S P ADD1  : A+1->AIXS] L
- 119 L1156: g . A+ 1-—>AIXS] S
- 111 _LI1157: . - C+1->CIXS]
112 L1166 L, : - C+1-3CIXSI e
113 "L1161: - B . S ‘IFA>— CIXT o
114 L6z .iil.i.41 —> Lile4 - : “THEN GO TO ADD4
1. s : .

115 L1163: lll 1.11 AEXCHANGEC[W]



down of the basic clock frequency. The two-phase clock signals [err] are
generated fromthe flip-flop BL and Bl and an 800 KHz oscillator 100. They

are on_55 for _625 nsec_and separated by 625 [err] as shown in Fig. 18.

One other periodic - -55 signal is derived in the anode driver "Once each -

digit tine a signal (counter-clock) is sent to the cathode driver of the -.
out put di splay unit - 14(thetra|I|ng edge of this signal will step the .
display to the next digit). The display consists of fifteen characters ..

whi | e t he ‘basi calculator mord cycle 60, nsists of fourteen digits.
The ext ra ch %9 nnl nf Iﬂ'zggrﬂ F)I th 60 above “a’ BCDJPV\D

is placed in eL 1 |stl rllBlat the di git posﬂgm of. .§f M | point. The
di spl ay decocli g 36and register ci rcutg %ﬂfr& GoliGADbRR t his

by a signal. qmgoynp-pts lé“ahqliE fﬁtr% H b|t ti nRDB% (se (Fl' AIGH A“\\'{\]t“len th| S -

condition . 11!8 L117ﬂ

18 is decode dll EF, Ll3m deci mal “poi nt |s é ﬁg
extra counterlzgzlllgd SI g 11' -given to . step AP®7di- spICa-ylt—o Ctlxsl nexP

posi ti oh (SeGZIFIIng‘M 18,1 1]1 il gnd 20) Therefore al |- lX($ig| ts in the
register A a g‘ dp@% acadl .one1di git | in the display:.. 5 AE 9. and 20

show the simj ci rl@: h lhnd the-ti'ming rel atlonshy\p_ QgAt[g%% é deci mal
She tum A 266 CIJ[:t ____ i Si nCElﬁéJ the i.nduct or: HUAISERE1i n segnent b
(the | ast tolse 11281 t ed)iimisi, be -decayed .before the ¢ uné’é‘FE GgéﬂOQDQQaI

given to ste 3?( I néktl Ullglt or the remaining currg dt e WO
di schar ged t_,lizo gl t L2AY 2t nt | i ght | SELEGT R p[g_segment b on

s
t he sane -di gi33 Vi1 th@,_(iegllhal 0 10 - ARBSI drofel-> CiMI deci mad
poi nt i nsert i¥#n Lig@ghni quieil. si:t ..heyrtéia}son all other sevimO§ ﬂ'@s‘“ﬁ%

' C—
excited duri 7 i rsfl hal¥: of 't he it tADBY ThecdSiy 0i Nt ..
charging ti rri% ilg‘?e halt - h it ‘(?f kRl ot‘%é‘i" Sbtht 5. SEILECMMrmI p0| nt

segnent: get slishdisme Curier .;:n_ one-hal f ‘the tine: anﬁ0 Hlf as
g Vengi it hod of

bright as t hE%otHel: segnents.. -1 An i nduct i
driving the g9 {‘gmttﬁl':-__-"_"_." d.es is. errpl oyed 15 C+1—>C[P1 -
P ¥ Hm: J M owe
& Lo BEXCHANGE crwt
145 Ly MLLOL. - N .:_9E)I(CHANGEC[W]
w0 L2 LG > oL GO TO MSK20
T (O ol NO OPERATION
|8 Lz B . NOOPERATION
18 Lizs: o 'NOOPERATION |
19 Ll STPTISPRRES . NO OPERATION
12 L it o> L1232 RADL . TFSLel -
153 LI23L: i1, o - c ITH%IFXGOTORNN
_ 154 L1232 . .1..0,i:.. - " RND2 : FS2p1
_ 155 L1233: 1,.1111.1 —>7 L1236 THEN GO TO RND4
“ibee bl ees TG
158 LI236:  ....0....>: 1237 #+*s»- RND4 - gﬁiﬁé’?ﬁg{l{m
159 L1237: ML= L1149 . GOTOR
160 [l248: ...l o> L9241~ *wwwe SCIN -°: SELECTROM
161 Li2at: Qi 1o o . MSIl : DOWN ROTATE
163 Lisds  1Lidii o> rLosi IFST '
- : RENT T R - '
e i3 .;1'11_..‘1-.3‘ = L135_1__._j S o, .>ST7HENGOT0MS12
we : .. 1. ' : oL '
- 166 L1246:  .1.:1:l..,. . LBBI’-"* Ao :JCSE>RSQI‘T\ICK :
S igg Hgg; ceseelasll o> LIGI9 - ~ GOTOSMULI1
sooIe LSt L s Lapsy ewaen MSKRD R RoMo
o L1252: co i
1y Lizs2 R _ISUM14 E g—c-—. ~> CISI
7 Hat 28
. 55 IMI3 ;- STACK—>A
13 Lizss: SUMI3. :_.'gT-_A__CK—>A. -
175 L1257 ¢ %rack -




Basically the nethod involves using the tine' it takes current to build up
in an inductor to limt current, rather than using a resistor as is
nornmal.ly done with LED read-outs. This saves power since the only |ossy

——Conponents In the drive systemare the parasitic inductor and transistor:

resi stances. The drive circuit for one digit 20 Is shown in Fig. 21.

A m'ng the cathode transistor switch [err] is closed, an anode 0 .smitch

: ] is closed for.2;:5° [err] -all owi-ng:t:he -«current to bui | d up to-a val ue

- ] a4l ong a nearly: trrangul ar. was&ge6r m (thearly part of an ex‘!?onentral

" -bui qup lﬁ ?Cle_l_SWI tqn erri-i1s.opened, - jcgamyrrent i s dunped through
) the D,{: %gécayll a :.abo ut’ é“[err] The_ anodqsowwRGTA'Dbed according. to the

sequleglcglzsﬁt Figi. 1&1 “The primry 25 T eas®n> BBW] sequent'i al| y -exciting
. the laaom;ml s tlb rlladtrce>t Hé31§eak cat hode tra ¥ 25 current. Since the

_ dec DE ?b ma;elmzé ce the buil dup £ #ﬁENGodewt that- the

pea é 1.i's"about’ 2.5 tines the: maa@-durx@tsl I N any segrrent
' $26a.re rmrleletflcr ent -when ex UMM . at STACK-:

) hl8éuLli€ﬂts florl - ort perl ods (80 ma anode e e
curr E{%?,gﬁ g.11d:3 §P shows the rel djgpmei p between . the anode
St.r ogghn l;f_s,gquerlcelapé tﬁe |spI ay . 30 out put Hi%ﬁdls .A-éi fromthe .

cari tmeum:andl lstler->C|Irlélﬁt 20." 'Si nce the ar](T C[ %Esr at. es frem

- the l@at!- vol ?I rectllxsﬁnd dri \ﬁﬁw _. oint segrmerit, a
Ci rctgﬁ’ L .,proi} hat> senses when e voftngwrdnormTBel owa certain:
| i m fgaam mherelupnm t.ur ns.on al | .decinmal “poi nS’EACIAmé-xternal pinis 35°
‘pr ovisded.1303: conlrleklt A 20 nlelildly resi stor to.s S_"‘?ﬁ.ﬁ tage vvhere t he

N ndrE @ 2% s Lystidooccur. CATHODE DRI VER Thig T | ver of the out put
y

Q10 cycle Thi's. rreans
era ‘cathode *

- disp t 1}11 Cprirprr ses a.fi-fteen position BDIWNRDEMEter for scanni ng
the fo7f Lewws: di pi tlldltglpl—ay itk each word ti'meGo é 0 . 'scanni ng

operb&ﬁl (MMﬁDvesl f-( --,. 'Ch digit i st“espon%’ : count er cI ock 'signal s
40 fi anp e 1' ve e each word ti neBExXc Gscgmal arrives from
‘the gl tb’] trcmnp{uegr ster circuit 20 to resD@rWNRﬁé'Agﬁocedure A bl ock.
di age@muisi2showd . 1.4t g. =22, . KEYBOARD 45 . 3 GiVht or errpl oys: a
rel |%I 13 2ovv- ‘)‘r‘ofll 18, ‘Poy\’"@ 5t keyboard wit hﬁngg ile 45 .
205 L1315 - 1T > L1374 - ~ JSBSQR. ' "

.—n

_ X - STACK—>A _ L :
o %gg Hg}g i _ CMS17. Y C=> STACK SR -
298 L1320 111 e S --AEXCHANGEC[W]_.;_ e
209 L1321: .1. ->= L1115 -~ - "GOTORI3 - - o
219 L1322: : . CSN - : DOWNROTATE
211 L1323  IL. I - DOWNROTATE
212 L1324:. 1111111 i 0=C— 15> CIS]
213 L1325 il L. . . - 1  DOWNROTATE
214 L1326:  1..1.1L., 0 o DOWN ROTATE
215 Li7: 1L, 1111111_.-‘>f-- L1337 . . . _.GOTORTNI6 S
216 L133@: - Lo - . ." " NOOPERATION -~ .y
217 LI1331: . ROT1 = : BEXCHANGECIW] .- =
218 L1332: ©© . DOWNROTATE "' .
219 L1333 - 11101, STACK—->AE.CW]__-____:.
220 L1334:- 1...1. “:' BEXCHANGECIW]
‘221 L1335t . PP e _c—> %T\%CK i
222 L1336: SEL , L B —> C[W]
© 223 L1337 L. b bt - RTN16 : DISPLAYOFF
224 L1347 i L1364 U GOTORTN9 ..~ . -
.225 L1341 dae, o LID21' o RT.N8 .;;___'IFS4#1 T . .
5 e _>. L3344 wesxx RETR3. .. SELECTROM3 _ ~~ - =7 '
228 L1344; Lo DIV AEXCHANGEC[MS] _
229 LI1345:- L1M7 ‘. ..GOTODIVI2 A
-~ 239 L1346 . DTS L2347 A MPY i SELECTROM2 - = . ¢
'931 L1347 RAGE LTS LU DIVIZ 1 A=C=>CIX]: P SO
232 LI3SQ: . L2351 *sss+ . . SELECTROM2
233 LI35I: ST . MSs12° o STACK->A*
234. L1352: CoL13sf et . JSBROTI o

235 L1353 : 'C—> STACK



f eedback such as that shown in United States Patent Specification No.
3941953. The keyboard enploys netal strips 102 with slots 104 etched or
punched out as shown in Fig. 23, leaving an area Wich can be stretched to

form sSmalT hunps as shown I n Fig. 24. The Sirips are spol welrded 1o a
printed circuit board such that 50 orthogonal traces run under each
hunp. Pressing a key nmakes el ectrical contact 50 between one' of the

hori zontal Strips and -the correspondi ng vertical trace. The bounce is | esk
than one mlli. ﬁ,cond (the calcul at or cont aijns a wait [oop to prevent double
entries). Exte i than a
milli on cycI a36 chi3Se ebl dctled Tol er ances' nust be nnlmExCHﬁdI(M[W]ul I y to
55 ‘preve gt ggJOS | I‘ity thattl¥key is depressedS o.cont act-

made and t 0 -ieUf B57:55 ]qpl ipr’fnt g??]g of the mai n ad T"b’fEthe
keyboard i's. tH4e Lm&r ceniter.”. or "faI away" feel..Fi GTacK Shaws a :
force- deflectzf* 3ve Abd. Y. tpr:rca-Illﬂaey As can be sd&BuSGBforce of .about -

100 gram; rm%ﬁ e%({leld {JE o'ré Inetal hunp "bre t hrough.-
After téis, thg valmel e oper r cannogrRpeventg }Sﬁ I trom bei ng
60 nmde. Sl m2kar LA36when.. tlmallkey-:bsLnBBeased contact is n’ﬁl-IBN@}O‘TEORlEﬂ‘ﬁI
critical. val L%QG the]' [}ﬁnﬂ botinc&é3pack. Again pastG(aT@rN”nmcal 0| nt the
operat.of cann ent ey forom reI eaS| nﬁ hi s W’B@N o

prevents . corzdstl.nml 18 1 1 > L1172 THEN (ﬂ'ﬁéA@ﬁﬁ
19 known.as 2 Qealsm?" ilhl Whi. £h s nearl y depr esaedl and el | g

novenent cau l; i pl* é“ h‘t“'i e's> ?%’é"pm nt o he fosll;g R%\SﬁQ)TDA@rDBe

at which contgftyj3gs. nmade’ er [l easegpps nost |rabl )@g}?@

sl ope portions41midtdre cal.gilator it s either there ORES yJE ¥5?RK?
bottom (point Ain Fig. 25) ‘but . never .on the fi naI 5 ‘positive sl ope
portion. . 5 Figureée 1

shows the Iayout of the keyboard |nput unit 12 mhlch includes a plurality
of function and nuneric keys. Several of the function keys are capabl.e of
perform.ng nore than one functlon when used in COﬂ]UﬂCtIOﬂ mnth a pref|X'
key 15. :

-



For exanple, a function key 17 carries one |legend "y" which refers to its
direct 10 function. Imedi ately above the key location, a | egend 19
i ndi cates a second 10 function [err]. The Iegend 19 is color-coded to

. of thé

——gestgmatenot—onty—the—sécomnd IUIILLIUH ferri—but arso to refer tne user to
the prefix key 15 whi ch activates that function when depressed prior to .
prrng the key 17. The col oration.of thée body of the prefix key 15 :
cosponds ‘to the coloration of all | egends such as the | egend N 19
for as§OC| ation wt h t he funct io 5"}66| niti aI i zes. The. addr tiongl funct i_ ons
"INTR", ™" BO\ID‘ [err] COVPUTE"ROMIZ?ATE“ ' [err] "CLEAR' and"'[err] 'LED
. D SquA\Lzﬂm nentloned abovlawm he**r'ﬁduEl,RMe drSBbEG:'ERbMQ]ue enpl oyed for t he
LED- 210 L2001: drlﬁg ﬁ WS |nherently ef Frere ar€ no:
- di ssr =3 b ts Ot Pagg; 20 th aS| ﬁol‘ @Wﬁpﬁﬂﬁ:;the forward

-------

vol tagq op A0 PI%:; sat urat ed transi st or Swi mtmm EIOIM'lllct ve driver -

Si mI5arL2m5that .uséd i n the calcul ator is di SHIDKKEFTAMSI U K. - Patent -
Speci. onl 1 11 55150 %@e di splay ci'rcufdys Pg%%% %M he cal cul at os is
sho - dg 1 1' - CC an s an 25xtyar 8 XTAGkabray of LED's i'n-which
the a g_ nrows[a[a scanned by the anode drrver—>68‘lIACIQ5 t he fifteen col umms
- by ttﬂeldﬂtZwodélldhl\lrer ‘The tinming for this s NGELIWI scussed  above, A
- Si rrp] fIr ‘Ci rlﬁldrt lHr agr am for -one s@ﬁ#ent “i'n Fig..27. -The =

- equj- y_-,aILez -pi gedWi $g-1inear circuit nodel i 'S AS] wg,q[m Fi, g 28 An-anal ysi s
of th SLwtﬁdeI .showslit he> i h2@@t or current’ bui llEi an QBZto be nearly
-~ linely L2847 301,11, 1% e paraneters used in. theSH 'Bf"[W}I'he di scharge time
to cflarg ocrrrel'rlal[ S: 1S 1o appr oxi rrately &ﬁ vgoTeERR21+: 3.8 -0.1
3.7 jgrt 2f| 0. 1d9ishowns tke I nduct or LN2§ r ent o‘+0r—>aCtSehS| c cal cul ator cl ock
freqlﬂe bf 1V51 K. The average LEEN26ur r enéA Vg cal cul at ed fromthe

for 1AL ppe 2 pul urre
n”gaﬁm bl o el S il

gls and t wo ni nus

| sr 9 nzozrabout 1.1.111 —> L2g2s- IFNOCARRYGOTOECAZI B
| L203¢:  1.1111111. 0> AlS] -

25 L2931:  11l...111. . A+ B—>AIW] S
26 L2032 .11..1.1.. 3 o IFS6#1 .
27 L2933 111111 — L2132 - - """ THEN GO TO EXP29 -
28 L2034 - H.11...1, - 3 A—1—>A[P] o
29 L2935 ...1..1.11 —> L2622 - - IFNOCARRY GOTOLN2S
39 L203: di..dl..1. S AEXCHANGEBIWPl . »
310 L2937 1.1 | | © -~ SHIFTLEFTAIWP] E
32 Lopag:  ili..1ill, o | ~A+BL>AIS]
33 L2g41:  1ll....111 —> L2341 - - IFNO CARRY GO TO LN24-
34 L2p42: .Ul . 1->P _
35 L2043 . 1111..11 —> L2974 . . GOTOPQO23
36 L2044:  11111.1.1. PRE23 : A+1->AIX] -

.37 120450 1..111.1, » PRE29 : IFAIXSI>=1 |
38 [2p46:  11.1111111 —> L2337 = - - THENGOTOPRE27 .
39 Lop47:  11...1.11. - PRE24 : A-B-—>AIMS] o
ap L2050 ..0..1..11 —> L2g44 - IF NO CARRY GO TO PRE23

41 Logs1:  dila. .0 A+B->AIMS]

42 12052 - .1....11L. - .. SHIFTLEFTAIW] |

.43 12053 10111, ; . C—1->CIXI

44 L2054 .1..1,111 —>. LoM5  IFNOCGARRY GOTOPRE2

45 L2055 I.0l..111. . ~ PRE2S  : SHIFTRIGHTAIW]
46 L2956: ~..1.0..1. - . | 9->CIWPI' .
47 L2957 lLLLLL .. AEXCHANGECIX] . SN
48 L2060:  .11.11111, | " PRE26 : IFCIS]=0 - .
49 L2061: = ..11.1,111 —>. .L2P65 PR e ENGoTopREZ . T

59 L2962 1i..1.ill. | | . 'AEXCHANGE BIW] -
51 L2063  11....111. | - A=B>AIWI o
5. L2064 ..111.111 . 9=C—1->CiWl e e
53 [2p65:  1.11..141. PRE28  : SHIFT RIGHT A[W] IR
54 - L2P66: 1...1..1. > S8

© 55 L2P6T: 1111 Al —> Loga - GOTOPQO23 .



Fig. 29 also shows the ringing inherent with inductive
drive. 40 | NSTRUCTI ON SET

40 Every function performed by the calculator is inplenented by a sequence

110 mlliwatts.

I\/BB(r'lght
circuits al ‘the instruction bits to be decoded fromLSB to
to left).. serlally If the first 45 ‘biit is a one, the instruction is

of one or nore ten-bit instructions stored in the ROM s [err] of the -
ei ther- a subromjl ne Jurrp or a. COI’ldItIOI;la|]J§4§ghCh as_ 45 '-s.el.ect ed by_the.._

read-only rrermry circuit 18. The serial nature of the MOS cal cul ator
3 .

d bi t ’ It IETL 1Ot all'agu - .
?ﬁg?puct : ons, si h,'g?%? derlc} set, starts wi th%%o ro Cot ﬁw/\@[%il by a one
(right :to | efsg, LdW‘ZiVI ngiiei .gni b;tgz(j-,gr -encod str ;‘ﬂk&@#@p()?w

di fferent typss P73 nstlmctmuns errpl oyed by the cal cm@gagﬂm S

t he table Dbel PQO23 1 :4BEXXBAANGE C[W]

20 TABLE OF |@1‘é@§n ONL{ |’F’{s (X'= DON'T CARE) AVA LAggﬁg%gggl NSTRUCTI ONS
| 63 L2077 FIELIIG.8 1 256 (ADDRESSES) JUWPL R
SUBROUTY NEADDg lo =a6q1. 11 C+ 1> CIM]
SELECT 4 ' L2l 1 }l Hl STATUS ODERAT| ONRQO24 SSHIFH:RIGWC[W] 0 0
(37 used)” 67 L2103 111, il > Ly ferr] ﬁi\ﬁNGOT[oegﬂss
F.= 004 NTERRBGAREMN .1i..il..  F = 01 RESET N 6o b
R N
i " . . > —_> E f ..
OPERATI ONS . QPL2107 1P 1100 -~ BEXCHANGE C[W]
72 L2010  1iin . AEXCHANGE CIW]
3 D il - | LOAD CONSTANT6 -
74 L2012 AL...001 —> L2141 . GQTOEXPB ..
75 L2013 iilin, CEXP32 : TFP#ll. |
6 Ll CLALHE > aue THEN GOTO EXP31
“77 L2115: A1, S LNC2 LOAD CONSTANT 6
78 L2lls Q.01 " " LOAD CONSTANTS
79 L2117 il LOAD CONSTANT 3
(80 L2020 .I.1L11 LOAD CONSTANT 1
81 221 i AL LOAD CONSTANT 4
8 12122 Qi1 LOAD CONSTANT 7 -
o 83 12123 .01, LOAD CONSTANT |
84 L2126 1.1 - LOAD CONSTANTS =
-85 L2125 ...l T LOAD CONSTANT® - -
86 L2126 Qi LOAD CONSTANTS -
- 87 L2127 .i..11.. LOAD CONSTANT
- 8 L[213g  idicail - H>P
89 D31 1i.Linil —> L2327 -  GOTOLN3s
P b Ui T T Exe o Av il
o1 12133 .1.,1.1il. | EXP22 : A->BiW] -
92, L2134:  .1.111111, _ ' - C—1->CI[S]
93 12135 .. L1L.1i > Lagoe IF NO CARRY GO TO ECA22
R Tt S TS Y Nt SHIFT RIGHT AIWP]
. 95 L2137: 111.1.111. - . A EXCHANGE C[W]
% LU 3dn - SHIFTLEFTAIMS]
- 97 L2141 111.1.11t. - - EXP23 : A EXCHANGE C[W]
98 L2142: - -11.111411: o o CA-1-3A[S]
© 99 L2143 LILALI1E Z> L2133 IFNO CARRY GOTO EXP22 -
100 - L2144: 11, .1.111; . o A EXCHANGE B[W]
101 L2145 11ii10..10 e A+ 1> AP --
102 L2146 1...1.d11 -> L2211 " IFNOCARRY GOTONRM21
103 L247: 1.1 0 PQO2l : SHIFT RIGHTCIMS] |
e Lase il . SHIFTLEFTAW] -
e 105 L2151 il -> Lgm . GOTOPQOI6
' 196 - L2152:  1..11.11.. . .- EXP& IFP49
107 L2153 - :dir.i..ii —> Loie4 i THENGOTOEXP33
108 L2154 - .111..11.. - - INCD2 : 7—>P
- 109 L2155: L1110, o LOAD CONSTANT 3 -
10 L2156 .11, LOAD CONSTANT 3
HI L2570 'LOAD CONSTANT®
112 L2169: - 1 I " LOAD CONSTANTS -
‘113 'L2161: - .1.1:11... o LOADCONSTANTS :
114 L2162: 1..1..11.. -. S 9—>P
115 “11:1, lllll ‘=> L2327

"~ L2163:;

/GO TO LN35



(30 used) SET PO NTER TO P = 00 | NTERRCGATE P F =
= 10
DECRENVENTP [err] INCREI\/EI\FI' P [er]r 4 25
64 _ . DATA ENTRY/ DI SPLAY N F 1 0 0 0 (20 used) LOAD
CONSTANT —F Ol TSA F.= 1X (N =XX01) BCD .
NBE TO C REG F.= IX (N = XX11) STACK | NSTRUCTI ONS F)=10N—
AVAI LABLE =~ F= 00.3 2 6 32 |

F 10000 (11 used) [SELECT ROM® ‘Nf

N
' 145&5@0 (N= XXI ) EXTERNALENTRY -44

( Re l l__“ . ..P@S(éé_bu\l —TE " o
. RESHY L2|65 lvqé ‘RﬂUPT‘;(- P10 WESTERAEE 38
'AVAI helhes i X = py
o Bi RTRTE X XX 000000 10 'LOAD CONSTANT3 "~ = ~*
-NOOPERAtzmd( NOR) . 110 0 0 D0000 0 LOADCONSTANT!: - .
lZl_'L§l7%.54 26? - . . . ‘CONSTANT®.
122 . L3217 - 'LOAD CONSTANT1 .. . -
123 12173 111 11.,_.. LOAD CONSTANT7: =
124 12174 1..1.11... LOAD CONSTANT9: - -
125 L2175 “1...:11... . LOAD CONSTANT S8 " - -
126 L2176:  ...1:11... o LOAD CONSTANT 1 -
127 L2177 1.b... 00 S , PR Y
128 L2200: 11.1.11111 —>. L2327 ;o GOTOLN35 <
129 L2l: 1, Ldb. T “MPY26 : A+B—>AIMSI -
139 L2202:  .1.11...1. K  MPY27 . : C—1->CIPl" :
131 L2203 1......01—> L2291 . _ -IFNOCARRYGOTOMPY26
132 L2204: - LAl 111, MPY28 : SHIFTRIGHTAIW] =~
133 L2205 - ....0lL... o . : T P+l=>P _
134 L2206 11.10.11..° IFP413.
135 L2207 1.....1.11.-> L2¢2 - THENGOTOMPY27
136 L2219 - .i111.1.1. L Cal>CIXT
137 L2211: 11110111, 'NRM21 : 0->AiS]
138 L2212 ... 01, . 12->P - _
139 L2213 - L..dl... 0 - - NRM23 : IFA[PI>=1 .
149 L2214 1..1..1.11 —> L2222 o THENGOTQNRM24
141 L2215 1.0 : 'SHIFT LEFT A[W] - -
142 L2216: .1.11.1.1. _ Cc—1 —>C[X] o
43 L[2217. 1.11.111. : IEAIW] >=1' .
144 L2220 1...1.1111° —> L2213 THENGOTONRM23 :
145 L2221:  ..11..111. - . 9—>C[WI]
146 L2222: 1i1.1.L.1.. . NRM24 : AEXCHANGECIXI.
147 L2223 LALL, - : . C+C->CIXS] . _ -
148 L2224 L. 11111 —> L2226 IENO CARRY' GOTONRM29.".
C 149 L2225 11iMILIL - . A+1—>A[MSI-
159 "L2226:  111.1.1.1. _ NRM29 : AEXCHANGECIX] .
151 L2227: 1..1H0n1, , IFAIS] >=1 o
U152 L2239 1....1..011 —> L2204 o THENGOTOMPY28
153 L2231 UL N A EXCHANGE CIM] -
154 L2232: -11 AL, NRM25 : —>A[W] :
155 L2233 NI - o IF S84
156 12234: .-.-.-u i1 —> L23% THEN GOTONRM26
157 (2235  AioddL. IF S6.4 1 -
158 L[2236: 1.1..11.11 —> 12246 - THENGOTOEXP31
159 L[2237:. .11.1..1.. . .0—>ss
160 L2240: 1..1.1.1.. . . IFS94
16l L2241 HilL1dil o> 12345 THENGOTOXTY32
162 L2242 ..i.ill. 9—>CIWl -
163 L2243 .....1L.. _ P-1—>P .
164 ‘L2244 - 11001... o | ,LOADCONSTANTS . S
- 165 L2245:  111..11111 —> L2347 . GOTOMPY2! . -
166 L2246: 11..1.11.. . " EXP31 : IFP#12 : ..
167 L2247: -u 1 il — L2327 T THENGOTOLN35
168 L2250: 11, ST T ILNelp : 9=3CIWL
169 L2251 ._.1-..--11. 7 " LOADCONSTANT2 . '~ y
179 L2252 .1l " LOAD CONSTANT3 ... .
171 L2253  ....:1L... .~ LOADCONSTANT® - - . g
172 L2254 .1, LOAD CONSTANT2 " :: . .
173 L2255:  .1.1,11... LOAD CONSTANTS = . . -
174 L2256 1....11... LOAD CONSTANTS . . .-
175" L2257:  .1.1.11... LOAD CONSTANT 5 -



There are two type | instructions, nanely junp subroutine and conditional
branch. They are decoded only by the control and timng circuit 16. No word
select_is generated and all registers in the arithnetic and reqgister

circuit 20 nerely recirculate. The object of the junp subroutine

instruction is to nove to a new 5 address in ROM and to save the e
existing address (plus one) as a return address. = 5 The | ast instruction
in a subroutine nust be a RETURN to continue the programwhere it was | ef =
previously. Asq4sli scussed above, t he cont 10454, timng circuit 16 contaiys

atwenty eig snrrL_ grster- . .
ROM addr ess: W76 a 1q "has ei ght ‘bits of storag rn: ..
4 “ 153 dr"'ess

\)\)

addr ess. (see 178 gL226):. Durung ‘bit times 10 [err] the ¢
fl ows througH72 hie226diderl164. land i's i ncrement.ed by one. 11N0:$ma||y,.
address is uffhtlr® fach! [ ltime. However, if the fi X@HbNﬁﬁt@Wdrf the.

instruction gzggrrqe__q___piit di. [err] are 10, SQR ?:]trre-nt
address i s rdBtielcm‘b the Ietorn ad ess register 60 otA_the>%1\wm y elg bi t

15 ®shif 18? andtlt he renmi n| ng ei ght bits ofFBXS]Mstruction,
which are th brd 't“ “ad'd?eé%z are |nserted |nto %ﬁf EN27

regi ster -58. 1 ermn;lat alpatlh with the JSB co ge’fa N Fi g
4. In this vvagéatmweturn .address has been sa and JSpp a ss is

ready to be E%tedl ldthe ROM at hit times" [err]SHiF’[bEFhAtWI wor d
L23

time. 20 jo1 ' [iequent by, used instructiodFiP Lt5onal
Quupqrm data of system status ingl G

branch, whi chob
deci si on- maki$y Ie?é bi L1k.y11df. the cal cul ator. In the tRCEY ﬂtor system

descri bed heigfs‘ 'né]‘ui’]ci lormr>al BB%4 unctions as an uncdﬁbﬁNG@ﬁmLM%nch
The format Ofgg iH ;ancy i St uction, as showyyjen the”rr‘is[ RfMh tabl e

above, 25 197 |L93ﬂ5wo ones.1f al | owed. by an eight- b|t b 6sg. The
instruction g tved.ldt. 1125 bit tlrres [err] The Iast—ﬁPght bits of the
instruction’ fedjn l'ti attdr %92 puf f er |ster098|' ¥2Fig. 4).
During.the ngmtmndtrnet jcarryfllpflodI |sce at bit tinme b

| f the carry2@l L3 oplWal;llslet duri-ng the previous vvocd(ttge[xglhe current
RC]\/Iadd'ress ] '12 smtf1 lt‘d ttre RO s . [err]. If thEFNQOARKY GO-TDRRE20
was not- set, 25h% ancpl [less is read froml;mzaddr mé}{ﬁAR% onto the

[err] buss 28 L2316: .1111.1.1. C+1->CIX]
w207 L2317 Q1..10.111 —> L2315 : - IFNOCARRY GO TO PRE22.
: 208 L12320: ..11....11 —> L2069 o GO TO PRE26
209 L2321: 1...1.11.. EXP35 : IFP#8
219 L2322:  .11.1.1.11 —> L2152 . THENGOTOEXP34
- 211 L2323:  .1.1..11.. : LNCD3 : 5—>P
212 L2324:  ..11.11... - . LOAD CONSTANT 3
213 L2325: ..11.11... : LOAD CONSTANT 3
214 L2326: ..... 11.. : . 8—>P
215 L2327:  1...1.111.- LN35 : BEXCHANGEC[W]
\_.216 L2330: 11 AL IFS641
217 L2331l ALLT —> L2147 : THEN GO TO PQO21
- -218 .L2332: 1 11 11, - . SHIFT RIGHT A[W]
219 L2333 NETT o : P+1—>P
229 L2334: . ....1111.. : o ' P+1—>P
221 L2335:  ...... L1l —> La@2 . - GO TO PMU24
0222 L2336:  ..1..1.... —> L1337° #%*» NRM26 : SELECTROM |
223 L2337:  11111..11. _ ‘PRE27 : A+1—>A[M] '
224 L234p: .. 1.11.111 — L2955 . 'IFNOCARRYGOTOPRE25
w225 L2341 11..11111. -+ - ‘LN24.- .: AEXCHANGE B[S]
226 L2342: - 1..1.1.11. . , _ SHIFT RIGHT C[MS]
227 1.2343: 111111111 o 3 A+l->A[S] '
S 228 L2344 L1111 —> L2923 e -_IFNOCARRYGOTOLN26
w229 L2345: 11..l1.1... ~ - 'XTY32 : DOWNROTATE
) 239 L2346:  .1..1.1... T X C—>STACK
-231 L2347: .. 11..11.. . - MPY2l : 3->P -
232 L2350:  .111..1.1.. _ MPY22 : A+C->CIX]
233 L2351: . .1.1.1111, .. 'DIV2l : A—C->CIS]
234 L2352 -nH}..rl —> L2354 - [FNO CARRY GO TO DIV22

'235 L2353 111. : : : 9-C—> C[S]



32 and | oaded into the ROM address register 74 (see Fig. 6). Thus, the
instruction is a BRANCH | F NO CARRY. There are three ways the carry
flip-flop 66 .can-be set: (1) by a carry generated in the arithpetic and

regrster circuit 20; (2) by a successful ‘interrogation of the - pointer

pegSNtion; and (3) by a successful. 35 ~ interrogation of one of the

' -tvgk._e status bits.. An exarrple is given-in the table 35 bel OW. 23°1
X564 266 - o _ 23 aski ng of the question is-an :
arlthrrpgl c operatl on (|. [err]. Ji5a2be rrust be perfor med anyway46Then t he

- brangirtarRes” o y onE- EXOra TS O T oy O T, nsrrucrl on sets,
th| szget'-g% i hdl tional -branch 21 uct Vgg(?riwllm nce,’ :

~ordi By VL 2356inp" 1I$1[(pfle ‘of  the nost used 5 i @S JB{S]II ons the" condl t| onal .
“brane3? 1235 solusedlas an uncondit i onal . br anchFB# 125 | u i.nsuring that
the: r1323 % i plil-of. 6 i LBt when an unconglll_. ng éﬁf"r%" desi r ed.

: Th| S reason ll e s>enE f-the conditj.on Lfm@d-ﬁogRRQ{\ICH ON NO

- CARRYs3 ﬁnﬁxar nyrAiip-f i S resebIvdari ngAeBmmuoﬂcmeevery

[inst 244cth2dek: exd it Lakh t-|=1=m3L23t§6(type 21)) and i nﬁ&T@@éYﬁon of poi nter or.*

stat g8 (l Hah . 100 - Since y - ar et P and interrogati on
. nStéﬁ“L% anﬁgfl?ﬂh—% cpg¥ey flip- ng{)}Q lr’lﬂo‘- %\‘%@if@bmw s not . .
‘sevep4ss. EEbmjum subr.outi ne i-nstruction can ‘alAsoB b AIMSH as’ an’ el
uncoﬂgﬂ tl+7g'al k- ankilhl i'f the previous lr)@; ﬁrn a HF'@%&EWWﬂot ‘have to be
saveé ‘T% mrary; ,eonditi onal branch £ "“ % an: uncondltlonal e
_"-branggp Aas- decﬂutlhﬁ ‘it ate pi3ek he: carry flip-f 'gﬁENsdqmwwnso be Feset
(i . €253 (2074 dedl k. hEllbondl tional - br ancthoeés{Shot fol I ow an arl t hrretl o

o oot e i or scatus' 15 GGG




[ [ [ [ [ to the arithnetic and
Arithmetic and register (Type 2) instructions apply _ :
register circuit 20 only. There are thirty-two arithmetic and register
instructions divided into eight classes encoded by the left-hand five bits

of the instruction. Each 20 of these instructions can be conbi ned W|th

lity of two
ny of eight word select signals to give 20 a total capabi

ﬁu%dred agd\/lfty six instructions. The thirty-two arithmetic and regi stesg—
instructions are listed in the table bel ow. TABLE CF TYPE TWO 1 NSTRUCTI_ .

(in order of. bpary code) CODE ... . fNgles nCODnnEn1 T4y
D - [VAVAW v e 4
BNgT ° 00001 0001 " "BCO0.00IROM3 A C 10010
SH FTC RI GHT 00 0cgp: G- 13ige - 1 PORé . yseong A1 0 0%00
B C 1 05101'?’ I sHﬂlFT i GHT. 00101 [ er'r AEXCHANGE QWAL ©
[err] 0 0110° 3 3 ”'l[p‘{ > L3437 9119 s FIAEDE T 230111 IR
[err] . 4 ead  1......1.. Pali] 0 1002 TY L
1000  [ErkIpen’ 1008 i TS Lmd\ Bessss 100 E ﬁ@Ml -
[err] *° L 1...1. 1"I'A011‘3g LN [ert] —>Ss 1 1011
- 1 . L L
A-1-A 0 1100 s L3010: 1TéT'H ' 1-1100 SemLo1 . - C171110
0-C - - oLl ili.... -5 Lensl ﬂ*“ RI sm.ﬁ bM B Care
[err] O 1111 10 L3012 [éhrjl.iid > LB4IITL - Nds A
registers; - ge {igoe 11 Io;1 =>nekHg6 i nt erchange Thlsgeﬂlght classes of
arithmetic ang nagisst erjijpisifjuct) 0£‘3%7§‘re (1) a ear (5% N_G(,)TO,N42_,. -
Tr ansfer/Exchlaln%SQ(?ﬁ) ﬁ)lAdd/ Sl;l»th3i§3 (7)) .7 JSBADD = - L.
..... 1.1 L3996 Ne4 - : ISBIN.. - -
16 L3g2p: i1, 7 . .7 DOWN ROTATE
17 13p21: ... 1.1 <> Lipge - JSBLN .
18 L3022 .1...11..1 —> L3186 . . JSBONE '
19 L3023 . 1AL.1E —> L3131 -~ 7" ' GOTON4§ -
200 L3024: - ALLL.. - 77 " FVR4S - : STACK-s A
21 L3g2s: .1..1.107 % Co>STACK.
22 L3p26: 1111000 —> L3331 . . JSBSI2 -
23 L3g27: LD > 1313 °  GOTOP4
24 L3 Litd., Fvap i g_>S11
a 25 L33l Mi..00..11 2> L3314 | | - GOTOFV46
.26 L3032 L1001 S5 L31g4 PV4p.  : GOTOPV4l
| 27 L3033 - 11..1,i.11 =5 L3312, PMT40 . : GOTO PMT42 .
.28 L3@3: - L1il1i.011 S5 03155 ~ ROR4 : GOTOFVR
- 29 L3@3s: ... - | __ NO OPERATION
S 30 Lade: - il . N4p. i Co> AW
- 31 L3g37: - 11,101, o  DOWN ROTATE
2 L3 il Il => L3365 ' GOTON4I _
33 L3p4l:. Al NS IFSA%1
3 D42 Q10 ' —>- L3364 - THEN GO TO SELR4
35 L343 ..l " TKRR3 .: KEYS_>ROMADDRESS
36 L3pad: ... 7" NOOPERATION -
} 37 L3Ms: - Qi .. CASHI ' : DOWN ROTATE
B 20 T Y W OO e T -, CEXCHANGE M
N 039 L3gd7: il S "~ DOWN ROTATE
ap L30se: 1.1 o - .. . C—>STACK
41 L3051: 1.0 <> L3103 c. . 0 JSBRIg
42 L3952 1ilil11 50 L3153 < ... JSBADD
.43 L3gs3: 1., " STACK->A
S 44l 1L aeTACK
~45 L3955: i1 1i1L . - . : AEXCHANGEC[W]
46 L3p56:  .1...11..1 ‘—> L3106 - . _ISBONE -
w . . 47 L3057 Q11,0101 —> L3153 . - . JSBADD
48 L6k Ll -S L34 T U ISBXTY
4 L3el: QL T Tt DOWNROTATE
50 L3062 .1..1.1... - C—>STACK. |
« o SLL3e3: 1oL 7 BOWNROTATE
- 52 L3g6d 11..1.1... - .. DOWNROTATE
53 L3g6s: 111111, <0 . o T A EXCHANGE CIW]
54 L3ge6:  Ul...11.0 => L3343 ~ JSBDIV -
05 I TS DS . M=>cC

.55 L3p6T:



4) Conpare (6);
and (8) Shift (4).
—are-ferr]. 25

(5) Conplenent (2);

(6)

There are three clear
They are inplenented by sinply disabling all

I ncrenment (2);

i nst

(7) Decrement (2);
These instructions
t he gates

ructi ons.

entering the designated register.

on-of a regl ster or a single digit.

@ any of the eight word sel ect options,
QO
N

ructions.

data uﬂ;the regi sters A, 30

These instructions are [err],

it
- Ther

[

Since these instructions can be conbi ned

is possible to clear a
e are six transfer/exghange.
err]. This variety permts

11354266d C to . be nmani pul ated in-#any vvays

Aga| =T puwe The ctron- ~ 1, 454, 266
24 migt [ lb lcor? u’?ﬁ}l?fon Wt E'Ri;;he vvoraF §s?qect option. Single di g| ts
can. bg 83 ange |pr|t ransf erred. There are se@enShdd/ subt ract ' i nst ructions

“whi chsgudsptshe - addblrIdubtr abild¥ circuitry 84.

| ast - L3074 i n

by fid; tL3 i n lngs

~ shi ftﬁgng,3m7ght 1Dne 14l ; gi t,
Cfive. 64THI3EOR s Wbled. 1l t—H>e

i nst rggctlﬁ@%s Thetd sty u

condi

e

fon can be used tR
5 r;unpgrszto i tsel
and ‘di vi di-ng. by t enA EXGHANGE
rout i nes

ns are al ways fﬁg L
- They ar_ggmsed*t*o Rigock thSELECTIROM I a regi ster or a -

re-root

?zd

ivi deA

via'[

@@P% ][g rl:'and.{err] The
A&G &mls ‘acconpl i'shed
ﬂSBSUBTUItlpI yi'ng by two, ‘then
BiWi.s ' a divide bqy
‘&&are si'’x conpare -

OPERATIONLO

si ngl 68. di3gp4: 1(11|n1a. r egi ster and sPvy4l| - nGt1D or transf =
plpad er the
conteﬁ?csll-r3lﬂ3}'1ese1| -hst Huctd ohi BY8aSi *Ebe f.0 é%kﬁg/pltype two. _
I nst r;ﬁ‘ctka tabtg 0\/e i there |pv4ao trams_ @11 arrow present They are:
(1) 07zB ane 1B m z.e;o).sszl PV42 . : JSBCSN. . R s
_L3111. ceaa 1, L PV49 . JSBRI10O
74 L3112 -..-_ll.-l .'l_l.-l' ) —> _ L3153 JSBADD.
75 L3113 ... .1 —> L3339 ;0. JSB ROTI:
76 L3114: - .l1..111.11 —> L3116 _ . GOTOPV4S
77 " L3115; ..... 1..., "=> L@I16 ***** RIl4" : SELECT ROM@
78 L3116 ..... 1...1 —> L3094 ... PV48- . JSBXTY: :
79 ."L3117: Jd..011..1 —> L3196 B - JSBONE - :
89 L3120 11LiL.111. : L AEXCHANGEC[W]
- 81 L3121: | I P P R - . PvV43 ;. IFSIg#% .
82 L3122: .l.111..11 => L3134 . . : o THENGOTOPV44 :
83 L3123: At b1 = L3152 ... JSBSUB : -
84 L3124: 1 PO I DA . o DOWNROTATE o
85 L3125: .. 1.1... .. . DOWN ROTATE
. 86 L3126: | S IS D . DOWNROTATE .
87 L3127: - 1.1L.LM.. - . IFSilgl ' .
88 L3130 L1.1L1.11 —> L3132 : ' "~ THENGOTO PV4S '
89 L3131:  lli.1.11t. . "~ . N48 o AEXCHANGEC[W]
- 99 L3132 111...11.1.-—> L3343 PV45-  .: JSBDIV. .. RN
. 91 L3133: BP0 I SO STACK—> A
92 L3134: .1L.1.1... Pv44 .. : STACK—>A -
93 L3135h AL Ud..... o STACK—>A
© 94 L3136: " 111..F, 1.1 —> L3345 P47 . JSB MPY _
95 L3137 ST > L3g7t . o GOTORI3: - . _
96 L3149: 1.1..1.1.. .. . o CASH - IFS19%1 .
- 97 L314: ... L1111 —> L3@45 THENGOTOCASHl \/
.98 L.3142: .l'.',-_l"..l-.;'. _ _ - : - .
- 99 L3143: 1...0 .. 0 —=> L4144 ##e . =_-_SELECTROM4
-100 -~ L3144: 1111, 1. L ~ FVR49  : Ci1->CiX]. :
191 L3145: 111...11. I —> L3343 o JSBDIV . '
102 L3146: .l..,.-ll..-l' —> L3106 JSBONE . :
103 L3147: AT 11.1 —> L3153 JSBADD '
104 ‘L3158 J11.1.1... | . - STACK —> A o
195~ L3151 11,1111 - —> . L3167 - .. . - GOTOFVR43 .
196 L3152: Lol o => L1153 s SUB . .. SELECT ROM 1| o
197 L3153: Llodool, —=> L1154 xR ADD  : SELECTROMI1
198 L3154 oL T —> LSS *kxxx ADDI] SELECT ROMl
109 L3155 - - L.11.101,.0 FVR IFSIl %1 « .
119 L3156: LIl ...11° —> L3349 . THEN GOTO FV42
111 L3157 L.l T 9> sn - = '
112 - L3169 = 1.1..1:.1...- o _ - IFS19 %
113 L3161: - L.11i.1111 —> L3273 : . THENGOTO FVRl s T
114 L3162: 1n.1...1.1 —> L3321 FVR3 :. JSB CSN )
115 PR REEE I | PO 9—C—1->CISl

L3163:



; - Cto
15 2) A-C (Conpare A and O); 15 (3) CG1 _(Corrpare
one); (4) OSC(Corrpare Cto zero); (5) A-B (Conpare A and B); and (6) A1
(Conpare A to qne). 20 1f, for exanple, it is desired to branch if

is zero (or any digit or group. of 20 digits is zero as deternined by ‘
\I?\SI)S t he O(B |ns¥ructg| on |sgfol | oned by a conditional branch. If B was
zero, no cagry(or borrow woul d be generated and the branch woul d occur.{ &%/
The instruction can be read: |IF [err] THEN BRANCH Again it is easy t.or_
conpar e si ngl eqgligits or a portlon of .a rpmgg@r by appropr| ate 25 4905

wor d sel ect ]
There are: t\/\g?é:o%‘%gmentm n}structlons The nuFFBEF re-pS %@gon system in
T

the cal cul at dns i E3186:gn ian nagni tude notation for the B’:md tens

conpl ement nddat FHAZ:i I he- ldxpomeml.334|3el d. BeFwR43 nuniisB prean
subtracted, - E% Eil rat]? q st. be tens-conpl ement ed (§E)éCHA TAT q'_.h__er,.___
al gorithms ramifrg730 | ltlﬁe ni-nes complenent (i. ‘V%]%% L
30 There: arelﬂbul:3li73lcremamll decrenepigsi nstructions (t\g@B h) They are

*There 124ir shlﬂtlhhs-t-rfubﬁﬁéns ‘Al'l .three rasgabpeyrs A B, anld_C
E:g:\r{)e'shlftége'g%%‘ 'nly tEgugegl ster A has a ¢ItlAN§rEtB[W] S

capability. Tbe enrt hmet1h¢ a bI b I regist er i nstru Eﬁ&EIN?
mrar i=zed ‘b 2&:I!e8§m|n | elt.a. e, bel ow. : S
iu454 266 }{Q L32 q ' : 25 TABLE—G:STR‘{RE TWO . d
| NSTRUCTI ONS ({11 jiaagad t}{/ c;1 és‘s) o ke P h@ Lign uthlooﬁS
si mul taneousllie L3I forlrm,tl Llor_g hgglsj a';)us operati ogt 4 5
tlohlt s.— ab3ié3 above i s repe
given in thel %ﬁb >‘I‘J | CEXCHANGEM | -
135 L32¢7 lll. . .11'_'.1 —> L3343 : ' JSB DIV
136 L3219 ~..1.1.1... - CEXCHANGEM
137 L3211 .. 1.1.. . FVR44  : DOWN ROTATE
138 L3212: N 19 N o ' CEXCHANGEM
139 L3213: 1.1.1,.. ' - STACK —> A
140 1L3214: Jdo0110,1 - —> L3196 o JSBONE
141 L3215: J1.1011.1 -—=>" L3153 ' .~ JSBADD
_ 142 . L32]6: ..1.1.., - - T : . C—>STACK
é 143 L3217 Jd0L L . T C—>STACK
.. 144 L322 1., .11 L B—> C[W]
145 L3221: ", 1.1.1... - CEXCHANGEM
: 146 -L3222: cons ol —=> L3004 ' _ o ISBXTY .
- 147 L3223: 1t..1.1... .~ - DOWN ROTATE
- 148 L3224: 1,.1.1...: : . S .. C—>S8STACK :
149 1.3225: I 11,1 s> L3345 _ - JSB MPY
150 L3226: ..1...111. -~ ) C B—> C[W]
151 L3227: 11..1.1... _ - DOWN ROTATE
152 1.3230: 11..1.1... . "‘DOWN ROTATE
o153 L3231: . 111...11.1 ~3 L3343 o - JSBDIV - :
154 L3232 11.:1.1... .- - - ..~ . DOWN ROTATE
155 L3233:- 11..1.t..; = - o ) _ DOWN ROTATE
o 156 L3234: 1, 0M1.01 —> L3lg6 - " JSBONE =
o \SI57 13235 QLI > L3152 - JSBSUB
. 158 L3236:  1.1.1.1... ' _ M—>C
159 L3237 111...11.1 —> " L3343 ~ JSB DIV
160 L324g:  If..1.1... - DOWN ROTATE
161" L3241: ..., - - _ DOWN ROTATE
162 L3242: A1 1 — L3152 -JSBSUB
163 L3243: A1 1., o : . STACK-—>A
- 164 L3244: % VU S D ' o ' ' .. C->STACK
s 165 L3245 -1...1.111. = o SR BEXCHANGEC[W]
7 v 166 "'L3246: - .11.1.11.1 —> L3153 | . . JSBADD
167 1L3247: 11..1.1... . Lo ' DOWN ROTATE .
- 168 L3250: i...1.111, - e . B EXCHANGE C[W] .
. 169 1L3251: m..Lt.. - I : ' DOWN ROTATE
: - 179 . L3252: - 1...1:111. - o o BEXCHANGEC[W]
. - 171 L3253: . 111.,.11:1 "—=> L3343 _ JSB Dlv
- 172 - L3254: 1.1.1.1... : ' M—>C :
- 173 L3255: 11..1.1.1 —>. L3345 . JSB MPY . _
174 - L.3256: S U DD D : . CEXCHANGEM
175 'L3257: JLL1.1 —> L3153 - ' : " JSBADD



26 1, 454, 266
26 TABLE OF STATUS | NSTRUCTI ON DECODI NG Bi t # [err] FIELD F
| NSTRUCTI ON-0..0 . SET FLAGNO 1 | NTERROGATE FLAG N 1 O RESFT

FLAGN 1 1 _CLEAR ALL FLAGS (N=0000) If the status bit N is one when the
: 'uctlon "interrogate N' is executed, the CARRY flip-flop 66 in the

pl . and tlmng circuit 16 will be set. The status bit wll i n set
/rogate is always followed by a conditional branch |nstruct|on 5
The fogom of the interrogation is: 14532&tatus blt N=O, -t hen brancis§ or "1f

‘st at [ -Cnei pranch. — The” reason garrve "Ori entation
acgg &ﬁA'ﬁéE
ml tL3 rl V§

|st ‘occur- if the test" |sfaI§> RRYfItpropO)
th D e 8 ﬂﬂ(rb?im g&' nUB3s:hbe condi ti onal amwé'[m[ ndi ti onal branches as
- e st rlc tatus.bit-0 is set whe NOe =) e. sed.- '
- cl ea{?d [13§64W' ! ‘lbtel?ﬁt E\/igz%rd 10 © tinegesd é§§%ﬁ’e€ ey i s dovvn
210 Aygy0 edunten i 4sontrol gydh tim BB MPYCUIt 16-acts-as-the
pol nigar mzmmar keni.44 1t o>al L33 ar it hrret i ¢ i, nstJSMIBons to operate.on.a

-portlaén 13270a rediktdegh [ nstructions are avail al I+el-1 t and intefrogat & t he
: Tonel df -+
poin 3h7,0ne’ qrtge lfﬂleat'O.”s or to in réY . decrenent. the
- pres t Ug@ﬁl ti ofi., IL[he porn _ wmtructs'pmcxiasodl ng i'si:gi ven.in.the
- tabl_essbal3pms: - 111.1, m 15 TABLA BXCHANGE CRWV]- NSTRUCTI ON - =~
DECd39N% %0 Iise 1|d0|-|?t eH3633 10 dnt erro%gxl {.pointer’at. poi
Decr 39101 Nt I'1 1 - . C=>STACK ke
192 . L3300: 1.1, lll _ o S -AEXCHANGEC[W]
194 L3302 .11-1_.-1_..111_;_,_._ A . _AEXCHANGEC[W]
195 13303 111.,.11,1° > L3343 . ... ISBDIV .
196 L33p4:  .....1.,.1 => Lppd = ' JSBXTY -
197 L33@5: -1..:11..1 .—> L31@6 . o JSB.ONE:
- 198 L3396: .11.1.1,,1 —>. L3152 = . . JSB SUB :
199 L3307 JT L s : C+1=> C[Xl
209 L3319:  .1111,1,1. : . Cla> C[X]
201 L3311;- ..111..1.1 => L3971 - .- 1 JSBRI3: _
202 L3312:  i,11.1,1., - . PMT42 IFSll#l - Lo o
203 - 13313:  :1...1L111 —> L3107 - : _ THENGOTOPV46 s .
- 204 L3314 |0 DS B SO - _ FV46 : IFSIQ#1 R
. 205 L331s: 1,10 010 —> L3111 _  THENGOTOPV49 - _
206 L3316: . . 11117100 0 S .. 9=C=1->CIS] .. .
297 L3317  .1..1..1.10 > L3l " JSBPV4Y. L T e
208 L3320: ' e L o ' NOQPERATION ' o T e

209 L3321 L1322 **** CSN  : SELECTROM I
210 L3322 FVR46~ . IFSIT#1 -

211 L13323;

C > LTl A - THENGOTOR13 Y
212 L3324 I1..1.1.., ' DOWNROTATE . .~
-213 13325 Ill.lil., . .- DOWNROTATE
214 13326 . M.l b... -0 " DOWNROTATE
215 L3327: o.......l102> L3000 - GOTOFVR4T . ,
216 L3330 ..1..1.... —> L1331 *==+ ROTI. - SELECTROM1 .~ - .. =~
217 L3331 .00 - SI2 i e»CWl - N
218 L3332 im0, . o - C+ 1->CIP o
219 13333 .1ndil. -0 S C#1->C[S] ;
220 L3334 1.1, . L C+ C—> CIWPI
221 L3335 @L.0,010 . SHIFT RIGHT CIMS] -
222 1333 ML . Cal—>CIX] |
223 L3337 ...l - RETURN - o
224 L3349 - 1.1..11.. . . Fv42  : IFSIQwl |
225 L3341 . l11..11.11 -3 L3346 o THENGOTOFVR4 B .
226 L3342 .1i.1..11=> L3164 . . . GOTOFVR2 CLn .-
237 [334% ..1..1.5. S L1344 e+ DIV - : SELECTROM1: e
228 13344 .. ....i1..... . . . TRNI6 : RETURN' . EREE _
<220 '13345: ~ ..I..1...." > L1346 **+»* MPY : SELECTROMI SR
. 239 L3346 . di1.4:ifi. -7 7 FVR4 : AEXCHANGECIW] - L e
231 L3347 . 11110 | o ..~ DOWNROTATE - . -« = . -
232 L33se: b - 7 CIySTACK vl i T
233 L3351; . .1olile.. | ... :Cw>STACK -
233 13352 .M. oo " C=>STACK
235 L3353 i.di.d1il > L3266. - . .. /GOTOFVRY



| | ncrenment poi nter i.e.don't care As with the status
interrogate instruction, the CARRY flip-flop 66 is set if the pointer is at
P when_the "pointer at P?" jnstruction is executed (as with status

interrogation, the actual question is in the negative form"IF [err], THEN
20 BRANCH" or "IF P = OTHER THAN N, THEN BRANCH'). This instruction .
20 woul d- be\/ol I owed by a conditional branch. In a math routine the poi @
al | ows progresswe operation on a I arger and | arger portion of. a word.- .
After each itesntion (cycle) through a Iopps“we pointer is decrementedsfor
i ncrement ed) Afd; i Egn te €0 Tor conpretrrom {% (oTCe anot e reratToT-or
a junp out: of23y hezjsgop. . EIE} 1.1 - The dat.a er F}" -and éﬂrfﬁ:l 2 (type 5)

i nstructions 2a8eLnsed tmuentear data intothe 25 arltrtnp d register-
circuit 20, lthé stiack and nenory regi stersl_an (¢ 0 bl ank: t he
di splay (si xt2 @ t}'l “in.this set. are not. recd!gﬂiz)ad[ any. - .of - the
exi sti ng ci rczuzt1533az1 aﬂﬂltl qzref ore available for ot h(f\‘r gyla Ci rcu| ts -
t hat m ght béﬂa ed .wi.tth..ot her enbodi rents of the qgﬁ-[gﬁpa{or) The‘table
below 30 - %ﬂ% e* gei qr e@d%%%éh nYof SEieRﬁataSEhEC]?RmMMdl spl ay s
type 5) inst o . JSBD o
(type 5) Qi L33 13011125 (3103 :

1,454, 266 247 ‘L3367 .11:1.1101 -5 L3153 27 TABLE] %A%DE 5 | NSTRUCTI ON
DECODI NG { X 248ddn"3’lﬂ cariéq, IWhl ch in this.context neans IROATATECT | ON does
not depend. og igg? the—r a’l or a 0 here will cSUAEKtha same © .
execution:) E), |rs§ Iof 5|xteen|nstruct|onsg é‘> E @ltable
are not -used2 of lllhe lm‘B.l n MOS circuits. They may ;]

addi ti onal. ng;%j_gg% or lelx ’ellfal circuitry listening tIFSlJDeFl[err] WI ne such

as may be e t hof @o?iﬁ@nts 5  of. tgﬁfgimci@tmbm

5 The next |nstruct|on][eT =701 |nth|stable|s N4 he LOAD
CONSTANT (LDC) or :DIG T ENTRY instruction. The four bits in[err] wll.be
inserted into the Cregisteéer at-the Iocatlon of the pointer, and the -
pointer will be decrerrented ' : _ - B




This allows a constant, such as [err] (pi), to be stored in ROM and
transferred to the 10 arithnetic and register circuit 20. To transfer
a ten-digit-constant requires only 10 eleven instructions (one to preset

the pointer). Several exclusions exist in the use of this i nstruction. \Wen

use ith the pointer in positin 13, it cannot be followed by an arithnetic
ang gi ster instruction (i.e.. by Type 2 or 5 instructions as thgre are.
. prablenms in conmon use of a five-bit [err] buffer 91 in the arithmetic and

registsr 15 Ci rcurt 20) . W.th4R260, LDC can be followed bysainother LDC
but net 7)y any ot her . 15 type 2. ORoM yNStruction.” Wien Used w'th the
poi nter i.n position 14, the.instruction has no ef fect. However - Vhen P=12
‘and. LOCLAMBS ol I.owdd :by—>a Logdlpe *2**br ERRQRt v 9 -R ition 13 i'n the
AML: 5 odicficed. Loading non-digit co 411) is_not al l oved
tr The next set

o3 | 1ii0¢: 1TbdLLi qdggasshng tyough. ($82 peie

. of instrLagesi ons.[igrr.] in the type 5 mmmmotrkﬂrldl@ﬁodr ng tabl e 20 contains

two dfs i nst rlllrbtlorrs d4016si x st adRD3r ne PP?‘Mg@ructlons The displ ay
- flip- ZI ntﬂe arrthrretrc and:regi ster <ir > 0 controls bIankrngd‘T
all theL |V\hen Ut _is fueget , the 1111 cogepioNeset into. the di spl ay

buf f e anWnrﬂlh li.6l.teepdddlBo t hat no segmenfSBAeDlé on. There is: .one :

i nst rific 1t s 1¥4p- 1 op A ]100) FOSOD3 5 ahother to toggle

St (q he tl ag =5 feature i s conveni ent Tcuj Tﬂ%Kng the - 25 di'splay.
_The rlerrmmsng j.nstryctions in the typé 5 |nstRE|nﬂRNn decodi ng ™t abl e i ncl ude

two - a#fwlﬁng Hentoly ( Exchange [err] D‘A‘%Igi*l?e ﬁT hree af fiecting the

stacl{5 V\H abd Rotate Down), om®PWBfer abpe for | oading the

17 %I stef” 14\ fiom the 1 buss 28 (narrelma-r mrT = 011) and one for

IoadllagUmz 30, 1re§llster "Cfrom BCb (111). maesseh r of the

| ast 1feh#®2&ned. i ndt dlict-po pepds on bits | 3%’ lfFéWl}lA

|nstrzc fls1 ned>t ow a kegyprode. t lth mtied froma -
pr ogrzg Q@r age . ciiraui t_>t(uw5e arit hrret i c and r egHENSGO TOrSOD2 20 for

di splzayumzie entllﬂellll f-1>y waa bits are, I oade%g,m R onI y two digits of

28 - %5 Tapt: Ll . FV1, 454 288 OPERATIONZS e
26 L4932 1.1..1..., —> L5033 *»=** PV . : SELECT ROM § 2 S
27 L4933 1111.11.11 —> L4366 PMT  : GOTODNOTEI
28 L4g34:  .1.1...1.. : R : 1->85
29 L4P35: 1.1-..1..... —> L5p36 wxx | SELECT ROM 5 -
3p L4p36: 11 > L4ppp - N : GOTOERROR _
31 L437: .1...1.1. ~ 'SOD6  : IFS4xl
32 L404p:  111..11111 —> L4347 - . THEN GO TO SOD!

33 Lapal:  11..0.0... _ ~ SOD3 : DOWNROTATE - -

34 Lap42:  .1..0..1.. SOD5 : 9—>S4

35 L4g43: . 1.1.1.. - . STACK —> A

36 L4p44: - 11..1.1... - - DOWN ROTATE

37. L4@ds:  .11...111, | . - C—> A[W] |

38 L4046 111.1 —>- L4917 * JSB DOWN2 o

39 L4pd7: - .11.1.1..1 —> L4152 : JSB SUB - o/

49 14950:  ....1.11.1 —> L4913 - JSB STA1 - .

41 L4psl:  .1...11..1 —> L4196 : ISB ONE

42 LA4952:. - .1.11.1.11 —> L4132 . GOTOSOD4

43 1L4p53: 1.1.111 —> L4925 = - DEPR : GOTOSOD

44 LAps4:  .111:1.1.. TRND1 : IFS7#1

45 LA4P5S: 11..1.11 —> L4962 _. ~_ THENGOTOTRNDS

46 Laps6:  .1...1.1.. : SRR - IFS4%1

47. L4957:  .11.11.111 —> L4155 . : THENGOTOTRND3 -
48 Lapep:  .1..1..1.. I |

49 L4p6l: 1..11..111 —> 14231 R GOTOTRNDS

50 Lag62: . .111...1.. | TRNDS : 1->S87 _
51 L[4p63: .1...1.1.. g ~ IFS4%1 Y
52 LAge4:  .1...11111 —> L4197 “"THENGOTOTRND4
53 Lages:- .1..1..1.. . 9—>s4 - :
54 L4pe6:  11..1.1. S - DOWN ROTATE

55 L4g67: 1.

1.1.111 —> L4225 : S ' - GO TO TRND2



information are of interest. The BCDerr] instruction allows data input to
the arithnmetic and register circuit 20 froma data storage circuit or other
external source such as_m ght be enployed with other enbodinents of the

the pattern 5 10000 in instruction bits [err] The decoding table for
t hese 'i nstr. ions is shown- 5 below TABLE OF TYPE SIX - _
| NSTRUCTI C]\l- CODI NG.Ci rcuit. The ROM SELECT instruction al | ows transfer 0]
control from opg RO\/Ito another Each ROV } a masking option which is
prograrrrred t o . ".66Dr1\/| 3 instruction read. fré}n
ROM | will reset 5Q MP@E fIll P i Lop—>70L3W® i *R6MR11 and SELECHROREE =~

flip-flop 70 in 4% The“ c! ss i's i ncrenmentel36n theAcE)’tEHANG@r(dWmmng
circdit 16 as usglpsg 1ect ROM 3 is in- Iocatlo— gﬁgr ~ the

first mstructromrmehfrquﬂva will be location 198. :J.
ways to arrive. a61 al4¥8%i r edilldddiess, on a different.. RO\/Imll5>C[X] S ovvn in

Fig. 30. 1In pat h6 ga traH la}. (VI a ‘an uncondi ti onal bankth> 6iXla Junp 15
subrout®ne) to apy pEss prie bef ore L]plgzdeS| redp SS ¢ Y Ns execut ed

in ROM N first. &hemial: ROW. sé]iectt .M | Bagggven. | n th@spgp,gﬁl te order is
shown: (first F g\l 2ct | k-hbn:a +r ahSIMér)***Btacause theSEEBCTRdtMS ansfer -

| ocation (L1 or . aly le ]qy be kUt ed™ By EGTROM hi r d

cal cul ator. The ROM sel ect and other type six instructions are denoted by |

does

77 PERARR D
possi bility may m@s}i tha1t11| S112Qs - 14g78SS ef fi

not depend on prUngalrm | ocalt:i bns. -Atr.ﬂusf er*410 ORE. 20 . |SEDE@T3‘R::)MWI3H a ROVI

sel ect, -and then 2a di t i bdad - lt r ansf from [ erFRND4t helf—brsal desired :
| ocation. Wth t}y EP hoqlll t’:} f;tnd' 4 % ‘overhead state %’E JV '
desi gnate a subrmuti4ne: r et Lr 0l REI)> Qgse are eight bit (3{!: l'n t he

twentyei ght - bit

?h |1f41}

13t egi. Bit. er11586—2» ok416he control
ddr-ess when Junp Subrouti neDWPéﬂéﬁ'M@d Thi s

and tlsnnpml rcuit 25

16 for retainin etur‘h
25 address. has ggsr Qaqju; beefi; |1npr1erre>ntle,g4 0 execution of - M%g%\% mply a-
matter of out put‘t9| rf line 32 at bit powieRoT&fEl and

%mhe addr.@ss on [er
ai

abldress regi ster 58 of the BIEXCHANGE

ciwr. It

also inserting DOWN
is also still r et urn address re 60 ROTATE
_ hE1fie ghﬁ&l% AE
d 83 L4123: 11 L11.1 —> 415 .JSB)f\(l:)Hl? NGE BIW]
84 L4l24: 11..1.1... ~ DOWN ROTATE
85 L4125 [11.1.1,.. STACK —>A
| 86 LAI26: 11101 —> - L4153 “JSBADD _
& - 8T LA127: - ... - | . C=>STACK -
ST 88 LAIIe: L1111 —3 - L4p17 - JSB DOWN2
89 L4I31: . 111...11 —> L4979 - - . GOTORI3
| 9 L4132: .I1:1.11.1 —> L4153 SOD4 : JSBADD
: 91 14133: - [.1.1.1... M_>C
092 LAI34: 0 111..1.1.1 —=> L4345 - JSBMPY .
.93 L4135 .11.1.11.1 =5 L4153 - JSBADD .
794 L4136 L (L0101 -> L4g13 - JSBSTA1 -
oL 195 L4137 - 1. 111, ‘B—>CIW]
\_ . 96 L41dp: 111..1.1.1 —> 14345 JSB MPY
.97 L4lal: ... 1,11.1 -5 L4913 JSB STAI :
- 98 Ld4142: 11111, - AEXCHANGE C[W]
99 L4143 . 11l...11 —> L4979 'GOTORI3 .
100 L4144: ..1.1.1.., . INTER : CEXCHANGEM
101 L4145:  .1....11.1 —=> 14103 R JSBRIgD -
192 L4146:  L1.1.1... - . M->C -
103 L4147:  111.1.111. _ A EXCHANGE C[W]
104 LA150:  ..1.1.1..., - | C EXCHANGE M
™ 105 "LA41S1:  1.1...1.11 —> L4242 . GOTO INTERI
106 L4152:  ..1..1.... —> L1153 #*s* QUB- . SELECTROMI
197 L4153: ~ ..1..1.... —> LII54 ***+ ADD . SELECTROMT
198 14154:  ..1..1.... —> LIISS s+ ADD! - : SELECTROM |
» 109 'LAISS:  ...1:11.1 —> L4913 "TRND3 : JSBSTAI
119 L4156:  .1..1.1... S C—>STACK
- 111 LAIS7:  IMl...11.1 <> L4343 JSB DIV
12 LAl6p: - 11..1.1... ‘ 'DOWN ROTATE
Hz mg;: '}i’.ilt'i'{ -> L4196 - JSBONE -
114 : WL > - L4153 '
L4163:  ..1...111. S oW

115

B —> C[W]



30 A keycode is entered into the control and timng circuit 16 by
depressing a 30 key on the keyboard. A key depression is detected by a
positive interrogation of status bit 0. During a conputation the keyboard

"-blt ti mes 14169

- key wh

'S Tocked out because this status bit would ordinarily not be interrogated
return to .the displayl oop. The actual key depressr on saves the state
systemcounter (which is also the key code). in 35 t he y code
bu.f.--.er 56 (see Fig. 4) and also sets status bit 0. Execution of t\hﬁ :

- KEYBOARD ENTRY i nstruct i on rout esl 'key code (six bi- ts) in th ‘key code
buf fer’s6 anta the Srto—the—ROM—adk egi-Ster 58 at

o 454 2DOWN RQTATE

29 [err 1THe

1 stlll |1f1| C'e?ntL‘!% blts [err] andsﬁ Y>6Xe set to.z Zero s
that a - 7d erir 'rg ldiivva_)gs jA9ps to one - of 't he j¢8. DBY srxty four states, ™
Two - al g(m] R): '

use lmtlhe_ycaLuukator wi-I'l" now-- t[@dD@cngsed to further

'_|IIustrazleIt4hH|nsltrUdtron set. ‘The first of the Trﬁrs is a display

it 1172 ter y has been proc% Y whi'le waiting for
anot her(% ){jﬁt{%ﬂ be 1K ?éqgfuate;edu e second of the3gg abgor.ithns. is- a.flodting
p0| nt mll 3 tiallys: opelatuon A flow diagram.of the. dul%?f\ﬂ: .Nﬁﬁrﬁlwﬂ oop.i s shown

“Fi ng(Bll-Al'Aﬂ"n s -Hodglils -ent :';. afteria keystr .‘é"- gen processed, the
: regl sterg’ A -:-;bee '10' 1Y fhgeed with:the nunfeg ohg be di splayed, amd
the regijsg qiggi:con larl ns.t hel degphay 10 .. " rrask.'lsmsmill scussed above. Two

. flags onigstiaes bi.lktare requrred Status bit 0 SE&CK-> A 10 hardwi red in
-t he . cont1 lol tllﬁ( el r‘chr to automatical kg B, vhienever a key is
dowri. S % b us n thi s program tm) rym@ee .fact that the
|1§42w esqnthyudown ‘has al ready :been pr omﬂﬁiﬂmw}a routine nmay
be fi n| slBﬁeolAﬂQTorelt hd.key-3 sl48Reased). :In stat EgEI ‘gnd D1S2 these two

st at us. i%z;{_%g I}e}lr'mtlaumz1 d. Then a loop- iy s a tinme delay

(abodt _ ) tol i1f . out any” 15 key -bounce; Bl-. €4 Sstatus bit 8 (S8)
i S checksyl. L4Bkee. frmstltlme—i hidd4gh t he al gorlthrnlﬂMﬂXst ‘be-1since it was

set 451 LA2i: K b d¥ s DIS5 th di spl
.-_fittrntwjgcfaft‘%e engg.esez.ﬁzzc?fsa%é‘éi??_m;, 5 the di spl ay

175 L4257:

143 L4217: . ...k CEXCHANGEM . = _.-n-
144 L4220 1111, - 9—>CIWI . : '
. 145 L4221: (L..L.1... : C—>STACK :
146 L4222: .. 1.1.1.1... _ .M->C 3
147 L4223 1..L1... o o N C-,—_>'STAC_K_,..= »
148 L4224:°  .100.1..11 > L41od S . T GOTOTRND6 - -
149 14225 .1...11..1 —> L4106 S TRND2 .: JSBONE - .. o
150 L4226: . . 11.1.11.1 —> .LA4153 .. . {JSBADD - -, i
151 L4227:  C.1L.1.LC. ' o C_—>STACK_- R
152 LA4230: ... e C=> STACK o
153 L4231 1.1... . TRND8 : STACK->A .
154 14232: Ao o . 7 STACK—>A ..
© 155 1A4233:- - .11, 111, _ : : CTC=NAIWL . L
. 156 LA4234: - ....11H.1 —> L4P17 .~ S JSBDOWN2. = & .- . \J
157 L4235 111..1.1.1 —> L4345 e JSBM(I;Y : -
. 158 L4236: . 1.1:1.1... _ ' M
- rsg' 'L4237: . :11.1.11.1 —> L4153 ... - .. . JSBADD
160 L4249:. - ....1.11.1 —>- L4013 . .~ -  JSBSTAl .. : =
161 1L4241: . —> L4lgd ... _-GOTOTRND6 o
162 L4242: 1.1,1.1... - - INTERL : M—>C
163 -14243:. . 111,..11.1 —> 14343 R ~JSBDIV .- o
‘164 L4244: 11, . 1.1... _ R DOWNROTATE S
T 165 (L4245 - ILLGL. .. - S STACK>A. . 07 . @&
166 L4246:. I1.kit..1 —>.. L4152 oo . JSBSUB . - ol
167 L4247+ iL.oBL1 —>. LA@13.. - o JSBSTAl _ L
168 L4250 0 ..1... e e B—>CIW] . . e
169 I4251: ° .11..1..1 => L4152 . ..o JSBSUB .. 0 . &
© 179 L4252 - CLlbb.. R -CEXCHANGEM : S
COIT1 L4253 1o H..1 —> L41@6 - - ... - . JSBONE f
172 L4254: - .11:1.11.1- —> L4153 o - JSBADD - -, .
173 L4255: 1T o . AR € —>STACK .
174 14256: “..1.1.1... AR ,_-"'CEXCHANGEM
' —> L4993 o JSBXTY L



there is no DI SPLAY ON instruction). At this tine

reviously have been off; ( _
ltohe 20 y answer appears to the user. In DIS6 status bit 0 (SO is checked

wher e status bi t17

ready to.accept a new key since the previous key has been processed and @
DI S6, the key \glsnch |s dovvn may. be the oI___.- 4 (i.e the one j ust
junps to D1S8, tl d a junp out isJSB@NR g Service

to see if a key is 20 down. If not (i.e., S0=0), the previous key has been

rel eased. The al gorithmcycles through D1S6 and D 1S7 waiting for a new

processed) or fihed unnn ceturn to DI SASs
|3ven in.the tabl eJ’S - TABLE OF

rel eased, and status bit 8 (s8) is reset to 0 (D1S7). The machrné 1s now .-
key. This is the basic wait cycle of the calculator. If S0=1in 25
is (I:Hebked If a new key i 5. down ctﬁﬁeﬁ)m@mcutlon '
% Iay‘F nked .
268:he a gonl |§:4

Lhe keyoopA ¥ Stl%:%mma 111,.1.1.1 L}’ " JSB ENT DS :
ALGOR
Y\Alsg L . 185 L4265: Setl td hsig D 52 0- SO ?OV&II:IIROTATE Reset
St atu O Di 83 183 ° kﬁag Gx(bl'}d _> L4153 Decren?nt p?,'[ nt B Eﬁuﬁge R
48 wor ¥ | oop (3134 15427(IHEN QI3 L4p13 0 wa
D SPLAY GRP DI 2pisg* 141.1.111, - HKRIGEG W]
Y35 S8+ 11 —> Lﬂ@éve routine DI SSJSBXIDT{SPLAYTOGCJ_E
pr ocessed. BED'I Jaz73: |,:1}5¢;#r CIf kegﬁgK >ﬁ§ THEN GO
urn ot dis 1881 S61274: Lo %
TO D1S7: . 189 ssmmd waj tnGQ TQ DL&ds Ki ck if -
same key DIST:- 9(110 L42 .1 —> L4152 -Indicate key usnsmocessed T
DI S6: . " iw‘;\!ﬁ for, Eé“P 1s8: " M2C o
Bl ank “di spl ay D%;ﬁg “S&EY 1 1 S Junp to start .%,;t;&:tgmmo
process key. thal s ™11 = s JSB SUB '
: 19 4304 i1..1.1 o 'DOWN ROTATE
197 L4305:  ..1i111i1 9—C—1->CIS]
198 L4306: .1..1.1... C—> STACK
199 L43g7: - 1i1..1.1.1 —> 14345 JSB MPY
200 L4310:  11..1.1... DOWN ROTATE
201 L431l: .11 STACK —> A
- 202 143120 .11.1.1... STACK —> A
. 203 L4313 1.1, o C EXCHANGE M
CT 204 14314 1110 —> L4152 JSB SUB
205 L4315: i.1.1.1... M—>C
o206 L4316 1i1..1.0.1 -> L4345 JSB MPY
- o207 L4317 101,001 —> L4979 .. GOTORI3
S 288 L4320 Qi1..101.1 -5 L4345 . DNOTE3 : JSB MPY
209 L4321 - ..1.1.1... 'CEXCHANGE M
210 '14322:  .i1.1.1... - STACK —> A
211 L4323: .. 1.1i.1 —> L4913 - JSBSTAl
212 14324:  _.1i1..1.1 —> L4g7 . JSB L36p
213 143250 ii....01.. 12->P
| 214 14326: - 111...11.1 —> L4343 JSB DIV
| 215 L4327:  1i..i.1... - - DOWN ROTATE
\ 216 L433g: ..1i1..1.1 —> L4g71 - JSBL36p ,
S 217 14331 9 U U § DR . LOAD CONSTANTSS -
218 14332 il....1.. - 12->P
219 L4333 11...11.1 —> L4343 JSB DIV
20 14334: ... .1.11.1 -> 14913 . JSB STAIl
221 L4335 [1l.1.1..1 —> L4152 JSB SUB
222 L4336 A1 S5 Lapl7 ~ JSB DOWN2
223 143370 .ii.1.1... |  STACK-—>A
224 Ladg i11.1.1il. _ - AEXCHANGE CIW]
- . 225 L4341: .1..11... . _ ~ C—>STACK
S 226 L4342 1i....11 —> L4lgg ' - GOTO DNOTE4
227 14343 ..1..1.... -5 LI344 s DIy : SELECT ROM |
. 228 Ladae Ll T NO OPERATION
s 220 1A4345:  _.1..l.... => LI346 ***** MPY . SELECTROM
'_ | 230 L4346 ..1..1.... —> L1347 #***** TEN6 . SELECTROM I
231 L4347 . 1.0 : SODI  : 9_>S4
232 L1435 .. 0.1.1.. - C EXCHANGE M
233 L4351:  i1..1.1 - DOWN ROTATE
234 14352  .1..1.1 C=> STACK
L4353 .1..101 C-> STACK

- 235



CONTI NUE The floating point mulitply algorithmmnultiplies x tinesy, where
the register C contains x in scientific notation and the register D
contains [err](note that in the calculator the register C corresponds to

e uSer—S X Tegister and the register Dto the user's Y register). \Wen
«multiply key is depressed, the wait |oop algorithm 35 W ll .junmp-to
- address- corresponding to the first step of the nultiply ahgerithm
ause of . the way the instruction KEYS [err] ROM ADDRESS (state D1S9 in,
- _Fi'g._gl) I's executed. The key codespsdeual |y becomes the next ROy address.

' ' grSters A O gIEjnorcared by T he

foll oW ﬁ%ﬂ“ﬁ% 1.1 —> LAID6 _1 454, 26 . .:'Sgﬁ %st er A floating.

| poi nt- f% kggs Rq 'i%tlé 1 B‘>df“§13f’ay mask for X Résgg KBANGECGtWI entific form

. of x Regggstms 3¢ enulrflgfmmof y.- 5 TheJ$B MPYi 't hm-f or executi ng

floatin cﬁ.ﬂﬁﬂrmlti lly is gi'ven in the table belG CH gg%[ tters in -
'par'e'nt h j ld sel opt| ons. as fol I'gy E posi tion -
' y- dl V\ﬁho SI gn.- W 'Up t@mmAnGEMSItl on . :
IVS mant Izstsaussm sngn 1X11 Expondps2 field - -~ GOTOSODSW: _entjre wo 4~10
XS Expd#'eritASQﬁ gn ALLLL... S msa@\( >Olf.ﬁ)1§4ADDREss " 10
- TABLE O2 & INFMULTI PLY ALGORI T AQUEM -~ o
- COMVENT 3 1370 STA A1 _> Tamasfery to A DropJSllmm MPY2: [err] bl
) 'Add expanwnig;go fld)t mleXponent of answer ,éE;((sJ{_IA\gKGEC[W] -
250 _ DY o, . .
251 14373 1-_1-1‘.'.._:.11.1- > L4343 _ - JSBDIV -
252 L4374: o:11.1.1... ~STACK —> A
253 14375: . 11..1.1... : . _..DOWNROTATE
254 L4376 . ...1.1.1... _ . .. CEXCHANGEM -
255 L4377 ML > 14320 0 T _..GOT(:__)DNQ':TES. L
,.
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. 31 DETAI LED LI STI NG OF ROUTI NES AND SUBROUTI NES OF | NSTRUCTI ONS A conpl et e
listing of all of the routines and subroutines of instructions . enployed

by the cal culator and of all of the constants enployed by these routines 5
and subroutines is given below Al of these routines, subroutines, and :
constants ' 5 are stored in thee ROMs [err] as indi cated ‘at the top of t é@}'
first page associ at. eéd with each- ROM Each line-in each ROM is separately
nunbered in the first colum fromthe |eft-hand side of the page. This’

facilitates réfference to.different partslgsdehe |.isting. Each address i 57

ROMs [err] is represented in. octal- formgyml0 . -~ Tour digits in:he
second col um fromthe | ef t~-hand si de “of .the page.-.The first digit- ., 10
i dentifies. and-t-he next three digits repr eBT@rQlI;M}ﬁy—blt addreess
(the L prece fgahese: four:diait pghs kAl vypp adgg%%@‘ﬁﬁy’ﬁ er).- The
I nstruction @ 1Ge@sst amt. . stior.ed i n each- addr eggy of ROTATES =~ _
represented |4n1k5¢¢4ary fotrtu n the third col um from Che STAKK hand si.de of
the page. ) aélp‘r 'es are 15 . represented AF GESIWI by f.our
digits |nthe, Zh ¢qlitqpfromthe left-hand. 15 s§dgcaf epage Co
Expl anatory (sormmmts ar.e, lgLven | n the remal ni'hg col UNDADACONSTINT 1
1, 454 266 9 Lseil: - 1....11...° L RPN 32 REM‘\DCONSTANTS__
. 10 L5012: ..l.-.ll.'--._'.- Lo R . - LOAD CONSTANT2 .
.11 Lse13: L., . 7 i 0 .0 " LOADCONSTANTS =
12 L5Qi4:  ..... ... o T . LOAD CONSTANT® -
.13 Lsp1s:  .1111.1.1. .. 8185 - : C+1->CIX] - :
14 L5@16: Jdutrree oo o S : C+1-—>CIXl]
15 L5017 | S S § AR : : - 12->P
.16 Ls@2¢:  ....11..... . RETRS -: RETURN:
© 17 LS@21: L 11. 1117 _ - SI180 - ' @P>CIW]
18 L5@22: L. s : - LOAD CONSTANT 1 _
19 L5@23: 1.1, . - . -~ LOAD CONSTANTS8 .
20" L5024. .G HD >0 LSPLS ' - GOTOS185
21 Ls@2s: t.1,001 0 . IFSIp%1:
22 L5@26: Wl =3 - L5039 . _ ’ THENGOTOSEL6
23 L5027. AU § SR : _ o RETURN -
- - 24 L5030 I...1.... => "L6@31 ***** SEI6 : SELECTROMG6"
: : 25 'Lse3t:. ...l : ~'* _NOOPERATION
SR 26 L5032: ' , . - . NO OPERATION
.- 27 -L5933: N U DS DU : o BOND1 : 1-—>8§
.. 28 L5034: d.0.1.1.1 - —=> L5195 S . JSB ONE
.- -29 L5035: J1.11,111 —> - L51SS .7 - o GOTOBOND3
- © .30 L5036: ...11111..1 —> L5076 - - BONDRI1: JSBSTAl -
- 31- L5037: 1.11,..1.. L o 1—> 811 -
32 Lsp40:: .1..vamd, oo o : _A—>B(W)_ .
-33 LSg4l: 11, 011, : , . o CE> AIW]
34 L5942:  .11.11...1' —> L5154: . JSBADD1 -
35 L5043: i..r.m,. - - . L ,AEXCHANGEB[W] '
36 - 1.5044: 111...11.1 —> - L5343 © . JSBDIV '
.37 L5045: N U U DO e - .- CEXCHANGEM
A/ 38 L5046: oo = L5192 - 7 JISBRI1®O- - '
.39 L5@47:  111.1.111, S — '--'AEXCHANGEC[W]:"‘ '
40 - L5050: I11...11.1' —». -L5343 S JSBDIV _ o
41 L5@51:  ...... 1.1 —> “L5p@3 = - . JSBSI82
42 L5052: " 111...11.1 —> L5343 . K JSBDIV
. 43 'L5@53: R 5 1 I D _ IFCIXS] >=1
44 1.5054: LML 11 —>  LS134 . - THENGOTOBONDRZ
45 L5@55: . .111.1..1- —s 'L5@72 : .- JSBDOWN2
. 46 L5056 1.1.L1..: 0 = - M—>C
® 47 L5@5T: m..1. 1. _ -BON2 ':'-'fDOWN ROTATE
48 Lse6p:  1.1.1.1... - "2 'BONDR3: M—>C
-~ 49 L5g6l: . .1...1.1.1' —3- Ls11s . - - JSBONE
. - 50 L5@062:  .11.1.11.1 =5 L5153 ..~ ° ..~ JSBADD -
* 51 L5p63:° ..111t..1- —> L5@76 ¢ .. - JSBSTAL:© -
. 52 "L5064: 111,111, 7 T L * AEXCHANGE C[W]
.°53 L5@65: 1:11...111: <> "L5261 S - GOTOBONDR?7 .
- 54 L5066: }ll%l ' DNOTEZ " STACK—>A

-~ 55 L5067: I - ',R13 1P—>S85
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41
.98 : . : ,1_,4...54,_2.66 . " 8
56.'L5@70:  .11..1.... —=> . L3071 ‘*s*ss.. ' SELECT ROM3
57 LS5o7. R U D - o DOWN3 : DOWN ROTATE-
58 L5072: _DOWNZ : " DOWN ROTATE
59 L5073: : ~ DOWN ROTATE
60 L5074: o~ .+ .. RETURN:
.61. 'L5@75: ' 'STA2 ;- DOWN RQTATE :
© 62 'L5@76:  .11.1. STAl : STACK-3A =~
63 L5977 - :l.. S C—> STACK -
- 64 - L5100: : ‘RETURN:" -
65 L5101: LT NO.OPERATION
66 L51902:. 1. > 14103 wxdx le - SELECTROM4
. 67. L5193:  °, S DNOTES : 1> 85
-’68 -L51g4: . 1., =5 . L5196 " " GOTO DNOTES -
- 69 L510S: - 1.... . => 14196 *¥**x . ONE = : SELECT ROM4
79 LS196:. t1.EAd.... - - DNOTE6: M->C -
71 L5197 MLL1N1.1 > LS34s ... - . . JSBMPY::
72 Lsiie: - r....1..1 o . L5182 ~ JSBRI19Q ‘-
- 73 LSILL: manye . o 0 ,AEXCHANGEC[W]
" 74 LSI12: 1L, 111 =5  LS343..7 & - ~ JSBDIV. .. .
75 LS5113: - 1111 1.1 >, L5§75 ... - JSBSTA2 ..
76 LSi14: . 1.1.1.1.~.- - .o ' - M=3C.
77 LS11S: . el il > L5345 - - JSB MPY
- 78 L5116 .1....1, —> - L5192 ~i . JSBRI1O@: T
79 LS1I7: - AEXCHANGEC[W]
80 L5120 . L5343 - JSB DIV.
81 Ls5121: S B DOWNROTATE
82 L5122 o oan v IFSI gl SR
83 LS5123: L5066- : " THENGOTO DNOTEZ
. 84 L5124: L5¢67- I GOTORI3 .
85 LS5125: C s IT1 DOWN ROTATE
86 L5126: - i C—>AWLT e
.87 LSI27: 1. Ao IT2. - IFAIXS]I>=1 - R
.88 L5139 ...l . 0 =5 LS@20 . THENGOTORETR BT S
89 L5131 SR ' “A—1—>AIXI
99 L5132 L . SHIF’I‘LEFTA[M]
.91 LS5133: -__'L5127 B GOTOIT2 o
92 L5134: ) BONDR2 : . STACK—->A
93 L5135: ' T M-—>C. :
94 L5136: —> L5153 ~: JSB ADD
95 L5137 => L5976 . JSBSTAL
96 L5140: .. d o => :L5g21 - JSB SI180
97 LSH4I: : - 1> L5343 - . JSBDIV: . -
98 LS5142: - .1...1.1.1  —>--L51@5 - :JSB-ONE - ;
99 L5143 : - . . '.;_'—> L5152. ».0 JSBSUB.
100 L5144: 1...1.] T B EXCHANGEC[W]
101 "L5145: - ..1.1.1, ~ CEXCHANGEM
102 - L5146:. - 11114 o :_'w-..c---l_> C[S]
103 L5147: ) >. ;L5345 o . JSB MPY . o
194 - L5150: :L519S ' ) .JSBONE. : |
195 LS151: - 11:11. L5331 <o o "GO TO BONDRS ;
106- ' L5152: N D O ' Ll_l;53 . i QUB _+ SELECTROM.1
- 197 L5153:  ..1..1.. L1154 *%x#* ADD - .- .. SELECT ROMl
‘108 L5154:- ..1..1.. L1155 | Ak ADDl ~SELECTROM | -
199 L5155:  1.1.1, : BOND3: +:.C +C=> CIW}
119 L5156; . . 111 L5343 JSBDIV ¢
111 L5157: .. : o -...'CEXCHANGEM
112 L5160: - >--._L5,10_2:'--'. 2 JSBRIOP
113 LS161: - > :L5p@3 - ¢ -JSBSI82 . -
114 . L5162: - ‘L5343 ~ JSBDIV .
115 L5163: : - IFCIXS] >=1




N
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116 LS5164: LRI 2y L5232 THEN GO TO BONDZ
(117 Lst6s: . 111.1:1° =S LSg75: - .~ JSBSTA2
118 L5166:; Jdo 1L => ‘L5195 JSBONE: .
119° L5167: 1 U0 I U ) R _ , C+ C—> CWI -
120 L5179:. 111.t.nnr.ov ¢ AEXCHANGEC[W
121 L5171: A1 =3 L5153 JSBADD R -
122 L5172: N DO § § DR B—> C[W].
123 L5173: oL =5 L5343 ~ JSBDIV. . -
124 LS174: .- 0.1 DOWN ROTATE
(125 L5175 MLbdLL o . . STACK->A - R
- 126 L5176:° 0 B0 DERNE “%.. DOWN ROTATE
127 L5177: .. M1M01L,. ¢ 9-C—1->CIS]
128 LS5200: ...... 1.l —> L5092 JSBXTY = = i
129 1.5201: A.1.1,1,1 <3 LS125 - JSBITI - S
- 130 L5202:  111.1.111 S s AEXCHANGEC[W]'-'
131 L5293: I...1.1.1 -—=> L5105 JSB ONE
132 L5204: 1.1 101 = L5153 . JSB ADD
133 L5205:  ......1.:1 —> Lspg2 . ISBXTY -
- 134 'L5206: ©  ..111..1.1 = L5@71 -+ JSBDOWNS - .
135 L5207 LI > L5e76 - JSBSTAL -
136 L5210 C LWL, 1 s L5152 - JSBSUB
137 L5211: 11,111 ~> L5153 JSBADD -
138 “ L5212: 1.1.1.1..,~ . ' M-—>C~
139 L5213: 11..1.1.1° =5 L5345 - JSB MPY :
148 L5214: 11..1.1,., - DOWNROTAT-E.
141 _ L5215:; e > L5@LS - JSB S185
142 L5216: 11..1.1... . ' - DOWN ROTATE
143 L5217: . 11,111 o C=> A[WI
. 144 1L5229:  1.1.1.1... - C L . M—>C L
145 L5221:-  111..1.1;1 —~> L5345 - JSB MPY T
146 L5222: | P L -.DOWNROTATE
147:-15223. . . 11.1.1.,. . - STACK->A =
148 15224: - 11L...11.1° —»= L5343 "JSBDIV .
149 " L5225: B ) 9 5 DRI . STACK—>A
150 15226: A1 —s L5153 JSBADD =
151 L5227: .. 1.1, .. : DOWN ROTATE'
152 L5230 .11.1:1..1 —> L5152 o JSB SUB :
153 L5231: LALITEEL <> L5067 : L 'GOTO_R13 E
154 L5232: | [1111.1.1°=> L5075 -BOND2" : JSBSTA2 -
155 Ls233: 11l <> LS@21 . JSBSI8H
\_-156 L5234: HI.0. 1.1 =3 L5343 -~ JSBDIV .-
157 L5235: ..., SRR ' DOWNROTATE
158 Ls236:  111..1.1.1 +=> L5345 - JSB MPY :
159 15237  .1...1.1.1 —s L5195 -7 JSB ONE
160 L5240: I.1.1.111. -.C+C—>C[W] o
.. 161 L5241 AL 111,10 —> ¢ L5153 - JSB ADD : IR
- 162 L5242: Lt _'CEXCHANGEM'
163 L5243: 5 PR DY ) LN - L5195 " JSB ONE -
164 -L5244: I —> o L5PLS - JSB S185
. 165 L5245: ALY o> L5153 JSB ADD
. 166 'L5246; RIS TS § 5 DU _ : B->Cw ..
- 167 L5247: S B9 I SRR : "~'CEXCHANGEM L
168 L5250: 1t 1101 => 7 L5343 JSBDIV.
. 169 L5251; AL =% 7 LS153 - - JSB ADD
~ 1790 L5252: LA, > Ls@7i.. .. JSBDOWN3 -
171 L5253; .01, 11 -—> L5195 . JSB ONE ' )
172 L5254: JdLLU1L .1 —> L5152 - - . JSBSUB . S
-173 L525S: LU e s ) CEXCHANGEM e
174 L5256:; 111._.1.1-._1 —> . L5345 " JSB MPY ¢ -
175 L5257 11..1.1... ' ‘DOWN ROTATE
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176 L5269: T lllllll ]l _> L5376 . . : 'GOTO BONDRG
177° LS261:  ......1.. 1. —> L5p92 BONDR7 JSB XTY .
178 L5262:  .l. .-.-1 .'l'..-l —-> L5195: ~JSB ONE -
179 L5263  .Ml.A.l..1 —> L5152 JSBSUB" -
189 L5264: - 11.11....1 => L5330 ~ JSBROTL : "
181 L5265 ..il1..01.1 => L5p71 .  ISBDOWNS.
182 L5266  .il.1.i..1 —> L3152 JSB SUB: . B
183 L5267:  1i.11....1. —> L5330 JSBROT1 . %
184 L5270 | OO D DU ~ DOWN ROTATE '
185 L5271 111:1. 111 TR .. AEXCHANGE C[W
‘186 L5272 M1..01h1 => L5343 "JSBDIV. -
"187 - 'L5273: 1_.1_..1.1._. . ' M->C: .
188 L5274:  111..1.1.1° —> L5345 B JSB"MBY.-'. : o
189 L5275 ..liili.,l.=> L3076 " JSBSTAL. . - '
199 L5276: . -.11.1.d1.kx —> - L5153 - .~ JSBADD - = -
© 191 LS5277: . L . i STACK=> A &
192 L5300 1 L5972 " JSBDOWN2 ' .
193 L5301 : : 'B—>CIW].
194 L5302: g L5075 JSB"STNZ '
195  L5303: N0 S PO . M=>€.:
196 - L5304: 111 . L5153 JSB. ADD R
197 L5305: D U I SR T C EXCHANGE M
198 Ls53g6: ..l1...H1. B> C[W] b
199 L5397: LW 110101 —> LSeLS -+ JSB S185
200 L513¢:  ....11.1:1..—> L5@15 JSB S185
201 L5311 Lol =30 LSe1S . JSB S185.
202 L5312 0§ 0 DS § DU IF C[M] = 0 -
203 L5313: . 11..t11:11° —> L5316 - . -~ THEN GOTOB =
204 L5314: . .11.111.1. . IFC[XS] 1 '
205 L5315: L1 11— L5p6P o ST THENGOTO
206 LS316: 11111000 - BONI1 : IFSIl#l Eo
207 L5317: 11111, llll_ —>. L5373 ' o ' THEN GO:T_O >
208 . L5320:  l.1ib.. b o N % 1) B
209 L5321: 11 .--l'.'l cae o F - DOWN ROTATE
219 L5322: B T B S -+ C—>STACK -
211 L5323: d.01,1.10 - —> L5125 - JSBI L
212 LS5324: 111.1.1L, . - - A._EXCHANGE C[W]
213 15325: - .1...1.L.1 <> L5195 "~ JSBONE. :
... 214 L5326: 11.15.1 . =>: L5152 ... JSBSUB
. 215 L5327 111..11.41F. —> L5346 .7 GOTO. BONDR9
- 0 216 -L5330: ..1..1.:..- => L1331 *wxx ROTL *' : SELECT'ROM I: -
- 217 L5331: 10111, —> L5153 BONDRS : JSBADD: =
218 L5322:. ~ ILLL... - 7. STACK-—>A .
219 L5333  111...11.1 —> L5343~ JSBDIV: - o
220 L5334: g0 01 > LSI9S JSB ONE _
221 L5335  .11.1.1..1 —=> L5152 -+ JSBSUB:
222 L533: 1.1k M-—>C. . o
223 LS5337:  111...11.1 —> L5343 - “JSBDIV ™ . . Lo
224 - L5340 . llllll l —=> L5374 = GOTO BONDRS v S
225 L5341 ....ieeie L _ * : NOOPERATION - i
- 226 L5342 .......... s NO OPERATION -
227 15343: - ..1..l.0. => . L1344 waess DIV : SELECTROM1 O
228 L5344 Ceemeeeehe : : . NO OPERATION L
229 L5345 L1, L o => L1346 okokkk MPY SELECT ROM 1 L&
230 L5346 0 DI £ F : BONDR9 B.->C[W] .-
231 L5347:  111..1.1:1 => L5345 - JSBMPY :
232 L5359 - 1.1.1. L. ..o , e M->C @
© 233 . L5351 j;l:l'l;.-.l_..l'_.l' —> . L5345 . © JSBMPY." . ..
234 L5352: JA11.1..1 — L5972 - JSBDOWN2 . °
L5353:- ll lll - C—> A[W] =~
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67 FUNCTI ONS Al

of the table.

1, 454, 266

of the functions perforned by the calculator are given in
the table below. The notes referred to in this table are given at the end

TABLE OF FUNCTI ONS | NCORPORATED | NTO THE 5 T.

SIVPLE

COMPOUNDING 1.1 FV PV (I +i) 1.2 PV FV/ (I + i[ERR 1.3 i (FV/PV)[.
10 1\5n:(Log(FV))/Log(PV(1+I)) a4 086 ¢
10 2. ANNUITY ~ 68 - 1,454, L
68 3. ADD ON T ANNUAL RATE 1,454,266 | 61
. 336 L5354 . 1i1.1..1 —> LSOT2 ' JSB DOWN2
27 LS Qil..ilill 5 I35 JSB MPY
238 L5336 .01...11.1 —5 L5105 . JSB ONE
239 IsB7 QLML | C+C—>CIW] .
T 240 . L5360: 1.1, 111, . - , A EXCHANGE C[W]
. 2415361 111 -s L5153 JSBADD \
S 242 I5362 L1l Y . B->CIW]
243 L5363 CHilL500L0 —> L5343  JSBDIV
s - 244 L5364 . ..1ilil..1 23 L5076 JSB STA1
C® 0 245 5365 1.1, -5 L5345 - ISBMPY .
_ S, 246 L5366: . 11..1.1.., = DOWN ROTATE
47 L5367 il STACK —> A .
. 248 L5318 Q110000 —s L$3as JSB MPY .
S 7 R T Es X I -- C—> STACK -
259 L5372 - Ll1iliil s Lsps7 ' onbre | SOTOBON:
251 L5373: B DY Y B PR ’ -_BONDR4: M->C - :
252 L5374 .M. -3 Lspls BONDRS : JSBS185
253 Lsy7s: il o o . PN C—> AIWI] .
254 L5376 11.01.0 —> L5153 BONDRG.: JSBADD . ..
255 L5377 Llilillil o2 L5867 - . GOTORI3
\



3.1 Solve For i In (see Note 1) 69

1, 454, 266 69 For n > 182.5: 1, 454, 266
70 PV .= Initial Value of Asset 2PV 20Note 2: Fig. 33 shows how the price of

a—bond— s catcutared and. Fi g 34 20 illTustrates the algorithmused to
conpute the yield to maturlty of a bond. Note 3: Fig. 35 illustrates the:
. dat.e gorithm The-first "half conput es the dates. difference and { he next
~hal f e date [err] n days. 71 - . 1,454, 266..

71 GPERATI NG | NSTRUCTI.ONS Al l of, lt‘{g@z&per ations described bel owgare

___-COI’lt I -84 Pt t-e e o te— Ko ot nput 2 VVIII t,ll TS, bhOWn in
Fig-1. “BAS| C | NSTRUCTI.ONS 5 QM6 ng To clear. display. :

.oty qx%ég‘baf ot ¥Fh'@;(%€ptumn%mx St OSRRIT ROMIPS Cons_t ant Storage
. To st consi; aﬁtl 'DAS 1P5 8485 - ;err] 100 .00 To
‘recal 12 Mmstantu 1 "_—_.> -L6354 : ey .pGQSK)DAl L 10

3 Le@p3: - L..Aidl.: . . DM6 IFP#9 " . - .
- 4 L6004: -1.-..1_1-.-.; - —> L6214 ,_._.'_I‘HENGO.TO.D_

5 L6@ds: - ....ll... oo i RETURN. ..o .

6 Led®6: 11..1.111. - : . DM3.. : AEXCHANGEBIWI" w
7 Le@e7: .11t s . DML i IFP#2° P

8. Leplg:  I...101117 > Le2ll - _ THENGOTOD_ 4

9 L6@11: Il 1k, o5 - L A+L=>AM]" - .
10 Leép12: ,1.11. 4. _ _ S N PSS C[M] _ -

11 Le@13:  .11,1.1.1. - - - L TFCX]= T
12 Ledla: LM > Lepl7 o THENGOTODM_ L

13 1615 11Mi1. M. = =TT T Ae Ly AIMY

14 L6Pl6: 101050 7 T e 0 €= 125 CIMI-

15 Lep17: ... - --DM2 i RETURN _ “:

16 L6@20:  ..11.1L5% 2 e YOl _LOADCQNSTANT :

17 Le@2l:  .11..1L.. .. i LOADCONSTANT6

18 Le@22: .I.1.11... . .+ LOADCONSTANTS

19 L6023: .1...1.1.. . IFS4#l

20 L6@24: ....1.11111 "—> L6927 ° o T THENGOTOYC2

21 L6@s:  11111.1.1. _ A+ 1->AIX]

22 L6026 N § PO S RETURN .

.23 Le@27:  ..1..11... : . YC2 : LOADCONSTANT2 _
24 L693p:  .1.1.11... . - - 'LOAD CONSTANT S o .
25 'L6g3l:  ....Al.... -~ .. " RETURN S .
26 L6032 ........i. - PP - . NOOPERATION _

' 27 L6033 .......... " . o : - NO OPERATION _ _
28 L6@34: .....11..1 —> L6096 -DD6 : JSBDM3 - - ST
.29 Le@3s: 11..1.111. - e -AEXCHANGEB[W] e .

-390 Le36: 111,11, | . A+C>CIML. R

- 31 L6@37:  .....111.. o DD§ . : P—1—>P

‘32 'L6@40: ....l1.11.. : S IFP#0

33 Lep4l: - ...111..11 —> L6@34 S " *THEN GO TO DD6

34 L6p42:  ..11..1.1. R . p—>CIX] :

35 L6pd3:  .1i... 111, L o -—>A[W] _

36 L6p4d:  .111.1.1.. : . .- IFS$T# _

37 Lepas: 1..1..1.11 —> 'L6222. . ' THENGOTODA4' . .
38 Lepd6:  .11.1:1... .~ DNl - : STACK=>A - .- LU
39 L6pd7: 111.1.111, I - _ _ -AEXCHANGEC[W] A
40 Le@se: 1..111..11 —> L6234 o 'GOTODN3 :

- 41 Le@51:  .111.1.1.. ' . : o IFS7 :

42 L6@52:  ..1:11.111 —> 'L6@55 : S THENGOTODAI

© 43 L6P53: d...1.1, 0 o - . IFS4s
. 44 L6054 LA 11 —=> L6P6D R . THENGOTODA3
'45 L6@SS:  .111..1.. DAl : 9:>S87 . _ ]

46 L6@s6: . .1..1.1... . ' o C->STACK A
47 L6957: .1..1.1.... © C—>STACK T T
48 . L6@69:  .11.1.1... : . DA3 _ : STACK->A SRR
§§ ,riws_ls A111.1.. o IF S7# 1 _ :
50 . L6@62: ..11.1..11° —> L6@64 AR  THEN GOTO DA13 SERR
51 L6@63:  .1..1.1... - C=>STACK .
52 . L6@64: 1111111, DAlI3. ; AEXCHANGE C[W]

53 L6@6s:  111.1.1111 .—> . L6353 - .. GOTODAS

54 -L6p66: - .11.1.11.. - DM5- : IFP%6



cal cul ati ons ov content of the constant storge. These are: -Add-on to
annual Percentage Rate Conversion -Effective yield of an annuity (Loan

repaynment and sinking fund) -Accrued interest and di scounted note probl ens

-Trend lines (least squares linear regression) -Sumof-the-digits

calculations . -Bond cal cul ations (price and yield) -Accunulated interest,

pai d on a l\aan - Di scounted Cash Fl ow Anal ysi s Except wher e not ed above,
remai.hs i n.the nachi ne untll it is turned off or over-witten b ,

const ant:

anot her const-ass - Roundi ng 15 . To rq%&if ff (the di spl ay. only) then
any desired neral. Key Detween Ferri— 7o\ 63
1, 454, 266 To ﬁhaya the”s. dH of™”a ’eﬁ@bl ayed nunber _ Epmgg[n;nhﬁo

enter a negati?vd,wunber‘, ey ‘i'n’ . nunber press * -+ RRETURN a” Nunbeér“to. a
Key “i n ggo:tﬁg;ﬂve blagd. Humber -(to be rai gggyto a 8\@3’_ (‘:E(} Ni n.povet -
NO € ®pkRY TN

Power -
(exponent) . g Tegra . :IH Hlpr-essﬂmf ot ain Square’ RENO BAR
nunber 61 L6075 1. L press . 10-10 0~ E%(IHMSﬁg
Oper at [,ons T@ZOM%?n the 1pe,rcent age anount ofD‘%ll_nunbegEXC GE\CIIWie base
nunber 64 Lolgo, ”“mr ess SAVE ferr] DOWNROTATE £
65 L6IOL- il.1..1-1. => L6151 Y8 bhe O
Y 66 L6102 i.1i11i1i. | _ JSBADD63 ..
" 67 L6103: 1. lll o - @-—>AlS] .
‘ 68 L6104:  .1.1..11. - 9->Crwl. .
69 L6195 ...1.11.. - 3=>P
70 Leigs | i . -.LOADCONSTANTI
71 L6197: - ifaiil ... LOADCONSTANTS -
T2 Lellg: 1....0.11. - - o - AEXCHANGE C[WJ" .
;2 11:2}113 AL > Lelase N IFA%‘?{%%WCS;IOTO
_ 122 odd.., o c DAl
75 L6113 .ii.1il. | - DA9 - C->g$lc 0
76 Lell4: .11.1....1 — . ; B
77 L6115:--_.1.-.-1}-..-i'.'-f" > L6150 ADD62 : JSB ADD6!
78 Lelle  Hil1l — R e -
: Do, | I L . o
80 Lol2p: - ..o i1ij. . OB SELECT ROM 9
o HobslE i DDA Pl cixi
' L6122:  1....1.111 5 T2 - :
8 Ly liiidi. > L6295 IFNOCARRYGOTODD3
. -84 ‘Lé124: . ... ... 1k, A EXCHANGE C[W] -
. 8 Lei2s: ......di > Lemp . IFB"}%ES GO
- 86 26: .. TOERR7I
&7 o127 il Lmﬁ- . JSB DM3
‘88 L613@: - 11..1.111- o A+C—>CIM]
89 L613l: .1l .Q.1.. | AEXCHANGEB[W]
99 L6132 (111101 —> L6134 - FS4 1
a Le1ds: I =5 Lepa7 . éoT};HEl‘gGOTODDs
: 1...... | § : : ' - .
93 L6135: . 11111}1- —> L6037 DD5.. : IFA>=B[M] .~ -
94 L6136: . ........11 -5 L6pgg L THEN GO-TO DD8
.95 Loz iliiidiiL. T . GOTOERRT7! - -
% Lowg 1idi PYL - x g Aw
L6l LT Ly | C[WP]
98 L6142 1..-.;.11-.-..:%' > 16020 JSB YCl
"133' }Zg{ﬁ SR PP | N D g?:;(}éHANGE
W N § § DS ) P ' S C[WP]
101 Lelas:  L.q.cipnl 7> Leted Daty  SOTOMUT
102 L6l46:  .11.4....1 ~> L6t5 . Al9 - : B> CIW]
103 L6M7: 1010111 -5 L2 .. ISBADDsI
R 104 "L6159: * 1.111.111. I ‘GOTODA9 - -
105 Le1sl: - .i.1...1..- . - ADD61 : 9> A[W]
106 L6152 | [1i1..1. ADDG3 " : 1->85
do7 Lels3: . in il | o o5
& - ‘L6154: | L..1.... -8 Lt VP > '.
109 Leiss: ii1.-iif. > CHSS e SELECT ROM 1|
110 L6i56: - .1.0i..010 L MUl A+Bo> AW
11 L6I57: " 11.11.111" —> 'LgI55 MU2- ' C=1-5CP| .
112 Lelep i1 jhl > Le CMUs _IFNOCARRYGOTOMUI
113 Lel6l:: ..... 11: : U3 -'.SHIFTRIGHTB[W] o
114 L6162: P_1->p -

IFP43



-key in the percent (as a % press 15 To add or subtract the
percentage anount to the base 15 nunber sinply press or

respectlvel y... To.obtain the percent difference between two nunbers:

-key in
t-he b"sg or—reference) nunber press [err] -key in the second number
press (ansWer i s displayed in percent) 20 Cal endar Functions Date entry:-
se(

. -— ce'i.s nonth, decimal point, two nuneral . day and f-our nunesal - year
Ex lw e May 8, 1972 5.081972. Cal endar range is from January ‘114, 1900 to

. Dece ben 31, 2099.. To obtain di f?ﬁ"ﬂﬁ@p het ween two first

date: . ress: - “SAVE-- ke mTHENd}QITGM@ -
_ 11.11 —> L6138 y

- pré%stﬁé% 2515

JHH, To obtalnadatefr é@‘}rs ‘ﬁey in the:
- base WQat B6165: . 1iL. 11111 =5 L6167 press key |n ays (can be-

posi U e e Hi%% H”] or negative) pyz AslSAXI . 7 press.

73 U8 e BDUS4, 285 Tox8hiain fhe day of the

week - gﬂ;@,te i keynlm today s date nl;lllfrgRIGHTC[W] ‘press [SAVE

[err]lzikeyl‘liZn dbsl r.éld ‘dat e 7 #THE?.f@éﬂ‘ODDI - SAVE kgy

in pr@és&lu. L. Al k‘éy rlng[hat portlon of LdeJmﬁmyJTlaeft of, the =
. .-c c'. '''''' —>P )

e Lol%e "l'"-i-i-l'li-"-- O S 'BEXCHANGEC[WP] :
L pelte - S 'DD2 . : SHIFTRIGHT CIW] .
o127 Ee7T Ll b 2 ¢ SHIFTRIGH |
e il e

139 L6202 - <11111111 —> L6177 I F C[;}{EgGOTO DDZ i

31 L6 - MLRLE S . IFCXI=® GOTOERRH

132 L6204 ll d . DD3 . IFEP#12 ;

133 L6205: 11._:._--.-_-_1-._._11:..__-- T R I 1 GOTODN

134 L6206: .l'.l-."f;,_-'._.l_ll. -2 0 o E GOTOERRT! . il

135 L6207+ ........11 —> L60OD -  SoCReRaTioN

136 L6201  w..oeeiiee DMé - : IFPad

137 Le2il:  .1..1.01. S i THENGOTODMS_::

138 L&z ALILIL > L6066 RETURN __

139 ‘L6213: At om7 . RETU N

149 L6214: 1 i, o S S THENGOTODMS -

141 L6215: .11l —> Le217 - T YR
. 142 16216: . 1 o e RN
143 L6217 dijitid e - . DM8L oz A-l->AME

. 144 L622¢ - AMk.I1.0 | G s -
145 162l ..M. o  pad o SETOR e

146 L6222 Al DM COWNROTATE
B L R . ™y IO

‘148 - b eedobidas . . - - A

149 Leps: - Hiii AL —» L6351 o IFS“E;HEN GOTODA6 =

'isp L6226  .1...l.1.. ' oo I DA |

151 LG%; llli“ —> L60pL T gs g;HENGO_To S

152 L623g: 1..11:.l.. - - .

153 L6t lintiil-—> 1634 o o g}orgnmz

154 L6232 ......ll.. = o.opW ,SHIFTRIGHTC[M]

155 L6233 I..l.aL.° - e o R

(lse Lend M > Lem | IFNOCARRYGOTODNZ

157 L6235t l..10.1.11 —> L623 - IENOCAR

158 16236 . ...11.1.1. - TR THENGOTOERR,“

s WBE i, o wesl=e o

. 240: - - : o N4

lol- Lol 1.1, 1}}1. => L6243 o ele _>'(5;1F1\SOTOD. a

162 L6242: L L > |
163 L6243 AL S - DN4- o 7A_+>(i’ >A[M$1 T

164 L6244 .M. H... e ew R

163 e o LOAD CONSTANT?7 .~ ..

166 Lo LOAD CONSTANT3 - |

T L  LOADCONSTANT{: . 5

168 . L623:. - LOADCONSTANTS - -

s v L mewen

il %g%gz : > Leggd - .. _.-;._-_8_>§HE1_‘..'9

17 254: - 1. ) ST e

173 L6255 - . 377 R - sBYC

174 L6256: -



: - ress
deci mal point press -key in [err] again h ek will be P

If the date in question is beyond today, hFS Fay Ogot C R he date
today's day plus the nunber shown in the display. 6T —be

' ' is before today, its day of the week _ _ _
{gdgu?2t533 h?nus t he nunber shown in the Q|§play Error Ind:qatlortAPn s
b Gper or Ui Legal operation (such eV hattary Gondition (1 ow char ge
i nki-ng di splay ng by zer. a '
?%S?ggtPLh? Aﬁ: oeanaYs in the dlsplay upd4gﬁtes Iom1battery condlthn
: i

ONP TR A
Egug %?gg rgaharggs; nengﬁwer to enter your known vaﬁ#ﬁﬁ% T Eﬁﬁ“ﬂo-rrght
d ence and%}mﬁ?@ esé ltlhe“kl 20 L6263 Future Val ue Key 1 T(gb %
;g?iuods' 179 L6263 f” priess: Reyl4MDi nt er eslt)N;lat epesazcggﬁﬁ]r :)gt Jn %

I'N 187 A6 val mel prrncrpal) :
FszfeK\?él uel L6265: . o press NOYE - sf rrﬁﬁlf Iﬁﬁqwi:"\r”(e;ssrrﬁg be
forrred pr 7enté “ ’dny->key62i7@ in.the. correctcmaqrorgNa c p S
he g Pr“s!é h Val ue Key in nur%i of tCmEl—peID[PD S

t he approprlme 708 > K lrnfuture
press Key i nl8ntle2mst raualmr -I>I NBoper i od (i T %%g gp[mygﬂ ue
| Lo am)unt 186 L6272:. .-111...111- press 30 - . 0A [
val u 187 L6273 ... 1.11.. . . IFPs9.
press ™ - 188 L4 Piili..ii -> L6264 S e - THENGOTODNIS
S 189 L6275t 1..01.:i1, . . R - IFA[M] >=1
199 L6276: - 11.... : L63m et THENGOTODNIZ
191 L6277 Vi 11... L A+B->A[W]
192 L630@: ;- .1.11,171. " . .C=1->CIX] g
'193 L63pL: .. AT.1.10 "DNI2  : IFCIXjs=1 :
194 1L63g2: . 11...1..11- —> Le3p4 o . THENGOTODN7
195- 16303: {1.11.1i1. . = : o A=l —>A[W]
196 L63p4: 1...:11.. g _ DN7 : 4—>P
197 L63@s: ..11.11... : : - LOAD CONSTANT 3
198 L6306: ......11.. . . @e—sP
. 199 L63p7:  1...1.111. B B EXCHANGE C[W]
200 L6319: . .11..11. SR 9—~> CIW]
_ 201 L6311: 111.1.1.1. o AEXCHANGEC[X]
_ 202 Le312: ... .1iil.. . . - DN8° ' : P+l-
203 L6313 iiiil.1li. . A+l—>_A[X]
204 L6314 . .11...11. : - 9> CIM]
205- L631s:  .....111.1 -> Leépgr .. JSBDMI _
.- 206 -L6316: 11.....11. . A—B->A[M]
% 207 Le3T LDTUMi —> Lea. - - o IFNOCARRYGOTODNI3
© . 208 L632p:  11.1..1111 —> L6323 .. . GOTODNI4
209 L6321: ' 1..11..11. . - . DN13  : IFAIM]>=1
219 L6322: 11..1.1.11 —> L6312 a THENGOTODNS
211 16323  111....11. -~ DNI4 ' : A+B_s>AM]
212 L6324:  11i...11. o . A+C->AM]
213 L6325: 1,....11. . _SHIFT LEFT A[M]
_ 214 L6326:  11111..11. S Ax1->A[M]
. 215 L6327:  11..1.i.1. - . AEXCHANGEB[X]
\_ 216 L633@p: ..1..111. - - 8—>CIW]
217 L6331:  1.1111.1, - : ~ CZ1->CIXS]
218 16332  11i1..111. : .. A+C>AW]
219 L6333: . 11..1.111. - o AEXCHANGEB[W]
220 L6334: 11.1..11.. - ' - 13:>P
221 L6335: . ....111.. o DN9 : P—1-—>P
. 222 16336  .1....11i. . TR — SHIFTLEFTA[W]
223- 1L6337:  .1111.11. B "~ IFPs
o 224 L634p:  11.111.111 —> L6335 - - ' THENGOTODN9
* . 225 L6341: 111...111. A - _A+B—>A[W]
-~ 7226 L6342: ... 1l1.. . DNIp. I P+l->P
_ 227 L6343  1....111. L SHIFTLEFTA[W]
-~ 228 'L6344:  11..1.11. S . - IFP#12 '
© - 229 Lewds: 11,111 . -> L6342 . THENGOTODNI@
230 L6346:  11lii.i.1. = : . . A+ 1->A[X]
231 L6347: . 111.1.111.. - . . A EXCHANGE CIW)
232 Le3se: .1..l..1l -> Lell4 - - . GOTOADD62
233 .L6351: .1...1.1., DA6- : IFS4%1

234 L6352: . 111 1.1 —> L6072 _ : R THENGOTODA?



1, 454, 266 74 Rate of Return (growh rate)

Key in nunber of periods press Key in present

(begi nni ng)_ val ue. press [err] Key in future (ending) value
p+eSs5- e[.r] 5 —Foobtaineffective rate per peri od (in% press
Number of Tinme Periods (for a corrpounded anount) Key in interest rate per

d (in % press Key in present (begl nni ng) val ue N
Key in future (endl ng) val-ue . ' press.10 . - .- ~ To.

lasa2e6 - Ppress  [err] . 66 - 10

¥ ; - f-\lllllz =~Ratre _.y. |'r_1.'nur1b'er- Of tl-'rre
peri. ads |S3 yeai.: “press Key-in Bﬁﬁna' Mo % . press
Keyr. e?é mifwe% [ Relep 15 TOIPWMR Y Getewazannual 1 at e
(' n 1_6356 Ares F rr] 15 Effectlve ArShllETMﬁH@C([th rt ed to -
_ ms'e Keynl nl munber of time perlgds pe@ Xl '
-|n [M]L636¢ LML LL - presDAer ] KEYTEE:
(in %‘SS .Z.@Zi'i'il' > I"?(e)mobtl n n norinal gat®wWiin %9 b 0
pres 43[g5j5 AL 20 Future Val ue ©f>aRVAnNui t y- (S| hkk 1
Key 1244 nLea6&r olf Ilhle “peri ods - S e%ﬁ”ﬁey in:interest :
 per. p%ﬁlﬁggﬁgas alﬁa o press 25 SRR Ke GKD@@NSB’RNT(?J nst'a ;jment)
anmoUIss - [6367- ess PMI .25 'IIcDmmNSTﬁNTLlre va,.-ue *
' pl‘ 955248." L6370: : L R _ %FT;I;—C[W B’ e
-'%';3 [ R it "'-5. Lém-. I THENGOTOERR71
251. L63T3: ZIC i 200 . LOAD/CONSTANT [ ...
. 252 L6374 ' L Loslg (CONSTANT 9.
g Lodrg - i A= C > CIWP]

3 Le3: ..MMM —> L6t IFNOCARRYGOT; byt




75 1,454,266 75 Sinking Fund Paynment Anount Key in nunber of tine
press Key in interest rate per period (as a %

peri ods

press Key in future value
Toobt ai n.paynent anount

press

5

press [err]

5 Effective Yield of a Sinking Fund Key in nunber of tine perlods
press.

press Key |n/paynent (|nstallnent) anount
- - press [err] 10

val ue

i nterest. ratep@kperlod(as .a%.. .

Nunber of ‘Peri ods Requi r edf or o brnKung'

All Bf 88 funcli
press PMI Key in fIihemcaesvlafdugc (% Elrfd%}éd

period (as .a %

To obtain nunber of time periods’

LOAN REPAYNENT Accrued (AR bF
press [err] sKey in annu2

Key ingthe principal (present val ue
I NTR To obtai n intergaly PP
i nterest paynment. due on &

Effective- Annum

25 = "Key in a rest (discoun
"G e

face (future) val-ue

"
"
BT
—
20

28 PMT= FV:

d to in this table are glven at the en
pre

§@§ﬂ%g99§ on a 3

ent

Key in future .
To obtain = ‘EEE'
S 10..

—tate per 67

(|nstallnent) ‘amount

cdlculator are given in the table belqmr ess -15

& I? nt0 Due Key
Iﬁ&ﬁ‘il!ﬂ!iu!‘c

l

60 day basrs_
press'[err] DIS

Yi &l 0 Ky (in nunber of days

13i= (Fv/pv)vh

l 4n= (Log(FV))/Log (PV(l + 1))

2. ANNUITY

2.1 FV=PMT

Asip-1

; -

22 PV PMT( “).._1_
. il +ip

- __':2.3. Solve For.i In (see 'Note. _-t_):

r —
: PV PMT( i l
-_1(1+1)“

2 4 Solve For i In (see Note l)
+ 1)"_—1

Fv— PMT

—— =0
1 . A
log (PMT/(PV — PMT))
 log(l +i)
log (FV x i/PMT +.1)
l_og(l + i).
ideip
(1 +1)*'__1"'-

n=

2.6-n=

3.7 PMT=PV .

(1+.)n;1__ |

press

t) rate'(ln @6
[err]

d of the table. .

“15
|nnmma m mws_

TED_INTO_T_ ess 20 "

20
press To obtain
counted Not e and.

press
press Key |n the

- 10

1;5.



76 1, 454, 266. 76 To
obtain the discount anount (i.e.-the interest portion) [INTR of the note on
. a.360 day basis . ___ press To obtain the effective annual yield on

——a—360—day—basts : press 5 - To.
obtain the discount amount of the note on a . _ : -5
_365- By basi s K - press [err] To obtaw .the

[ efiifa@li ve .annual i el d on a 365 day basi's o e
pr" : g'g ue Equival ent Annual _Yi ellc#54,266 _Key in nunhec of Jﬂs@—s
- preSe-Zs- : e _ _

_-'-_press Key: B ’t‘HBWTﬁcf‘BgI&\?‘present val'ued of . note pr'ess Key in the face
~val ue’ (fut urgy yald!edr o (setNbte pYess. “To ‘obtai n.true equivalent annual yield

press- 15 Present VaI ue of “an Annuity (Princi pal" Anount of a Loan)
15 Key iin the nu ef‘ of ti.me periods (nonths,. years etc.) - .
. press Keyin int epzt @te(lp.eirn_perr od: (| n % _ ‘preess Key:in- the ‘anmount
- of 'the paynent 1peL_per+e —p+es-s PMI 20" © To obtai n present.val yg
(pri nci pal ). -~ Mpress id+0 : 1 20: Loan Repayment Anount Key
in . nunmber of trrr]reop U dnids o press Key in- |nterest rate per =
period (i-n ¥ press Key in present val ue:(pri-nci.pal) - -5
presss25 - R= AnnurbAéﬁbparﬁfi‘“‘paynent ampunt per period . . press PMI'

25 True Interest  Rate of a Loan Key in nurrber of trrre perrods
'gpress Key iq pz(;(namDaN’ﬁERES'ber perr od press [err]

 n= . No. of Days.

_ i= -Annual Interest Rs.te (%)
: PV = Principal Amount
nPVi

42 i = i ._98630'137l B T

lo _ '- 4' l;w——

. 5. DISCOUNTED NOTE
= No of Days 3
: N = Annual Interest Rate (/o) . N
15 FV Face Value of Note - .
o T FVxnxl
_5_._l d”"f '36000
dmx36000 :
n(FV —ds)
- 360
53d,,,—dmx—6—5 o o
dmx36500 _' I e .

52 y.eld,',.,

5 4 yteld,,,

S 20 . 6. BOND .
6 I Prlce of a Bond (PV) (see Note 2
n= No of Days (uncompensated for leap days)' B
i = yield ' '

' ¢ = coupon rate



Key in present value (principal) press 30 To obtain
interest rate per period (in% press 30 77
- . 1,454, 266 77 NOTE To obtain an

annual rate sinply key in the nunber of time periodsper-year and press
Nunber of Tine Periods Requi.redfor a Loan Key in the interest rate per tinme_,
period .- \press Key in the paynment anountper [ine period press . ’
[err] 5 ' o Key in the present- val ue (principal) " préss .- =
5 To obtain Lbé aunber _of tije periods 11,454,266  pr ess. Accunulated Inter&st“
Pai d on.a Loan { beFgeRn fg9@. points in tinme)’ Key T LNE paymert—rrmde -
corresponding to the first point of the tinme span i-n question
press 10 - - Key in-the paymant number correspondiing to the Iast
10 pointof the time span in ques“rg , press_ﬂey inthe total = "~
nunber. of - paynents % | ‘oain % sdo0¢ey in t he interngxss rate per. paynent
(or period) press ey I (Hh baynehr—aMhﬂﬁ—memlpeLnod BRI press To . -
obt ai n 4t he accumul at ed |nterest. = - ess 200 2 - 15
Remai ni ng ‘Bal ance’ ( Pr iwherepiat )| ~ofracin/i82an As an extension-of the pr evi ous
probl em To obtain thelre$ahﬂb g bal-ance’ (prrncrpal) press "Add-on"

e

I nteregt Converted to. a nnual Percentage Rate 20. -.-  Key'in the

nunber of mopt-hs of the | 0amnoo . pregs,5 y in the "add-on" rate (per

annum’ - press TCP%htarﬁ—eeee annual percentage rate T press

To obtarn t-he nDntth paynth &npuht 2 C press ' o LT
: : 180 100 - T

6.2 Yield of a Bond (see Note 2):

A

Solve for i knowmg PV, in the above 2 equatlons whtch one dependmg onn, |
Solutton glves  lnctunt — legge | < 2 % ppum X C x 10
7. DATE (see Note 3): | : | |
- 10..' . 71 Date 1 — Date 2 o : S R
R 72 Date+nDays R o |

‘ | 1900<Date<2099AD

8 ACCUM ULATED INTE REST _

8. l accumulated interest (m $) =

(1 _'1 )k—n

- o o 100 ST
15 MT j __l
, N PMT ] k-j [_ -

o ' PMTxlOO | i .

9. ACCUMULATION & MEAN & o

15

- LS I
. 9.1 Sum=zxx,
9.2 Sum of Squares = x x,2
: 1

o g In
20 9.3 Mean-——z X,

5 : B | | : : .



Then key in the principal anount to be | oaned press 25 | nt er est

Rebate (Rule of 78's) 25 Key
in--last payrrent -Aunber—; press. Key in total—nunber of
peayrents—for tne loan press Key in the" t ot al finance charge S
press. 78 - . 1,454, 266 ' : :
78N\Fo obtain the unearned interest (rebat €)- -press To obtai n thé-/emar A ng
'_p@m pal due, key in the anount of each payment . = . " press key in the

er,Of payments remaining pr e3aAS4266 - . . DEBBEC ATI.ON
AMO - —years ogits Deprecr ation Key i n.given yeéar nunber
(or begl nni ng ye rlnutht;erré1 ..ya Press Key. in life of asset (nunber of

_years) - ‘b Mean® Key in deprecr abI e ampunt. (purchase Iess
sal vage - 0 val ue)

“press To .obt ai n |ven ear' s depecr ation press To . obt ain. subsequent year S
depreci ati ot Q“Y s Cont i:nue step. ‘as desired 15 o
To obtain the deprecrq.tron forna particular year not in - o .-_;-.'15
sequence si nply key 23kyf-h@ +yB&W nunber .desired and '
press Continue ste as desirell. NOTE: To.obtain the renaining book val ue
after each ye‘eQl epreg,l@tll% press [err]key rrust be” pressed agai n bef ore
the next -SQD. cafrl ul atlon (step. ). . R e N

1n . n+l
. 102 YIntercept=—Zy|.-—-—— 51°P° ' o
ll_. SUM OF DlGITS DEPRECIATION
| n= Deprecrable Llfetlme :
PV-; Initial Value of Asset )
) 1 4 e
'11.1: Depreciation at time (k)= (n-—k+ 1) ST R
o o n(n+l) S S
S _ ' " PV(n-— k)(n k+l) - ) 10 L
a0 112 Remammgbookvalueat(k) . n(n+1) T
SRRt CASH FLOW |
12.1 Current Sum of Present Value of Cash Flow
=zF, @ +i)? R B R RE u '
15 . where j = j™ cash flow >
and i = cost of capltal
' . 4and3.1 oo
: lustrates the al onthm used forthe solutlon of 2.3, 2. e
abovI:o’tI‘ehe t:e:::gln?l%ull]eutss; simple N%wton-Raphson method for thc solutlon of an i T
_ _ ' 1mphc1t equatlon : : o _ : 20:- o
| 20 | Note 2: Fig. 33 shows how ‘the price of a bond is' calculated and Frg 34 l. = f__;_

: 1llustrates the a gorlthm used to compute the yleld to matunty of a bond. "

: Note 3: Fig. 35 illustrates the date algonthm '_[‘he ﬁrst ‘half computes the datcs_ :
dtfference and the next half the date + n days. ; e



I ght Li ne Depreciation val ue)
38 Key iﬁt (rzlglpgeci abl e anount (purchase | ess sal vage

o - -key in life of asse

- ear's depreciation P K—vatue—atter
press Letr] Tos;)bt ” npregcs:;] KIOTE: To obtain the rem['vlgp'r]”g DOOK V?r;rc bogk
e ! yggi)reci ation, 25 25 first. B;gszent year. - 79 -
ealch y.:-?'[efkfr r'st year) then RCL for each su q . :
val ue _

. and
79 Var [ a . L U’ il

e in7l
press’ [err] Keyolrnr;rtr;e(lof ass pfg- ol Eew_KeAL Key
?ﬁcljleglrggl ;gfteoa untA"( Lﬂhenamtzdnesxsscaséd/ are control{ffiéggnmfteri fr})m'l'tbe obt a'tn |
val ue) To obtal n mwrl@mmwméss;ho&n? |Frl$ue steps - and for subsequen
;2grrarsn| 28 bc_')ok Ba%“a shi ng Bal ang1 'Hﬁfg?smugﬁIONs s Key - beg:c ng;ggt
\%gl tljgy‘o:‘ na!s!sfgte o C%§§et -(.‘:n:ungre;ss KteKarnnzgngr n%5(sal vage) - V‘?'Iougb?ar 2 anldns
g'[ g?:-ergtrE (??l \dgg(raeg?léa%rign .-glr eatser - " only [err] Key

tion ™ érpar -

btain year's: depreCI a _

val ue of as&%ledr @{el‘yt i tconstant  storage) pr es press 2 CLX .

greglsgl ?g obt ai n renai ni ng bOOﬂ- %/chﬁg Pt | _ —J

. Constant Storage

- . Tostoreaconstant press..,_ - L
0 . “-_To recallac.onStant ' ~ press | o 10.
' NOTE: Certain j Important pre

programmed calculatlons ov
contents of the constant storag

erwnte prevnous
€. These are; .

o : —Add-on to annual Percentage Rate. Conversron

—Trend lines (least Squares linear regressron)
—Sum-of-the-dlglts calculations

U .|, . —Bond calculations (price and yleld) L
' I ——Accumulated interest paid on a'loan -
—Dlscounted Cash Flow Analysis

Except where noted above, a

constant remains in the mac
off or over—wntten by another

chine until it is turned

constant
Roundl‘ng S o ' L
.15 To round-off (the dnsplay only) press 15
- then any desired numeral key between @ and E A numeral key o
greater than - will put display in so-called “scientific notation” Normal
turn-on mode is automatncally rounded to two decimal places
. NOTE Roundmg affects the dlsplay only The full'mtemal accuracy of the
- . machine is maintained. L . : _
B 20 __Anthm_etzc Op'er_atz‘ons 20 _
- T To perform simple arnthmetxc operat:ons between t'wo numbers;
o —key in the first number S press
—key in the second number, press des1red operatlon 1. =3, ST
. l X |} or ]: l : o
25, - To perform chain calculatlons, only _the first number has to be loaded 25
- . through a operation . . ; gl subsequent numbers need only be

; keyed in and' the desn-ed funcnon key. pressed after cach one.

Automatlc computatlon between a dlsplayed number and a stored constant
SIS achleved by pressing

and the des1red function,



Conti nue steps and for subsequent years. 20

20 Price of a Bond [err] Key in either maturity or purchase date press
— Key in renaining-date | press Key in yield-to-maturity
(as—a—34 press 25 Key I n coupon rate (as a % ..
PMT : . 25 BO\ID To obtaln bond price - -_u
ceaN80 : : 1,454,266

- repl ace st eps TL)%MC} adgdm{eemm})erokeyeﬂlt
Bond Cal cul ati-ons NOTE: This procedure repI aces steps-[err] in:nornal bond

“ bond: pri ce ¢ " press YTM To ob@;’obond yi el d.
- press NOTE: ?mnfg@g,g%as%disblamn(baﬂ cul at i JMES; deci mal pl aces. for

. .__'I\d t o- l\/aturlty of a Bond Key in e|ther naturlty or purchase date

SAVE Key in renmaining dat‘e4542§§_ - PTESS™DAY. Rey . .
a::gh?%igah% T . press PMT 5 Key in the

nmost cases. her "accuracy is r gw red, - the f@ rig procedure shoul d

T of the a’g 't ended Precision

~.cal-cul-at i-0NggisiAg a pumher dee Pever deci mal place acc&gacy for al'l. bond: gri ce*

~cal culations axé) ihpoaevedes: rembesi(@cs BB LT

10 maturity (i-n accordance vmth trade custorr) tp}esK yy’i '

eld calculatlons
year S-to- g
nunber of days >

10 5 a) Determi ne the nunber of days, rmnt hs_

pr ess Keymp0wer(expone ) K o e °
To Obtam Square Root of a Number ST o
 Key in-'nuinber press, . N
Percentage Operatwns - : T . -

o ' To obtdm the percentage amount ofa number o '. ..
N  —keyin the base number . o .:" Pfiessl. : -
N —key in the percent (asa AN press | o
- o add’or_subtract-the percentage amount {0 the’ base R R
g5: ° -° number simply press or [=1 mpecuvely - - ) |
. To obta‘in the percent dlﬁ'erence between two numbers*' e S
' —keyin the-baSe (or reference) nlinibéi‘_ ) press % _' -
__key in the second number ' - press - \J ;-
(answer is displayed in percent) : | 20 ~
| .. . 20 _ ‘Callentiar Functtons _ o . f o
' r
B T S :‘::g:f:s =
January 1, 1900 to December 31, 2099.. - _ R
To obtam di ﬁerence between two dates _ _ | o :
- _ ,...'_-.'_._._.keymfirstdate o o .press:-' | e _ : ,,,
o ey in.se_.c.gnddat_e | - ___'.:_'pfess._-., .. o

S '.Toabtaiﬁadaté'frdmabése dates R P
.'——key in the basedate e : pre_ss..._ e -

: vositive BZZ4 | PATE
—key in the number of days (can be_ P “press DAY

or negatwe)




1 f
press d) Key in nunmber o
c) Keyin [err] (days/month) r )

i rr
4 press 15 ¢) Tgyf;nKey in[ﬁun%er of years
mont hs press : nt 1 nue wWtirstep—fer
( mont h;{ye?r%(ey in [err] (days/year) SIS 20 presa gﬁoum ed Rate of R?‘t;JirD
of bond cgﬂ’\;;l ations. | VESTMENT ANALY. ~~ 20 Key in nunber of tijg
i cash flows)
(for even c sh o)

press Key i n.anount of;cash.flgggp$g_gg{;?ﬁi -
ey i n_ofd gi nal invest nent . ”’4§ﬁ%ﬁf‘sst'.w81_“ o
ress-Key in_ofd ginal TT—r9t—perpol it ocs .
gi scounted rate of _re%"cr:anih %l{e'cliay/gfth:wzékofadate: 81 Di st(:;ouz];[ﬁdog,az? e|rl ™
1’454’266(for unéven-béﬁﬁYﬁhgmﬁﬁdKey in dlscount.ra e

Anal ysi s 4 _ .

peri ods

K - Key
. . - ~pre85ss .. [SAVEtf err] -
Key inoriginal igyestrent == . . o _pr ~Coniinue step
P eash Ll on per periog ¥indesireddate PLESS 2. press [DAYPISAVET

| | . | ' li sc X if the result
ubsequent fl ows. —keyin . t of the discoug o N resul
el T ore it e o ot e e ) 1 o
S pOSI ti ve._s-F!th her mﬁgl& At ﬂququpdypbymdftae poSi t|Ve rez rraChI . bys
noting the .period in Whadhmgiﬁgbiation_CLEAR Q ear tﬁﬁ“gnTtﬂ “machi />
STATI STI CS Mean and St'andard® _

: N iKY ] i.0,.data .item. . co T afTlare ent er ed.
pressing: CL 10 Tkey "K@ ég?l'{-‘i nue step until _alp}esd S
press - Ifthe date in question is beyond today, its day of the week - '
will be today’s day plus the number sh'owp in the display.
10. If the date in question is before today, its day_of the week Lo 10
. will be today’s day minus the number shown in the display. -

Error Indication -

An improper or illegal operation (such as-,_dividing by zero)
~ will result in a steady blin_king'_display. . T

- _ 15 . -Baite'iy Condition (low ékarge indication)

S , C 15 _
All decimals in the display indicates low battery condition, o o '
" Pluginto recharger. S . : L

u:dMPoUN_D m*rémas_ﬂ_ S

| NOTE: To use the compound interest keys (top -roliv:) Simpfy i'érﬁembér to
enter your known valyes in le_ft-to-ri_ght Sequence and then press the key-
which corresponds to your answer, =~ - ' T

20 . Future Valye _ o - o
R ;- Keyin number of time perjods . press [a]
- - Key in interest rate Pper time period (in 749 B -press . m g
-.Key_irll present valye (principal) . . . press

' R '.'Tobbtainfuturevalue o IR AP press ,

25 value. Also, a mistaken last entry may be correc
S ' keying in the correct value and, pressing the appropriate key.

sthen | . - s _25

- Present Valye -

~Key in number of time periods

press E o
' Key in int;rest rate per time' peri.od (in%) : bress L__Ij :
- Keyin f'u.ture value amount o | px;ess :‘ o
o -Toébtéin pl'-cse_nt.value_ - o REE pres;- ' 30



To obtain nean (arithnetic average) press NOTE To obtain the

standard devi ation after each nean cal cul ati on press [err] The [err]

. key nmust be.pressed agar n before resuming, To return to the summation node
—pless 15 —Gontihue W th step [err] if desired.

15 NOTE: To correct a data item key inits value and press Trend Li nes

(Least Squares Li near Regression). 20 NOTE: "Each'time [err]is .-
prggeed, the sequence nunber for that itemis .20 displayed. Continue
. st until all data are ent er ed 1[4355.46 To term nate the data en't"bz sequence
press’-)4 82 S 2 17457, 2606 - '

- 82 TooBt: BES Ci g,h\ﬁ;e e on'the trend ||ne key in the approprrate
“time peri 05 ‘ﬁ&ﬁgp {L'lo ; g

press Repeat step astofiten as desired. NOTE
Theuser nmay akﬁ?m tngaroabemg .the trend line kP§3§| ,l;; y press- ing  [err]
~as many tinmes as desr red. Further, the current’ %"errod nunber may be
_obtained by - prkeﬁ,lﬁir@ent[(lmgm}lmgme[err] key st be pressed again before

‘resum ng. 5 : To obtain the am)unt ‘gfessc e_ of the trend lime
per - peri od(cormpmtytuw(bilctnﬁ)vél“‘ope") T press_ - - [err] To
resune operation press-YeaAT MELCLAIM IS - 15 An-

el ecttgoni c. calmdbm-mffee‘eiﬁﬁ?%ﬁ’ 6”"%8/’) ‘keyboard i nput’ neans having a

plurality of nuneric keys nu g@&ra’ﬂi&uﬂq 10 for enterr ng nunerr caI dat a
i nto the caNmﬂea?foT'mﬁﬁﬂy%@H‘rtg%L'L%‘T“ur ality of n_ A= - R _

Key in mterest rate per. perrod (m / )

Key in'ptes_ent(beﬂm"“_‘g)"“‘l‘_‘e —--i.: g
_Key-inft‘;t_tir'e(‘ﬁef_;;j’ing)“fgafrtué o preso o
._'10 | ' To obtain itumber of t_ime pe_riods R '
o Nommal Rate Convertedib' Efeé'iaé A"’"‘a’ Rdte ce

. Keyin number of time peﬂOdsPe’ year ...

Key in Nommal Rate (as a / )

.1'5' - To obtam effectwe annual rate (m / ) | press @ - o 15
| ﬂ"ectlve Annual Rate Converted 0 Nommal Rate .' K _ A
. Key in number of time perlods per year o : .press m - . _. u_
: .. Keym Do "press'. - . o
. Keyin effectwe annual rate (in / ) 1_ press - - | - . 20 |
R 20 ) B __To obtam nommal rate (m %) ' L x L
| . SINKING FUND .
-_ : Future Value ofan Annuuy (smkmgfund) - _ e | SRR
Key in number oftrmeperlods : press .' - @ :
| -Keyin intere‘st rate per penod (asa /o) I ._._ ' ."press o |
25 - key in ﬁayrnent'-i(instailment) amount S press B ..3.: ] 25 B

' . : S T press FV
To obtain future:value : o P ] .



nuneric control keys manually operable for controlling the cal culator, said
non- nuneric control keys including a plurality of function keys associ ated
with a plurality of functionally related financial variables and nmanual |y

operable for 15 designating sel ected nunerical data as sai d ffmanct ai
variabl es and for conditioning 15 the calculator to perform mathematigs
oper at | ons—i nvol ving said financial .vari abl es; storage neans coupl ed t 3@5
sai d keyboard input neans for storing numeri cal dat.a entered into or . \
cal cul ated by t he cal cuI ator; 20 1454 oceSS| ng nmeans coupled to. sal d
keyboard i POt “WEaNs™a - ' <SG aE e o FRaRe—aRdrespansi e 10, 75.
successi ve actudti’ -_-Wdﬁﬁ’@e@r"'{ﬁ#ﬂfe of sai'd nuneri c:keys ‘and-ohe. or- nore of
sai d non-numeric- cq{utr gﬂg’%‘? i n a sequence, "inct ‘udi ng-one: ‘of -sai d funct.i on
keys followed by one”8t" HimseeTiof keys without pmsserfruption by any of -
said nuneric keys i cal erform ng“.a mat héermaty cal - operation 25
enpl oyi ng -sel ect edémgl#erﬂfégegﬁgégfra?""é{@?%é in said sP@sadd jreans and

desi gnated as 25 (m?,mtupg)‘ya .of said financjal varjabl gs—py actuation_ of
one or nore of said function keys, to:determ ne theP%sl ,V f* a financi aI
vari abl e associ at edtowbfaly i;ay}ﬁe,{ta,ggu,@f said function keQ/ N s ~Ssai d sequenc,

and out put: neans coupl ed to said processing.neans o} Cie-dat i ng the v ue
of the 30 - f iEffeatied Hz*eld\oﬁ&mlngmom ated with the Iast of..said function
keys.in. said sequence. .30 2. An electronic calculator as in claim1 :
wherein; said plurBeyinpuaberfofitint pafodkeys conpri ses. drésye] nanm al: functi on
keys associated with five functionally related financial—Vvariables; and
sai d’ proceSS| ng ne§ﬁ%m|P§Y“i‘°@§%Fﬁﬂmvm)mthCceSS| ve: qﬁ&sy-l i) of one or -nore.
of said nuneric keys .and-one or nmore of said non-nunmeric.control keys in a
35 sequence, inclu fynlﬁ WHEVYHe sai d financial functipees ksM f ol-l owed by one
of -said f|b1anC| al i nterrupt| on by.any of said nuneric

W t hout
keys, for "automatic W&nmteﬁ' g%}‘ﬁﬂ‘?@"“&“’ﬁﬁ‘l’ﬁé’mtl cal - opas atidn enpl oyi ng 10

sel ected numeri 8ghsef 9 Py, | rage neans and desi gnated as one
or nore of .said fi rfa?fcl a‘logszfgerqgged O’asf'é’fﬁ 4y “act uati on of one or nore of

sai d, fi nanci al furlc&yh@mtdf&i/ﬁt A64 &5 e 40 the val ue—pf. a financi al
variabl e associated with the ﬁpg;s)%e o? I/"E fi nanci aP“’F’Un o

o Key in payment (mstallment) amount =~ - press PM'I:"'
- * o o Keym futurevalue R ' -prCSS
15 . - To obtam number of time penods I I-’?éss m a - iS |
~ S LOANREPAYMENT'

A ccrued { Stmple) Interest Payment Dye

Key in number of days

press [a]
_ _\Key in armual mterest rate (in% ) prees | m o
: ZQ . Keyin the prmc1pal (present value) o bress : : 20
: | To obtaln mt PR INTR_ :
. erest payment due on a 360 day basis press % PMT)
To obtam mterest payment due on a 365 day bas;s o _b.res-s | . x;‘y e
Dzscoumed Note and Eﬁectzve Annual Y:elds . | e
Key in numberofdays L .
press E)] :
- 25 Key in at_m'ual interest (discouﬁt) rate (in %;) A p}égs U |
: Key_ in the face '(future) value of note breee )



keys in said sequence. 3. An electronic calculator as in claim2 wherein
said five.financial function keys include: 45 a first financial
rfunct ion key .assaci at ed w th a financial variable representing 45 a nunber
ef—perrousT—aSECoNag 11 nancl al function key associated with a financi al
vari apl e representlng an interest rate. per. period; a third financial-

LIon key associated with a financi aI varl abI e representl ng 50 u a
© paynment ‘anount ;

th financial functron key“ggmcrated wth a fi nanci al vamable

a¥e f\ [ae

I‘epl‘es.'-: - C:Lrllf uat re—of P Ilb‘| Tar, sallld-"d T1” TN T| ngr;l a| functi On.

key associ ated Wb bbraia the disnountaamoyntr(.ebitke 'P@W’e@éﬁ*ﬂ %f - val ue of. .
princi pal afterobme note méﬁop@mbeﬁ% have el apsed™® 11 11111 111.
11 1:82 . % 454 266
82 To obtain a gpebtnm.ﬂeee\rfartufeawam“éd?%??8 f‘ kv in thy ppr opri ate
time period nunb press: Repeat ste as often desi red.
NOTE: The user. y aJ s ste - al on ? tgr"egld line by .sinmply press- 4 ng
[err]  Sas rrany Ed'ﬁg‘é r““a“" ftth er, the Catbds time period nunmber
may be obtai ned Esi- ng [err] -. The [err] . key nust--be pressed agai n
bef of'e resun ”gro%bmmtheeffecuveaIﬂraPﬁérabﬁlaBdseaﬁrmunt of ' change pf the trendt
line per : - -5 period (corrm)nly cain’eaad ‘sl opgRYJ
press [err] To resurre operation. .- -_- press VHAT V\E
CLAIMIS: - Trﬂtgﬂ@@hmﬁdmm cuI at or corrprr Si ng B _
10 : : Key i’ number of day's .. - _-press o _1-0 '
| '-Keym. - B] e pre.Ss--'---j
Keyin the prmcrpal (present value) of note ;_-.-._ o ;_.-_..preSS-.:: '
Key mthe face value- (future value) of note. - - -=p‘ress :
To obtamtrue equrvalent annual yield . - --:press »
15  Present Value of an. Annuity (Prmctpal Amount 0f a Loan) T 15
- Key mthe numberof time perlods(months, years,__ T St
Cete) ,: | .:,presS. E o .
Keyin mterest rate per perlod (m °/) . press. EJ o
Key in the amount of the payment per perrod .' . press A
' 20 o .;'To obtain'pre'sent.value(prmcrpat). _ o ' press _ 20u .

Loan Répayinent Amount

_ Key in number of trme perlods . _. N | pres_s-: IE .
_- Key in mterest rate per perlod (in /) o :'. pressm e
_ Key in present value(prmcrpal) :A_'.'press ;- o -
.'.25 .l K To obtam- ayment amountperperrod,__ o l_ : _.pre_ss::: PMT] . ' 25
" True Interesr. .Ratle ofa Loan . o ._f A
Keyin numberoftlme periods .. | e press E o o
o Keyin paym_ent a_mount-perperlod" .' _ -' press o o
.Key in pres‘ent._\relue_(pr_incipal')l S .pr'ess_ . B " |
jq_ © To ebtain '_interest rate per-peri.od (in %) o _ press [I] 30



10 keyboard i nput nmeans having a plurality of nuneric keys
manual | y operable 10 for entering nunerical data into the cal culator and
having a plurality of non- numeric control keys manually operable for

controlling the cal cul ator, said non- numeric control keys including a -
plurality of function keys associated with a plurality of functionally
rel ated fikancial variables and manual |y operabl e for 15 - desi gnati &
sel ect ed numerical data as sai d financial variables and for conditioni ng~—
15 the cal cukdfor to oerform mat hermat i dais4,pgeer at i ons i.nvol ving sai d - -

fi nanci_al vari abl e — : o <artt Kevuual ot %&HG—Lor
storing nuneri cal 3 ﬁ'!'lqa@?tesallptylkleﬁEwhnhyhb'ehﬂ’nﬁﬂlpg,l.u@bgr; 20
processi ng neans Cc¢ l keyboard i nput nmeans and to said sftorage
20 means and 't espoyg) yroft S 2% i ve actuatton-of+one or nmore. of—said
nunerj c. keys ‘and one or2nbre ‘fﬂ" f94irsdder- mbeasri ¢ control keys in a o
sequence, i ncl udi ng- ®R nction keys fol | owed by cof said
functigon kelys wi t hout ?hn?g?lﬁﬁebegf%%pﬁr)}mé"rﬂ?"¥ sai d. nunieessc (delys, for -
automatically perfor Kepg ife operatjon 25 - oyi ng sél ected
nuneri cal data, ‘stor edpl n s‘gﬁ?g‘g’gtqglﬁ)grggmmp $H ‘Ld dem‘ﬁﬁ*&t@% 25 one or
nor e of sai &.fi nanci Key inakd péiemSahly ion of one or of said
functi'on keys, to-deterni nemt he val gfgﬁ%lpﬁi “fi nanci‘al W%ane associ at ed
with the last of "sai EOblutmothemnnibaysnmep&ﬁadgi sequence; % [E' t put neans
coupled to said proce55| ng nmeans for indicating the \}’a the 30 -
financial vari abl é¢ aseit Faid lon v oan atweoi tv&ﬁfcﬂntﬁ WEhLON keys in said
sequence. .30 2. An ﬁl ectronl c calculator. as in.-claiml vvherel n: said -
plurality of functio pupeber ¢oroespdniding ncthefirsf unctl on keys -
associated with fi vepof ﬁ FBH&FHW'W‘H@&OM financi al pesé &bfe@p; and said
processing. fgeans is 'p&nm ve nzshléccesa ve actuation of one or nore of
sai d nuneric -keys a nquth s1 r eosregponding tathelestc control .keys in ato .
35 sequence, incl ud| ng one o 2§ P8R ci al - functi oRfreRsey Fol | owed by ‘one

of said financial fuQgti@e ks Nsn i.n ruption by of said nuneric
keys,g for aut omatical 'y perfor m%uz}gﬁafrﬁ ?FE%‘?'E%\ opBieet i enploying

sel ect ed nuneri cal &y thé intr&that nmeans and—gesi gnated as one
or nore of sai d.financial “ dh%geﬁt(&rp%ggd) press ldF R .

. | Key in the payment amount per period - ";')ress' PMT
.15 .. To obta_m the accumulatedlmterest ' | p!-"_ess. | ' | : 15 |
- Remaining Balance (Principal) of a Loén | .
, " Asan extension of the pfeViohs problem
U L _ ' To obtain the remaining balance (prmc1pal) '. ptess X=y
| Add-on Interest Converted toa True Annual Percentage Rate -
20 - Keyin the number of months of the loan .- . . press | E R 20 -
. ' o K ey in th ¢ “add-on” rete (per. annunt) _ . press. !El | | |
.‘F : '. .' ] .' To obtam true annual percentage rate . ll ' nt'ess II, '
To obtam the monthly payment amount o press. Xy
w Then key__m the prmcxpal amount _to be loaned - press |
25 ° - Interest Rebate (Rule o '78’3) | | |

- Keyinlast paymentnumber . - o . pressl' E
. Key in total m'l_r_nber of payments for the loan - press E "

Key in the total finance cherge S o press ..



40 vari abl es by actuation of one or nore of said financial function
keys, to determne 40 the value of a financial variable associated with
— the I ast of - said.-financigl function keys in said sequence. 3. An electronic
—catcutator_as 1n claim 2 wherein ‘said five financial function keys i ncl ude:
- a first financial function. key associated with a financial .-
IR .e representing 45 a nunber of periods; a second financi al \=dncti on
\%Ssociated with a financial variable representing an i'nterest rate per
peri od,.,sa third financial functiongbdgdséassoci at _e_d Wi t h.a financi Z§_var| abl e
r St : Aﬁperl Ls]¢ TN payrren_-'---a'r'mu-nti ;-!-

50 a fourth flrllo%mlt %ﬁé@&e&@(rﬁﬁspCIﬂéﬁ hn vari abI e’
represent| ng -a present- ue of principal; and: a frfth fi nanC| aI function
key -associ at edryifindhd eRahiag plinciat dibl e represent i ng a future vaI ue of
principal after ‘one or nore periods: have elapsed.” e . '
1, 454, 266 "-keﬁlntﬁﬂarﬁdtmctfremhnaymaltcul at or :._as'?"ﬁ“lﬁ c 3 V\,herel n:
sai d- non-numeri.c control. keys include a conmane- ' CI ati ng one of
said five fi nancuealntﬁm@e@ﬁpﬂ@yﬁsmlﬂ“‘&np‘ﬁ‘ﬁ e H. al variable
representl ng a yield to maturity"of: a bond, for assom at| ng anot her -of said
five financial- function Tmpti ve financial vaiable

represgnting .an accrued’ |lhEERE@tATION5‘\M9&THAT il f or associating still
~another of 'said five financial function keys W th an-alternative financial
- variable representing 'a bond price; and each -of three |ast- mentioned
“fi.nanci al’ fumn-ofelne-k@ysl)qgss ﬁﬂ’f‘ﬂfﬁl‘?’ﬂ/ oper abl e; when~actuat-ed successi vel y
follow ng actuation of sal &%eéﬁ'y']’% eg,r desi gnating sel ect ed -nurrer i cal

data as the corP s de%'ﬁ‘ sal er nat i V}ﬁessll nanci al vari abl es -
and for- condltlorﬁ he cal cuI ator fo performa rrattf.jatlcal o

@ Key in lrfe of asset (number of years) L pr_e_ss .

100 . - ® Keyin deprecrable amount (purchase less salvage o
1 ' val{re) - press

® To obtam.g.we.n year sdepecxatron ._ press - o L.

T ® To obtam subsequent year’s depreclatron - press - | B

- ® Contmue step@asdeslred _ ” '. ' ' ' -

15 o -® To obtam the deprecratron forapartxcular year not m ' 15

e .
sequence, simply key in the year number desife
and ' _ o press - -

@ Contmue step @as desrred

NOTE To obtam the remarmng book value. after each year’s depreclatlon
press § x.—.-y! ‘key must ‘be ‘pressed agam before’ the fiext
SOD calculatxon step Y : T S

20 . Stralghz Lme Depreczattan

‘Keyin de reclable amount (purchase less salvage o — ————t
v:l{le) ° _ : L.t .0 press SAVEJJE\VE j

To obtam each year s deprecxatlon

: ——key in l1fe of asset (number of years) - : p‘ress-i. E S

. - | NOTE: To obtam the remaining book value after each year 'S deprecratlon, c 25 | '
25 first press . [=] (for book value after frrst year) then _ - e
; [=] for each. subsequent year.: - Che T




operation involving that alternative financial variable. 5. An'electronic
calculator as in'claim3 wherein said first, second,'third, fourth, and
fifth financial function keys are positioned on said_keyboard input 15

nmeans in a |ineal sequence and in the order nentioned.

15 6. An electronic calculator as in claim4 wherein: said first, second/
third fourth, and fifth financial function keys are positioned on ‘sai d_
keyboard input neans in a |lineal sequence and in the order nentioned; arg
said three’ fynancial function keys asspgisgge Wi th said alternative o5
financial 20— vapl atgh,eﬁ.are OStrT oned O Ssar o keyboart-Tmpot—ne r
lineal sequence and ¥ X% Dedf ’”5'#6@1"er{'¥€f’ﬁef‘€ﬂ?éd. 7. An el ectroni¢ cal cul ator
as in claim4 whereidy.cach-of rspigkfive financial functioprdeys is
provi ded with an i ndi tﬁeg'%'i'i ngl @ f'.'ﬁ‘g.fi nanci al . vadfsabl 224%™ which it

i s associ ated; -and ev in life.of asSAk: ar.d i nput.-neans isqfurther '
provi ded wi th indi ciQé;i-I%e%aﬁ'lg%?ﬁaﬁss%ﬁ'gﬁﬁ'gﬁg{s?er.n_ati ve AT haméilal variabies
wi th whi-ch said thresKeyiafReling fhdibrdr k8 K EVISs, 2bR.) S H0&k 2R - N
el ect Poni ¢ cal cul at or ag in cl a{gi m 7 whe'r(éign '?é?%‘%éo Qgr?%j &éy a@ai d
indicia indigating t&&Kegirdepraiably 8mbindEdhade 196sdalvagy. es -ar.e col-or coded. 9. -
An el ectronic.cal cul avane)as in.claim| wherein said processing neans 30

i ncludes: first means-r.esponsive to actuation of a first--one of said L
non-nuneric. control &dpebiisryespisdepratiatiog t he arit hiet ipeesa\[RCaYe fF] nuneri cal =
data stored.in said storage neans; for causing said outpui_neans to display
said-arithmetic aver®d@opindemnining begkyplue f or my and f eresydnerlati ng: an o
end- of - operation sigpal.;.and... . .~ =~ 35 second . neans coupled to said
first means and r_es%ﬁgi’%ef%m%%“&@éﬂ%ﬂegueabwwi on signal for -generating
the standarg) devi gmirg}mnofhgna%rre i.cal data storedin said Storage means said
processi ng means -beLng fesponst e

. VEPE act uati on of a second one of said 10
non-nuneri c keys forg GaYs 1RoSdef Qi meansto indicate - said
standard deviation in dggﬂl na?ﬁﬁegn@%eg%’{em? SR [ﬁ o -
ﬁgml(r)-;-,{An el th r om @ q@&mﬂ@ﬁg@%&@g;&& m 9. %gr.e|prpes§algn-_ numeric,

» - '® Key in ending (salvage) value o_f'-éis’sét A '-.pfe'ss' '
. NOTE: Salvage must be greater thar zero.
15 . @ To .obt_aih and_. stbr.e raté of depreciation press m [CH§| LSTOJ ' 15
® Keyin beginning value of ﬁsset_ o | : :. , | : | :
'® To obtain'yea.r’s depreciation : . press ‘ . S
\/ SRR ‘® To obtain pc_r_riaining book value o press [—] - o
~® Continue steps ® and @ for si;bs_'equeqt years.. |
0 - . 71 BONDS e _ . 20
PO .~ Price of a Bond L o B | |
- @ Keyin either maturity or.l.)urchasé: dat.e. C press - |
_ . 1 irci ) - press - |SAVE?t|
o . @ Keyin remaining date R press. .
| . ® Key in'yield-to-matui'ity (asa %) | . : préss [ﬂ |
25 ® Key in coupon rate (asa¥%)’ | - -press | - 25

® To obtain bond pricé. ) | - press
) . . ’ . N " .



keys include a command key manual |y operable with said first and second
non- nuneric control keys, when said second non-nuneric control key, said
command key, .and.said first non-nuneric control key are successjively

actuated i n the order 45 menti oned follow ng generation of said

arig 1§ average and sai d end- of - 45 operation signal, for causing
sai I.rst and ‘second neans to.generate the arithnetic-average andylhe

st an ard deviation for different numerical data entered into said-storage
‘means bgo said nuneric- keys 11. Anl 434266 roni c cal cul ator as in cl& ml.
whereifT 50 fTrst one of sald non-nunmeric control keys i's
manual [ y ope’f‘%i"é”%"f’hofeﬁg"'lﬂir 50" nor e: of “sai d” numerl c keys for' storing

equal | y-spaced ;apd -chr noI .o enced n tahvAata in said
storage means; %: F’G‘"ﬁi’%&g‘g 'r#orr?eéh’%sglgggoperabl gwf? ti-;ng t he

I east - squar.es I@; ﬂﬂ”&@ﬂ'ﬁ%&m .of . the nuneri cg{.espat >yavepred in said
sal d no

‘st or age . means; nuneri ¢ Control keys i nclude a comrand: key
manual |y opera@ geymcé‘ﬁmwrgtb(@@o/ql fi rst nON- NUMBFesE CI key, ‘when sal d
conmmand key and said first non-nuneric control key are ccesslvely *
‘actuatgd in the RegimiheBOAE paeed, for causi-ng. saiptespr oc 4i ng neans $o .
generate a first value of the |east- squar.es |inear regressi on BIMt he
~nuneri cal data@su‘abbidnmbnndsmldl storage means andpf'e@er C g sald |out put =
means to i ndieate—sata—ftrst—vatre—tm—decima Formm : Lo 60
12. An el ect [ OTE: ddrmall 2ecenacael bepdcealguiptions \ﬂﬁ@?é‘i"ﬁma QF%& rkt value is
the val ue at | tmest gasgsplf dphep pequrpey Fsefé uisduihs folloyins arosature on .and said
pr océss'i ng m:dﬁgachteP%@dBﬂg ?}‘E?“'P%)rof AP QIIPPF\QQI Ve ,’-\r‘fll:\f ns of sai d 65

first non-nuperi.c ont 0, for enerat| ng succeedi ng val ues of the
| east - square@x'e"é‘?s’ e‘i“i"fl%fé%%’f’f‘ff 111111111111 84 -

1,454,.266 rocedure re laces steps @ and @ in norﬁ'n%l bdnd %ﬁculitﬁﬂs gspion of the
nunerica datg p%%v%ega d&u’ﬁﬁ'p@m FH¥ fdTal BSnd price:calculations and three

decxmal place accuracy for most yleld calculatlons k

]

1-0- ' a) Determme the number of days, months and years to i_. ) o o 100 _
maturlty (m accordance with trade custom). RIS L L ‘! -
b)--K_ey in number_ofdays- - | - :j o press - , | B _'
c).' Key in El ' @ (days/mcnth)' _ R | ".::..pre_ss. L *
_ 'd) Key in ﬁumber of months o R .:'P"'_'és's " |
.15- ¢) Keyin m z (months/year) -~ '5':. "i':.':'bi'e"ss: i - 15
| : f) Key in number of years _—  press’ " . -
Cokeyin[3] [6] 5] @oywyesy e [0 ] ~
.Contmue' with step@_of bond calcula_tlops. R -
INVESTMENT ANALYSIS .
20 ' -Dzscounted Rate éf Return (for even. cash ﬂows) - | o IR 20 _
" Key in number oftlme.p'erleds _ - k -. _' : 'cress E‘D : | | w
) Key in a_ﬁfouht cf cash ﬂowper period . | _l - press ' '
| Key m erigihel :i'r.ivestment-' o ._ S 'jpress -..'

To obtam dlscounted rate of return (in °/) per perlod press m



13. An electronic calculator as in claim11l wherein: a second one of said
non- nuneric control keys is manually operable with one or nore of said
nuneric keys for storing the sequence nunber of a chronological 5
nurmerical datumin said storage means; and said processing nmeans is ‘
responsive to.actuation of said first-non-nuneric control key when
successi vely preceded by actuation of said second non-nuneric control ke %9
for generat\l'ﬁg the value of the | eastsquares linear regression for-the o
chronol ogi cal gauneri cal datum desi gnat ed 45y2d6he sequence nunber. stor ed Bn

said 10 . _ TStor azggcoﬁgdn asp)eo%c}ng@},“g Toveh®dath RS nd non-nuneric control

key. ectr ca °Cul ator aS in claiml wherein

sai d processing Mean$y KiepindieblR0 ke tj‘/ﬁ,ep&;"g@tl on of @pgs o aid -
non-nuneric control keys for determ ning the percent age diTTeren bet ween
two numerical val ues @ key Rdrigialiiestmsator age means and pess keu@m causi ng
sai d out put neans to . display that percentage 15 di fferg = e if-deci mal -
digit form. ® Key in cash flow per period ' press 1{PV15. H '

el ectreni ¢ cal cul at or as’.in claim1l wherein: said processing neans is
operabl e for Sgener at |©1§Ontheestpe©é<emlugelemﬂ0fﬂer ence between two nunerical 5.
val ues- stored i n sad—storage mEans;_ana sai d non- nUNeri c control_Keys

i ncl udg a command W%HE‘&FW"’O‘}S@F%(M"@ Q’Q)the °"te“\‘/vi°f Weaq‘ﬁﬁ?‘mér’at&)f if ghiei
non- numeric cont r olf TRBEdS PO¥E Euffhgr ‘Hﬁ'n‘ﬁﬁ ﬁ'&"@{ Xocasrone) |
non- numer ic .cont r ol PRESA By poting the period ip which step {9, first Yie Wpa R?SHHF '?FB] t i oned,

for causing said proceSS| hg neans to generate t he percentage difference

bet ween two nunerical values stored- |nh§§? 'flg ge .neans and for t her eupon .
causing sai d out put means to di spl ay SHCS age difference.in decinal
digit- form25 - Mean aﬁégmﬁard%eect ronic cal culator as in claim1l wherein:

vidation
unertc and non-nuneric control keys are

manual | y operabl e for stori ng numerical data.representin t@QEgﬁl endar
|%

!

dates in said storage tharhe bRtirémRéardygrddinged deci mal d and
sai d processing neans includes first neans responsive to tion of one

of said non-funeric @Ky dldatastesm for determning the pwibdre.df days between
any 30 two cal endar dates, included within a predeterm ned range of
cal endar dates and @ Contmuestep@untll all data are entered : '

- s __ @ To obtam mean (arlthmetlc average) : . press l__;:l :
NOTE: To obtam the standard deviation after. each mean caleulatron
press The key must be. pressed agam before | resummg
' ® Toreturntothe snrn'n.lation mode - | o pfess'
\/ 15 ' ® Ce'ntinne'lv.vith step_® if desired. o '_ S | 15
| NOTE: To correct a dara item key in its value and - | o
press .
Trend Lines (Least'Sq'uares Linear Re'gres.fsion)
- , e | CLEAR
' . ) ) Clear the entire machme by pressmg - m
'-.-. | @ SeQuentlally, key indataitem - _' " press . _' |

NOTE: Each time is pressed_,' the sequenc'e 'num'b_er for that iternis 2'0. _

-displayed.

20

® Continue step ® until all data are entered:

® To terminate the data entry sequen'ce S press % _ '



represented by nunerical data stored in said storage neans in said
predeterm ned decinmal digit format, and for causing said output nmeans to
display the determ ned nunber of days in said prdeterm ned decinmal digit

~format. 35 17. An electronic calculator-as i-n.claiml wherein: _
35 ,sai d nuneric and non-nuneric control keys are nanualLy,operabIg__for;
St g nunerical data representing an initial calendar date in .s..@(d- S
st ge means in a predeternined.decimal digit format and for stortng
nunerigal data. representing a. hunh4s4,266 days fromsaid.initial gal endar
date;and: 40 _— " _sald processing peans JNclU0es 11750 means -
responsi ve t c®d@ WHT 85PS fc.gﬁ'@"’g‘ﬁie ﬁrﬁg%ﬂﬁedkﬁbﬁ;_thﬂlf i C trol keys for-
" generating the *REPRAUSPMERTLBHIMPT e da\;llmcor_r es‘gf)sﬁd:‘“ ]t__o dal dngtjgt)gé of -
| - m sai g dnitial r date, when.said initial and generated
' S:YZnL;? d::s '-'e'cg l.iq : g&?—i-s%gléi%éﬁﬂ\%aa\ts ﬁ?%leg predet er pined. r ah_g{e__{-nf cal endar dates,
-and for. cat &h@ﬁﬁ:sﬁedugaymvtangseﬂ%.aﬁ&.gd!tﬁooirea/d o SiplyPhied- 4° - - cal endar
date in sai|dppr s eh My ChirHRCds@ekirdl. FubtndrO P Lurrent time period | - -~ 45
18. An el edtdusbEEmapbe dbiined bﬁ._%rdsﬁngC!@B. The C [/ wggqﬁlgt Be gal d processi ng
nmeans i ncl ydeessedsapamn@dfor® aneming.Sponsi-ve t o ‘actuart-on. of - sai (I one . - .
non- nuner i CCONMTT ol Rey for causi My salrd—output—means to 1 1mdi cat’e when
nuner$.cal dat@ Totaraiu thenansaint o ¢hangeqef t56 trend lineywans 1 epresent s: an Srrongous
cal endar dat e, preigst(ceramonly eallediIsbapd2r dat a out Sireie :__i___s__p'r__e_det ermned
range of cal endar dates or -is inconpatible with sa&ﬁra@erm.ned deci mal
~digit format;®dedesrEPEERA#ORNS f or ~conpensat i ngPresér L hie ja.day in - __
l eap-years occurring wthin. said predetern ned range of cal endar dates. 55
19.- An el ect r WHAT 3 CLAIMAS:-as’ i'n claim 17 wherein said non-nuneric

contral .. ?%kg}g%‘"?"gfc? leylator Goriting] og_ex nanual | y--Oaﬁe__r_ia.bl..e- wi'th said one
non- e i gochRLRaT, AL EER betag &bl ﬂﬁ%é@%@ﬁa b SR on- nuffbric -
- control keyumérr smookiess mehuallp pdidilefdr contiollRig O _c;uII_&J?,_da{_anﬁ,a. er causing
said first "F'E s C .\gﬁgém iml\%diqﬁ]gl}:baﬂ@ndafummtequﬁ; absoeiatdd withor r espondi ng to

. ) urality 1 Jate aly varjablk d erghle o So
sal d gurbefelbfl e EEIIC ad WHULI S cor i donna 1 cause
sai d " out putheMedéifiatbiO téli peFbrdy mMatinAGEE onsO thvbWing 'V fikktlefal ' N SAl 0
pr edet er m M&dblssci mal digit format. LT R 2
: : . storage means coupled to said keyboard input means for storing riumerical o
' - data entered into or calculated by the calculator; ST o _
20 processing means coupled to said keyboard input means and to-said storage = = 20 -
: " - means and -responsive to successive actuation of one or more of said numeric keys =~ = ®

* ~ and one or more of said non-numeric control keys in a sequence, includingoneof . - :
- said function keys followed by on€ of said function keys without intertuption by -
. any of said numeric keys, for automatically. performing a mathematical operation
25 employing selected numerical data, stored in said storage means and designated as © 25
- one or more of said financial variables by actuation of one or more of said function =
keys, to determine the value of a financial variable associated with the last of said - - -
"-function keys-in said sequence; and Lo e e
_ output means coupled to said processing means for indicating the value of the - L e
30 financial variable associated with the last of said function keys in'said sequence. 30 o,

2. An electronic calculator ‘as in claim 1 wherein: - . . . .

said plurality of function keys comprises five financiai function keys™
associated with ﬁ)\'re functionally related financial variables; and = ~~ =~ =

said processing means is responsive to successive actuation of one or:moreof . . .

35 said numeric keys and one or more.of said non-numeric-control keys in a 35
sequence, including one of said financial function keys followed. by one of said - =
financial function keys without interruption by any of .said ‘numeric keys, for
automatically performing a mathematical operation employing selected numerical :

| data, stored in said storage means and designated as one or more of said financial L e

40 - variables by-actuation of one or more of said financial function keys, to determine 40 :

' the value of a financial variable associated with the.last of said financial-function
- . keys-in said sequénce. _ o _ :
- .'3. An electronic calculator as in claim 2 wherein said five financial function

- keys include: SR : - T LT

45 .- . afirstfinancial function Key associated with a financial variable representing = 45

7 anumber of periods; - oo e L TR :

a second financial function key associated with a- financial - variable

representing an interest rate Eer period; . . .- - e

. . athird financial function key associated with a firiancial variable representing

50 a periodic payment amount; ~ . - 7 e B _
: . a. fourth: financial function key associated with 4 financial variable

- representing.a-present value of principal; and- .- - v oo

- afifth financial function key associated with a financial variable representing

a future value of principal after one or more periods have elapsed. S .



20.. An’ e_I ectronic cal Cu! ator as in claim 17_'“-vmerei n said one. non-nuneri c
control key for generatingthe calendar date of the day cori'espondi‘ng to .

sai d_number of days forwgnd &fi u m‘w al cal endar date, when the -
nunerical data 65 rgﬁd rﬂmﬂm ‘l nber of days fromsaid initial

cgl.endar date is positive, xa or® 65 * . 1,454,266

8 nerating the cal endar date of the day corresponding to said ndnber of
ol backward fromsaid initial calendar date, when the nunerical ‘data.
repregenting said nunber of days!#Méfsaid intitial calendar dadg is .
negattve. 7L _An electronic cal culatar 135, igdyGh #lem 1 Wherein: 5 a
first one of® 98 WHBASRUME: /% n;dhr ofé ReVe 1% TR0 UKy daelabl e. with one or
5 nore of sai ap?fﬁﬁ%a??%mﬁgg%ddﬁlg(r&’%stori ng a firSt nufeticar—-datum

sai d storgge nean | t+H—oene—or—more of said
numeric kKaygofel Phlichndy ASE ONEh-NURET the akendainenby spplyseessi hg the total
number of |SHeh[PE) | Adsaiytimbe aglépsired. Bintier,1e currend fie pefiod he asset i.n said
St or age NHadumber may be obtained by pressing . The key Tostabss @condone of sai.d

desi gnating @ ﬂg%is&mﬁ_&s B&dd Qliewkdghi n the depreciable life of an asset in
ns a I smanual-ly—eperable—ntt

non- nuNer i|Cpréséd égain Befyrs ressmirgnual |y operabl ewith one or e of, said

nuneric keys—for 3storing a third nunerical datumrepresenting an ignitial . -
val ug of: t heakseltainthe amguns tof chgnse 19 Shrstrensling A5 o i ans i s operable. .
for gener at i neperibd(commealysalladnglopgih of - t he- 1H7SS _ﬁfgi S—depreciation a

the depreciated value of the initial value of th et represent ed bt
sai d third n@nkrresume psTUAT f or t he peri od desipé?]sgt @ﬂoy @d first

nunmerical datum and said non-nuneric control keys include a command key. .-
.”a_ngal ly Opgr}’ﬁﬂhé‘ Wgtowqe cmﬂggd -wgﬂﬁ‘%sai d non-nuneric control keys, when -
sai d _conmman : - '

! K “neans h i3y be MR ALEES HanGAP bpQhpIkeY ane
SUCC'IQSS! Veaby ee%ﬁa;ﬁ?l 3 uri??il@?%éﬂ%g calclu}ator gﬁiel‘liﬁzﬁﬁgl zDBlgehli?)f gﬁ ndhausi ng said
processi nopumean soiteol deysanatuellysapiechbleafori eomgfolling sheseaiquigtor, saitbna- gi t s

r eci at inwmesigoatip! i céLFlp lugal 1( f %ﬁ:gti e rgfd lH)a
dep QCI at Im&g%f%&gﬁgﬁ%&w re at{e%t %ttlgancm x\“'lagia c a%@tnﬁ@%‘c ra%‘}%f rOut put
15  designating selected numerical data as said financial variables and for conditioning - 15
’ ' the_ %al.lculator to perform mathematical operations involving said financial
variables; . :
- storage means coupled to said keyboard input means for storing numerical
- data entered into or calculated by the calculator; :
" 20 ' processing means coupled to said keyboard input means and to said storage 2 _
- - means and responsive to successive actuation of one or more of said numeric keys -
and one or more of said non-numeric control keys in a sequence, including one of
said function keys followed by one of said function keys without interruption by
. any of said numeric keys, for automatically performing a mathematical operation
25 employing selected numerical data, stored in said storage means and designated as 25
one or more of said financial variables by actuation of one or more of said function
keys, to determine the value of a financial variable associated with the last of said
- function keys in said sequence; and
. output means coupled to said processing means for indicating the value of the
30 financial variable associated with the last of said function keys in said sequence.
2. An electronic calculator as in claim 1 wherein:
said plurality of function keys comprises five financial function keys
associated with five functionally related financial variables; and
said processing means is responsive to successive actuation of one or more of
35 said numeric keys and one or more of said non-numeric control keys in a ~ 35
sequence, including one of said financial function keys followed by one of said
financial function keys without interruption by any of said numeric keys, for
automatically performing a mathematical operation employing selected numerical :
" data, stored in said storage means and designated as one or more of said financial : @
40 " variables by actuation of one or more of said financial function keys, to determine 40
the value of a financial variable associated with the last of said financial function
. Keys in said sequence.
. "-3. An electronic calculator as in claim 2 wherein said five financial function o
~. keys include: ' ) _ .
45 . a first financial function key associated with a financial variable representing 45
: a number of periods; 3 '
_ a second finaiicial function key associated with a financial variable
representing an interest rate Eer period; - :
a third financial function key associated with a financial variable representing
50 a periodic payment amount; . ' : 50
: .a. fourth financial function key associated with a financial variable
" representing a present value of principal; and
* a fifth financial function key associated with a financial variable representing
a future value of principal after one or more periods have elapsed.




nmeans to display said generated value of the sumof-the-digits depreciation
in decimal digit form 25 22. An electronic calculator as in

claim 21 wherein said processing neans is 25 responsive to further
succeSsive actuations of said third non-numeric control key for generat| ng
the value of the sumof-the-digits depreC|at|on of the initial value of t

asset represented by said third nunerical datumfor each period-included
within the total nunber of peri ods represented by said second nunerical
datum 30 §ybsequent to the period demsg,ne& ed by said.first numericé8s-

dat um and . f or—causiTg. 30 _sard, ou rrean T 0.dl splay gach gener at ed val ue -
of the. sum of - the- i m:mnret%ﬁf i B R Bl s onder

el ectroni ¢ cal cul akgQ4 figsfidadciallfiad &li&liﬂtean akioefitancialiveriaiie smesbnntm-
numeric contr ol keylsqcldstomnuwb b@ erblls mmg;nn@rre&wéﬁ{fcfms‘f 2 es‘p
output 35 s g e A

- i & ys'ith &
deci mal digit formgf?eor‘;nin?nggam Mgs' ARhCa GACPHGR] &d as | n 4 al m |
vv_herel n: a first one edchsdit eawbmmmed:ﬁmn I fincticmyie yssmn erabl e .
with one or nore oﬁvhsalastuqtr%eweesm HPUF" ‘L“‘é‘l‘ﬁ"ﬁa Shing ong?m }‘ . dat’ um

representing he n corT of
sai d non-nuneric c %ﬁ '&{ﬁig'éi%g gdﬁ%&‘ﬁ% alc

or to perforr@a%ﬁﬂﬁﬁh tl&.ﬂe of
neyﬁfmeraa tiriabled t h one 40 or nore of

sai d nugeric keys for Ssl\orelen OmC. sdeld#drm 4ima) whiereip Fi
i nterest. rate per peutesnd ﬁﬁgtf g%’ﬁ??g%eys i 55

3 linsal §ﬂd§§ jelsi Ee
manual |y operdbl e ITH ﬁgefé'e?ose uence t’éﬁ@llfﬁmrwhﬁe yS for storing a third"
nuneri cal datum represamﬁtsngecbhmtlﬁnbfmtth,cahdﬁ&lcmapa rhmtlon ’&wdare positioned

45 said processing m eslqlbgarﬂ _.%‘ afligeal sqanence gid {nvtf’f%‘hém f said

bl
non- numeric contrg é:f i ‘?ﬂg¥§{,§,§ss°°‘a Rl ,,y@ ,;gmga ucnBEanauber of
successi ve pa@rrent ot s@e "said first nurrerl cal datumin the amount

per paynment represent edAb)clesaordcpﬂwialomnew] gﬁj th the . nt-er est
a%s lat alXﬂ*a

P e o @%%‘“&e i) 5@9".@ SR nh i 5 17 Rausi ng
sai d output ngans t' | kbt Redhe R fuek provigeE With Vinlidite inditatitgcineal 25
digit form . An aﬂbﬁaﬁ\reoﬁmaﬁclﬂ naﬂlat\uth which seid Haenfimacialhfgnaion keycare of
said first, second,associable.
- 8. An electronic calculator as in claim 7 wherein said command key and sald
- indicia indicating the alternative financial variables are color coded. . .
]9 An éelectronic calculator as’ in claim 1 wherein said processmg means - 30
mc udes: @ S
first means responsnve to actuation of a first one of sa1d non-numeric control
- . : keys for generating the arithmetic average of numerical data stored in said storage
' . means, for causing said output means to display said arithmetic average in decimal -
35 digit form, and for generating an end-of-operation signal; and 35
© "second means .coupled to. sdid first means and responsive to said end-of- :
* operation signal for generating the standard deviation of numerical data stored in
said storage means; said processing means being responsive to actuation of a
. second one of said non-numeric keys for causing said output means to indicate .
40 said standard deviation in decimal digit form. : 4
10. An electronic calculator as in claim 9 wherein said’ non-numeric control :
Ao keys include a comimand key manually operable with said first and second non-
: numeéric control keys, when said second non-numeric control key, said command
- key, and said first non-numeric control key are successively actuated in the order .
© .45 mentioned following generation of said arithmetic average and said end-of- 45
* operation signal, for causing said first and second means to generate the arithmetic
. average and the standard deviation for different numerical data entered mto said
storage means by said numeric keys : '
.- I1, An électronic calculator as in claim 1 wherein: : :
50 ' .a first one of said non-numeric control keys is. manually operable w1th one or 50
e more of said numeric keys for ‘storing equally-spaced and chronologically-
' ' sequenced numerical data in said storage means,;
" said processing means is operable_ for generating the least-squares linear
: . regression of the numerical data stored in said storage means; and, :
_a . 55 said non-numeric control keys include a command. key . manually operable . .55
' with said first non-numeric ‘control. key, when said command key and said first :
non-numeric ‘control key are successively actuated in the order mentioned, for
causing said processing means to generate a first value of the least-squares linear
o regression of the numerical data stored in said storage means and for causmg sald :
- 60 output means to indicate said first value in decimal digit form. - : : 60
' 12. An electronic calculator as in clajm 11 wherein:
.. .said first valué is the value at the y-lntercept m rectangular coordinate
notation; and :
" said processmg fneans’ ‘is responsnve to further successwe actuations of sa1d
65 first non- -numeric control key for generating succeeding values of the least- squares ' 65
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third, and fourth non-numeric control keys conprises a different one of
said function keys. 55 26. An electronic calculator as in claim1l
wherein: . ... " 55 a first one of said non-nuneric control

keys is mapual ly operable with one or nore of said nuneric keys for storing
affN st nunerical datum representing the number of days within an i nt er est
ai ng period in said storage neans; a second one of said non-RQuneric
contT gl . keys is manual |y operabl e with one 60 ~or nore of sard numeric
: keyc.'?ﬂﬁr' storing a_second nurreril-c“éﬂ*?atum representing 60 an -a_sanual
interest iliaéa regnession df e uAGACARANRored i id slofBe meinsSai d non-nuneri c
. control’ keysé}gs%&ﬁg%%gﬁgﬁagpbt%?génggﬁrm ;Tlorengfb ;ilhg nurr;ar! c- I;glyz for
storing a b Rofbr iUl i el pe %‘L ‘}g -_ lg ithanount in said.
st or gge rré)r‘a%&ic'aégatum{lih'said’l;i;,i%&mﬁs,t&%-egf Hg* ! n'g}f'?_:irgz"pgq.'lr %?é?ﬁ‘fgfve togactuation
of “a fourt'h eaikpwkessiag theainis respansive to aB@ation of said ¥irdSfbn20Reric :

86 numer i COMIphksYe Whersuecepsivelyps fedegk tyragtuation of ',f!ilt;sqrmlfﬂopﬁl_.e_méﬂﬁ)unt of int er est
on e e ety |

g ! gical numicric Signated by the seq > number st insaid "ol ast rete

" repnesent ewdrapy neanschyt detuatlomofgald adndddhihimesfidlcaitrol ey, annual™ i ntepe
represent ed b ..Asia&‘%i?t@e_isd?ﬂgulmsrmsincxédimdavhmiiamild._ﬁmc:sﬁﬂgjﬁne,m;_ isai d out put

neans to 3&‘ 3 "f?g?e"h@e g%?&oftsﬂ%;ngnen:umﬁf 9 Eﬂﬁ%ﬂ#ﬂt‘fﬂéﬂg‘gelner at ed._'qn'
s A e I TR e

- oné of -samga i
in abai m gfemher ivi decigal digindormuner i'c control keys-include a comrpa
manual | y opeflapineFlseironic calcelaton ay infelavm - whemein:i ¢ .cont ol key, when Sai d

command” Kgytwedichnsaint ol 1@?&{&%&}%&? %ﬁﬂl: .5."§§S?g%tﬁ'éf°'§ﬂi‘bessr vely
) n

i
act uat ed in. sakEnardigferie®Ohtrd) kegs intlide & AbtamAll Reyi

350 ' ) . . :
n. G reriRORGIKogh intiGde & b ke HARBICESRILIY - TEans o
genddat e ¥ith anather gbsnid hant o penttrobkeyswtisn 6aid catgladeg antsaidsai d D!J.a_
: Ty . other non- c: /rarg $PGC 3c e'l__r%@qr_. teneddt 'n sai'd one
rrea_-ns_ to %‘r%pﬂsﬁg mgro %gfﬁ mt‘g; s?tg’ger%m plgt_er{t'_zl Eel.'_"%il erencr:‘y Eetweeén’t ed on. Sa_ :
of sai d besafunie cedQ LéBBtoréd ifl'sdid Stefaé means and for thereupon causing said ' :
' output means to display that percentage difference in decimal digit form. : o
25 16. An electronic calculator as in claim | wherein: . .= o - '
-~ said numeric and non-numeric control keys are manually ‘operable for storing
numerical data representing any two calendar dates in said ‘storage means in a
predetermined decimal digit format; and e SR _
_ said processing means includes first means responsive to actuation of one of »>
30 said non-numeric control keys for determining the number of days between any 30
' two calendar dates, included within @ predetermined range of calendar dates and -
represented by numerical data stored in said storage means in said rédetermined S :
decimal digit format, and for causing said output means-to display the determined =~ = = 4

=

25

: number of days in said prdetermined decimal digit format. -~
35 17 An electronic calculator as:in claim 1 wherein: " ... - " -
' .. said numeric and non-numeric control keys are manually operable for storing
numerical data representing an.initial calendar date in said storage means in a
- predetermined decimal digit format and for storing numerical data representing a
number of days from s'aidg initial calendar date; and - .~ " o U T
40 - said processing means includes first means responsive to.actuation of one of 40
o said non-numeric. control keys for’ generating the calendar date of the day -
corresponding to said number of days from said initial caleridar date, when said - ;
. initia] and: generated calendar dates are included within a predetermined range of - - o/
- calendar dates, and for: causing said output means to display the generated = -
45 calendar date in said predetermined decimal digit format, -~ " 45
: 18. An electronic calculator as in claims 16-or. 17 wherein said processing = - o
means includes: . o o 0 T S T
~ . second means responsive to actuation of said one rion-riumeric control key for
- * causing said output means to indicate when numerical data stored in said storage :
50 means represents an erroneous calendar date, represernts a calendar data outside 50
- said predetermined range of calendar dates, or is’ incompatible. with" said. o

predetermined decimal digit format; and. - ' o _
, third means for compensating for the extra day in leap-years occurring within

o said predeteimined range of calendar dates. -~~~ - 7 . U T : .

55 - 19. An electronic calculator as in claim 17°'wherein said non-numeric control . . 55 L -
keys' include: 4 “‘command -key marually operable with said one ‘non-numeric . - ®

control Key, when said comiand key and said one non-numeric:control key are
successively ‘actuated in the. order ‘mentioned; for ‘causing ‘said first means to
- generate the calendar date of the day corresponding to said number of daysfrom -
- 60 said initial calendar date and to cause said output means to'display the generated - 60 -

calendar date in said predetermined decimal digit format. ' =~
' 20. An electronic calculator as in claim’ 17 wherein said one non-nunmeric
control key for generating the ‘calendar date of the day corresponding to said
_ number of days forward from said initial calendar dat¢, when the numerical data o
65 representing said number of days from said initial calendar dateis positive, and for .65 .

UL




28 An electronic calculator as in claim26 or 27 wherein said processing
nmeans i s responsive to actuation of a fifthone of said non-nuneric control
keys for 15 causing said output nmeans to display the value of the
anount—of—TTterest generated 15 on the other of said bases in decinal

digit form 29. An electronic cal culator “as<in claim1 wherein a first one~
of said non-nunerijc -control Keys is manualily operable with one or nore of
said nunerhe keys for storing a first merical datumrepresenting the 2
nunber .of paynents within an interest accruing period in said storage =~ |
means;- 20 .a setsond one of said non-nunerild5déffirol keys is marually .. &
operabl e wi th-one Of.,oRfify Mk caRkhdhr Wa¥ESfi the Y SorfeSfondin@d. Bild Aufiee @Ndays -
nunerical datum r epbsResatifios faiteinhiahcadndarddhte whemihemasericah data irepresqiting
storage means; .and @&i%m}fo[é_éﬁslﬁfr%mrﬁe@risﬂtﬁééﬁl@ﬂbﬁﬁfgg%ﬁ“’%act'uation of
said second .ngn- 25 i IHCEAL AR Biiihl kbR by GbbAbRIRKGhe 82 d 5
second numeri cal - daidy bfl sdidiin@meric>kéyk ForgorinEamust dutmerigd datual designating aval ue
of an annual per cenpatjeulanpeciodwithin the deprrciatidlie ofangesedf sae‘sllﬁmzerm ¥ent '
factor for e el e e el I
dat um at "t'he-b(ﬁ]nnuallifergg&h el s dhdaneprosent ed by sai d second 10
nureri cal dat and: f @kecomlicdervgsadindh-muniepic tonmhkeys isonalialylopsrablhwitB One
generated val ue of tphemmnf@%gnm?ré‘éﬁv _ és:)firmgeﬂf‘%%;n?la_wa'i% S )
form 30 30, An ol S0 Rl AL Fopdhunkifot il o il of he S Bk, 521 d
first and secpd noR;ghidBSredation tink Gthe leprscitedPilué of tiid - iditial exlensf teassef sai dS -
fupgt i on keys.” 31. 'Npr&bﬁa}edé‘;psaﬁd:tg\‘?dlnumbmabdatas forrthe begioghdesignated bp saigh sk n
sai d processi ng neamympuc ﬁ'ﬁh%‘} e EQ act af | . “1 bl i d
rocessi d RO £ 109 Bhmignd Riy & Operatiid C
non- nbiter ¢ cont 1 of e dis aeeiubert ol A5} HEEH Safod L Mty Bt .
t he generat edyyal ue sl thi?é nvamumkyc contsd mymrmcimlyr aqtvatetb dn bl Otﬁggi t

form 32. An el ect r orentionsd{fotsaysiog saidproqessing meansia genseaicseid valye of the in
s s 14rther OB A B L e i S
keys for storing a i4etimd digitfRrmCal ~ datum representing ‘the principal amount - -
in said storage nmeans 28 An elecua_nid.chbulqhenseiugbm_ﬂbyﬂgﬁisw DIQSCSHing INEBRSGH of #
1 T = y 0]
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fourth one of said HEROMIYEE? f"«?“hef soceEsiynacte
- ge 1 e value of the sum-o0
of the fpnthly payw%i%}aéi{ﬁeﬁé i ‘ | b gérisdlijudedie -
gener ated val ue of tWithinBhe tdthlyhumbyi i@ periods rejgresen@dl by said second numerical datum .
30 subsequent to the period designated by said first numerical datum and for causing 30
. _ said output means to display each gencrated value of the. sum-of-the-digits : '
e - " depreciation in-decimal digit form. ' :

. 23. An electronic calculator as in claim 21 wherein a fourth one of said non-
numeric control keys is ‘manually operable for thereafter causing said output .
35 means to display said generated depreciated value in decimal digit form. - 35
24. An electronic calculator as in claim 1 wherein: - . :
a first one of said non-numeric control keys is manually operable with one or’
more of said numeric. keys for storing a first numerical datum representing the
o number of successive payments; . R :
- 40 a second one of said non-numeric control keys is manually operable with one 40
, . or more of said numeric keys for storing a second numerical datum representing
AN the interest rate per payment; 5 : _
. a third one of said non-numeric control keys is manually operable with one or
: more of said numeric keys for storing a third numerical datum representing the -
45 . amount of each payment; and . ) - : ) 45
said processing means is responsive to actuation of a fourth one of said non- -
numeric control keéys for generating the present value of the number of successive
payments represented by said first numerical datum in the amount per payment
: represented by said third numerical datum and at the. interest rate per payment - _
- 50 .  represented by said second numerical datum and for cdusing said output means to 50
display the generated present value in decimal digit form. o '
25. An electronic calculator as in claim 24 wherein each of said first, second,
third, and fourth non-numeric control keys comprises a different one of said
. function keys, o S : ;
* 55 - . 26. An electronic calculator as in claim 1 wherein: S _
~ a first one of said non-numeric control keys is manually operable with one or
more of said numeric keys for storing a first numerical datum representing the
" number of days within an interest accruing ;l)eriod in said storage means;
a second one of said non-numeric control keys is manually operable with one _
60 or more of said numeric keys for storing a second numerical datum representing 60
an annual interest rate in said storage means; _ S :
a-third one of said non-numeric control keys is manually operable with one or
-more- of said numeric keys for storing a third numerical datum representing a
o principal amount in said storage means; C : o
. 65 said processing means is responsive to actuation of a fourth one of said non-- ~ 65
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digit form 33. An electronic calculator substantially as hereinbefore
described with 45 reference to the acconpanying draw ngs.
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* riumeric control keys for genérating thé values of the amount of interest on a 360

“day basis and on a 365-day basis of the principal. amount represéntéd by said third .
‘numerical” datum @ndat' the annual interest rafe represented by said ‘second
: numerical datum and for causing said output means to display the value of the -~ = .

.5 . amount of interest generated ‘on orie of said bases-in’ decimal digit form. S5

' -7 27, An-electronic-calculator as'in:claim 26 wherein said non-numeéri¢ control. .
“keys'include a commaiid key manually operable with said’ foarth noninumeéric
-control key, when said command key and said fourth-non:numeric control key are .
- successively. actuated inthe ‘order mentioned, for causing said processing means to : B @

10 ~generate said values of the amount of interest and to cause said output meansto. = 10
' - display the value of the amount of interest generated on said one 'of said basesin CE
- .28 An’electronic’ calculator as- in claim 26 or 27. wherein said processing .
S means is responsive to actuation of a fifth one-of said non-numeric controlkeysfor -~ - |
15" causing said output ' means to display the value of the amount of interest generated - 15
" . on-the other of said bases in decimal digit form;" - = : T I S
. -29. An electronic calculator as“in claim 1" wherein; L e
a first one of said non-numeric control keys is manually operable with one or
o -more of said ‘numieric keys for storinig a first’ ntimerical datum representing the o
20 . -number of payments within an. interest accruing period. in said storage means; 20
o - a second one of said nion-numetic control keys ismanually operable with one - -
or ‘more of said numeric ‘keys for storing a second numerical datum representing
the dnnual add-on interest rate-in said storige means;:and . . T
- said processifig means is ‘responsive ‘to reactuation” of said second. non- :
- 25 numeric control key, following storage of said second numerical datum in said 25
a storage means, for generating the value of an annual percentage interestrateand = - -
the value of 4 moiithly payment factor for the number of paymeiits represented by .
said first numerical datum at'the annual ddd-on’ interest rate represented by'said
. second numerical datum and for causing ‘said -output ‘means” to" display ‘the -
30 generated value of the annual percentage interest rate in decimal digit form,© . "~ 30
- .7 -30. An electronic calculator as in claim 29 ‘wherein:each -of said first and SR
second non-numetic control' keys comprises a different oné of ‘said function keys. - AN
31. An electronic calculator as in claim 29 or 30 ‘wherein said processing L

~_~~ means:js respoiisive to actudtion of a third one of said non-numéric control keys :
+..735 . . for:causing said -output-means to. display the generated ‘value of the monthly - 35°
. . payment factor in-decimal digit-form: . - oo e e o
' 32. An electronic calculitor as in-claim 31 wherein said processing means is
further'responsive to dctuation ‘of one -or more of said numeric Keys for storinga -
. third numerical datum representing the principal amount in said storage means o
40 = and is thereupon responsive to actuation of a-fourth ‘oneof said non-riumeric 40 .
-control keys for generating the value of the monthly payment and for causing said =~ -
.gut_'pl_xft-‘ means to display the generated value of the monthly payment in decimal NG
© - - 33.-An electronic -calculator substantiall
- 45 reference. to the acéompanying drawings. .- . _
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