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entered data with the depression of ‘a single key. In the past it was necessary to
25 redefine the functions associated with user-definable keys each time the calculator = 25
was turned on, since the turn-on program would clear the memory associated with E
the user-definable keys along with other parts of the calculator memory.
The present invention provides a calculator having electronic circuits, -
comprising: a keyboard having a plurality of keys including a ‘user-definable
30 function key; an encoder connected to the keyboard for generating a plurality of 30
. coded signals representing manipulative functions and alphanumeric characters
including those functions and.characters corresponding to the keys on the
keyboard; a read-write memory -connected to  the encoder for -storing coded
signals; computing means connected to the encoder and the read-write memory .
35 . for processing coded signals stored in the read-write memory in response to a - 35
predetermined coded signal corresponding to the user-definable function key; .
means . whereby electrical ‘power applying means can be connected. to the
- electronic circuits including the. encoder, the read-write- memory and the
computing means; and programming means .connected to the read-write memory '
40  andto said electrical power applying means for establrshmg, in response to the 40
application of power to. the electronic circuits, a program of one or more coded.
signals in the read-write memory that can be processed in the computing means in
response to the generation of the predetermined coded signal.
In a calculator as set forth in. the last. preceding paragraph preferably the .
45 . program of coded srinals stored in the read-write memory may be replaced with 45
other coded signals by actuation of keys on the keyboard.
In a calculator as set forth in the last-preceding paragraph preferably the
program of coded signals represents a numencal constant. _
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keyboard; a read-wite nenory connected to the encoder for storing coded
signal s; conputing nmeans connected to the encoder and the read-wite nenory
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"Figure .1 1llustrats the block - dlagram of a’ programmable electromc' '
calculator 10 with-a keyboard: 12 havmf a’plurality -of keys-for lmtlatmg the
Eerformancc of ' various - computational and- manipulative’ operations. ' The
eyboard is connected_to a ‘keyboard encoder. 14 which generates various key 45

45
codes in response to tHe depression of the various keys on the keyboard. For

example, a two-digit dctal: number. may be: associated with :each key on the
keyboard: and the encogler will generate a six-digit binary number in response to
: the depression of each| key.: The kéyboard- and the keyboard encoder may be :
50 - implemented, for example, with ani array of single pole, single throwswitches,each 50
' switch corresponding to a key and a:common diode encoding matrix connected to :
the keys: The. keyboard encoder 14 is connected to a read-only | memory (ROM) 16
and a central processing.unit (CPU) 18.: The ROM '16-contains. instructions in -
- binary form corresponding to the various key ‘codes genérated from the keyboard
S5 encoder 14, The CPU:1 ress;onds to the instructions from the ROM 16 to perform . 55
. various mathematical -¢ ations -and.manipulative operations.on data entered © - = -
from the keyboard. Theoperation of: such a ROM and CPU along with a keyboard
and other calculator cirtuits is described in-detail in the compléte specification of -
: oour corresponding. Unit d Kingdom patent application (Serial No. 1,454,266) No
.60 50372/73, and also in the Hewlett-Packard Journal June 1, 1972;-pages 1—9. - 60
T The calculator 10 also includes a réad-write. memory 20 wlnch is connected to
the keyboard encoder 14 and the CPU 18. The read-write memory-20 may be used
for storing information entered: from-the keyboard or from aukxiliary devices such
as a magnetic card reader. The kéy codes stored in‘the read-write memm;y 20 are y
65 data and various mathematical mampulatwe operations stored in-coded form for - 65



havi ng user-definable keys is provided with a routine in its turn-on
program whi ch predefines the user-definable keys with commonly used
functions. Thus, these 25 keys are i mediately u able by the user after
the calculator is turned on, ‘without 25 having to. programthe nenory _
associated with the keys. However, if the user desires to have other /
functions associated with the- user-definable keys he may reprogram.t{f
keys with as nmuch ease as user-definable keys were programmed in prior art
calculators. T e user-definable keys i be predefr ned with functjons 30
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ROM 16 contains ingtructions in bihary formcorrespond ng to the varrous

key code,;5 generated from the:keyboard 55 encoder 14. The CPU. 18
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are - positions of the stack will be multiplied yielding the answer in percent. The last
instruction, RTN, tells the calculator that the subroutine is finished and that the
calculator should return to the manual operational mode. The calculator will .
40 perform this subroutine when it is placed in the Run mode by moving the sthch to . 40
the right and the key A is depressed.
In the preferred embodiment, the calculator uses a dynamic memory
implemented in shift registers. Each piece of information in such a memory is
located relative to other pieces of information but has no absolute address as it
-’45 would in a ¢ore type memory. A memory pointer is used as an index to indicate 45
that word in memory that is currently accessible. When information is read from
memory, the memory will start the read-out at the memory pointer and then move
to each successive memory word until told to stop, at which time the memory
pointer will then point to the word where read out has stopped. The memory -
50 pointer can also be commanded to move to any particular word in memory orto 50
' find particular word in. memory identified by a particular LBL. :
When the calculator is in the Run mode and the key A is de ressed the
memory pointer will first be maved to the memory position immediately after LBL
- A. Next, the calculator will execute all instructions until it encounters aRTN |
55 © instruction, when it will stop and display the results. The memory pointer will then - 55
remain at the RTN mstructlon until further instruction is given. A more detailed
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40 performthis subroutine when it is placed in the Run node by noving
the switch to 40 the right and the key A is depressed. In the preferred
_enbodinent. the calculataor uses. a dynanic nenory inplemented in shift

to other pieces of information but has no absolute address as it 48

would in a-core type nmenory. A nenory pointer is used as an index

indicate 45 that word in menory that is currently accessible. Wen .
informatison is read-frommenory, thgssyggrory will start- the read-ogt at the
ITEITD?\y/ aime e AeR—ADVve At —Stt Ve~ v told to
. stop, -at which tine the nenor JARE. Gontigued). t hen point- to the word where
‘read out has stopped. The nenory 50 poi nter can-al so be commanded to
nove to any particular word in nendBLor to '50 find particular word in
menory identified by a particular LBL. Wen the cilculator is in the Run

regi sters. Each piece of information in such a nenory is |ocated rel itive
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node and the key A is depressed, the nmenory pointer will first be noved to
“the menory position i mediately aftShift LB L A. Next, the calculator wll
~execute all instructions unti] -it gp&ﬂﬁnters a RTN 55 .- instruction, when
it will stop and display .the results: The nmenory pointer will then 55
remain at the RTN instruction untilRfNrther. instruction is given. A nore
detail ed- 4 . 1,455, 160

4 disclosure of the operation of usL def i nabl e keys along with an -
exenplary inplenenting structure mgy be found i-n the conplete specification
of our United Kingdom patent No. 1,403,710. As nentioned previously, prior
“art cal cul ators havi ng user-defi nabihéft keys 5 have no usabl e functions
associated with these keys after thg hicne.is turned on- "5 until the keys
are progranmed by the user, either fromthe keyboard or by the use of sone
auxi liary programm ng device such 'RENa magnetic.card. Since the cal cul ator
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(LD L0 " RSETP : SEARCH FOR LABEL
2LI012  ..1....111-L2p41 | ' GO TO DFLT3
3L12015:  ...1011111512037 RDN : GOTODFLT)
4 L12916: AN1-L237 F  : GOTODFLT
SLI02:  ...01UI15L937  EXCG : GOTODFLTD
6 LIM22: . ... ~ NOOPERATION
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8 L12024: .. 11{1111-L937 INX : GOTODFLT’
9 LIPW:  ..ANIILLYY  E . GOTODFLTP
10 L1032 ...1{I1.LYY7 D : GOTODFLIp



stack. In the illustrated enbodi nent the functions [err], roll stack down
[err] and exchange X and Y [err] are shown associated with the
user-definable function keys Ato E so that those functions. whic
normal ly require the use of the 25 shift key niay be initiated with a
singl e key-stroke. Wen the calculator is turned 25 on, the nmenory is '
automatfcel | y programmed to associ ate those functions with keys A to E but
t he us MO'.a's the option of reprogrammng the nmenory so that those -keys wll
initiate”what ver subroutine the user wishes. The nmenory ean be pro. med
with the afcbenentioned functidgns usind480 . programin the turn- én/
sequ nce .illustrated by ‘the flow dwngr_gm (ca,nﬁluguye 2. This 30 subrout @e
S prograrmed into a portion of: the ROM 16 in the form of the sequence of
steps or key coded!tld®a pr ogrlédfh’rb'd*mﬁﬂo t e nenbr GOXP DFE® pr ogr ammed

sequence for the |gqu?ﬁ3g,at ed appy rﬁ?}y i85, s f ol Ilﬁwsmsgw I -LBL A Shift |

7 (11X) RTN LBL B RTN"LBL
1,455,160 . 13 LI12036: 1111111-.L2n37 A 5 TABLEO TO PEGTR i nued) . LBL D
Shift 4 (RY) RIN H?LLIE)s'?h'f.t..F....(.?(.‘Y) RTN DFLTp : MEMORY INSERT |
15 Li2pp:  1illd.... . © 1oF7 |
16 L1Ip4l: 111101 " DELTS : poSi1-
17 Lize2 ..., O 'DFLTL : PF5
18 L1243 LALLLL. S IFSH#l o
19 L1044 1L L1LD THEN GO TO DFLT! |
20 LIS LI, a CpeEs .
21 LIds 11' .. . . RETURN
2 Les: 1111111->Lzo37" “RTN. ;' GOTODFLTD ~
23 -les;;__;__ o lllilll—»LZﬂB?_ " _.'ngi : GOTODFL®
24 L1e2: .._.1:11{11_-1__,1.2@37 sQr Y '.GOTo-bFn‘Tp, o
25 L12%% . WLLE.. . CLEARREGISTERS ~
B Y O T - TR S
7 L_l.2310_5:'.:_ 111 i T 14F3 |
28 LW ... e ';':"CLEARSTATUS .
29 L12gT: 1m o N ': xS
0 LI23P: L0 | ~ LOAD CONSTANT?2
31 LI LAl _ LOADCONSTANT2
32 L2312 ..1AL.. . . LOADCONSTANT!
B L. S %
ML Ud.... o - LFT
35 LI2315: .-.'1.1_.:1'1 LLess . ISBLBL
36 L12316: .. A l-»LZ{b36_ . isBA
37 L12317: 1-»L2m- S ...._JSB.G o
38 L12329: l.l-»L2ﬂ24__ - ISBINX
39 L12321:_: N ,"i otz R RTN
- 40 L1232 LML -'--"'JSB LBL
a1 L33 '...___111._.__ 1.L%34  ISBB
42 L1232 .11 112016  ISBF

¥



This same turn-on programm ng sequence could also be used to program one or
nore of the keys Ato Ewith functions that are not ordinarily accessible

fromthe keyhoard such as cube root for exanple which does not appear_on
the 5 illustrated. keyboard. Because the nenory 20 does not divide up.

I nto discrete 5 areas corresponding to 'each of the keys, a fn

corresponding to a user- definable key may be as short e stgplof as
long as the whole nmenory. It will be 'underslﬂwlﬂllmll@H E;‘ﬂ t hat @anot her :
type of nenmory could be used in whi Chi each L pqn_d;’ toa

parti-culfar fixed address or seriedd®l®ddresses in 10 . meroryl
10 The foregoi ng. programing -$REUENEECaARRueke Tl ow chart: in-Figure 2 can be
i npl enented i.n a. ROM using-the:bit pattern and programmng steps shown in
~Tabl e Il bel 80L12BR5:s ROMIprogramearites the siBsQ@et . of ‘subroutines into

menory 20. thaf \wayld be-witteén_ if the .same sgquence shown in Table | were

15 y ent ergéi%g#ht heleéyﬂa’g?daE “Thus -t hez_i.ﬁggﬁgt ion stored in the key

codes that 25 Lemeablish.addresss in ot helr-'- R@Mlﬂsmﬁg bg‘ogl;g/fl728(tsh0_sel “

di scl osed i'n-the af orementi oned_patent ‘appli cati on . '50372/.73 (Seria :

1, 454,266) f8 LWBFHorni-md! kM i cal “funct iBBL when the user-definable
keys are depgessmdi: TABLE 1L Lisng] - - TABLE jsg¢-Continued) . [err] TABLE

11 (Continued). [err] As‘an-alternative to the above-disclosed nmethod, the

~ menory. 20 -c"o_ﬂ_lg d#P%0 be: Jr drlakMBd by constr USBYIX a read-wite memory with

They Lurn on g L AL O Sre PoB I Y e Lype of renory
ey turn onin-a o ° = .-prel ~ostate 1~e, " 1-or-4U. L : :

that coul d b 438k ¢ flof.4ok®). 5 use s SSBGBLLed in an |BM Techn cal

. Di scl osure By| &40, Vol upe 14, No. -9, Februacy 972, pages..

CLAIM | S: - 1glk?%jgflcul ét.'gﬁhéVf“%dg?el-.ec{;roni..c?j(r?%r]--)lcm- ts, conprising: a

keyboard havph@1283¢0 “....1pLurbMisy of keys iISBIRDNNng a user-defi nabl e

- function keyg, an,.gncoder, connected to .~ 10 the keyboard:for generating a

‘plurality o%f%%é?e’gﬂs.ii gﬁal|§qr35§@§€m ing. rrani'_pjéﬁ I've. funct.i ons and

al phanuner i ¢ 5¢ haz3aet e_rs._li.n_.a:lupli._m&t-*h_gs-e-- g-unc_t__?JsBrL?Lan'QItChar_acters Cod 1

correspondi n‘? Q t he ‘keysg on the keyboard; a“read-wite menory connecte o]

T8 | ng dbaed-Lg

‘'t he encoder ri-ng--code al s: _'CQKTDU'[ ,_Sﬁé?'rr_eans_ffc"onnect ed to the
encoder and 56 L12342:  ...i...1.1.L2021° - . . JSBEXCG - : = .
s7 L1243 CLUEISLS2 5 U USBRIN
58 L12344: '...-.i_;’.'l'.'l'_'.Libu.i Y7 JSB RSETP
59 L12345:  111.1.1..1-L2352 -~ .. . JSBCLRCD
60 LIZISZ: M.l . CLROD : 12oP-.
61 L1233 ...0.011.-% - CLRCI :-paBIW]
62 L1235 L.Ll.. B EXCHANGE C[W]
63 LI12355:  ....1l.... - RETURN

As an alternative to the above-disclosed method, the memory 20 could also be -
_programmed by constructing a read-write memory with a read-only memory
_ within it or by configuring the memory elements so that they turn on in a _
5 preferential state, i.c. 1 or 0. One type of memory that could be suitable for sucha 5
' use is suggested in an IBM Technical Disclosure Bulletin, Volume 14, No. 9,
February 1972, pages 2601—2. .. - . S

WHAT WE CLAIM.IS;:— = ° _ - - .
l. A calculator having electronic circuits, comprising: a keyboard having a _
10  plurality of keys includin‘g a user-definable function key; an encoder connected to 10
S the keyboard. for generating a plurality of coded signals representing manipulative '
functions and alphanumeric characters including those functions and characters
- corresponding to the keys on the keyboard; a read-write memory connected to the
: encoder for storing coded signals; computing means connected to the encoder and
15 the read-write memory for processing coded signals stored in the read-write 15
memory in response.to a predetermined coded signal corresponding to the user-
definable function key; means whereby electrical power applying means can be
connected to the electronic circuits including the encoder, the read-write memo:
__ “and the computing means; and preprogramming means connected to the rea?-, _
' 20 “write memory and to said electrical power applying means for establishing, in 20

[ . . .



15 the read-wite nenory for processing coded signals stored in the
read-wite 15 nenory in response to a predeterm ned coded signal
corresponding tao the user- definable function key; neans whereby elecirica

t he encod the read-wite nenory and the conputing neans; and

preprogra ng means connected to the read- 20 d to said
el ectrical power applying means for establishi ng, mm E Wi‘!"ﬁi 160
response to tRe application of power tomhgmel ECtI‘OHI € Y rog;ram

power a pplii ng nmeans can be connected to the electronic circuits including

of one or nore co a 2 trat—car e luucs
" the Comut no AR eea SRR R B L T EREHLYGR m ney
coded signal . 2. /komailtmglnahnmn seclo thy géxmatioﬁbmépfwwmmed d figagr am 0

coded si gnal wlatop ag @‘ﬂﬂéad:ml'tvélem edbsignaisd Wit h
ot her coded :SI gnala‘:ﬂggd;;?,igekzﬁd#ﬁl ey o Reetralagsd ‘l"ﬁb°‘h?€e"3?5€fbf'@a‘ssby A S

cal cul ator ac ordi ng3!a dlcalatdr 2cebhihgeLioclaif pfvﬂé}éxﬂ'ﬂ Qfogﬁﬁfj&dcoﬁé(ﬂﬂ al
represents a nunerrcmeslente@nmmamal ahstant. caI cu ator according to either one of

1 d
claims 2 and,3 whg %Fboard Igﬂﬁ:ﬁ)’;"‘};}:ﬁg 7 %q‘gg | gpims 2a‘m %rnmat hge
ns

function key avi Rigna f6rQiah tihd av"f(?m{;’m%ila tré% { ng the
conmputi ng neans t ohqieybaardincludes nPtefmmuhmwms ordifig seOdhd cb

i ncl udes a prefixCR Bht Vlcﬁgp'&l “’(F"f‘" eqond| mod’eutlm f};:laionflor :
causi ng the gonputhRY F§§ﬂfeoc "[”% s 3 w ?&Psx Slafgamdon i
response to recei ke .Qf:oﬁdl'lﬁidfthd’n&h aatieslcd sig sequen PR pt of e
second 15 cocégd érzstsgglaé‘ilﬂatﬁgattc eling dorpupt ¢mg$mpnqefdmgdlah§g~l§hc{gﬂmn of
coded signals incl meges fp1 seiiing thegalgulatorjnal s. 5.
A eal cul ot orpec. AAL m°"°g"; B AR Lo Jieti ner
conprises a swtclin uﬁrteadar‘zr& nieﬁm. £ r@pohselid dtthati®ifdTkeys0dn the kéybbdrd, l}:\
calculator .in a pt qpablin PrOF PftqomsamdSbythlnommdlegmnara second
position, the firdt A"s:altguf‘a,h‘ﬁgg 4 qm élea nt..9f, anot her
Drogram-of O Of iftNdes £eEE6hlPion soma ih ﬁﬁra :?& Watbsignll. 25
response to act uatfqronniﬁrnket}ls_tidts yaaldte iuba l,lshmpd:etcbeedssfgﬂﬂml tmﬁad-l on

O

enabl i ng processi P‘I{Qt“g ’%1?“° th g-‘ iop GfrpeITer 49 theeslastyonip ciruithons e to
actuation of keys ony, Aﬁeal&ﬁa& £brding 1o Siahtaﬁtfahy Qs%%mefwe i@cfedl M 5
wher ei n- t he Jr epr odth acfetendc mm_caﬁpanymgld es a read-on me ory.

cont ai ni ng the program of one or _Qde nals 25 for transferri ng

the coded signals to and establi¥ { % liw’ls in the read- wite.

menory - in response to the- appl i cat [ orK,r sw@pmﬁse o'the electronic circuits,
i ndependent of the position of the swi tKingswdy, A cal cul ator acc rding to
claiml substantially as herei nbef obendgestFiZBeiR80 "with reference to

the conpanyi Ng gkl e Majesty’s Stationery Office by the Courler: Press, Leamin 20, T, POTTER

& CLARKSON, Chart @phdisheay eratmﬂg:eb:ﬂ& 25 Southampton Buildings, London, WC2A. lip‘?’ %ggr?:
; which copies may be obtained.




Ki ngsway House, Kingsway, London WC. 2B 6QX. Printed for Her Mjesty's
Stationery Ofice by the Courier- Press, Leam ngton Spa, 1976 Published by
the Patent O fice, 25 Southanpton Buildings, London, - WC2A | AY, fromwhich .
copi es-iray be obt ai ned. 7 T T 14857160
TABLE Il (Continued). [err] As an alternative to the above-di scl osed

netpod, the nenory 20 could al so be progranmed by constructing a~reate
ry with a read-only nmenory within it or by confi‘guring the menor :
nz\so that they turn on in abs preferential state, i.e. | or O.

"ty e:of, menory that could be sui tiafak gef Or- such a -5 use is suggested in
§ BM "\Ch.’.‘.i eat—BfsetosureButtet I VoL une 14, No. 9, Fenr uar 1972,
s 2401-2. WHAT WE CLAIM I S. - TABLE UACertfedr havi ng.el ect ronic.

_ufts, conprising..a keyhoard yion a-10 - ality of keys -
udi ng a usef‘id‘ggjlzﬁ'abl é‘ﬁugléf}?%ey; an encodgﬁkggnnect ed to 10 the
kegboard or genasafipszg: a plunal.i.taL20$2 coded si gndBB RI®pr esent i ng

mai pul ative functions and al phan i c characters,iqcluding those
fudctions and cHarldéi%rs co 'rle'épb‘w g to the keﬂng'ﬁ?‘t he keyboard; a

uting means connected to the encoder.and 15 the read-wite nenory r
f o processing dbddd3d; gnal-slst-o}’é&mﬂn t he read-v!ns_FPe 15 nmenory in '
reéponse to a pugdqbspm ned codefiPpgnal correspgegdiyrx to the user- '
definabl e function key;- nmeans whereby el ectrical gower a pplying neans can
bei connect ed t 04PHd28Bect r-ohilel -el-’rlezﬂglzc s ‘i ncl udi nd>B®dMencoder, the %

read-write nenorgy nggcjiu; he cpnpit | fipsEans; and prigph@granmi ng neans
connected to the read- 20 wite nenory and to said electrical power

apfl yi ng means fSorL1g¥sabl i.shilny, 145032 20 JSBD
52 L12336:  ....10.1.1L2015 * ISBRDN
53 L12337:  ..L.1.1..1-L2952 : JSB RTN
% 54 L1239 ..1.1.11.1-L2053 ISBLBL
P S5 L1234l ...11....1oL®% . ISBE
N 56 L12342  ...l1...1.1-L2021  ISBEXCG '.'
; 57 L12343:  ..1.1.1..1-L2052 JSB RTN |
i 58 L12344:  ....1..1.1-L2011 JSB RSETP
i 59 L12345:  111.1.1..1o02352 JSB CLROP
3 60 L12352  1l....11., CLRCP : 12-P
61 LI23SE: ...l CLRCI. : -B[W]
;"% . 62 L12354:  1...1.111. B EXCHANGE CIW]
5‘ 63 L123ss L.l RETURN

i _As an alternative to the above-disclosed method, the memory 20 could also be
programmed by constructing a read-write memory with a read-only memory
within it or by configuring the memory elements so that they turn on in a
5 preferential state, i.e. I or 0. One type of memory that could be suitable for such a 5
"~ use is suggested in an IBM Technical Disclosure Bulletin, Volume 14, No, 9,
February 1972, pages 2601—2. : :

WHAT WE CLAIM IS:— .
1. A calculator having electronic circuits, comprising: a keyboard having a
10 plurality of keys including a user-definable function key; an encoder connected to 10
the keyboard for generating a glurality of coded signals representing manipulative
functions and alphanumeric characters including those functions and characters
corresponding to the keys on the keyboard; a read-write memory connected to the
encoder for storing coded signals; computing means connected to the encoder and
15 the read-write memory for processing coded signals stored in the read-write 15
memory in response to a predetermined coded signal corresponding to the user-
definable function key; means whereby electrical power applying means can be
connected to the electronic circuits including the encoder, the read-write memo
-and the computing means; and preagrogrammin means connected to the read-
20 write memory and to said electrical power applying means for establishing, in 20




