Docket No.: 200310007-1 G aphical Calcul ator User
Interface for Function Drawi ng Related Applications
(0011 This application is related to each of the
followi ng applications: "Function Drawi ng in Polar
Plan Using a Cal culator” (HP Docket No.: 200310008-1);
" Input and Evaluation of Fractions Using a

Cal cul ator” (HP Docket No.: 200310009-1); "Previous
Cal cul ati on Reuse i na Cal cul ator” (HP Docket No.:

2,;8031}0(}8@]3%1’ &Pﬂﬁw’ Graph| cal Calculator” (HP Docket

each assigned to the present
assignee, all of which are hereby incorporated by
reference in their entirety, and all of which are

bei n j I
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expressi ons. Background [003] A hand-held cal cul ator
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i fespan, I's nore reliable and nore portable than
the co uter 10051 Whereas a general purpose conputer
i s cHisldeith gAnysnsion: i ng many different prograns, a
hand- hel d cal cul ator typically executes a single
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mul tiplication, and division of nunbers, either
i nt cBackgweswdi or deci nmal - based, entered by a user and
di splays the results on a built-in display.

[003] A hand-held calculator is an important and useful device. Similar to a
computer, the hand-held calculator has a processor, a memory, a display, and an input
device; however, there are important distinguishing differences between the hand-held

calculator and the computer.

[004) The hand-held calculator is a specialized device and not a general purpose
device, as is true of a computer. Because of this specialization, typically the hand-
held calculator costs less, has a longer useful lifespan, and is more reliable and more

portable than the computer.

[005] Whereas a general purpose computer is capable of executing many different
programs, a hand-held calculator typically executes a single program and less
frequently supports execution of user-created programs. Normally, a hand-held
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10061 A graphical calculator is a further specialized

version of a hand-held cal cul ator having a display

which is typically larger than a regul ar hand-hel d

cal cul ator display in order to enable graph output.

In many instances, graphical cal cul ator displays are
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calculator has 49 keys and three (3) shift keys,
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must contend with different modes of operation of the current graphical calculator.
Different modes of operation, accessible via specific keys and/or key sequences, must
be utilized in order to access specific calculator functionality, e.g. a graphical
calculator may include a fraction mode, a decimal mode, a binary mode, a

hexadecimal mode, a finance mode, a statistics mode, and a graph mode.



three conbinations to be entered: a node specifying
conbi nation, an expression entry conbination, and a
conpl eti on conbi nati on. The node speci fying

conbi nation may include mani pul ati on of a graph key

to instruct the calculator to graph the follow ng
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deprcrts representation o emat
the complexity and cost of currently available graphical calculators deters many

students and schools from making a purchase. Purchasers are dissuaded by the size of
the manual, multiple modes of operation, and the number of keys and key

combinations required for inputting expressions.

[014] Prior hand-held calculators of which the inventor is aware, enable a user to
input mathematic expressions for display on a display in a graphical representation.

For example, Figure 8 depicts a graphical representation of the mathematical
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3 expression F(x)=sin(x) in a Cartesian coordi nate
system Prior approaches for calculators receiving a
mat hemati ¢ expressi on for graphing include a graphing
node and designation of a graphing key. [015J Using a
graphi ng node and desi gnating a graphing key both
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1) error n rustratio e 10161
BRI AT s el it Bpoc 05 ey o snc
gr apéhinnginteay addltlememgsmbes arg réqirad tofcommaid am:dcalculator to
keyb are " tation, Additionall

PRk e B A BRSO e B ST s, more ime for
c oinpetspdriatir¢aged ahaiioe @€ &n mputteher @t frastatiod foe thdsiesr. manual
needed to describe operation of the calculator to the

us [ [ it t
ani6l, st LBl oSy MR8 o o OB et o710 e
ha'mi temgnseof upserand rkesémﬁracaeeaf for ingnleupnianion. e Apdieesilpntde increased
S otor chBRn falifs L BSLRL 85 410 KT e 18 user manua
apmdattuslesfcobe maraltmrpofaixe@logtaaplm tbabsecal cul at or havi ng
a user interface for graphing expressions. 10191 The
pr nt vent Y f
oV TS N0 PR RR L] O o BB REP bR o eo
i ngrepticat ealcf\mtorg\aapm nEgT ewqufaetsbr gaghingld3pedsiosmet hod
aspect of an inproved graphical cal culator having a
user interface for graphing expressions includes in
reghan ﬁ'@’ o only receiving as input an expression to
be~graphed, graphing the received expreSS|on on a

cal cul ator di spl ay.
[018] It is therefore an object of the present invention to provide a method of and

apparatus for an improved graphical calculator having a user interface for graphing

expressions.

[019] The present invention provides a method of and apparatus for an improved

graphical calculator having a user interface for graphing expressions.

[020] A method aspect of an improved graphical calculator having a user interface
for graphing expressions includes in response to only receiving as input an expression

to be graphed, graphing the received expression on a calculator display.



4 10211 An apparatus aspect of an inproved graphical
cal cul ator having a user interface for graphing
expressions includes neans for receiving and
di spl aying a user- entered expression and neans for
graphi ng the received expression on a cal cul ator
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deﬁorgmlwtm‘@nsorr epresent |ike elenents throughout and
wherein: Figure 1 is a front face view of a graphical

ca enbodi nent of the present
|n\i/) ﬁlrﬁl%ﬁ{’“?fg grggmié’a hi gh [ evel block diagramof a
graphi cal calculator according to an enbodi nent of
t hE92plr e pres¢mivanticnris lllﬁistgmdé)yavayl df gxampde. @gd aotrhyrumitation,
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Fi gure T accor e present
i niefan¢rico numeFalglasignationsappresers like elgmenss themighayt angd wherein:
gr aphi cal cal cul ator according to an enbodi nent of

the prasgnt 1i RVEHoP Bace HiGH @S gﬁplﬁgal ahaRuMiof Wecdding to an
anot her use of a graphical calculator according to an

entyBlfidireqnt ofghe prEENIPEMEAR | nvention; Figure 6a-6¢ are
vi ews of another use of a graphical cal cul ator
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and 5 _ )
embodiment of the present invention;

Figure 3 illustrates a menu displayed on a display of the graphical calculator

of Figure 1 according to an embodiment of the present invention;

Figure 4a-4k are views of use of a graphical calculator according to an

embodiment of the present invention;

Figures 5a-5c are views of another use of a graphical calculator according to

an embodiment of the present invention;

Figure 6a-6¢ are views of another use of a graphical calculator according to an

embodiment of the present invention; and



Figure 7 is a high level flow chart of the flow of
control of a graphical calculator according to an
enbodi ment of the present invention; and Figure 8 is a
graphi cal representation of a sine wave. Detailed
Description [024] Figure 1 is a front face view of a
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keys arranged in a four by four grid 112. Althoug
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information input, recall, and editing. Directiona
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p

C uf@bkeypegd eriegiiregsional dppypfieyice 109 mtadowHé = 16 kepiwarranged in a
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wlgigiood that theymputiayearkgys may hehgartaqﬂ r@ﬁere@&P@fiﬁuranons
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' ni?nh'ﬁlpulated by the user to input at least four directions, i.e. up, down, left, and right
to calculator 100. Input of the left arrow of directional input device 108 inputs a
move left command to processor 204 thereby moving the current cursor position on
display 102 to the left one position. Input of the right arrow of directional input
device 108 inputs a move right command to processor 204 thereby moving the current

cursor position on display 102 to the right one position.

[028] A secondary function of directional input device 108, accessible via use of

shift key 114 as described below, is editing an expression on display 102. The input
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6 of shift key 114 in conjunction with or prior to

| eft arrow of directional input device 108 inputs a

backspace command to processor 204 thereby del eting

the character to the left of the current cursor

position on display 102. The input of shift key 114 in
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[033] Power key 120 turns on calculator 100 and, as described above, the secondary
function of power key 120 is to turn off calculator 100. Additionally, power key 120
operates as a clear key after calculator 100 is turned on, i.e. the power key may be
used to clear the displayed expression on display 102. Manipulation of shift key 114
followed by right arrow of directional input device 108 deletes input characters to the
right of the current input position and manipulation of shift key 114 followed by left
arrow of directional input device 108 deletes input characters to the left of the current

input position.



arrow of directional input device 108 del etes i nput

characters to the left of the current input position.

7 10341 Beginning in the upper left coner of four by

four grid 112, the description of the remaining keys

is now provided in a row, colum order. 10351 Row 1,

colosan Beglmmglaaxe upp@.left B@ne @Y i kefour piMPLUIS tha d8&Yigfion of

(7 val ue . user tered expressi.on and has a
FRPGE BE TBN RSrV 9Bt 19GOSR PR unct i on i n a

user entered expression. Row 1, colum 2 key 124, i.e.

t h¢038] gidw kegoluhm kg 122) iei @btseve(l &y, \igputsea bavem (7) \alue in a

user-entered expressj on an a.second fun .
of S BT SRR ET b AT R GE SRk gt R in
ex pseessieiod exgrdiod., R6W |1 peatunth Xy 1226 e. the @ight keg, mpme an eight

in a user-ente

k i 9
S L) aaif B SiefetlrtPabihidiandFot { RS ERo by ingcos

a f@andnulncat usen:aemdaecaex;meenme NR&r edcobipt &6y OI6, i RoMe dine key,

e. the division i nputs.a .
G UPER R ) Fili e sTheled S Sy e S B ais PR Bt gneet
haﬁlpaﬁmzﬁemﬁdﬁﬂt&n firlin Gdet-emered edppasibd. | R@y @, dodehiad (<9,) 128, ie.
bl.e in a user-entered expression. 10361 Raw
cofhﬁ Visfor iRy, BYS ajdivgsion; (??ef“?%‘g? Nge\ser-HiIEd &XpEesy 8‘b f‘"d(‘li‘f a
VakddBndafy fandtidf bf infiifigy £Het@ WK 855G a aReeMasd xpression.
secondary function of inputting a square root function

er - en ere re53|o Row.2, colu 2 ke
) 2198y B 2R B tin T e e Gl DA RIS 1 wper
u fs erterem&eﬁ@@lmemnes 8 s@ﬂn@nmmn af inpaipedqark Weve filkdtion in
0 [ np uttin

squar e nct i a val
¢ 02 LS CuEtEt %ﬁprﬁ%\%r §°W§ golyra ?%‘é"h{% E% theefi&firl@g@mﬁs a five-
ROY8) Zalué Gh 4 MNiBerdenke®dd diBtbssion £hd HabQ sStordde® Yunctibp Bt fapdtting a
six (6) value in a user- entered expression and has a

setBAGEr FUPRCE-FoFRIBHE Pnllie fhdreassratd @oven dR P meFrenisred

POWRIresSibn. AR S DSRAMGN lkey 180t eI RdksiV RdyURphH A Gik l(samalue ia usr-
raised to the power of Y, in_a  user-entered

exFIEed FHRTessIRBAPS hac pisfian uagtionay inquitie 4 fplue raised to the

Mupdvidplof & aktisefuektentdrdPkili futtiGhllik] lemseattb Qfé ;fo)wer of Y,ina
function in a user-entered ex ression and

sebBhERFHd FPREEPHAROBE. Gofm 4 kexd 3a-exthg gz,u;tggfaélop key, inputs

U S 3 huﬁibh@artl@ﬁi ( ﬁ)ﬁﬂ{cﬁ&ﬁh QMiser(cABred eXpWYsidn akdNall BBecbnda®Y function
one key, inputs a one (1) value in a

[
us@f;'nplé?ﬂgeaf“éﬁvaé%blﬁé‘sﬂséhe"éﬂﬁﬂ HESSYPsecondary function
of inputting an absolute value function in a
UﬁﬁBZ}STR@F 8ot ER&I D18, i. RM &elkeplmum 2oteS(l ) 4tk 1n| a &er-
t he ey, ipputs  a two ue i user - ent
exfﬂt%f%‘g icoTessien ardshag "sé“& EYr l}(’“Fttﬂ’?c?PB‘ﬁ“‘BFg PHp’E?P Va‘“e

function in a user-entered expression. Row 3, column 2 key 140, i.e. the 2 key, mputs
a two (2) value in a user-entered expression and has a secondary function of inputting
a natural logarithm function in a user-entered expression. Row 3, column 3 key 142,
i.e. the three key, inputs a three (3) value in a user-entered expression and has a
secondary function of in putting eight logarithm function in a user-entered expression.
Row 3, column 4 key 144, i.e. the minus key, inputs a subtraction (-) function in a
user-entered expression and has a secondary function of inputting a NOT function in a

user-entered expression.



a natural logarithmfunction in a user-entered
expression. Row 3, colum 3 key 142, i.e. the three
key, inputs a three (3) value in a user-entered
expression and has a secondary function of in putting
ei ght logarithmfunction in a user-entered expression.
Ro;:ssl, KW wmlu;hn;qekeyMé Ji.el the execlte k&, RMpGts Kﬁgxcchla Ruinfhafd to
su Q unctigQn in a user-entered expressio
ancP 10 WD A ety 6o OF FUEEE Arepunigpand 1o the
f utdulla@dt. IRbwaM, cu&afn-zemyemdx @mrze&suegnmplas aQ%lom\meétn a

colum 1 ke e. the execute key, in
exlést?bffée‘%ﬁ??é‘ﬁﬂ‘”% yd hasp ssgpndapyfuncign 8?1’61’%% aé! € ‘éE’G {or:\ A

f uBérk OExpfssibr) PRV b rtgluamm&y 15@ mﬂddc_it(ke)t h!ﬁ)uts a decimal point
cal cul ator. Row. 4, colum 148, i..e. the zero

kelp 2 m%mrgryaani SrH2 FEPRdRRy ﬁl@ctm of in puttipg %ﬁt gqngignt value in a

eX e Eiftéred eRehsidAS RAWSE COREMN Y/ kdyursRt bOTe. Ahe plaPI inpbts an
an e value in a user- entered expression. Row 4,

cofdsifipnd tkyctioggn a useg-enierd eamsswwnd has g seeondany dnctien of in

POpditing 4 Bm@s ¥altd! heqioley oo Elibbgerly SaeRAAAMNY, fdRElohoN iy 4
of in putting a pi constant value in a user-entered

ex PeESHsTBheXPRSHOY, col um 4 key 152, of i.e. the plus
key, inputs an addition (+) function in a
USEB9]GTH1Q.fred YA RS S MEnuaBid Migsayad &acdimba/r W02f atd6idingNo an

s uﬁg&fﬂ’g e thg ﬁl?eé%nlé angglg{ogg Ats %C%ggﬁfa%ftf/\ {renu ?%0 ig displayed in
S REpoat Wtﬁ@' uK Pafipela@iy. the G8dah GEteon3i.d. Imens] dfakesitedkey

Bl ¥epnc o e B st Pl biapiablo s bonselopisd g by ausr

ab@w €he e REKibES alibive)dto PYREssbrin204! eﬂ@cae&emtnq)uta&@ dits&ional
nanlpulatln&gthe secondary function, | of
ex BB VKR Y08 UETONAKIPT S0Um ARY (RigaaSexfiy Pigh e menu tem to

eXRbRS g/ aRliknd OARE tBE h@%&q}e@nﬁna R tis RghigzhtbdEihe user
(in the manner described above) to processor 204. The

usé‘ﬁ“‘ﬁ‘&ﬁFsp‘iﬂe‘é&‘%‘éeY&%éEE‘mb‘NefP“C"PWﬁat‘“P&éQ‘Fé‘ég lighted menu item.
ar frqNy @&%Qﬁpm@gmmﬂ 20 a,u)sleplk lepriéeddth DOPE GenerRethnd

itemto nove down one item After the user-desired
netg mepeARq ig np, loggﬁr idisplpeed ondisglayd @4 nani pul at es

execute key 146 (primary function) to input the
hi pab) ghgee 218 aUblbdkedbgrarh fillishetingSaT ex¥Biplapt kat@&ort [® upon

Bt RS Tosb e P PRGEbe VLRI on o Spl ay
102. [0401 Figure 2 is a block diagramillustrating an
ex@apl aCajcutnsdr ClOD abduded @Obus pm or\miec koramugipdiod i meehdnisaf for
t hceonllrrrlll}/n(lecrzﬁmg mfnr?r}émon anrflpa processor 204 coupled with the bus 202 for
processing information. In one particular embodiment, processor 204 is a 16 bit
processor. Calculator 100 also includes a main memory 206, such as a random access
memory (RAM) or other dynamic storage device, coupled to the bus 202 for storing
data and expressions according to an embodiment of the present invention and
instructions to be executed by processor 204. Main memory 206 also may be used for
storing temporary variables or other intermediate information during execution of
instructions to be executed by processor 204. In one particular embodiment, main

memory 206 is an 8 Kilobyte RAM. Further, it is to be understood that in alternate
9



[0411 Cal cul ator 100 includes a bus 202 or other
comruni cati on nechani sm for conmuni cati ng

i nformati on, and a processor 204 coupled with the bus
202 for processing information. In one particul ar
enbodi nent, processor 204 is a 16 bit processor.

Caknﬁbﬁd%é}ﬁs R0 c@hsents F léﬁileﬁatar MBY FhaffBROIYnba2E , ontdI€ Ringle
as.a random access menpry (RAM or other dynam ¢

st BegeddFrte & @6%5?8@62%“@ Herih Moy 20p gpaysheqtompgned on a
datigglang semmnashipons according to an enbodi ment of the
present invention and instructions to be executed by

Pt B8 o Cloafer o B PilBied e T8 oBl L ARG o sarc

i nftefapatidvive dupled@ BXB8EUL0200r Qbringi shdit lifoina0id6 ahdind@uctions

bt RaP Thairory s srEodnta koFbet i il Kb

Furoher, it is to be understood that in alternate
enbodi nents, the conponents of cal culator 100 may be

coml ont o sin rated

OB Bt Borieowf F B GRS 208 obbaruinb 1, guepygs the

Si alglve désshisdder® 064 pixelli(D,’ fon] ﬂlﬁﬂz}wr@éﬂn&hie&h@rto hQBer. An input
furth rea ot

G T o oottt afiut S8 oS isee o Pt o Rk B0 B P 25 o

st afmmgn@hg% ixﬂ‘omfaﬁ@f R useneraaleld emd.;gu:gt dn@nglued, @hd gcggmand
rocessor 4, artic r _enbodi ,

P R S PR oreL0% RN 4 RP GRS iy rgbect

COBhRdl, ik Patthet apg 2260210402 ddrﬁrﬁlluﬂéételQﬂrectiiddlCﬁnf(ﬁﬁnaﬁd?ﬁand

above- desc i bed 96 * 64 pi xe for displaying a
i nfUNRapdeselegfians (Q processgr 4%?16&‘% c°’%¥r°§af“isﬁﬂmo¥1 Kol gg?qeo&play

gbmagowlgf Mpitelk it fpRalOhakingy! &fegréles of ﬁredﬂ@Mﬁh e\do hsthErst axis
us or conmmu |cat|ng i nformati on,
usEre éﬁe@r%ﬁcw;%@g%g oh!awge (g dguse (0 Zhe 1 B in @ plane.

inputs to the processor 204. An input device 108, as
deﬂ)@lﬂ]i bEd iatavien W tehitddes pRE tiset € calutor €00, such apaliet depicted

t. a nd co tes direction informt
et e Bof PO PRy SRRl o EAm gnb, daiand
c ugraph theaeselmrtopaﬁndnb By diisifg diyplaylD2, ATEdr8ing Rpstie edfbwllﬁﬁnt

Fétgg %/rgljg)g ?déEaV\?stgr)% Q%ceggeg&{?gﬁgggnﬁego% Oéat‘)y cgl’:ulator 200

al {nonbpadset 10 ErSROE 204 ExeSIIRE istdhacit@S bl indtAEtibis @nkn2dén main
(044] The invention js relatgd t.o the use of

caMElIPRt 40P in ERIPOTSE IninpY Teqqived Xigiippub area dGt- ¢ useroiptepets with

Fi g clcdatof OivildhseRinfériadisplaPieaddds@ibed b&low) on display 102.
expressions, to data and

[045] Execution of the sequences of instructions contained in the main memory 206
causes the processor 204 to perform the process steps described below. In alternative
embodiments, hard-wired circuitry may be used in place of or in combination with
computer software instructions to implement the invention. Thus, embodiments of
the invention are not limited to any specific combination of hardware circuitry and

software.
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graph the results of operations by driving display
102. According to one enbodi nent of the invention,
data is stored and accessed from main nenory 206 by
cal cul ator 200 in response to processor 204 executing
sequences of instructions contained in main nenory
2004bn Acseidmgse an embadpunt pEbe presit inventionputseais @ble 19 dasily

bR s Dt AR RBon) on G Sl ay

102. 10451 Executlon of the sequences of instructions
colfdali nideee) sxamples srainew peayised tQﬁellw@alfgélsptwm@f the orcsasivpof
ZOﬁlemanﬁsJa%dmg&, RIREERRCALHS p egl?rnlvaﬁqn b@'xtﬂ\%fex]egke to
alternative di nents, hard- circuitry may
usBiguie r‘i‘apfllﬁﬂ@’ tﬂfl &splaya ao&vromatqf @rrnmemtwai Gnpession 402, ie.
S Ok HRF G Qﬂemﬁﬁ%ag‘ﬁﬁﬁlaﬂ& SR & 19 h&nd g&v&nﬂtevqaa the shift

Thus, ‘enbodi nents o he invention are not limte

an&eysldécarﬁltbe wukipligation key B0 ae dmeshé bari symbok ly. aqthg end of
Soﬂl%t\f’@rﬁﬁrcallgxpl&élgﬂ- 46@09161@5@9 theO c%reﬂgﬂghn%miheotsst r}ﬁlrmg

present I nvention, a user IS able to easil

useditingrpmyt eﬁh@mr@ﬁgﬁfbﬁ@r@%% ge- anaghemptdabeprassipcdfl2at or .
[047] Three exanples are now provided to facilitate
demas) pifted theQfsert rhﬁnﬂﬂ’é?és&hé @;&cm ke)t hﬁs ﬁﬁ)'c&'s'(l)raiOQre\aluateb the

according to an enbodi of sent i nven
W tRutregtismafiead expyessien éﬂ% é"%%f“’eﬂ P’éﬂPsa;l/ozmzhwﬂawhw:%ula‘*o‘*

USEd. al E’;&lﬁcapfepﬁ:sémitlhﬁ PRl Gl w08 S8 a0k o4fidension®: Cartesian
"sin(x by sequenti al nanlgulatlon of the shift key

119pordiippe el ﬁmk%eystlra of coppanateryialugs 4089r selpat portscprsHis wave

Mukdel, R the adek Qﬁdéf)ﬂ:Yed]ig’ Figuied. Uiel BbinRR vaRYIPR! are “dentered”
at the end of _nathemati cal expressi on 402 indicates

t h€°‘€l9r3§éfsoblb)§1“f’{"dwﬁflb’ theyiddlecset of yplpgign thedistingngat thpersin

of (ot Beanifith KDbEVR-s SBOREBASY B2 milidIE set IO ESTRIihdi@osition of
expression 402. 10481 After the user mani pul ates the

exbe nex pikelalangghe gpphed sxpsession cetieg vavec6 faevard/paskipard of

MR emdnt Edlor YRGS SA@ané&%u@p dheokrswﬁe%d Gh1§ RARY arl- OprdsGon
di splay the result

r eloris gerha tp @f?ceﬁﬁora?% Ph@alm 1390 tﬁe qoewrénheér@sﬁpbm ap2

Cafot #haRe nﬁ@h@lﬁmc@ﬁéxgrééfﬁ eReAREr 1@ nbi 2LkiRA 9fnter a graphing
coordi nate val ues 408 for sel ect p0|ntS on sine wave

40@0m¥6“ﬁﬁ@uh§é@“§§meéﬁicted in Figure 4b. The
coordi nate val ues 408 are "centered" around a cursor

PO@UY)i Ohe ubedintaly ddnipulatecshifi kgl 194 Sellowad by BeUspsn pdtertitsis key

listing is at ghe or«pln_ éO,,O), and each set of

val '8 corpmind Bloplinr { et disaly githerping wavefi00. o FiguFfatceor the

POsihd W4 afd the lifilg 36K Eonilinedlas Bl Fagge 41€ gr aphed

expression, i.e. sine wave 406, forward' backward of
[050] The user may zoom in, i.e. increase the scale of the displayed graph, by
manipulation of addition key 152. Figure 4d depicts the result of input of a zoom in

command starting from Figure 4c.

[051] Alternatively, the user may zoom out, i.e. decrease the scale of the displayed
graph, by manipulation of subtraction key 144. Figure 4e depicts the result of input of

a zoom out command starting from Figure 4c.
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the current cursor position. Advantageously, the user
need only input an expression to be graphed to
processor 204 of cal culator 100 and the processor
drives display 102 to graph the mathenati cal
expression. The user is not required to enter a

gr EBPi s depiottd inoFignma i, ghd ustremay gyifathe povgdikasy sysEOUQ JtheTight
us )
paﬁ}relr? Beﬁg ?’glﬂttp%{'\tac%ﬁlgﬁgg E}If: %3 %tlé]m‘"anfpgla}lgri{\%%h? et}pg‘i REHe
di kflaayw of tinstiorsi mputdaviee UB6 Allemngtivelsi, gadepicted in bigureHg. the

Z'bﬁ‘s%f %@%%ﬂ#ﬁ}g& éolaﬁiulakesstygtgrg tg' 9\% lgfp Wlngl?tdofﬁsshlfple}; I ﬁxlllngn%nd by

scelqeengél mhéptdatmplqi)ﬁédt gfnablH anldythe rmahtl md“apf dmecmmal input
adgié'vgciequ_key 152. Figure 4d depicts the result of

i nput of a zoomin command starting fron1F|gure 4c.
[0511 Alternatively, the user may zoom out, i.

de@bdlasts depisted Hplfigure fh.tthrcuser gy shificthe m@rdeszps swem upward by
MaRbRWr %tshf?tnuﬁjcfon&%B rb?%du@rﬁlakﬁ)(mﬂu‘}ﬁron of Qﬂft RefH®1 OGRI 6L §p

the result of I np ut o a zoom out comrand startin
f r yFAvFiglineetiong!, mpmdemsz% Al ltereasively.e demicted igdiiauresdi, the pest
Usghy BB Bdkdddibdie sﬁféﬁ{ vl R @yabﬁmﬁ@sm#a taoml IBhmally by

input of a shift right command sequent i al

matfapRatiat m@np%qﬂog 1if fohiftyleay 1114&“% fen arrqyy pf dirgchanad finput
di g&ekijpnal i nput device 108. Alternatively, as
depicted in Figure 4g, the wuser may shift the

coordi nate systemto the left by input of a shift left
coWﬁgl o BFsOr SRk AiPaPtioRe Bt diaplptsH i FRreseaipliqmof the

angkef-Ofteréd @btherAdticMxPrlessitin!’ @RitialBNAE cLBHUE locBlEY hCBie $88n of
[0531 As depicted in Fi ure 4h, the user may shift the

co P FPPT48% %’%’Peﬁ\guﬁﬂary& BYr a.thﬁétmeafw%al sq?rff%'aruﬁoordmate
?a@ﬂdls B¥picQOIM Eiplutedc. FRHAb{UAl Akdgedusif ﬂﬁmsértdeésﬁwg t& ikw the

e up 6rrow of dhrectl onal {Fn put device

m Yadyeroita iPé@ © pesdfiog g the digplavqd eraghird rmresewﬁf@nﬁg?remrﬁ&w

S hihE brigih ena aveli ttﬁ%ﬁ@oﬁa)l&lg&lm EHEPARMBE e d)tatidHBH m&Hipudation of
shift tSown comma uenti al rranl pul ati on of

shither %Vﬁﬂrﬂwz?hﬂglitﬁ’éo‘?ﬂﬁ regtiqnahipRyt dgyiced@8i onal i nput
device 108. [0541 A cursor indicates a position on the
di ppblayedegicep Eighredg phea&afﬁaaidpmhofeﬁtahew of dlrectlonal mput

user-e red. rratherrat cal r . itially

e isE 1P OURCHTORE FiiB s, o R CD o A Fiets i Ject s ¥
Sy sdoedifatecvalhes Xre@isplya at he béttcﬁﬁ‘&f-ddplﬁ? m&l.onal Cartesian
coordi nate

[056] As depicted in Figure 4k, the user has input the right arrow of directional input
device 108 ten times starting from the displayed graph of Figure 4c. The x and y
coordinate values are displayed at the bottom of display 102.

[057] With reference to Figure 5a, display 102 displays a user input of a
mathematical expression 502, i.e. “sin(30)”, by sequential manipulation of the shift
key 114, the seven key 122, the three key 142, the multiplication key 146, the shift
key 114, and the division key 128. The upright bar symbol, “|”, at the end of
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system as depicted in Figure 4c. Further
advant ageously, the user desiring to view the value
of a specific position on the displayed graphica
representation different from the origin may nove the
cursor along the graphical representation by
e ethatichlo Bxpéssior i 300e indiches |tef tursdrr pavitidh o ghet ugf rdaving
i.rectiopal input device 108 0551 din
gt Sf R uis BRI eBREe gt 02
directional input device 108 ten tinmes starting from
t h9S8li softeaytecusgr mphipudtesthg axaeutdckcy T4te processat 304 evaluates the
gogéﬁg@ﬁﬁ%ﬁ_\’ié‘#gg@i&kﬁ %a!l%’dc ?X\&:S d%&&{, be) gocﬁﬂ)?ayt Ee result 304,
hase. iargmphichlheprasiegdatiorawfraoameofa\d|5f)@0ta mial copndpuate sysdenr |amdea
10 rtd [ pl aye p s
§st1§1§%& cé)(!@ﬁatgt\glg%s dﬂ% IfoE g{l)%rc‘(ij:agmg eo%v%.ﬁ\\e ésj\e%roe Q tﬂe user as
d| &mic&aﬁed Feuret Yhe mnotval@m BB intilgipltay cdl@Bns feBsehting thdrangular
.reIa l{reeg]l}%ethe C)racl: *1%%]& or a;fognletiglrog Stllil'egeﬁxpgﬁég | ays smeu\§'§\[e 506.
sSpe@:ﬁ@ally, arbyslmequemme: Gairtemam cqpudisdte syste(’mf—batélbdlaﬂdyfdescribed

ke olv?jl Pecg%@gﬁs%ﬁ gp vaﬁ% in t%}% llsg{gﬁe*st { Euerrenﬁél(uisor é’ %] 1(fnh%nd the
di valig son akce)ye/b&]ZS' thél' ﬂneidl&rmtrgshbndbamf&;enbﬂllues of the aiglle tahe at
C sion 5 i ndi.cat t he
oo Sh0or BerATE Tt B BB FRERE AR RR R B
t hE dusethe gnplat# depeospitaaiodsine wave. somngeooay the user need
reSS| on 81 After .the user e h
exec)(J fné)ui(an GTB%S]L?:) ?oo%ee S%hed é% RTOSERS UZa(.)tqgg ?]ﬁulator z%()t %ned the
naisxbmm ldﬂais disppy €93 it® graﬁome axMedwratmaEmmlessph a¥hd 02r tsmot
r esult 50 r aphi
r e‘ﬁﬁ‘é&?ﬁrﬁ '8RTBIE ™S é‘%%r ‘V\‘/’é\‘}’“‘ FITE ?Sl ar
coordi nate systemand a |isting of coordinate val ues
50@5?10 rThe ghez aitay pwinipulstecshiftkayel [dalpwEBY the@pthparersiessis sy
Fléqg ggrmlnghdFCIaQlea&\)r ?&) ﬁ%-ﬁﬁglag@'{t}*ﬁ%né—sgﬁ' '5%%' dg% YpSc or the
umms representing the angular val ue an radi us
va$mﬁewafvolan¢)ﬂ)¢ mtmgép&ﬂgnltim agpdngesiton, i.e., sine wave
506. Specifically, and simlar to the Cartesian
CO@&@I MR pSaBUAL o %mdbfm%e%é@ |b§‘¥hed@s§xc:5§ @e?,fétedainqa@,rest &¥eoc.
t of values in the listing 1s the current
culVathrrefgesaget fooFigernchat thieplay 0 idisgatss atsowibel supathematical
%ke@sx&f)&fze§90@]qgﬁ&gdsgﬁ?r %Qtsec}é@-}x %naﬂngultahﬁl @tﬂgé a}lﬁ key

e at a reqgu I nt erval grap

Th bl4athg bavew kyud2:the tweskey | ¢hittg mudtiplicatipngey) b36, the ghifikey 14,
t ht%e gl 'réﬁ e51§ EW ﬁ%eﬂ\t: ‘?i%ﬁtoa;]rggfof %}erlﬁxlexn\%\lj? 12]%@ device 108, the

Advant ageously, the Uuser nee _ _
exihifekeyi JA, the expeutg ke ke highlightiog: ths Sosynibolinghe displayed menu

c aidb%h@‘ngﬁipa'l%)ona&%etqucute key 146, the shift key 114, the eight key 124, the
three key 142, the multiplication key 136, the shift key 114, and the close parenthesis
key 118. The upright bar symbol, “|”, at the end of mathematical expression 602
indicates the cursor position to the user during editing/input of the user-entered

expression, i.e. mathematical expression 602.
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processor drives display 102 to graph the nmat hemati cal
expression. The user is not required to enter a
graphi ng node or mani pul ate a graphi ng key. 10591 The
user may mani pul ate shift key 114 foll owed by the open
parent hesis key 116 to conmand cal cul ator 100 to

di 9pllaAfer thearsersiarapubmsseths @8 cute key. 148, grocess&cl04@valndies the
Si t . n s h FLgur
5b19§1t3%é]§en%ﬂcgaé Fg&ﬁe%silpﬁtgbpg dé Qr%eg 8@@5{] %jl %bdlgp?ew eth%%élrﬁt 3%4,
dej. atgea@hicml l‘éprgswneeorﬁef Hgine wWet 606 raed @rcesizewd @ G87guoiagolar
ﬁg%oHddma (2 se'}!tf:rgi aréc;( i(lj irlSZ{SIJll Y csoogib:?a e valuesn a]létsf?rn (:B%p ints o(néﬁe..\\ ave
by60§eqndecr0smalwana|60b ub abe ower of dédmeedsim Figurk eéy 'IllfB4\,allte|§I ®08

7 R0, g el Y ity (A IRk R Bl 2 S5
118¢ngt the exprgdstonar.¢. ,omnc()ﬁvatehﬁ)wdndemmo nale 60 queﬁtﬁ‘mald;e and
hosgfmlzlgrgﬁ %}}eﬁfg Infte%]an %erl ae’ ﬁystem-bfisiﬁag%u'ﬂg% Fesxmae‘c]lngov thgdraddle
angt nﬁmameh ahl the lmfmg he tlex evrttne ckxetyr ihds&;ont el siei Fdlukayts
11 Ieglpcl %“é 1d(§e¥o den ndtuhgf ; hr aFul% fythte_l_ang’lea\hada %g regular
cI m&aapweém dtremtlse griqehy mangla’ hzﬂueumnegfibm ap 1Sy whiet to draw

| it eRbniee? FapEesethon PP HAC TRl B pnf SRS Bk o0 Adwaprageousty,
eduh‘e' g meddpatily mbuttdiheexpﬁﬁﬁionetﬂﬁ)e rge:ﬂhedemmmsoom4 of. calculator
S SebeRAPESEE 0 ook SRR e
eVviaktighétTedulired tol efRblh graptifefBdel of alanipXipte @ paphing @62 and

drives di splay 102 to display the result 604, i.e. a
@gﬂ c:I‘f"rille uge?p Sﬁ?an¥p%{ ﬁrﬂnfp key?(%glrﬁg% V\?é}? éheso er%r)]zgrﬁn hegis key

I i Blf6itm gormhamlcnalcdiamaﬁ@ toalisplag emssm@wa@eﬂOé(and pBinatvavo o7,
si ne 1 Vg .6¢ 606thf‘?l s%ec%e n%s;‘tll\ela eve69nd’ ?1sttmhe cor b%;‘:éd as in
depgct%ud i’r i gure 60, e vafUed 6&9@ r%c? e WO
coFigurasb.r epresenti ng the angul ar val ue and the radi us
value for points along the expression, i.e., sine

Wa[:gl]ﬁ?la?ﬁth@'&g%%ﬁ%aé\? tRYE £8dhe f@glief)dgy?sll(lnyto t2Yhphed which

tesli an coordl nate st em base
d| wglidey mims than lveel typb of eariableei.qritlciser atteaptsgp gyaphgapresstpns

vlngsdtllitf&l&g orhilﬂ?tg %Jﬂ%nﬁal&% bo ngfai'é A erfth Qneggge to the

ue-se ove ow t Ie C espond t
dltismarent val ues of the angle value at a regul ar
interval used to draw the graph. The angl e val ue

VajobfS A HeM &t c'b{?trél dr REAEY aJchdﬁl& QMV an lehfBo@hiRRNCRL % present

representatlon of sine wave and cosi ne wave
Acirgerntion)is ®aw|dgscribed with respect to Flgure 7.

[065] The process begins at step 700. Upon receipt of a user-entered mathematical
expression at processor 204, the flow proceeds to step 702 wherein the processor
stores the received expression into main memory 206. After the expression is stored
into memory 206, the process flow proceeds to step 704 wherein the processor
evaluates the received expression and determines whether the expression includes one

of a set of specific variables indicating a request for a graphical representation of the
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the user need only input an expression to be graphed

to processor 204 of calculator 100 and the processor
drives display 102 to graph the mathematica

expression. The wuser is not required to enter a
graphi ng node or mani pul ate a graphing key. 10621 The

US §lprd¥8in, TRN a RidtedhPatdh bff wh@der ki ufepid Qéfﬁgstlh% (%Ergb?atigﬁ &P a

parent hesis key 116 to command cal cul ator 1 o

di 8PPhayFaEPrample. dhertet afaaerbbo asediin ey cRRgdimenAccording to
€. fhe pfs@i [i§eftion ifludt, Ghbfie Wave, cosine wave and the
listing 608 conbined as in Figure 6b. [063] If the
user attenpts to input a mathematical expression to be
gr e d wifcesior Fcdaaminerat gen Reth thehdetappreseyn is not a graph
Vafdaahl, Ghe Ho®: oflddRtrdISEbceBdst RIS 7660 whEBRNNE PRI EIS QRSutes
having differing coordi nate systens, cal cul ator 100

di gptresiensale evahugie heswaigentare expsessigeand gep@ate Ardsplyy The
Of pE0dRLdr9b4 @bn &ivReE BSHISS 1 AGE qrgshgme tQuidl BRdi ment  of
the present invention Is now described wth respect

to Figure 7. (0651 The process begins at step 700.
UpBIR7Y dEropssas 04 dgferarines At P4 thef Hie SuRTPssign includes one of the

eX{Heifisd OdHables,"hO A6 R lcomtRA prdcb&s ftd 9idp PO GBELS the pfc&Bor
702 wherein the processor stores the received

exPreewes BrTcHoRS Refetrmibgohs speodic gagnhelyPe Frauesigdr ased o the

| SspRtift 8driatld S d"BIMBE Yus@Obuerdd Expods9i68£ S Sk | é%%p@p e Suser
to step 704 wherein the processor evaluates the

r eteludesdareXpraibicoin e cxpressanithre graph dYRsegenefisd uses a two
eX PihfensidAcd gilaf‘('g@o?difmgsysf%fn;?ftﬁee&sepiilclﬁ@e%% .felvgfiable, the graph

varli aE?es | nr{(}l catl ng a request for a ar aphl ca
I eppegaatagt uess agblat brdidate yxemeasliidthe user écludes an t variable in

d 1 nat i f th { [ ti
geMEFRETBnape EepBrorsbd Sl A APl <ot of

vari abl es used in a particul ar enbodi nent according to
t hD6BIr d3ethdr, ias e taf athe istep| 198 edeteXnindtiona pdocEssof @64 Jdetefmines
pr \Q'geq}?esf%org 91%“1 C(j)gt Shellfid SR 'g)tle %F £hi egelrll hrgg 4 ltntc?l%d?d in the user-
expression’ i's no grraph®'t &gtiest® t 13 OW"0

coattéred exprassiee dX h@e shae pne Gecificondabie dhdiffpriingcesesorincluded,
ex CUtoeg’s ) | ns’et z{tuscatnieons td%rievsacli U at Gill‘i.%g)edisu ?ae rtﬁeeentoel{ eg user
expr 8ESTEN S GRSt Boam ety BrScEEEr gguser
then drives display 102 to display the result to the

us B69] [ABT procésser2fd dstsmmingg(le grephetypd atstep 408, gheefhow 0fdcontrol

B B R 808 SOGEL o
whdisrdays thetresupitothe asaor Processor 204 determines a specific set of points on the
graph of the expression for display alongside the determined graphical representation
of the expression and drives display 102 to display a listing of the points and the
graphical representation of the expression to the user. As described above, the user
may toggle between display of both the listing of points and graphical representation

of the expression and display of only the graphical representation of the expression.

[070] A high level pseudo-code listing of an embodiment according to the present

invention is listed in Listing 1 below.
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executes instructions to determ ne the specific graph
type requested based on the specific variable used in
the user-entered expression. For exanple, if the user
includes an X variable in the expression, the graph
type generated uses a two dinensional Cartesian
coordinate system if thepygmg1i ncludes an 0 vari abl e,
the graph type generated uses a pol ar coordi nate
system andDbf the user includes ant variable in the
expression, the graph type generated uses a Cartesian
pl an. [0681 FurtWeitforagrpart of the step 708
determ nation, processor 204 determ nes whether nore
t han one speci f ilKguisingtlinder gxecuteippropridpectivype i s
included in the uyser- entered expression. If nore than
one specific varf86Y §E8Fdiffering type is included,
the processor generates an error and drives display
102 to display the error to the user. [069] After
processor 204 dng*qg%gémgngmghgggmhype at step 708,
tro p

the fl ow of con roceeds to step 710 wherein the

processor eval uates e, Uses ndt Plefhesl tfXRbRSsdON and
di splays the result to the user. Processor 204

determ nes a specific seten@h FRtiot Sra®metid@e graph of
t he expression for display al ongside tﬁe det er m ned

graphi cal representatisen of the expression and drives
di splay 102 to display a listing of the points and the
gr aphi cal representati on @fplaylegoexpr ession to the
user. As described above, the user, may toggle between
di spl ay of bot h if Keisiaresent iythe expEssiets and gr aphi cal
representation of the expression and display of only

the graphical repres&nt ¥t YA PYPIESHE TERHPELESHBR. [ 0701
A high | evel pseudo-code Iks ip%Fchﬁqvean% ment
according to the present AV EAL TR TEVTE DPEd i n
Listing 1 below 15 Ljsting 1 Do Wit for user key If
Key is not Enter, execute appropriate action |If Key
is Enter, { if "X is pr@ggfflenbp the expression, if T
or g are not present in the éxpression

if “T" is present in the expression,

if q or X are not present in the expression
enter Parametric drawing mode
else

display error

[071] It will be readily seen by one of ordinary skill in the art that the present
invention fulfills all of the objects set forth above. After reading the foregoing
specification, one of ordinary skill will be able to affect various changes, substitutions

of equivalents and various other aspects of the invention as broadly disclosed herein.
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enter Function drawi ng node else display error if "¢
is present in the expression, if T or X are not

present in the expression enter Polar node draw ng
node else display error if "T" is present in the
expression, if g or X are not present in the
exprigderadore istedded tha rtherpriotecondgrantederemdbe limited only by the

di : 31074 1t will be readi b
or SRS it pedfppnid i el R B Y O

invention fulfills all of the objects set forth above.
Af 1082] rfeachiamglet iradepigted goFigeres sapddi-1, kexalabanmaydiéferaiccording
or di NPT : f fr. e} ,
LBtk abiebibhes, o Fine B Rioh Rl 3ER! rE N erfIAREFS, -
aspesbdtmarofvherhas in digures idontha sarhy kexd$ yepebsentdddyed - vpnbaln The

L b AL ol e Mg B,

contained in the appended clains and equival ents

t hi@7 HofFurthqy7 glthopgly aespeagifig act of svagalpescindigative i giraaest for a
an - L f scor di - [ rent
B AL ert R Ear P hen ElesFREA O HPAE R, 0 b T F o
r eprunderstoedithigyothgr varlablshmapbdkuspharcerdmg itmspe¢ifjaeraoddndts.
the sane key is represented by a _ synbol. The

synbol s are interchangeabl e and represent the sane

cal cul ator functionality. ]073] Further, although a
specific set of variables indicative of a request for

a graphical representation of an expression is
described as including X, 0, and r, it is to be
understood that other variables may be used accordi ng
to specific enbodi nents. 17
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Docket No.: 200310007-1 What is clained is: 1. A

nmet hod of graphing an expressi on on a cal cul at or

di splay 102 conprising the step of in response to
only receiving as input an expression to be graphed,
graphi ng the evaluation of the received expression on
a cal cul ator display 102. 2. The nethod as clained in
claim1, wherein the expression includes functions
sel ected fromthe set of: algebraic functions,
trigononetric functions, exponential functions, and

| ogarithm c functions. 3. The nethod as clained in
claim1, further conprising the step of in response to
r e Detket Noy: 240310971 an expression to be graphed,
determ ni ng sel ect points on the received graphed
expression and displaying a listing of the determ ned
select. 8h@4§ on the cal cul ator display 102. 4. The
method® as ¢l aimed in claim1, further conpr|5|ng t he
step of in response to receiving a tog le dis

command;  swi* te1oA PEEPBR A7 FPTEPR P Ty aé‘i’fmpr éi?sﬁsgdﬂz of
t heomptidingitik steplofof t he recei ved expression on the

cal cul ator display 102 and determining select points
on the recejved graphed e yre33|on and displ ay |ng(9t
the same ti ﬁéesam}S? 3 ?Wgreﬁel‘ e IR A% RYPRESYOTS ) becgraptied,
poignplEnghélevalugiion pfth@kceivadexpessith vat tdmlaek disfiay 102cei ved
expression on the cal cul ator display 102. 5. The

met hod as clalned in claim erej he graphi

step furthefl® 'E?ﬁlf‘i’ﬁraf@@gnefiﬁ%"l%‘fnewg Wh8’i‘°m BBEY ﬂg‘%ﬁl y
t héummnelsumbdﬁqm @B Sseof: t algdbenicyfuagiony trighednstnvi funpiigng he

ar A r e cal cul ator display
10%%Q3%M% (?gﬁggbgﬁg%% @&?Igraphlng a user-entered
expr essi on, the cal cul ator conprising: neans for

recei ving anig mikiop bagding idclaimdr fughd emmg@iisiexthe egsifon;

and nmeans for graphing the evaluation of the received
expression on a calcul ator display 102 resp nS|v%(fo
recei vi ng offl {FSROBRE Qsireldng: & dtie F@@?F‘B‘ht b graphc

determining select points on the received graphed expression and displaying a listing

of the determined select points on the calculator display 102.
4, The method as claimed in claim 1, further comprising the step of:

in response to receiving a toggle display command, switching between
displaying only a graph of the evaluation of the received expression on the calculator
display 102 and determining select points on the received graphed expression and
displaying at the same time a listing of the determined select points and a graph of the

evaluation of the received expression on the calculator display 102.

5. The method as claimed in claim 1, wherein the graphing step further

comprises the steps of:
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7. The calculator 100 as clainmed in claim®6, wherein
the expression includes functions selected fromthe
set of: algebraic functions, trigononetric functions,
exponential functions, and |ogarithm c functions. 8.
The cal cul ator 100 as clainmed in claim®6, further
conprising: nmeans for determ ning select points on the
recei ved graphed expression and displaying a listing
of the determ ned sel ect points on the cal cul at or

di S pl ay 102 bas&i onldmy thatecdited xpresdi@ilio &8 geptaid ndedmining thai m

’ ﬁb'pe{o doﬁljﬂgcﬂcmeﬁ) ﬁa)ﬁag 1{){ eceiving a toggle

dswtc etween displaying only
a graph of the eval uati on of the received expression

on the eal culal@itor 100 £ gAphidQusatdtefd bpkalish, the cai@labet
p0|nts on the received graphed expression and

di SPPRV 8y at the same tinme a listing of the

determ ned sel ect points and a graph of the

eval uati on akark e rac@GRd 3@ disasRip@%Sdr-Oifterédexpbidion; and
cal cul ator display 102. 10. The cal cul ator 100 as
claimed in claim®6, wherein the neans for graphing

further conPrIngdor srapking theorvakaion ofithi Heyivedh &Xgessiph O‘% #pe
t 0 dakeulgradidplag | @reshhigive dlretilviag odly thelusspénteyed Blizessidd

7. The calculator 100 as claimed in claim 6, wherein the expression
includes functions selected from the set of: algebraic functions, trigonometric

functions, exponential functions, and logarithmic functions.
8. The calculator 100 as claimed in claim 6, further comprising:

means for determining select points on the received graphed
expression and displaying a listing of the determined select points on the calculator
display 102.

9. The calculator 100 as claimed in claim 6, further comprising:

means for receiving a toggle display command and switching between
displaying only a graph of the evaluation of the received expression on the calculator
display 102 and determining select points on the received graphed expression and
displaying at the same time a listing of the determined select points and a graph of the

evaluation of the received expression on the calculator display 102.

10. The calculator 100 as claimed in claim 6, wherein the means for

graphing further comprise:

means for determining the graph type to be graphed on the calculator
display 102.
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