Docket No.: 200310008-1 Function Drawing in Polar Plan Using a
Calculator Related Applications [001] This application is related to each of
the following applications: "Graphical Calculator User Interface for Function
Drawing" (HP Docket No.: 200310007-1): "Input and Evaluation of
Fractions Using a Calculator” (HP Docket No.: 200310009- 1); "Previous
Calculation Reuse in a Calculator" (HP Docket No.: 200310016-1); and
"Graphical Calculator" (HP Docket No.: 200310014-1), each assigned to the

resent assignee, all of which are hereby incorporated by reference in their
E’ﬂﬁ'f&‘ty,"a‘n ﬂ'ﬁlg?og\?hich are being filed concurrently herewith. Field of the
Invention [002[ The present invention relates to a method of and apparatus
for expression display and animation of expression display in polar plan

USIORGRRSEHDrEMIY SHPIBA Pa DR eI ren important

and useful device. Similarto a computer, the hand-held calculator has a

RAGTSTA ?l{@ Yy a display, and an input device; however, there are
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decimal-based, entered by a user and displays the results on a built-in

g‘%%lq %Ythe Invention

[002] The present invention relates to a method of and apparatus for expression

display and animation of expression display in polar plan using a calculator.

Background

[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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[006] A graphical calculator is a further specialized version of a hand-held
calculator having a display which is typically larger than a regular
hand-held calculator display in order to enable graph output. In many
instances, graphical calculator displays are liquid crystal displays for more
accurate representation and enhanced readability of a graph output. [007)
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functionality, e.g. a graphical calculator may include a fraction mode, a
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two (2) shift or modifier keys for a user to manipulate, e.g. a Texas Instruments (TI)

83 plus calculator has 51 keys and two (2) shift keys which can be used concurrently,
enabling up to four functions to be assigned per the 51 remaining keys, and a Hewlett-
Packard (HP) 48G+/GX calculator has 49 keys and three (3) shift keys, enabling up to
six functions to be assigned per the remaining 49 keys.

[009] Additionally, and in conjunction with the larger number of keys present, a user
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 combinations to be entered: a mode specifying combination, an
expression entry combination, and a completion combination. The mode
specifying combination may include manipulation of a graph key to instruct
the calculator to graph the following expression entry. The expression entry
combination may include manipulation of multiple keys to input the
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the preceding operations, i.e. graph the entered expression. [011[ Requiring
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entry and use of the calculator by the user. The addition of multiple modes,
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Graphical calculators are very popular and effective educational aides.
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Purchasers are dissuaded by the size of the manual, multiple modes of
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includes 506 pages. These are very long documents which are typically not read by
users. Further, users are likely to be deterred from reading the manual because of the

imposing size of the manual.

[013] Graphical calculators are very popular and effective educational aides. School
students using graphical calculators can easily visualize complex functions; however,
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.

f014] ‘Graphical representations of a function is an effective teaching method. Prior
approaches for teaching functions using polar coordinates and a polar plan

representation include lectures and drawing functions using a hand drawn approach,
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3 i.e., pen and paper, chalk and blackboard, or marker and whiteboard.
Further, prior approaches to display graphical representations of functions
on calculators have included use of a polar coordinate system. However,
traditionally the graphical representation has been limited to display of the
function, i.e., graphing of the function, by varying the angle of the function
S s aap piperdRakoind dRbKkEd))othrarkeding ahittbosrdnBletR 0 privpolar
RS S0 o Ehicu SUBHIEH D dF MR 'R ARt 4R (0)
A graphical repfese tation of the function :smz in polar coordinates is
iinsidederssnofiyyinelas coprdinaty reysieme alHara i bsashépnapy chsegaplisas of
cépraseigaonandsl aere IraisRANtathgfavbe i ihetigrankingrapiig maiion is

ased opn varying.the radius of which the.inventor is curre are.
Rt e S AT R N,
aadmestaditf anste Qppareias Hon sderetsiodididdiadagrvingdy theismgle of a
YSREGN EEE RENRIGSSAORAPhi DR Rprelanateid ACAlRIBIa=4AbSh Fher
present invention provides a method of and apparatus for animated
ERIARFS s A ListERtP s BBt fan TS B e ARIEH S DR e TR FRERTS A s pect
of dreyihgwlar pharrenésnastionpwhesiathe grapliafoof dto futlisiplais tasetlistes a
Q,%MW&gﬁgigmfgmg{ﬁg%;qgcg%g{tﬁsglgmncluding a radius variable to
be graphed. The user-entered expression causes the calculator to graph
the user- entered expression on a polar coordinate system. 10181 An
AR aspect of a calculator for graphing a user-entered expression on
a calculator display includes means for receiving and displaying a

i‘[‘ﬁ%‘i‘ SRR B PR SR B HE G bt AR dENE R B rther

ncludes means for graphing the received user-entered expression in a
geparetis SPamRiesHgR WRlBNbY veriBgIdrorngle Sl YSEEURSY ERIFE B ing -
@oly then usiag-eedredoexpression. 10191 Still other objects and advantages
of the present invention will become readily apparent to those skilled in the
qo1[omnth préediawinentieiapreialeseripdinet wiheneispsharey atereinated

SRRt a R LGP YRRSR, Y SR and described, simply by way

[017] A method aspect of graphing a user-entered expression on a calculator display
includes a calculator receiving a user-entered expression including a radius variable to
be graphed. The user-entered expression causes the calculator to graph the user-

entered expression on a polar coordinate system.

[018] An apparatus aspect of a calculator for graphing a user-entered expression on a
calculator display includes means for receiving and displaying a user-entered
expression including a radius variable. The calculator further includes means for
graphing the received user-entered expression in a polar coordinate system on a

calculator display responsive to receiving only the user-entered expression.

{019] Still other objects and advantages of the present invention will become readily
apparent to those skilled in the art from the following detailed description, wherein
the preferred embodiments of the invention are shown and described, simply by way
of illustration of the best mode contemplated of carrying out the invention. As will be
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of illustration of the best mode contemplated of carrying out the invention.
As will be 4 realized, the invention is capable of other and different
embodiments, and its several details are capable of modifications in
various obvious respects, all without departing from the invention.
Description of the Drawings 10201 The present invention is illustrated by

Wi, mmelﬁoa@capibnyomﬂatm diftctba Bdusamedith enac;@cym panying
Wln S, Wh ents havin same refere ce
geé%‘féﬁ ?&Oéﬁﬁ%?gnélg'mgf% fﬁ’rdﬂﬁﬁ%ﬁ? BidW 'ér%‘llﬁ %uré lis a

frmnttliawanew of a graphical calculator according to an embodiment of the
present invention; Figure 2 is a high level block diagram of a graphical
DrlsetipeionefalséMrswangembodiment of the present invention; and Figure
3 illustrates a menu displayed on a display of the graphical calculator of
folmy ferﬂe%ﬁé?ééﬂd iilﬂgem:(ﬁ{hﬁﬂml%@dl{mpt\@i mMﬁﬁanzﬂmv)enﬂpnmlﬁi@Uﬁes

Aas 4 fJ Iustratp nput of a user gntered expression on a calculﬁtorﬂ]d

1 ures o acco rawings eremn € emen s havin
al ayoraagr ical r ntation OT the user-entered expression on the
@&mavmﬁtfga@ﬂi%mmgtﬂ&%ﬂe@?ﬁﬁb@mh?%faﬂ#évﬁ?&'ém invention;

Figure 5 illustrates a graph of a function by varying the angle value in polar
coordifigees; IFigur doBaféwvithi sif adegsiphpeni ncalgplatohiegsoshitn atiom df
arapiineidemi pelianirAss) according to an embodiment of the present
invention; and Figures 7a-7o Illustrate steps in a graphical animation of

graphing, g é‘?ﬁ%ﬂﬁe&?ﬁf&'ﬁhﬁ R GG AL FRPARIPERL R AP fo RFESENt

invention. Detailed Description [021] Figure 1 is a front face view of a
grkpfireent ol e RSP Ay SeBr 8y to an embodiment of the present
invention. Advantageously, an embodiment according to_the present
inventosterailetreist aonent epipyssy 9o 2 dispiryyrb s  BisRRicyl calculator
bEPigse ntRdordng tomedntotitedt eRpicmsseidnveanigna polar coordinate
system based on

Figures 4a-4d illustrate input of a user-entered expression on a calculator and

display of a graphical representation of the user-entered expression on the calculator

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

Figure 5 illustrates a graph of a function by varying the angle value in polar

coordinates;

Figures 6a-6ww illustrate steps in a graphical animation 6f graphing the

function cos(20) according to an embodiment of the present invention; and

Figures 7a-70 illustrate steps in a graphical animation of graphing the function

cos(2R) according to an embodiment of the present invention.

Detailed Description

{021} Figure 1 is a front face view of a graphical calculator 100 according to an
embodiment of the present invention. Advantageously, an embodiment according to
the present invention enables use of a calculator for display of graphical

representations of user-entered expressions using a polar coordinate system based on
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5 varying the radius term of the expression. Further advantageously, an
embodiment according to the present invention enables use of a calculator
for animated display of a user-entered expression using a calculator. [0221
Calculator 100 includes a display 102 and a primarily key-based input area
104 set in a front face 106. Although front face 106 is depicted as a

VAR ther RANEAN bfishiOcrrdinORT oG Bai i énnt fagemagigent
Tandfactared 10 Be %%%Laeﬁ‘a%ﬂgsb.%’e OF different shanes; furis) Alfnough
a specific numbér, type and configuration of Input mechanisms are
daseriinired slprpssios usinge ealvidatstood that variations in the number, type,
and configuration of input mechanisms may be found in different
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irseifiiersnt sbedimentsiof e psprtivrBiidhformation input, recall, and editing.
Directional input device 108 may be manipulated by the user to input at
933} fBisptiyddions, eetangylad diauid lerfistaldisplgh(LED atbidmtiord8 Gixelmput of
Rbﬁé%ﬁdaﬁ%\téf{ g;li h%%til@ AL KRWh ﬂ?ﬁ%ﬁ?&éﬂ%ﬁ%ﬁdf?ﬁ%@ J%tgeq?lmigg tto
essor ere oVi e curgent.c r position on  dis 0
BT & SR ERETE AT S A A5 PG A B PeRTee 108
ifepukeys andore disbtionph ingut deicp id8 dx e or DL dndrtbkemi evirngathr eurrent
GSUSEY RABEIRIM PN HERRYNOR PRI GRE AR pasiifk ddzpidisgeondary
%mctéontof a%gtc‘ﬁ)onal {n%u device QOB, acce.ssijl e vig us of shift key 114
25 HOSHRSE RS PP Al S AR L X PR R A S P B R input of
shift key 114 in conjunction with or prior to left arrow of directional input

ARHPiressiong)uinpyty deyies, 408 ddrirdira Br1IRsKe S8 o dh RFERTR

drtetmagothenphraetd); tand editing.  Directional input device 108 may be
manipulated 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.

[025] 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
of shift key 114 in conjunction with or prior to left arrow of directional input device
108 inputs a backspace command to processor 204 thereby deleting the character to
the left of the current cursor position on display 102. The input of shift key 114 in

conjunction with or prior to right arrow of directional input device 108 inputs a delete



the left of the current cursor position on display 102. The input of shift key
114 in conjunction with or prior to right arrow of directional input device 108
inputs a delete 6 command to processor 204 thereby deleting the character
to the right of the current cursor position on display 102. 10261 The four
remaining keys in row 110 are shift key 114, open parenthesis key 116,
onrmiRreiRraisok oy déeRNdRANESH&BMarkeRr HOR TighDUE KRYedrddhds used
to access a secgnq s%gf functions, i.e. secondary functions, assigned to
the*Fe °§‘.ﬁ?ﬂ§'k I)S/%a n Calculator 100. For example, user activating power
key 120 turns on calculator 100; however, activation of power key 120
éﬂéeaaerﬁ%ra'eﬁwo%% iR 2EshifkeYoH theperrasraths ke similar
fahidose pachthdsibh ReyeiTRsd gokeykeof 2@lculator 100 has an assigned
secondary function. 10281 Open parenthesis key 116 inputs a beginning
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JSGHATIGIR b HETRRRIRM, WIS SECANMAN HFIRD &f ElasRaaeniiies's key
118 isto inputa T variable in a user-entered expression. 10301 Power key
F5%0Pns on calculator 100 and, as described above, the secondary
function of power key 120 is to turn off calculator 100. Additionally, power
HOABH Bpeaneasptlicsis key bE eyt dr@RRAARUFITIRS S RUFISEF AT, the
pwibey ity begmad mmmlemrothq)dispﬂ&;yxedsexpﬁassiﬁ).nsom‘ difpptgag/ 102.
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device 108 d:e etes input charactersto the right of the current input position
Sneibeh i difelavor simpbepdha abrbtal & Bymerceh EmBtemEtaithal input
diesgespH @iSptigbdtes input characters to the left of the current input position.

[029] Close parenthesis key 118 inputs an ending parenthesis in a user-entered
expression. The secondary function of close parenthesis key 118 is to input 2 T

variable in a user-entered expression.

[030] 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 tuned 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.

[031] Beginning in the upper left comer of four by four grid 112, the description of

the remaining keys is now provided in a row, column order.



10311 Beginning in the upper left comer of four by four grid 112, the
description of the remaining keys is how provided in a row, column order. 7
10321 Row 1, column 1 key 122, i.e. the seven key, inputs a seven (7)
value in a user-entered expression and has a secondary function of
inputting a sin function in a user-entered expression. Row 1, column 2 key
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iRty andgieneminttineé i diactian. raising a value to the second power, in a

user-entered expression. Row 2, column 3 key 134, i.e. the six key, inputs
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BWeiiPdigubsequently entered value function, i.e. X raised to the power of Y, in a

user-entered expression. Row 2, column 4 key 136, i.e. the multiplication key, inputs
a multiplication (*) function in a user-entered expression and has a secondary function

of inputting an X variable in a user-entered expression.

[034] Row 3, column 1 key 138, i.e. the one key, inputs a one (1) value in a user-
entered expression and has a secondary function of inputting an absolute value
function in a user-entered expression. Row 3, column 2 key 140, i.e. the 2 key, inputs
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,
ie. 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



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,
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expression and has a secondary function of inputting a NOT function in a
LSF- ARSI sion. (0351 Row 4, column | key 146, i.e. the execute
Lw}/ﬁllnputs an execute command to calculator 100 and has a secondary
f

oR B thSeitmRy lkmdAl: EoMiRAt GO B MRERAN 6T ROWE2RDIRIMN 2
kencll4Br 1160 thel hesa kesondapy fanatioarof (@puralg e imdu kseinanicke the

&R (cjélrorh%&% h&mn?‘é%p%p fQQEE'%}o 5%"%‘3&99 M PG/ Th3 user-

entered expression. Row 4; column 3 i.e. the dot Key, inputs a

SETFEFED ﬁ%‘P’ﬁﬁs}i"i‘/éﬂﬂé‘aéﬁﬁif‘aﬂa‘h%ca%dmﬁﬂﬂﬁﬂfdﬁw(‘)‘f i ¥titting a
pintoestapessadue Rovad usdmertdee d Bxprassidin kéyoinpdis @alemmlddiely 152,

GhiLvdhe Qs dRVhORYLS AR ARG b1 )f %ﬂ%‘g'& '151 @oHé“‘t@rKf%‘ﬁﬁrﬁﬂa
expression and has a secondary fun tlon Rﬁg mes ten to the
SRR SRR on e hET AU AIE 1 g AR
eaddrews(oh fe3en Wﬂwmgpmdtexmssewﬁdmy fenaiory Gintfises@ioute key

IffideacihadenROME pBler JEFetBlQhaIRMIEOMMARE. INRuiPy & wser,
processor 204 descrlbed below in conjunction with Figure 2) drives display

1‘55’t g1 %Fﬁ?‘%‘?ﬁenu 300 (Figure 3). The user manipulates directional

E ut device 108 ug arrow and/or down arrow to cause the hi dghll hted

L it d5shest & UBTasAndsne fHeatiomatfe e exerals Xrysihty Elitem is
hibleg hfled rdteaptisEr menw potatesdeixpLie keserl $6¢priondfy {derctibed) to

iRt bligh H@&H@dmggfe ﬁsmwﬁstm@pw%m@mwwﬁmm@w%&ey 120,
Sor IS

roce ener the menu 30 IS no Ionger

ut to g
i RSste A eRaies s ieoms PP A S0 K BRGR A, domrRSE g an
e%em;ﬂlaﬂygbékmétmpww@wmwwammmeéﬁcrdhméqh%mn may

bigeHy RGNS gl ol 30t Rl WAMLARO dRCIHIRS A48USrN ALRERS o

om icati hanism . .
Cl?lput tueq'n?g “gﬂte[y%%m? ge?n. lftots\c user manipulates the power key 120, no input

to processor 204 is generated and the menu 300 is no longer displayed on display 102.

{037] Figure 2 is a block diagram illustrating an exemplary calculator 100 upon

which an embodiment of the invention may be implemented.

[038] Calculator 100 includes a bus 202 or other communication mechanism for
communicating information, and a 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
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communicating information, and a 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

eheheHimRNt 9k BRIGTERAIY eﬂ%@r%‘i‘% tmssra&maotm iReeHiad by
processor 204. Main memory 21|06 also used for storlr;g terqgorary

vasgimensy SR SOMRIAL AL ?WS%A ﬁ%‘)‘(blt'?u iGh'df iStrtictions
tntogratocecitneit] g Processolo2ead maan@epmmd%rr@m%mm@mé ®fain 9
RARENORY 2P dt Ahip Kilobyte RAM. Further, it is to be understood that in
alternate embodiments, the components of calculator 100 may be

GO5BPRGE R ?oﬁlﬁi%%r EREEQE E%Qaﬁ'&‘ﬁﬂ%&n%p('i%ﬁﬁ%ﬁ sPguRpdRain

memory 206 may be combined on a single "system on a chip” [0391

GareeRADcEso Fﬂm@r‘ﬁ?c‘?ﬂﬂ%%f‘i’e%‘d’%fﬂﬁéﬁ%&awvﬁ 2’6‘8“6‘?%‘ﬁ1er
Statibe ptocesger A64ict coul preticidateenbndinR0R ROMIZ0ENG stazk Kifdnyreation
gshnstructions for the processor 204. In one particular embodiment, ROM
208 is a 128 Kilobyte ROM. 10401 Calculator 100 may be coupled via the

Jzo(gal&ﬁtgﬁl@@)ﬁ SpRARIM RS G%%E%i&‘;d 198, s RtRI LCD.

an interface to a user. An_input_ area 104, as described above

91% I d’r‘éﬂ’“ﬁ"@éﬂd@&'*ﬁ%é"dﬁ?’%ﬁ R ¥SmMBAEAting
mﬁarhﬁ&lmrde&gqusafbmrwaredfemm«gus dnd vaipied athe bor2édod

'E‘cﬂ%ﬁxﬁ%h\% RERGRSRGK, 234 uNiNad SQHSEAOSnAParliRSCIRES ARGNE With

espectto Figure 1. is part of input area 104 and communj%ates direction
WPofﬁ)‘%‘gt%“h"é‘}fa“BB AN 08 rdlessals? ey WIS L cursor
igvemens partloé tipplarcal 2. idisdmpunidateicdingptimaliyférastiroaldgrees

QEMBRAPSBILBLNG B RSoetsdl 3DAXIR dhiolsuRH RoSERRRDANE (Rsglayy)

a}# wi thed quice tos (? f;/posélons in4 plane. 10411 The invention is
M B e Lt S P
Keepur® ande seqond axiel(@pply dlseingthesleries tespredgesitionsidariaand

graph the results of operations by driving display 102. According to one
dodbjodihecintention is related to the use of calculator 100, such as the depicted

calculator of Figure 2, to input and apply operations, e.g. expressions, to data and

for

graph the results of operations by driving display 102. According to one embodiment
' of the invention, data is stored and accessed from main memory 206 by calculator 200
in response to processor 204 executing sequences of instructions contained in main
memory 206 in response to input received via input area 104. A user interacts with

the calculator 100 via a user interface displayed (as described below) on display 102.

[042] 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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of the invention, data is stored and accessed from main memory 206 by
calculator 200 in response to processor 204 executing sequences of
instructions contained in main memory 206 in response to input received
via input area 104. A user interacts with the calculator 100 via a user
interface displayed (as described below) on display 102. [0421 Execution
Ofd4w} SEgkie AR afales KURHRNSBORiAU}RE & heBya102MBEBRINp2Q0Causes
th?n%%%l%%? 8{ { 9 3 gs)eg)tegv%r iogheAE ! ccg:%%dstggv% Ctl'x?es %r%gqs%?slglw’eMn .
afiernative embaaiments, ard-wwecfcwcuﬁry may be used In ﬂ}ace of orin
cHmnsaid oS BurpatrsBRwrspadgsfinstomd toMeerherse threkey

iNV@N iR BOoIRcRIAWR adimenale Pretkiony MR 08 RIC BOAITMRNHOaat

S lgggc ggnryrb'gs%g%n og r‘ule ?‘yv%reescéiorp 'Ery and software. 10 10431 Figure 3
illustrates a menu 86 8.:@ a;‘/Je on display 102 according to an
embodiment of the present invention. As described above, menu 300 is
ol e 3 R 5 TP o S eSS, oo, e
meased skpeeseneik@ypolat §odvitmte 30T M clerdrting delicmeliodipreisdidns able

o malRehan NNl ¥ Presfins (3 Hife AR NN HPSC IR AR EIHO0
processor 20&6.1% 1 In addition to enablingatg(c)al display. of ar?ra hical

4
1US vafgna gglca ¥i ncfions drawn on ar ordinate,.s SEC 1 as
representation of user- efitered expressions in‘a polar coordirtaté system,

adwsontihdopbovanvesm stoatim asiegf thsethp paglenaiving rition Ousér e ardr8aes
CHPEISIPUFoR @ ANE IR he HSRIANES \prodich RAS AR ARLUEMAEaDle.

Typically, functions drawn on a polar coordinate system as described

abl A& YSherintininorigin gftharolrs caRate sYSRTy ok 8%o 2 pi and R as
dependent upon B based on the user-entered expression and representing
tHe4Siistnde cwbedioahasearding thdhe rRIFFEDT MYSHHoTaPele B IStem,

I grafiid (). dispth9dd lih polL RYARKENG hAE0NE10Q dsidf P rase st iRiedion,
polar. functions are, graphically displayed in. polar coordinates op. display
O o S R R AR A IR
t@epbsiclyreprestnatition Risflokdhe syrhpisitel vdprete Rzfiion ¢s tispiéared by
gg@&hjﬁgetg@té@lues (0, R=f(0)) on the polar coordinate system. 10461 In a
further embodiment, an animated display of the graphing process of

[046] In a further embodiment, an animated display of the graphing process of
graphing the function in polar plan view is achieved by repeatedly drawing a line
from the origin (0, 0) to the destination point (0,0=f(R)) as the value of R is
incremented from a given starting value, e.g., zero (0). The resulting animation

displays, i.e., graphs, the input expression with a sweeping style on display 102.

{047] In a still further embodiment, an animated display of the graphing process of
graphing the function in polar plan view is achieved by repeatedly drawing a circle
having an origin at a given starting point, e.g., (0, 0), and a radius equal to the value R
and a point on the perimeter of the circle at an angle 8. The user-entered expression
determines the radius R and the angle 0. The angle 8 varies from a given starting

value, e.g., zero (0), as the circles are drawn.

[048] According to an embodiment of the present invention, a user is able to input

and display expressions in a polar coordinate system and a polar plan view using a
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graphing the function in polar plan view is achieved by repeatedly drawing a
line from the origin (0, 0) to the destination point (0,0=f(R)) as the value of
R is incremented from a given starting value, e.g., zero (0). The resulting
animation displays, i.e., graphs, the input expression with a sweeping style
on display 102. (0471 In a still further embodiment, an animated display of
RAIARING B RS SRRININGHINCTRN RpL/aLRn VW 2
achieved b}/ repeatedly drawing a circle havmﬂ? an %;%n ata f?[leven starting
pBtthereatical <R35Sl L2 dcfius Bz vy trrvsrinl erarintition whiffe tithe
desimetahoéighekely dz ahashiighe 18 4.Tdne thedivisiviekeyl 2SprEssipright

do%iegmi@a,sl‘ttﬂ? {PHYSR @%%Lﬁ%‘ﬁa?ﬂi? &pmwgaabe Ndvariesiftom@oiven

starting value, e.g., zero (0), as the circles are drawn. (0481 According to

AR OQintfisn T B SSHTBHRRHLIGE, BeudeTiEnishid (ST and display
exgphessitabenpasgioted0Zoordinate system and a polar plan view using a 11
calculator. With reference to Figure 4a, display 102 displays a user input of
Joeptiadmaticakepiepaians4bPeieeutédes(0)5, pipceeaguetialsharipiiation of

tl%ﬁgiﬁm%%ﬁ“c}ﬂe;&}?ss&%%%Xdl&]‘beg@sﬁﬁ' 4 5?3(01%%%1@'194?&%@4'9” key

e upright bar symbol, "I", at the end of mathematical expression
AG2% SERMUTBS TR USSR PASERRT fnen A atiRePesting s pet bt the
lisertenidresisupigetiormadnam sthiemagcal femppessibnvdOgapbi @1thafter the
PP A Rp e e i o S
mathematical expression and drives dis o display the resu
A, 7 R B 151 B PR BT AT based
anetheed dillsifpuirm dxpediondn bograptpd wrpresssin2bd s/ sabaia(oe! 06 four
AP QYSeL ARV LRy YBE rtc?gc‘rﬁﬁ e tRetEfalRH SxpRs AV araggepusly,

n

as descriped in applicant’s co-pendi ﬂg agplicatic%pﬂéi led "Graphical
et TRt S priRt A SRR PR BB AP ger need only input
an expression to be graphed to processor 204 of calculator 100 and the

gR58k SEythsriodeningns O YA e ARhEMETAr e kHPE AR The
ueerdirgta oy stenuiido toreptangsprag madesvo tie manrativien afa: graphiphing

. (050J Further advantageously, the user is able to graph expressions
using a polar

[051] As described in greater detail in the aforementioned application, the user is
able to display either cosine wave 406 or cosine wave 406 and a listing of select
points on cosine wave 406. Further, the user is able to zoom in and out, increasing or
decreasing the scale of the displayed graph, shift the coordinate system to the right,
left, upward, or downward as described, and manipulate directional input device 108
to move a cursor position along the displayed graphical representation of the user-

entered mathematical expression.

[052] In a further embodiment, the user is able to manipulate calculator 100 to
display a graphical representation of a user-entered expression varying based on the
radius R and a user-entered expression varying based on the angle 0 in a polar plan
view of a polar coordinate system. With reference to Figure 4c, display 102 displays
a user input of a mathematical expression 408 including two cosine expressions, i.e.

“cos(26) & cos(2R).” The first part of the expression, i.e., cos(20), varies based on
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coordinate system without requiring special modes or the manipulation of a
graphing key. [0511 As described in greater detail in the aforementioned
application, the user is able to display either cosine wave 406 or cosine
wave 406 and a listing of select points on cosine wave 406. Further, the
user is able to zoom in and out, increasing or decreasing the scale of the

digplauRed Sirnig RNt CROINR B RV AR e IBERGOH O, J@sf(tzmpvuaeg or
downward as des ribed,.an n%%n ulate dlrectl nal in ?éjg e 108 to
ep

N 3nc:tu?sv3}u685|tu8rﬁag1'€5sn ystial 8‘%‘#%" tfgrélo a’ué)h of the
uthe reight ksse P fn theheve el 24 Gt andiiphcatiob ey & fagrshidt ksonblddareent, the
ugRIdisiabladép manteuRianalcwaimk R iomdieniRysag raahyéadnd part
PR dassLenred cppsson iRt tesel on fhe qadus R
and ' GSer-ent eredlex ression nfo £e§ e an n abofar plan
vP&b‘éthlﬁG’IéﬂedUe%ﬁh&fé é‘}ﬁsmﬁpmtwlré?érbﬁc@’tﬁ Iy hlf’é the edpspiay 102
di@plawsh@ﬂu@m_mg m&am@mamemia@l@earﬁsm@om inclhipdingtwo
RRILERTES P i (RSP IRRER, R el e,

expression, I. cos a fhe Value of the ang , While
tﬁévg‘éeehd%aﬂdeﬂafﬁﬁet&ﬁf@gsmwe tocthe (S5R2) e RdiERRBERD AT value
olishrenathidiexpteBipis ¢ guenlimhaangplation 408the shift key 114. the eight
key 124, the two key 140, the multiplication key 136, the shift key 114. and
thessiivisiokeyiclidés tanipisaeésifipleiedhe dist4aaptetde TMpRansesnd he
second art h Rressian 408.i eguential m tion of

the uth"}t afij %?e e|g amffﬂ\%mﬁ gdﬁ?ytﬁf%%f ek?}nu t?&ggﬁm key
1%, wﬁnm@y @mwsqweﬂe;te&t@smey avd | Righighithsed itk anglgdg8ian in
tfamiswaﬁﬁgtsn@mx%o@i anafnaRipuRte nf@tv&h%xemcuua keyglapficdine

rlg g )gptaJoclb;'ll;;é at the nd of maLheryatlcgl ion 4O§1ar

ch Ates e cursorn pos ion to%he odr daurlng e ?ng np ot thé
LRSeFdine sxeicaEkfiedbrotinyseidiedhe sighh aE ke erpine ssv 4Dg0 BT &fter the
uspicraanipigatesithe execute key 146, processor 204 evaluates the input
mathematical expression 408 and drives display 102 to display the result

4b6q) i.€. RABPBIA IRRERRAANAUIPADR GoSIHe VAN Hbiuaiingskased on
thgtl?g%l%sglégs may be displayed on display 102 at the same time as illustrated in

Figure 4d. Advantageously, the user is able to graph expressions varying based on

either the angle 0 or the radius R without requiring special modes or the manipulation

of a graphing key. In an alternate embodiment, the user may manipulate input area

104 and input an expression varying solely based on the radius R, e.g., “cos(2R)”, to

obtain a graphical representation of the user-entered expression.

[055] Figures 6a-6ww sequentially illustrate a sequence of steps in the animation
process of graphing the function cos(20) while varying the angle 6. As depicted in
the sequence, a line 602 (Figure 6e for example) is drawn from the origin 604 at an
angle 0 (indicated by reference numeral 606) and through a point 608. Point 608 is
determined by the graphed function, i.e., cos(20), wherein the radius is equal to the
value of the cosine of angle 8 606. Subsequent drawn lines on the polar plan “sweep”

out the graph of the function in polar coordinates as the angle 8 varies.
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polar coordinate system (i.e., the four petal flower graph) and a graphical
representation of a cosine wave 414 varying based on the radius R in a
polar coordinate system (i.e., the sinusoid to the right of the cosine wave
412) to the user as depicted in Figure 4d. [054] Because both user-entered
expressions use the same coordinate system, both expressions may be
chglpyeckon.dispiay K08P A ine il Al ianin A
Advantage us_Ty, the user Is a%fe to grap%q_expressm S varying based on
cRIREsst9b EpRiaths fmeticnfeseR) Whitb tarvimg s et &eih risriele P the
niteniutatqn citia AR Retor bxatpla)te hiate annbddisfent thherigser may
TRBIRIE"S fl@f&&%‘é%ﬁ%%ﬁ%‘d”%_ﬁ{%ﬁéP%%mP HRYINGAPIok hased on

the radius R, e.g., "cos(2R)". to "obtain a graphical representation of the
UAssmaines By B srarderb Angiss 1 ki gaTeR e RS BedreliS Rl Ate a
sedjesi thotatimp oinrdtiasaRintatiosubsrpeas e gighing the felaciin
CQSLa0) Whi in e 8 [ ' 2, a line 602
B B S Al
(indicate reference numeral 6 nd thraugh a point 608 Point 608 is
o@%fminiﬁééfﬂ%‘%?a%ﬁ g@?ﬁnr]% i%gn@?.%él.s,p}:a so?zq%,%fvaﬁa"fg n ﬁ{gs?gg{i]us IS
efudl uesrigrterd | saPaTtine dsssrkedrehnvfietb 006t SEhSHEIENPARERASInes on
tegeqafitdicpya in ‘@dée @Pinpoticihinagiapiusiigite talclian inguolascoatdinates as

g%ggg%&%wis&mmaﬁmﬁﬁﬁfqqu%ﬁsm Al lsieate.g seauence

In the animation process of graphing the tfunction cos(2R) while

VST PG GE e e nereanesop desitestl afschi aRd/gt mavament of e osigRighire 7e
faticexigin phintief drasvuordibacrgsiiuns dnalispthel @2igin  (indicated by reference
numeral 706) and through a point 708. Point 708 is determined by the
oresshed fighcléoel, gseudcosd? Rsxjny o€ pai anibelanrgtadsoetinpidahthgeseatue of
MRGRNG ShAUM/ IR aHRREAENh ANE fgag.on (he poar plan
"Sweep” out the grap% of the function in polar coordinates as the angle O
varies. [057) With respect to thi,atri]li‘mPtion of the display of the graphical
representation of a user-entered’ ex%ression described above, the user
may further manipulate specified ke)(s in order to m(;a%c&rp%rtlads(,e ausing

the caléﬁ?&farﬁteﬁstdlﬁomppésﬁnﬁ\epo ar equation base

parameter.
For theta = 1 to 360 for all values of ©

P2= (function(6),8); calculate next point

Restore graphic(G) restore old graphic
Line(P, P2); draw the next step of the function
G= save graphic save the graphic

Draw line ((0, 0), (function (6), 0)) display the sweep line

P=P2; save current point as start point for next loop.
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speed up or slow down the animation. Further, additional key manipulations
by the user may cause the increase or decrease of scale and/or movement
of the position of the origin point of the coordinate system on display 102.
(058) A high level pseudo-code listing of an embodiment according to the
present invention in which the angle 8 is varied is listed in Listing 1 below.

(Lgr;'ﬂlﬂn% ?W?ﬁh%ﬂﬁég%)“%EHQRMT:&E%»Bﬂx'ﬁés‘%ﬂé‘@sﬁ%nl%?e%e&&&mﬁ Theta

arameter. For the Ito 360 for all values of 8 P2= (funetion(8),8);

dardfarius Sang srrmribe titee ofahmRcresydisateafehs editalhhi [sPretPisP2);
o dulatheome st sterimbtIRfWICtiRate Theavaat aRpisySaushiben giaphie Draw

Iir&]e ((g,, O%, ng ction 8}}2& ‘% display the sweep line P= P2; save current
Y dieplgy ﬁ%ﬁ‘ﬁ P 500p. 14 In Listing 1, P= (function(0),0), where
function evaluates the user-entered expressmn for the value 0 and returns

tH5Vaitidigh dsechrsdpards isiert HbRMbEmet ASEYELER 1S BBESPhoint of
deandinate s/ i;h0hGadivaRatheiediy stedlis pistingRdplvic.in order to allow
display of the sweeping line. [0591 A high level pseudo-code listing of an
embodiment according to the pragmg2 invention in which the radius R is
varied is listed in Listing 2 below. Listing 2 System detects user input of a
polar esyyatipadasedsen iHpatraditpéR) daaiamecised-oiRyd toiild B3= (R,
function(R)); Restare graphic(G) Draw line from P to P2;

'para
ForR=1to 10
P2= (R, function(R));
Restore graphic(G)
Draw line from P to P2;
G= save graphic
Draw circle ((0, 0), R) display the sweep circle
P=P2;

In Listing 2, P= (R, function(R)), where function evaluates the user-entered
expression for the value R and returns the value of the 8 coordinate of the point. (R, 6)
represents a polar point of coordinates R, 8. G= save the current display graphic in
order to allow display of the sweeping line.

[060) 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.
It is therefore intended that the protection granted hereon be limited only by the

definition contained in the appended claims and equivalents thereof.
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G= save graphic Draw circle ((0, 0), R) display the sweep circle P=P2; In
Listing 2, P= (R, function(R)), where function evaluates the user-entered
expression for the value R and returns the value of the 0 coordinate of the
point. (R, 0) represents a polar point of coordinates R, 0. G= save the
current display graphic in order to allow display of the sweeping line. [060)
Itredll] b@oadiliplscradpicett Bigareinangd Sisilkyy elanidhaifiiradgpoesant
YRS A OLNEORICS 6 EOr 80 ¥ faltelrRaANALRS faregoing

specification, one of ordlnar}g skill will be able to affect various chan es,
sﬁ‘ﬁglll’ﬂﬁ'ibh‘g‘ef?ﬂ%ﬂ‘lﬁ\ﬁ'l’éﬁﬁs AU ‘Bt’ﬁ%'Fségﬁg@t’éaoftWé“ﬁﬂ/eHﬂ%n as
bsgabtihs dis diesdaligesbimand irepreberalio semntalvd it sk tlheaprotection granted
hereon be limited only by the definition contained in the appended claims
and equivalents thereof. 15 (0611 For example, as depicted in Figures 1
and 3-5, key labels may differ according to different embodiments, e.g. the
division key 128 in Figure | is represented by a slash mark whereas in
Figures 3-5 the same key is represented by a = symbol. The symbols are
interchangeable and represent the same calculator functionality. 16 Docket
No.: 200310008-1 What is claimed is: 1. A method of graphing a
user-entered expression on a calculator display 102 of a calculator 100, the
method comprising: in response to the calculator 100 only receiving as
input an expression to be graphed, graphing the evaluation of the received
user-entered expression in a polar coordinate system on the calculator
display 102, wherein the user-entered expression includes a radius
variable. 2. The method as claimed in claim 1, wherein points on the
graphed expression are determined based on a plot of angular value and
radius value.
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3. The method as claimed in claim 2, wherein the angular value is
determined based on the user-entered expression. 4. The method as
claimed in claim 1, wherein the graphing step further comprises the step of:
displaying, on a polar coordinate system, a circle having a radius based on
the radius variable and a point on the circle at an angle determined by the
value of the user-entered expression determined using the radius of the
circle. 5. A calculator 100 for graphing a user-entered expression on a
calculator display 102 of a calculator, the calculator comprising: means for
receiving and displaying a user-entered expression; means for graphing the
evaluation of the received user-entered expression in a polar coordinate
syserketiNe.c 20AHAB08Isplay 102 responsive to receiving only the
user-entered expression, wherein the user-entered expression includes a
radius variable. 17 6. The calculator as claimed in claim 5, wherein the
meaps.far sHaRRKIRg further comprises: display means for displaying, on a
polar coordinate system, a circle having a radius based on the radius

variable and a pojpkasy B1eaiale LA aRAE JSRHIHRAY YRy RlyEaHf

the er-ent?rqd e§85eision determined using the radius of the circle. 7. A
f a calculator the method co rlsmr%: . .
method’o graphing a‘user-en eretrj"%xp ssion on a calculator display 102,

the method comprising: in response to the calculator 100 receiving as input
an exprossion (6 BSPPE AL SARREIN Peot e Erdn B seriienon
incltrlbs graphdd.sreplrindlbe gvalpition of thadigsived| ysetiteepdhexmesstidnad a
UsepsHHREBEIAXRISRHAN df tPRINUEAR AIBRLS JWSIaMe R ancaistialRired
displg 102, wherein thd(leug‘r/agam{ég step further comprises the step of:

. ei ression includes a ra . . .
displaying, on a polar coordinate system, a circle having a radius based on

the radius,value pf the (AP INSHANAP!S 303 PRRLAR H&EH%R! Sbhea

expression are determined based on a plot of angular value and radius value.

3. The method as claimed in claim 2, wherein the angular value is

determined based on the user-entered expression.

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

comprises the step of:

displaying, on a polar coordinate system, a circle having a radius based
on the radius variable and a point on the circle at an angle determined by the value of

the user-entered expression determined using the radius of the circle.

5. A calculator 100 for graphing a user-entered expression on a calculator

display 102 of a calculator, the calculator comprising:
means for receiving and displaying a user-entered expression;

means for graphing the evaluation of the received user-entered
expression in a polar coordinate system on a calculator display 102 responsive to
receiving only the user-entered expression, wherein the user-entered expression

includes a radius variable.
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angle determined by the value of the user-entered expression determined
using the radius of the circle. 8. The method as claimed in claim 7, further
comprising the step of in response to a second input, graphing the first point
at the first radius value and first determined angle value and graphing a
circle having a radius based on a second radius value of the radius
variable and a point on the circle at an angle determined by the value of
the user-entered expression determined using the second radius of the

circle. 9. fhe mefhod & ClAINGH IR ITiG: SYHRERIMH 1e SeaRnd: Franiipg

step prior to graphing the first point further comprises the step of. clearing
the &Y TPt the first circle. 10. The method as claimed in claim 7,

further comprising the step of: repeating the graphing step for sequential
radius values. Hisplay means for displaying, on a polar coordinate system, a circle

having a radius based on the radius variable and a point on the circle at an angle
determined by the value of the user-entered expression determined using the radius of

the circle.

7. A method of graphing a user-entered expression on a calculator display

102, the method comprising:

in response to the calculator 100 receiving as input an expression to be
graphed, wherein the user-entered expression includes a radius variable, graphing a
radius value using the received user-entered expression in a polar coordinate system

on a calculator display 102, wherein the graphing step further comprises the step of:

displaying, on a polar coordinate system, a circle having a
radius based on the radius value of the radius variable and a point on the circle at an
angle determined by the value of the user-entered expression determined using the

radius of the circle.
8. The method as claimed in claim 7, further comprising the step of:

in response to a second input, graphing the first point at the first radius
value and first determined angle value and graphing a circle having a radius based on
a second radius value of the radius variable and a point on the circle at an angle
determined by the value of the user-entered expression determined using the second

radius of the circle.

9. The method as claimed in claim 8, wherein the second graphing step

prior to graphing the first point further comprises the step of:
clearing the display 102 of the first circle.
10.  The method as claimed in claim 7, further comprising the step of:

repeating the graphing step for sequential radius values.
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