Docket No.: 200310009-1 Input and Evaluation of Fractions Using a Calculator Related Applications
[0011 This application is related to each of the following applications: "Graphical Calculator User
Interface for Function Drawing" (HP Docket No.: 200310007-1); "Function Drawing in Polar Plan Using a
Calculator" (HP Docket No.: 200310008-1); "Previous Calculation Reuse in a Calculator" (HP Docket
No.: 200310016-1); and "Graphical Calculator" (HP Docket No.: 200310014-1), each assigned to the
present assignee, all of which are hereby incorporated by reference in their entirety, and all of which
are being filed concurrently herewith. [002[ Field of the Invention [0031 The present invention relates to
a method of ans#af%%gy%%lim%land evaluation of fractions using a calculator. Background (0041 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. [0051 The hand-held calculator is a

specialized device {ppattzndeRaglpativisofEirdions UsiaghaCalonlatoBecause of this
specialization, typically the hand- held calculator costs less, has a longer useful lifespan, and is more

reliable and morelaedaARppiaige computer. [0061 Whereas a general purpose computer is capable
of executing many different programs, a hand-held calculator typically executes a single program and

less frequentlyjgepams aymcation BiriaRE eseatedPIROfaMGnD appRiMoms asdphrld 1
Calculator User Interface for Function Drawing™ (HP Docket No.: 200310007-1);
“Function Drawing in Polar Plan Using a Calculator” (HP Docket No.: 200310008-1);
“Previous Calculation Reuse in a Calculator” (HP Docket No.: 200310016-1); and
“Graphical Calculator” (HP Docket No.: 200310014-1), each assigned to the present
assignee, all of which are hereby incorporated by reference in their entirety, and all of

which are being filed concurrently herewith.
[002] Field of the Invention

[003] The present invention relates to a method of and apparatus for input and

evaluation of fractions using a calculator.

Background

[004] 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.

[005] 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.

[006] 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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calculator supports addition, subtraction, multiplication, and division of numbers. either integer-based or
decimal-based, entered by a user and displays the results on a built-in display. 10071 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 cejraijptrnSuppertd GAEitioh, grubtiactiahcalultiplication alid Wvikieplaf aupbgsh of a specific
EXPression, €.GeitheSNEpMARAERN BSEMHDEh RS BHSRIAR SUREHAN BRI thEYeaulSeH Disadvantageously,

graphical capabilities on hand-held calculators are only available as part of expensive and complex,
"high end" scieRHE L &R tors. These graphical calculators are more expensive than other calculators,
typically costinﬁghundreds of dollars. These %raphical calculators are more complicated to operate than

other calculator8BbcAEarhitalfalrylyerisa beRerirltrethaersiom eb perddedd e atoT0091 The increased
functionality habaréqyardidpiay eiiebiongingliniargasbamatheguiatinahdhald kalyslaegdisgldyfor manipulating and

using the calculatgF Ry SXAIRlH SHEENTY Ay akis,aanhisakaalslalRrs g approximately fifty (50)

keys including two (2) shift or modifier keys for a user to manipulate, e.g. a Texas Instruments (TI) 83
plus calculator RHEdTYRER] displaysfRy mare Arpuras enrrieniatiap a5d ephapcedFrRdrhLifivf £nabling up to four
functions to be gaphgngaiper 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. (0101 Adieg]nailgraphiddlncdodluact @ablatiidithiay argeshfa hec it kepei@sent,aa user must

contend with diffgrenf, IdRS.REQPELHIGRA! MR fHERLEARNIGRECISHIAIMmfRIfsRent modes of

operation, accessible via specific keys and/or key sequences, must .
graphical capabilities on hiand-held calculators are only available as part of expensive

and complex, “high end” scientific calculators. These graphical calculators are more
expensive than other calculators, typically costing hundreds of dollars. These
graphical calculators are more complicated to operate than other calculators because

of the large amount of functionality incorporated therein.

[009] The increased functionality has required a corresponding increase in the
number of keys required for manipulating and using the calculator. For example,
currently available graphical calculators have approximately fifty (50) keys including
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.

[010]) 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.



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. 2 [011] Further, expression input requires increasingly complicated key
manipulations and combinations. For example, in order to graph an expression, there are typically
three combinations to be entered: a mode specifying combination, an expression entry combination,

and a completimﬁorﬁmﬂat,i%r@asmﬁer@ ' m&&&@@ma@@hgmHﬁlm@ﬂpU|ati0n of a graph
key to instruct the cal%ulator to graph the fo owinl?? expression entry. The expressjon entry combination

may include m&MiSAMRBAISES mTRi ST RRSs BLIHFIP #18PR 2B BLrSHf BETy AAHRREER the completion
combination irtbferieantrisatiprd &tibneofeskaymedg spni e rdualinstomsmespiseigntotiator to perform the

preceding opeigfitisation; SHARRHMPANEESHERIRERSSIAO rlliL 2 BB TIBMEINAESK Fafnanipulate multiple
keys increases, the need for learning, thﬁlpossibilg}]/ of errgr e‘md may | aqlto f{ustration on the part of
lé raph ke ie cu r%/r e follow

the user. Also,'rP%‘(’ﬂﬁrln}%”g GIitosr ypre s&d Sy ‘Jgee?areq e HEPE He o Bows the entry and

use of the calcefatessiop gmnusdheTexpragsifinientor epulipdtiom o Sndadaphiepidationptbssion input

combinations, afifae{s5ansI0ehE UxpReR PRy EdRdlERdR VaRpldRmMpiaaiacaevice. [013] As
further evidence of increasing complexity, the user manual for a currently available hand-held
graphical calcdfé??&?ﬁfid‘%aﬁﬂpe?r}g%?f%gh?/ r%‘ﬁ‘saé‘oc?r‘lersgé’ iR glrsgggttg\effﬂfcu S

y xplalﬁ?ﬁgnﬂ'se of the calculator.
For example, tthe piscadingioperafio8s ipliusaptathn dateredaxpressiomcludes 269 pages and the HP 48G+/GX
calculator manual includes 506 pages. These are very long documents which are typically not read by
users. Further, (06X rsRaxmiligly tseh e cetspuddefrarhipledaysgritreaseathe ek éauseridghe imposing size of

the manual. the possibility of error and may lead to frustration on the part of the user. Also,
requiring additional key presses by a user requires more time and slows the entry and
use of the calculator by the user. The addition of multiple modes, complicated
expression input combinations, and ever-increasing numbers of keys results in a very

complicated device.

[013] As further evidence of increasing complexity, the user manual for a currently
available hand-held graphical calculator has dramatically increased in size in order to
fully explain the use of the calculator. For example, the above-cited TI-83 plus
calculator manual includes 269 pages and the HP 48G+/GX calculator manual
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.

[014] 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.

[015] Prior hand-held calculators of which the inventor is aware, enable a user to
input fractions, i.e. fractional numbers or numbers having a fractional component such

as 2/3 or 3 2/3; however, the prior calculators rely on one of two approaches. Prior
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[0141 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. 10151 Prior hand-held calculators of
which the inveraepriachesafer exlenntors rseaivingiffaatidnaspyhdndledefra diiestian rmedbearsior numbers having
a fractional comgpaba¥eR rasidhkey. 3 2/3; however, the prior calculators rely on one of two
approaches. Prior 3 approaches for calculators receiving fraction input include a fraction mode and

designation of 10‘[@]“59&]:&6&’ﬂl&%@%@@&ﬁﬁﬂ%ﬂ%&%@?%@ﬂ%lﬁﬂr@ﬂ@@ﬁ@U‘ key both require a
u

user to manipulate a designated key on the calculator thereby providing input to the calculator

indicating that tRANRHRIE A StpmRift sy Sihibesraloulates thereby, Rrpuidiis mrHL, g dhe
Disadvantageocalbpldtee irsimatingabptirthel subleqrenthnehieredieapizesian iadelttavaluatedasiator mode and

corresponding %Uﬁéﬁoﬁil‘ﬁyaﬂ%iﬁ@ﬂi%@@r addifinealdeys b sxAtessianentiydProblematically, the

user is more likel tf mis-léf:y e&t er the esi%nated ragtiog modelktey r the ;(Q[e%ssion and, at a

minimum, additfaIsAI RE S RS A ROt R A S U S AT R A aO AP k&Y EtiSkes necessitates

more complexieypiessian thnfey forfireplematisallinciieaness shanteelebintonpu-keyoritiad teustration for the

user, [0171 Furiagpiicadvaiti ards Xeiheruse ekpedasionaies: faslinmbey Riaspansive in terms of

cost and keyboerd area for imeilr%glentatlo{a}. Additionally, the ipcre ed calculator complexity requires a
S

. K€ OKES aIC, ¢ to ut action. i’tlon strqkes necessitates more
corresponding mé'lsga MGREYZE B RE serMaRua Nt E aesdihe operation of the calculator to
the user. complexity, more time for input, and increased chance of an input error and

frustration for the user.

{017] Further disadvantageously, the use of a designated fraction key is expensive in
terms of cost and keyboard area for implementation. Additionally, the increased
calculator complexity requires a corresponding increase in the size of the user manual

needed to describe operation of the calculator to the user.

[018] There is a need in the art for a method of and apparatus for input and

evaluation of fractions using a hand-held calculator.

Summary

[019] It is therefore an object of the present invention to provide a method of and

apparatus for input and evaluation of fractions using a hand-held calculator.

[020) The present invention provides a method of and apparatus for input and

evaluation of fractions using a hand-held calculator.

[021) A method aspect of input and evaluation of fractions using a calculator
includes receiving a user-entered expression including a fraction where the fraction is
entered using a division key. The user-entered expression causes the calculator to
evaluate the user-entered expression and display the evaluated user-entered

expression.



[0181 There is a need in the art for a method of and apparatus for input and evaluation of fractions
using a hand-held calculator. Summary 10191 It is therefore an object of the present invention to
provide a method of and apparatus for input and evaluation of fractions using a hand-held calculator.
10201 The present invention provides a method of and apparatus for input and evaluation of fractions
using a band-held calculator. [021] A method aspect of input and evaluation of fractions using a

calculator inclygexy regehgpgatitiafleQMiRICELXRERSMHON nsbiidinGpu{ramiomidrRie dhe fraction is
entered using afrgéwc)sr'x?%ﬁx Th(aEl uss?r-entered ex&;e si?n.causes the calgulator to_evaluate the
u

user-entered expression and dispiay the evaluaté '3?—%?%réduseeﬁ'ﬁ'r’éesrgloﬁ?%efﬁ%1 An apparatus
aspect includesdngluding faftactaratiiergdinping ardivisval keyiod st cateulnton Surthetrincludeans for receiving and

displaying a usgfseRlerask e¥Riaaone melugien PliRectinn eRterasthsingicurlivisiapikey. The calculator
further includes,a Tﬁro essor for evaluating the user-entered expression. An attached calculator display

displays the evglS LRI -8?1‘?gr‘és§rée>?f)er EF1L31 still other objects and advantages of the present

invention will bic%me trga%llg apé)arentt those sleed in the art from the following detailed description,
wherein the pretetreS EHBSHANEH S e TReH RO RrE e ATvRraRR e Sespma afhly by way of
illustration of thapbreentrteothiese skikash ircthecan firomr thin folbvitisedetaitsdtitgscrirtioni Mbereiealized, the
invention is capgbige.pirRiNansyahiiiiiese t-ambRIME iR ANehiiuaRHeEal sERiRiisyargycapable of
o I ol S SR So Al SRR 0, OB KT gy eccripton of the
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

[024] The present invention is illustrated by way of example, and not by limitation,
in the figures of the accompanying drawings, wherein elements having the same

reference numeral designations represent like elements throughout and wherein:

Figure 1 is a front face view of a graphical calculator according to an

embodiment of the present invention;

Figure 2 is a high level block diagram of a graphical calculator according to an

embodiment of the present invention;

Figures 3a and 3b are depictions of a calculator display during operation of a

calculator according to an embodiment of the present invention;

Figures 4a and 4b are depictions of a calculator display during another

operation of a calculator according to an embodiment of the present invention; and

Figures 5a and 5b are depictions of a calculator display during another

operation of a calculator according to an embodiment of the present invention.



[0241 The present invention is illustrated by way of example, and not by limitation, in the figures of the
accompanying drawings, wherein elements having the same reference numeral designations
represent like elements throughout and wherein: Figure | is a front face view of a graphical calculator
according to an embodiment of the present invention; Figure 2 is a high level block diagram of a
graphical calculator according to an embodiment of the present invention; Figures 3a and 3b are
depictions of aletailéd:Bresepjetioduring operation of a calculator according to an embodiment of the
present invention; Figures 4a and 4b are depictions of a calculator display during another operation of
a calculator aqoesflirfgiaean iembhciiiacd akshefargrphican ¢alilater 200 abdoiding ba@nd 5b are

depictions of ae%%ggrogﬁgll?g dyring angther operation of a calculator according to an embodiment
of the present invention. 5 De ailed Description 10251 Figure 1 is a front face view of a graphical

calculator 100 ordin a mbpdiment of the.present invention. 10261 Calculator 100 includes a
display 102 anlgf g‘pr?rﬁléﬁféoﬁgyig]scg ?ﬁlstrjat]?r{%ya’a%% "Sétin rgarq nqt( a%gs %&pﬂtﬂgﬂgh front face 106 is

depicted as a 188rigedr reéemdrseitl to Hkhgraheffotandfenis fepitiedcts mdgBeethanufactured to be

any of a numbestagRificiasbshapasobd ik HHROUS nAPPERKIALINEEH bypayTd configuration of
input mechanism%%reogeds&ribed elow, it '¥égepe derstood t %E vari%grons in tzl;l% number, type, and

. . m erent shapes. althg a €Cl umber, n . K
conflguratlon Onfuln ut mec‘hamsms rﬁay be found 'In d‘i‘ erenfpem ooﬂments 8?)&16 present Invention.

10271 Displayceufemsation el serhtnisesyasedesssbrdbaepit ishie R otssicedshatide and 64 pixels in
height. As shovifatiofig i éhd nGhstgyypE) 2l SPfRgEratioiN6r WipWEmechanisms may be found

in different embodiments of the present invention.

[027] Display 102 is a rectangular liquid crystal display (LCD) which is 96 pixels
wide and 64 pixels in height. As shown in figure 1, display 102 displays a sine wave
102A on a graph having an X axis 102B and a Y axis 102C. Input area 104 includes
four keys and one directional input device 108 in a row 110 and 16 keys arranged in a
four by four grid 112. Although a four by four grid is depicted and described, it is to

be understood that the input area keys may be arranged in different configurations.

[028] Directional input device 108 is used to navigate menus and perform
information input, recall, and editing. Directional input device 108 may be
manipulated by the user to input at least four directions, i.c. 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.

[029] 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



102A on a graph having an X axis 102B and a Y axis 102C. Input area 104 includes four keys and
one directional input device 108 in a row 110 and 16 keys arranged in a four by four grid 112.
Although a four by four grid is depicted and described, it is to be understood that the input area keys
may be arranged in different configurations. 10281 Directional input device 108 is used to navigate
menus and perform information input, recall, and editing. Directional input device 108 may be
manipulated b§PTBANdde RIAFRSEAT A0k Bsaydedrrgtbhsharectergo dsighierl BaQWRSA to calculator 100.
Input of the lefhisspposiicliracsiepay rput 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 directjpsig! iffoslEiRRInMBKEARUESSW N QY G SRR MANEHER BARGARIANLP4 thereby moving
the current cuy 102 to the right one position. 10291 A secondary function of

r position on displa
directional inpuf%é&ﬁeepiﬁggﬁ%igg‘é%lse MARREEIESH% 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 inplPdbvRIT 458 iHGuls Wb inepsses TrRdset of FHBEEL i 08Dy deleting the
character to tHientetnef shagoedrentieursoriposgitioys on didpikated 0X). THerirgsampleshiftrkey 114 in

conjunction Wi;btﬁstméq;ot%fi_gw pr6MnRIAIGRLINRG! 100 WHodevicedR3 bR dipadeiale 6 command to
processor 204 ?&erel?b%/ deletlng the ,chargiiﬁr to the right o;ftl—ga current cgrsor Ffo,?ition on display 102.
[030] The four EhTRPRFABRESATH YANO™ T0SAVL kit e a 8T Spe SelsAIIRtN L2 B 16, close
parenthesis kdyshib8, eastl pOHiherrkmyidifg) kB34l Shufldtay100 his asadsigned sesmdayecond set of

functions, i.e. ggrgpgary functions, assigned to the remaining keys on calculator 100. For example.
user activating power key 120 turns on calculator 100; however, activation of power key

[032] Open parenthesis key 116 inputs a beginning parenthesis in a user-entered
expression. The secondary function of open parenthesis key 116 is to input a
command causing calculator 100 to split a graphical output on display 102 such that
one half of the display is a graph and the other half is numerical information related to

the graph displayed.

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

variable in a user-entered expression.

[034] 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.

[035] Beginning in the upper left comner of four by four grid 112, the description of

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



120 subsequent to activation of shift key 114 turns off the calculator. In a similar fashion, each of the
remaining keys of calculator 100 has an assigned secondary function. [032] Open parenthesis key 116
inputs a beginning parenthesis in a user-entered expression. The secondary function of open
parenthesis key 116 is to input a command causing calculator 100 to split a graphical output on display
102 such that one half of the display is a graph and the other half is numerical information related to

the graph displgossl. Kb33) Cdommparrethesis kemeldSenReysiaguendisepargihesis in a user-entered
expression. The secondsl%functionn%f{flose aréeantt}g%itsloke(}/f 11§t{'s to ing) ta T variable ina

user-entered e%ﬁ?’é%"s?%ﬁ &'&T%ﬁer %syafﬁ GfRs o Eaduiator 164 an , A5 deschibed above, the

secondary funoseremétiedexprdseipnl Rois tocolwmm keyldaier thoeightditianpily aperir key 120 operates

as a clear key qfief.hRl Gy iAIT LR LEREGi A andha B RBNBHKRY MR PRpltfag e &lear the displayed
expression on display 102. Maﬂgil%?l tion of shift key 114 follgv#%jd% right arrow of directional input

device 108 deldPESHRHIR L ASFENEr SRIE S9N RSP iHe ClNFEy okfid?F NS Knipulation of shift
key 114 followeitipbtg kefiing(wabfediractioneitingd iepeasiten 2OS he e sssomjsnt Bimaviactefrs to the left of the
current input pagitiang I0@R RREGR I QukibRGRPapHIefisRMeMWof fastihy 4o guigl 1d.2, the description of
the remaining keyss AoMBIoMAeT B AI0t SRR erder. T A0RGL Rawd, ol key 122 ie. the
seven key, inputs a seven (’?) Valié in'a us Q-enterednexpressmn and has a seconﬂary function of
inputting a sin fesaeridayifunctiose pleinpittiogek theta sidh vaRiable 1in co uperresteked, ekprpssien-the eight key, inputs
an eight (8) vajtigier 24 SQLARIETCEBNTYESRI R aNdibARS PECRNEGA!YolipGTipRpfigaRULting a cos

value to calculator 100. Division key 128 is input between input of the digits of the

numerator and denominator of a fraction.

[037] Row 2, column 1 key 130, i.e. the four key, inputs a four (4) value in a user-
entered expression and has a secondary function of inputting a square root function in
a user-entered expression. Row 2, column 2 key 132, i.e. the five key, inputs a five-
(5) value in a user entered expression and has a secondary function of inputting a
squared function, i.e. raising a value to the second power, in a user-entered
expression. Row 2, column 3 key 134, i.e. the six key, inputs a six (6) value in a user-
entered expression and has a secondary function of inputting a value raised to the
power of a subsequently 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.

[038] 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,
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



function in a user-entered expression. Row 1, column 3 key 126, i.e. the nine key. inputs a nine (9)
value in a user-entered expression and has a secondary function of inputting a tan function in a
user-entered expression. Row 1, column 4 key 128, Le. the division key, inputs a division (/) function
in a user-entered expression and has a secondary function of inputting a theta (0) variable in a
user-entered expression. Further, as described in detail below, the division key 128 is used to input a
fractional valfeetsrigied XR7sion 2andibasie seranderp functioef ipRuiiRem NTLEBFYAR Biyits of the
numerator andseéeemneridatpreadfianfraction. 10371 Row 2, column 1 key 130, i.e. the four key, inputs a
four (4) value in a user- entered expression and has a secondary function of inputting a square root

function in a yEsd-eREV AUBKRELIHON1 0. ZheCktmO Kt dn bLecliie diviansay idnputs a five- (5)
value in a user néeredl(%(grr@s}?ion and has seconqa%d‘ttgnction of inguttinlgda*ostgeuared function, i.e.

.. calculator as a seconda ?unctl n ot 1 1ng a.meny comima .
raising a valué6 the secon power, In a USer-entered xpréssmn. Row 5‘, column 3 key 134, i.e. the

six key, inputsdcyiatges) Rawd isohmaarkentdpeteeths reesaiksy. Amps dszera #Yoritsrirfinction of inputting a
value raised tQsthenRaurekéaiGuRRERY e Rk R fet NG e ifipbtiigRnict:alked aisaddo the power of Y, in

a user-entered eXgeselon, RINZa SOMMNAKPYSI 32, he dhsandliplicpiondsyoipputs @
multlpllcatlon 6(13 unction in a user-entered expression an as’a seconaary function of inputting an X

variable in a USct-ealie adnespt dasid seqrdey Radion fdripHing&aph gmstaat ARG Key, inputs a one
(1) value in a uselentiéarepresiiesHow ancoham @ Recoszjatyikinhtipluokégpisingaan absolute value

function in a Uge e CIeHL SIRISEY U BRSO i Al diputs 2 two (2) value

in a user-entered eoxp ssion and has a secondary function of inputting a natural logarithm function in
a user-entere@UHRF SRS 8AR, tBe BBNFTP & Rbyequently; entgred 3fue key Hhdts ¥ three (3) value in a
user-entered exgirassiohegpdskias a secondary function of in putting eight logarithm function in a
user-entered expression.

[040] Figure 2 is a block diagram illustrating an exemplary calculator 100 upon

which an embodiment of the invention may be implemented.

[041] 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
memory 206 is an 8 Kilobyte RAM. Further, it is to be understood that in alternate
embodiments, the components of calculator 100 may be combined onto a single
integrated circuit, e.g. processor 204 and main memory 206 may be combined on a

single “system on a chip.”

{042] Calculator 100 further includes a read only memory (ROM) 208 or other static
storage device coupled to the bus 202 for storing static information and instructions
for the processor 204. In one particular embodiment, ROM 208 is a 128 Kilobyte
ROM.



Row 3, column 4 key 144, i.e. the minus key, inputs a subtraction (-) function in a 8 user-entered
expression and has a secondary function of inputting a NOT function in a user-entered expression.
1039] Row 4, column | key 146, i.e. the execute key, inputs an execute command to calculator 100 and
has a secondary function of inputting a menu command to the calculator. Row 4, column 2 key 148, i.e.
the zero key, inputs a zero (0) value in a user-entered expression and has a secondary function of
glputtinlg an e vplsg iTARer mmwr?ﬂww@&aign- tﬁc]fwégmli;msaéseyoimghas the dot l|<ey,_ inputs a

ecimal point in a value entr as opdary function,of ip putting a pi constant value in a
user-entered e%?‘é%éélfgﬁq%é)%ﬁ?%% d’ﬁ%n@eg’ i@'ﬁv‘,’lﬁ' ﬂ%??h'gtff%églégﬁglﬁeﬁ‘utérb'r?pgddition (+) function
in a user-entereteei@fcasslostihed theveanithoeferkacy feifiwom oisipoypleditrthe tnse92der to the power of a

subsequently eqiRraFhNMAME iHBmmbi¥n, 4} AusHSEIE SISl S HASSAIONu 4R GigMige? is a block diagram
| ustratlng an exemplary calculato upon IC empodi n{ of the Invention may oe
illustrati 50I lcul 801400 \%h' h&g dim af)r%f he inventi b

€O

implemented. (Blﬂt Eé&ﬂ&"t"&?sfb |ﬁc®'(‘jg]§lg NE2020F Sl Vlfn‘lvég’tf(%???ﬁ[etghanism for

communicatingFigfetmatoRatred inproetsstid2od complerloatith ditectiers Rbemistiopransessing information.
In one particulabAMRRNENRAbIE BGREEAER 045/ LEHRIIsIQsaSBlcFalCHAl dQfkalso includes a main

memory 206, S%:fh arandom access.. memory (RAM other dynamic storage device, coupled to
the bus 202 for Sori AR S R e e 0 R o R AR 1 B iesent inventon and
instructions to legexe endactsprshatie (xer Polowinghadavien o 3p& S ositians iapang- for storing

temporary variables or other intermediate information during execution of instructions to be executed by
processor 204.[044ndpamicnlimen mided énthenain of ralndatp2 (B iswh 8skieligpec®AM. Further, it is to

be understood é%&ﬂ&'@fﬁ@tﬁe 2, to input and apply operations, e.g. expressions, to data and
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.

[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.

[046] According to an embodiment of the present invention, a user is able to input
and evaluate fractions as user-entered expressions using a calculator. A user using
calculator 100 manipulates number keys, i.e. 0-9 keys 122, 124, 126, 130, 132, 134,
138, 140, 142, and 148, to input one or more digits representative of the numerator
for a fraction to be evaluated by processor 204. The user then manipulates division
key 128 to input a division symbol to processor 204. After entering the division
symbol, the user manipulates the number keys again to input one or more digits
representative of the denominator for the fraction to be evaluated by processor 204.
Advantageously, fractions may be input in the same manner as written by a user on

paper; thereby providing a more natural feel to the user using calculator 100 for
10



embodiments, the components of calculator 100 may be combined onto a single integrated circuit, e.g.
processor 204 and main memory 206 may be combined on a single "system on a chip." 1042]
Calculator 100 further includes a read only memory (ROM) 208 or other static storage device coupled
to the bus 202 for storing static information and instructions for the processor 204. In one particular
embodiment, ROM 208 is a 128 Kilobyte ROM. 9 10431 Calculator 100 may be coupled via the bus
202 to a displajffason sheHatieh Euahiy brerust fBRIPTE rpYi2e WITER, NHSEWIBRIAMPG an interface to a
user. An input easiia tkodmber thesat galtadhonenyvith reference to Figure 1, is coupled to the bus 202 for
communicating information, e.g. user-entered expressions and values, and command inputs to the

processor 204. (MY nAEFREE B8, A UASSUORAGEME M niRARRL xkiauie,d ds part of input area
104 and communicates Slirection inf%rmati n a&g command sebections to processor 204 and controls

cursor movemeRF SRR BRSPS 10 ‘%fﬁrf‘mﬁ TR BN o S HRLC LG 8L freedom in two
axes, a first axisorjgmend.roeesser 28¢ emaluasas the . fjacydnadidvditentimedif\theeftmtspecifybpositions in a plane.

10441 The invegiiRedoreimipsnta kg use of palcuylair #QQosusheascibe, drpieiss] salculator of Figure 2,
to input and appeIXuggetLatpns, e. aegég)ressi ns toe%a}ta and_ graph the results of 1O(Berations by driving
in 3

. t ] ] .
display 102. ACCOTdng S0 are B A SaTR R S A SO R e TSP e SR at Es ssed from main

memory 206 by’\taheutams Do PR terp e diley Oke cdestraimpwadlarinebthof instructions

contained in MERHBHLEY (ROR M58 P MRt AIMRWIspREEIvEd via input area 104. A user interacts with
the calculator 100 via a user interface displayed (as described below) on display 102. [0451 Execution

of the sequencpsg)f insfustiRndERAIBRLNLHSMARMREVGH2ER LSRYSEHIIRBERCESSOr 204 t0

erform the process steps described below, In alternative. .. . . . .
P P parenthes?s?addltlon, su trac(talon, multiplication, and division into a fractional form.

That is, 1+2/3(4+4/3) yields a fractional result of 41/9. It is to be understood that

additional mathematical functions may be used in different embodiments.

[049]) Three examples are now provided to facilitate description of the operation of
the calculator according to an embodiment of the present invention. With reference to
Figure 3a, display 102 displays a user input of a fraction value 302, i.e. “4/8”, by
sequential manipulation of the four key 130, the division key 128, and the eight key
124. The upright bar symbol, “|”, at the end of fraction value 302 indicates the cursor
position to the user during editing/input of the user-entered expression, i.e. fraction
value 302.

{050] After the user manipulates the execute key 146, processor 204 evaluates the
input fraction value 302 and drives display 102 to display the result 304, i.e.
“1/2=0.5", to the user as depicted in Figure 3b. Result 304 includes a fraction version
of the result separated by an equal sign from the decimal version of the result. It is to
be understood that in alternate embodiments only one of the fraction and decimal

version may be displayed.

[051] With reference to Figure 4a, display 102 displays a user input of a compound
fraction 306, i.e. “2 and 2/3,” by sequential manipulation of the two key 140, the
addition key 152, the two key, the division key 128, and the three key 142. The

11



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. [0461 According to an embodiment of the
present invention, a user is able to input and evaluate fractions as user-entered expressions using a
calculator. A user using calculator 100 manipulates number keys, i.e. 0-9 keys 122, 124, 126, 130, 132,

134, 138, 140, dAZne dfAol0AHIRNGOEPIRIS O SO GRRBIRIIR elilap gumsrator for a fraction

to be evaluatedto ¥ processor 2 he user then man%}ulates lelséolnTaclg% ‘1%8 ts)og'uput a division

4. T |
symbol to processor“jff .uﬂﬁ%?%wfé/ﬂﬂ?ﬁttﬁeﬂgi\‘;fgf('fﬂteé nSOFE S U Sel manlpﬁlléetés the number keys
again to input one or more digits representative of the denominator for the fraction to be evaluated by

processor 204. [R3V AR dRLLTKT raRRBltes by e Wi {hePesriteh A rapYsy Mfen by a user on
paper, thereby phonidiagiannvehie ridiiraldekivis theplaset02siogdisplay|aiior 2Ol fa08.10efraction evaluation.

Further, becausq FacHans A dBp BSc LMk SR EIRECHS RN ASREMRLDQW to input fractions.

10471 After input of the fraction is complete, the user manipulates execute key 146 to command
processor 204 eV STRI MM &L s UETrE rBrratRdiRy pREas! HeRrEem BR dsemROMIARAT processor 204
evaluates the frthetiessland determines if the fraction can be reduced or simplified, e.g. 4/8 = 1/2. If the
fraction is reducible, processor 204 reduces the fraction and displays the reduced fraction to the user
using display 10es3)Atwih sefierentente, Figoce Ss0diglel iRy didplaydiaphast tinputlefifinackienjuivalent of the

fraction beside {g;fgaciienite s ser5ing, displavat QaniRislofr icHirtal 400 1! ganvert any
user-entered expression using only integers, parenthesis, addition, subtraction, multiplication, and
division into a f wmécpyom: the five key 132, the addition key 152, the two key 140, the division

key 128, and the three key 142. The upright bar symbol, “|”, at the end of fraction
addition 310 indicates the cursor position to the user during editing/input of the user-

entered expression, i.e. fraction addition 310.

[054] After the user manipulates the execute key 146, processor 204 evaluates the
input fraction addition 310 and drives display 102 to display the result 312, ie.
“22/15=1.46666666666", to the user as depicted in Figure 5b. Result 312 includes a
fraction version of the result separated by an equal sign from the decimal version of

the result.

[055] It is to be understood that in another embodiment, the fractional result may be
displayed differently depending on if the value is greater than 1: (1) A/B or (2)
A+B/C. For example, 2+4/5 = 14/5=2.8.

[056] 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.

[057] 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 1 is represented by a

12



That is, 1+2/3(4+4/3) yields a fractional result of 41/9. It is to be understood that additional
mathematical functions maybe used in different embodiments. 10491 Three examples are now provided
to facilitate description of the operatian of the calculator according to an embodiment of the present
invention. With reference to Figure 3a, display 102 displays a user input of a fraction value 302, i.e.
"4/8", by sequential manipulation of the four key 130, the division key 128, and the eight key 124. The
upright bar syl mdrk antheeicrphuteactiomyalnr REAdneiratatdy eursgmpwsitag to the user during
editing/input 01; th% Z?aerg'ﬁlrtgr%ﬂeag expres ir%n eis.ae ggginqglc\{&l %IS‘QI.‘Z‘.‘;LO(‘J‘S{M After the user manipulates
the execute ke;)/"_umo , processor eva ugf’es %e input fraction value gb‘i'and drives display 102 to
display the result 304, i.e. "1/2.5", to the user as depicted in Figure 3b. Result 304 includes a fraction
version of the result separated by an equal sign from the decimal version of the result. It is to be
understood that in alternate embodiments only one of the fraction and decimal version may be
displayed. [0511 With reference to Figure 4a, display 102 displays a user input of a compound fraction
306, i.e. "2 and 2/3," by sequential manipulation of the two key 140, the addition key 152, the two key,
the division key 128, and the three key 142. The 11 upright bar symbol, at the end of fraction value 306
indicates the cursor position to the user during editing/input of the user-entered expression, i.e. fraction
value 306. 10521 After the user manipulates the execute key 146. processor 204 evaluates the input
fraction value 306 and drives display 102 to display the result 308, i.e. "8/3=2.6666666666666", to the
user as depicted in Figure 4b. Result 308 includes a fraction version of the result separated by an equal
sign from the decimal version of the result.

13



10531 With reference to Figure 5a, display 102 displays a user input of fraction addition 310, i.e. "4/5
plus 2/3," by sequential manipulation of the four key 130. the division key 128, the five key 132, the
addition key 152, the two key 140. the division key 128, and the three key 142. The upright bar
symbol, "I", %thelseagl”%ér%ption addition 310 indicates the cursor position to the user during
editing/input 0 %e user- entered expression, i.e. fraction addition 310. 10541 After the user
manipulates the execute key 146, processor 204 evaluates the input fraction addition 310 and drives
display 102 fo displéyrfﬁ‘g‘?éysﬁit Pyt pad eyohigiiom OfcHEEEVEEEE"I 18 thRACHSE ad 8RN in Figure
5b. Result 312 includes a fraction version of the result separated by an equal sign from the decimal
version of tf8P8EE910551 It is to be understood that in another embodiment, the fractional result
may be displayed differently depending on if the value is greater than I: (1) A/B or (2) A+B/C. For
example, 2+4/5 = 11481vE 8 UBSENERT O PxRsereianiipcbeirggyfisi éraftondinatyeskinaigidetirthat the
present invention fulfills all of the objects set forth above. After reading the foregoing specification,

one of ordinZRFUKRIWAIUSAS201eed Ut IR ¥ARAbes, substitutions of equivalents and various

other aspects of the invention as broadly disclosed herein. It is therefore intended that the protection
granted hereon be tivaltatingring bsetiestedestienticasscomenithed in the appended claims and equivalents
thereof. (057] For example, as depicted in Figures | and 3-5, key labels may differ according to

different embodimentpiidg the clivisien key-da8ria B@riRidnisvepeasertehbytel dsdstaghemark
whereas in Figures 3-5 the same key is represented by a = symbol. The symbols are interchangeable
and represenx(tresganercpisasaiosefiondtivataional Malue and a decimal value corresponding to the

second fractional value.

2. The method as claimed in claim 1, wherein the displaying step further comprises the

step of:

if the second fractional value of the evaluated user-entered expression is greater than

1, displaying the evaluated user-entered expression comprising a whole number component.

3. The method as claimed in claim 2, wherein the displayed evaluated user-entered
expression is displayed as the whole number component followed by an addition symbol
followed by the numerator of the second fractional value followed by the denominator of the

second fractional value.

4. The method as claimed in claim 1, wherein the division symbol separates the

numerator from the denominator of the first fractional value.

5. The method as claimed in claim 1, wherein the user-entered expression including a

first fractional value further comprises a whole number component.

14



What is claimed is: 1. A method of input and evaluation of fractions using a calculator, the method
comprising: receiving a user-entered expression including a first fractional value, wherein the first
fractional value is entered using a division symbol; evaluating the user-entered expression; and

displaying thbe evallﬁ%e% use -ent\ered expression Wher%ln the evalt:?ted user-entered %(g)ression

4 . od as claimed in c‘zam whereln the user-entered expression is 'répUtc?sf :
comprises a second tractional value and a decimal value corresponding'to the Second fractional

value. 2. The mgthamas elmeenisiRimd oy AesaikesgRnryineme By YRR amE eRdhe step of.

if the second fractional value of the evaluated user-entered expression is greater than 1, displaying

the evaluatefirstgeicaoier el RBIRSRIOByCRR RSB AWERIR Awihbatieaanpanent. 3. The method as
claimed in claim 2, wherein the displayed evaluated user-entered expression is displayed as the

whole number component followed by an addition symbol followed by the numerator of the second
fractional value followed by the denominator of the second fractional value. 4. The method as claimed
in claim 1, wherein the division symbol separates the numerator from the denominator of the first

fractional value. 5. THeTREGHLH SLiESHEdaMdaherei Heramerion semprises 8 Ed SREGH including a

first fractional Yalue further comprises a whole number component. 14 6. The method as claimed in
. value, A
claim 1, wherein the user-entered expression is input as the whole number component followed by an
addition symbol followed by the numerator of the first fractional value followed by the denominator of
the first fractional value. 7. The method as claimed in claim 4, wherein the numerator comprises a third
fractional
8. The method as claimed in claim 4, wherein the denominator comprises a third

fractional value.

9. A calculator enabling input and evaluation of fractions, the calculator comprising:

means for receiving and displaying a user-entered expression comprising a first

fractional value, wherein the first fractional value is entered using a division symbol;
a processor for evaluating the user-entered expression; and

a display for displaying the evaluated user-entered expression, wherein the evaluated
user-entered expression comprises a second fractional value and a decimal value

corresponding to the second fractional value.

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

if the second fractional value of the evaluated user-entered expression is greater than
1, the display is arranged to display the evaluated user-entered expression comprising a whole

number component.

11. The calculator as claimed in claim 10, wherein the display is arranged to display the

evaluated user-entered expression as the whole number component followed by an addition

15



value. 8. The method as claimed in claim 4, wherein the denominator comprises a third fractional
value. 9. A calculator enabling input and evaluation of fractions, the calculator comprising: means for
receiving and displaying a user-entered expression comprising a first fractional value, wherein the first
fractional value Js cjered ueing & division symbal, o prosessar [or eYAllaing M serentered
expression; anaa display for displaying the evaluated User-entere expression, wherein tt?we evaluated
user-entereq £¥RIESSATSAEBRISER & second fractional value and a decimal value corresponding to
the second fractional value. to. The calculator as claimed in claim 9, further comprising: if the second
fractional value of the evaluated user-entered expression is greater than 1, the display is arranged to
display the evaluated user-entered expression comprising a whole number component. it. The
calculator as claimed in claim 10, wherein the display is arranged to display the evaluated
user-entered-éxpre$8fopates ke \ah Glei Madn e £latinPonbpreid| becdy isiparsapkiti sePaIgesy ol followed
by the numerator of the second fractional value followed by the denominator of the second fractional
value. 12. THERRIBIAIBM AR denRRga 9hihs §r<hiarionah@dfision symbol separates the numerator
from the denominator of the first fractional value. 13. The calculator as claimed in claim 9, wherein the
user-entered expression including a first fractional value further comprises a whole number
component. 14. The calculator as claimed in claim 9, wherein the means for receiving and displaying
is arranged tereceivg: thgcUReIr antREXPERSHIONURBI AR ERe:0 BRppeks oA MeRIAR L a followed by
an addition symbol followed by the numerator of the first fractional value

first fractional value further comprises a whole number component.

14. The calculator as claimed in claim 9, wherein the means for receiving and displaying
is arranged to receive the user-entered expression input as the whole number component
followed by an addition symbol followed by the numerator of the first fractional value

followed by the denominator of the first fractional value.

15. The calculator as claimed in claim 9, wherein the calculator is a hand-held graphical
calculator.
16. A computer-readable medium storing instructions for enabling input and evaluation

of fractions which, when executed by a processor, cause the processor to:

receive and cause the display of a user-entered expression comprising a first

fractional value, wherein the first fractional value is entered using a division symbol;

evaluate the user-entered expression; and

cause the display of the evaluated user-entered expression, wherein the evaluated
user-entered expression comprises a second fractional value and a decimal value

corresponding to the second fractional value.
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followed by the denominator of the first fractional value. 15. The calculator as claimed in claim 9,
wherein the calculator is a hand-held graphical calculator. 16. A computer-readable medium storing
instructions for enabling input and evaluation of fractions which, when executed by a processor, cause
the processqpfo: regelye and cause dhe displax 91 userenicled exRIeSsien comprsia a fist
ractional valué, wheréin the first rractional value'Is entered using a division symbol; evaluate the
user-entered expression; and cause the display of the evaluated user-entered expression, wherein the
evaluated user-enfSrEW &5 EiHPUIRHILES NG RPIRERBBNal value and a decimal value
corresponding to the second fractional value. 15a 17. A calculator enabling input and evaluation of
fractions, the calcukatispyrgrissplgyiemampud Eted for-eatapd rgpeessar-emdered expression; a display
for displaying an evaluated user-entered expression; and a processor arranged to: evaluate the
received user-enteregQxpiGSsiaRyayRgrein the user-entered expression comprises a first fractional
value and wherein the evaluated user-entered expression comprises a second fractional value and a

decimal value correspprding o the, second. fiactional value: and case the sy g dspley the

evaluated user-entered expression.
comprises a first fractional value and wherein the evaluated user-entered expression
comprises a second fractional value and a decimal value corresponding to the second

fractional value; and

cause the display to display the evaluated user-entered expression.
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