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Abstract

Analyzingoptionsis a complex, multi-variateprocess.Optionbe-
havior dependson a variety of market conditionswhich vary over
the time courseof the option. The goal of this project is to pro-
vide an interactive visualenvironmentwhich allows theanalystto
explorethesecomplex interactions,andto selectandconstructspe-
cific views for communicatinginformation to non-analysts(e.g.,
marketingmanagersandcustomers).

In this paperwe describean environmentfor exploring 2- and
3-dimensionalrepresentationsof optionsdata,dynamicallyvary-
ing parameters,examininghow multi-variaterelationshipsdevelop
over time, andexploring the likelihoodof thedevelopmentof dif-
ferentoutcomesover the life of the option. We alsodemonstrate
how this tool hasbeenusedby analyststo communicateto non-
analystshow particularoptionsno longerdeliver thebehavior they
wereoriginally intendedto provide.
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1 Intr oduction

Foreigncurrency exchangeoptionsarefinancialconstructswhich
arewidely usedby investorsto speculateon the price of foreign
currenciesandto provide protection(to “hedge”)againstunfavor-
ablefluctuationsin themarketplace.Optionbehavior is acomplex,
multi-variateprocess,wherepivotal featuresandrelationshipsde-
velopovertime. Optionbehavior, thus,providesanexcellentmodel
for exploringhow visualizationcanbeusedto improve thewaywe
understand,make decisionsabout,andcommunicateaboutmulti-
variatephenomenawhich develop over time. Onebasictype of
foreigncurrency option[CR85] is a call. A (long) call is theright,
but not the obligation, to buy a particularcurrency (e.g., Ameri-
canDollars)andsell a secondcurrency ( e.g., SwissFrancs)at an
agreed-uponpriceratio (strike) at anagreedupontime (expiration
date)in thefuture. (A put is theright, but not theobligation,to sell
at a particularprice. “Short” versionsof putsandcallsarethesale
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of the right to buy or sell). The valuefunction of a put or call is
typically visualized(see,e.g., [WDH93, Hul93]) usingline graphs
to comparethe valueof the option at expiration with the valueat
somepoint in time prior to expiration. (seealso[Pic95].) Figure1
shows graphsof thevalueof a long andshortcall asa functionof
themarket condition(spotprice)at theexpirationdate.At expira-
tion thevalueof a call is thepayoff (or lossin thecaseof a short
call) if theconditionalcontractis invoked.For example,if themar-
ket rate(spot) is lower thanthe strike price the long call haszero
value,reflectingthe fact that it wouldn’t be exercisedto buy cur-
rency ata higherratethanit couldbeboughtin theopenmarket. If
spotis higherthanstrike, the(unit) payoff is simply thedifference
betweenthespotandthestrikesincethecontractcanbeusedto buy
at thestrikepricethensellat thespotpricein theopenmarket. The
higher the spotprice, the proportionallygreaterthe option value.
For theholderof theshortposition,thesegainsareinsteadlosses,
sincethe currency mustbe purchasedat the spotprice in orderto
sell it (at thelower strike price)to theexerciserof theoption.

This simple,ubiquitous,diagram,however, doesnot capturethe
complexity of the underlyingsituation, and doesnot provide an
adequatemetaphorfor decision-making.First, this view typically
shows the value of the option at a particulartime, usually at the
expirationdate,anddoesnot show how this functionchangesover
thelife of theoption. At timesbeforetheexpirationdate,thetheo-
reticalvalueof theoptioncanbecomputedbasedon the“expected
payoff,” usingthehistoricalvolatility of the spotprice. From this
point on we will refer to this valueasTV, for “theoreticalvalue,”
andwill useTV asa reasonableestimateof bothwheretheoption
would tradein themarketplaceandasa fair valuefor theexpected
payoff. It is possible,of course,to presenta family of curves,each
representingTV at a different time stepon the way to expiration.
Thesecurves,however, canoverlapandbeverydifficult to discrim-
inate.Figure2 is anexample.

Second,decision-makingaboutoptionsalso dependson other
derived option behaviors, including, e.g., delta (the derivative of
TV with respectto spot)anddecay(the derivative of TV with re-
spectto time). Thesederivativesarealsomosttypically depictedas
simpleline-drawings,plotting individual parametersof the option
asfunctionsof spotor time. An analystmaywantto examinehow
two differentparametersinteract. For example,it might be of in-
terestto examinevalueanddeltaasa functionof spotfor a setof
timestepsover thelife of theoption. It is possibleto createaseries
of line drawings for eachparameter, but identifying corresponding
time stepsin thetwo graphscanbedifficult. Furthermore,theana-
lyst maywantto know thevalueof deltaataparticularpointon the
TV curve,or how TV anddeltaco-vary over time.

Third, theanalystmaywant to examinethesedatawith respect
to calculatedcriteria,for example,to estimatewhich regionsof the
curvesaremoreor lesslikely to bevisitedover the lifetime of the
option. Certainlyregionscloserto thecurrentspotpricearemore
likely thanregionsvery far away, but a quantitative estimateis im-
possiblewithout explicitly including this calculationin the repre-
sentation.



Enhancing the Standar d Line Drawings

Someof the drawbacksof the standardview canbe alleviatedby
incorporatinginteractivity andcolor into thevisualization.For ex-
ample,the problemof distinguishingwhich lines representwhich
timestepscanbeaddressedby usingadifferentcolor for eachtime
step. Interpretingthis type of graph,however, is not immediate
or “pre-attentive,” especiallyif therearemany curves. Interactive
brushingcan provide help, whereselectinga curve in onegraph
automaticallyhighlightsthecorrespondingcurve in anothergraph.

Othervariablescanbepresentedsimultaneouslyin line drawings
by, for example,coloringthelinesaccordingto anothervariable,or
accordingto probabilityof occurrence.Someexamplesareshown
in Figures3 and4. Therearelimitationsto this approach,however.
It is difficult to discernthe developmentof behavior over time, it
is difficult to representa secondcharacteristicvariablealongwith
probability, andit is impossibleto representtwo characteristicsplus
probabilityover time in simpleline drawings.

A 3D Construct for Evaluating Option Be-
havior

In thissectionweexplorehow 3-dimensionalrepresentationscan
beusedto enhanceproblem-solvingaboutoptions.Optionsarein-
trinsically multi-dimensionalconstructs.Option prices(andother
variablesassociatedwith optionsprices)canshow strongvariation
asa functionof theunderlyingmarket price,asa functionof time,
andasa functionof theinteractionof market priceandtime. Two-
dimensionalprojectionsleave to the userthe taskof synthesizing
theoverall behavior from thesetsof projections.It may, therefore,
be more naturalto show the interactionsdirectly in threedimen-
sions. Second,many decisioncriteria dependon the relationship
betweenpriceandotherderivedoptionsbehaviors, including,e.g.,
deltaanddecay. Representingeachof thesebehaviors in acommon
graphicalcontext canhelpwith therecognition,understanding,and
communicationof relationshipsbetweenthevariousrisk behaviors
in agivensituation.Third,oncetheuserhasreachedanunderstand-
ing of how a givensurfacerepresentsa particulardecisioncontext,
the surfacecanbe usedasa representationalframework, in terms
of which further informationaboutthedecisioncontext canbeor-
ganizedandunderstood.

Wehavedevelopeda3-dmetaphorwhichcanbeusedto simulta-
neouslyrepresenta wealthof usefuldecision-makinginformation,
in an easyto absorbformat. In this representation,we usetwo
dimensionsto representan option parameterasa function of spot
price.Weusethethird dimensionto extrudethis2-d functionfrom
thecurrentdateto expiration. This givesthe analysta continuous
view of thetime-varyingbehavior, notsimply threeor four sampled
time steps.Furthermore,we canusethis surfaceto unambiguously
representthevaluesof anotherparameterat eachspotandat each
time, representing,for example,thetheoreticalvalueof theoption
(TV) asheightanddeltaascolor. Furthermore,we have provided
a setof differenttypesof color maps,dependingon thegoalof the
visualization.For example,a “segmented”color mapcanbeused
in orderto visually divide the rangeof valuesinto discrete,mean-
ingful regions,while an“isomorphic”mapcanbeusedto represent
continuousvariables. In our system,we make useof color maps
basedonperceptualprinciples([RT98]).

We alsousethis surfaceto representcalculatedfunctions,such
asprobability, indicatingwhich regionsof the surfacecorrespond
to futuremarket behaviors which lie within one-andtwo-standard
deviations of the most likely market behavior. This can help the
uservisually separatelikely from unlikely outcomesin the future
evolutionof themarketplace.Wecalculatetheseprobabilityregions

usingthesamehistoricalvolatility of exchangerateaswasusedto
valuetheoption.

An Interactive Visual Exploration Envir on-
ment

Beingableto examineoptionparametersin a3-dcontext, however,
is not sufficient to supportthedecision-makingrequirementanan-
alyst faces. The 3-d constructprovides a rich analysismetaphor,
but it doesnot allow “what-if” experiments. In order to compre-
hendthe interactionbetweenvariables,andhow theseinteractions
changeover time requiresaninteractive userinterface.

We have createda visualenvironmentwhich allows theanalyst
to interactively selectvariables,and to explore themusing linked
2- and3-D representations.In our application,theanalystusesthe
3-d visualizationto provide a global framework for analyzingthe
option,andusesthe linked 2-d projectionsto enhancethatunder-
standing,by providing areferencebackto morefamiliar, traditional
visual representationsof option behavior. The focal point is the
three-dimensionalplot depictinganoptionparameterasa function
of spotover time. The analystinteractively selectswhich option
parameterto represent,andcaneasilycyclethroughvariousparam-
eters,e.g., value,delta,or decay, andseehow theseparametersplay
out over the time courseof the option. The usercanalsointerac-
tively choosewhetheror not to color thecanonical3-dsurfacewith
acolormap.A valuesurface,for example,canbecoloredby delta,
or by thevalueof theprobability functionat every point. Theuser
canalsoselectwhich typeof color mapto use. Theusercanalso
interactively selectwhetheror not to show the probability curves,
andcaninteractively selectwhich sectionsof theprobabilityspace
to show. For example,the analystcanlook only at the sectionof
thesurfacewhich falls within 1 standarddeviation of theexpected
value,or, alternatively, only thosesectionswhich arevery unlikely
to occur.

Examples of Conte xtual Anal ysis

Commonusesof options include speculation(taking directional
betson currency pricemovements),hedgingthevalueof currency
paymentsto bereceivedin thefuture,andadjustingtherisk behav-
ior of otheroptionspositions.

Workingwith aforeigncurrency analyst,wehaveusedour inter-
activesystemto designvisualizationsto focusattentionon features
thatarerelevantto aparticulardecisionscenario.Thegoalis not to
pricetheoptionbut to examineaparticularcontract,underapartic-
ular tradingobjective,relative to thecurrentmarket conditions,and
askhow wecanestimateandcommunicatewhetherthiscontractis
(still) performingtheeconomicjob thatit wasintendedto do.

Example 1: A “Dead” option

As our first examplewe considera shortcall (Figure2) in a situa-
tion whereit is “out of themoney,” that is, wherethestrike (in, for
example,Dollars per DeutscheMark) is significantlyhigher than
thecurrentspotprice.Supposethisoptionhadbeensoldsometime
agoeitherasa straightbet that the Dollar to DeutscheMark ex-
changeratewould decreaseor asa hedgeagainsta future receipt
of DeutscheMarks. As Figure2 shows, theexchangeratedid de-
crease,andnow thereis abouta month to go until expiration. If
this call hadbeensoldasa straightbeton thecurrency rate,then,
while it hasbeenprofitable,thereis essentiallynopotentialfor fur-
therprofit if theDollar continuesto fall. If, on theotherhand,this
optionhadbeensoldasa hedgeagainstreceiving Deutschemarks
at somedatein thefuture,thenwhile thelosson thefuturereceipt
hasbeenat leastpartially compensatedfor by themoney we made



selling theshortcall, thereis no protectionfrom a further drop in
theDollar. In termsof its likely behavior over thenext month,this
optionis “dead,” unableto provide furthervalue.Assumingthatwe
still have thesamemarket view andobjectives,andassumingthat
we still want the hedgeor bet, it might be advisableto sell a new
call, struckat thecurrentspotprice.

Visually, our diagnosisof “essentiallydead”amountsto thefact
thatthiscontracthaslow delta(rateof pricechanges)over thosefu-
turemarket conditionswhich arelikely to occur. To show this, we
takethesamefour curvesasshown in Figure2,andspreadthemout
into thethird dimension(Figure5). A surfacehasbeendrawn con-
nectingthelines,andis coloredwith acolormaprepresentingdelta.
Low deltaregions(lessthan0.2) areblue, intermediatevaluesare
coloredgreen,andhighvaluesarecoloredyellow. Wehaveusedan
isoluminantcolor mapto distinguishactualcolor differencesfrom
differencesin appearancedueto shadingof the3-dimensionalsur-
face. The color mapis segmentedto allow the viewer to visually
separatethespaceinto meaningfullydistinctregions.

A verticalredline marksthecurrentspotprice,andthis redline
is continuedacrossthe surface,showing the region of the surface
that theoptionwill be in if spotprice remainsat its currentvalue.
Clearlyif spotdoesn’t change,thisoptionwould remainin theblue
(low delta) region. The greenand gray parabolasboundregions
within one-andtwo-standarddeviationsrespectively, of thecurrent
spot.Clearly, within onestandarddeviation, mostof thesurfaceis
blue, indicatinga fairly low probability thatspotwill move out of
thelow deltaregion over thelifetime of theoption. This is another
way of sayingthat this contracthaslittle remainingpotentialfor
participatingin changesin thepriceprocess.

Example 2: Symmetric Risk

In this examplewe considera call in a situationwhereit is well
“in-the-money,” thatis, wherethecurrentspotpriceis significantly
higher than the strike. Supposethis option had beenpurchased
somemonthsago (for a fraction of its currentvalue),eitherasa
hedgeagainsta future currency obligationor asa straightbet on
this particularexchangerate. This contracthasbeena winner, but
in termsof its likely near-term behavior, this option hasacquired
symmetricrisk andreducedleverage,both undesirablerelative to
thestatedtradingobjectives.How canvisualizationhelpusrecog-
nizeandunderstandtheproblemwith thisoption?

Firstof all, whatis theproblemwith symmetricrisk?Beforethe
expirationdate,for everydollar thatspotincreases,thevalueof the
optionincreasesby adollar. But similarly, for everydollar thatspot
decreases,thevalueof theoption decreasesby a dollar. It is asif
the holderof the option is holding the currency itself, ratherthan
an option on the currency. This customerhaslost downsiderisk
protection.

Figure6 clearlyshows thissymmetricrisk situation.Therecom-
mendationwould beto sell theoption (receiving a high price)and
thenpurchaseanothercall struckat thecurrentlyhigherspotprice.

Example 3: Leaking value

As a final examplewe show an option that has“leaking value.”
In this casedecay, the derivative of valuewith respectto time, is
large and negative: the value of the option is decreasingrapidly
with time. This typically occursastheexpirationdateof theoption
nears.Figures7 and8 show views of decay(ratherthanTV) asa
functionof timeandspotprice.Thevalueof theoptionis currently
droppingatover5%per day, andthatdecayis likely to grow worse
as time goeson. A typical recommendationfor caseswherethis
behavior is undesirablerelative to currenttradingobjectivesmight
beto sell thisoptionandbuy anew onewith anexpirationdatefar-
ther in thefuture. Notethatthis view utilizesa differentcolor map

thanusedpreviously. Here the mapis constructedto specifically
highlight regionswheredecayis greaterthan5%perday.

Discussion

We have describedan interactive environment which allows the
viewer to examinea variety of variablescharacterizingoption be-
havior over thetimeremaininguntil expiration,while alsoallowing
estimationof the likelihoodof differentregimes.Thesamevisual-
izationconstructcanbeusedto examineportfoliosof options,e.g.
setsof optionsdesignedto achieve particulargoalsof risk protec-
tion at a reasonableprice. As an example,considerthe multina-
tional firm interestedin protectingitself againsta large exchange
ratefluctuation. Thefirm canpurchaseboth a call anda put on a
particularcurrency andcounton offsettingincomeshouldpolitics,
war, or anaturaldisasterradicallychangethevalueof thecurrency.
Furthermore,the firm canchoosethe strike pricesof the call and
put to reflecteitherits belief in the likelihoodof suchan event or
its willingnessto pay for the coverage. The portfolio of options
illustratedin Figure 9 shows a portfolio termed“bottom vertical
combination.” Thestrike pricesof thecall andput are1.45and1.5
respectively. Thefirm will absorbsmallexchangeratefluctuations
but is protectedagainstswingswhich might otherwisebea serious
problem.Theflat horizontalregionof the3D representationshows
the rangeof exchangeratesover which the firm will absorbprice
fluctuations. The visualizationconstructalsohandlesothercom-
moncombinationssuchasspreads,butterflies,andbarrieroptions.

In additionto usingthissystemto designeffective waysof visu-
ally communicatingcertaintypesof optionsbehavior, wehavealso
createda mechanismto automaticallycreatesetsof visualizations
basedonadatabaseof customeroptionportfolios,anddeliverthese
over theweb. Thistypeof systemcouldbeusedby optionsmarket-
ing representativeswhoseresponsibilityit is to monitor customer
portfolios andcommunicaterecommendationsto their customers.
In this system,appropriateviewing parametersare automatically
createdbasedoncharacteristicsof theoptionandthetypeof behav-
ior to behighlighted,andwebpagesincorporatingtext andimages
areautomaticallygeneratedandplacedon a server.

Conc lusions

In this paper, we have studiedthevisualizationof foreigncurrency
optionsasa way of gaininginsight into therepresentationof com-
plex, multivariatebehaviors. We have developedaninteractive en-
vironmentwhich allows theanalystto exploremany variablesand
their interactions,andto designvisual representationswhich make
it easyto recognize,understand,andcommunicatethoseaspectsof
thesituationwhich arerelevant for decisionmaking. Oneapplica-
tion of theserepresentationswould beto helpmarketingmanagers
more quickly communicatewhy a particularoption is no longer
behaving asdesired,andto helpclientsmake betterinformeddeci-
sionsaboutwhatthey shoulddo.

An importantgoalof thiswork hasbeento createunderstanding
ataglance:Theability to seemulti-variatedependenciesovertime,
marked by probability boundaries.Useof the third dimensional-
lowstheadditionof significantadditionalinformationto thecurves,
without obscuringthe information containedwithin the original
lines(with which theviewersof this informationarefamiliar). Not
only is theshapeof thevalueor decaycurve asa functionof both
spotpriceanddateshown directly, but in addition,two othervari-
ables(e.g., decayor delta,andprobability)canbeshown simulta-
neously. All of thesevariablesareimportantin communicatingand
quantifying the characteristicsof the option given currentmarket
conditions. In addition,theapplicationcaneasilybe usedto edu-
catetheviewer not only aboutoptions,but alsoabouthow to view



threedimensions,by animatingthestandardview into thethreedi-
mensionalview. Thiseducationhasbeenfoundto beveryusefulto
usersinitially unfamiliar with three-dimensionalrepresentations.

By using the prototypeapplicationwe have developed,an an-
alyst can interactively explore the optionsusing a wide rangeof
possiblevisualizations(which variableis shown, what color map
is used,what region is shown, what lines aredrawn, etc.) In this
paper, we have shown how ananalystcouldrepresenta few classic
scenarioswhich a customermight want to restructure.Oncethis
elucidatingrepresentationis selected,the prototypecanautomati-
cally representthese,andsimilar options,in this manner, andpost
theresultingvisualizationsona server for webaccess.

Finally, the flexible applicationallows easyexperimentationto
explorethetypesof visualizationswhich bestserve thegoalof ed-
ucatingtheendviewer (client).

Acknowledgement:Wewould like to acknowledgethecontribu-
tions of Jiefei Hong of Warburg Dillon Read,UBS AG who cre-
atedthe infrastructurefor incorporatinga particularoption evalu-
ation function into the visualizationsolution. The interactive op-
tionsexplorationenvironment,andall theimagesshown in thispa-
per, wereconstructedusing the IBM VisualizationDataExplorer
[AT95,IBM].

References

[AT95] Greg Abram andLloyd Treinish. Extendeddata-flow
architecturefor dataanalysisandvisualization.In Pro-
ceedings of IEEE Visualization Conference, 1995.

[CR85] JohnC. Cox andMark Rubinstein. Options Markets.
Prentice-Hall,EnglewoodClif fs, NJ,1985.

[Hul93] JohnHull. Options, Futures, and other derivative secu-
rites. PrenticeHall, New York, 1993.

[IBM] �����	��
��
��������� ����������������� ����� � �"!��#��$&% .
[Pic95] StephenW. Piche. Trend visualization. In Proceed-

ings of IEEE/IAFE Conference on Computational Intel-
ligence for Financial Engineering, 1995.

[RT98] B.E. Rogowitz andL.A. Treinish. Datavisualization:
the endof the rainbow. IEEE Spectrum, pages52–59,
December1998.

[WDH93] PaulWilmott, Jeff Dewynne,andSamHowison.Option
pricing: mathematical models and computation. Ox-
ford FinancialPress,Oxford,1993.

Figure Captions

Figure1: The payoff functionsof a long andshortcall, showing
option valueasa function of the spotprice (exchangerate)at ex-
piration, with the strike price at 1.0. A shortcall is simply a call
thathasbeensold,thusthepayoff functionis theinverseof thatof
a longcall.

Figure2: Curvesof theoreticalvalue(TV) vs. spotpricefor ashort
call. Bright whitecurvewith discontinuoussloperepresentstheex-
pirationdateof theoption; dimmergraycurvesrepresentprogres-
sively earlierdates.Verticalredline indicatescurrentspotprice.

Figure3: Curvesof TV vs. spotfor a shortcall, coloredby delta
(derivative of valuewith respectto spot).Blue representslow delta
(lessthan 0.2), greenrepresentsintermediatedelta,while yellow

representshigh delta(greaterthan0.6). Redvertical line indicates
currentspotprice.

Figure4: Curvesof TV vs. spotfor a shortcall, coloredby prob-
ability. Redregionslie within theone-standarddeviation curvesof
spotprice,greenregionslie betweentheone-andtwo-standardde-
viation curves,while thegray regionslie outsidethe two-standard
deviation curves.Redvertical line indicatescurrentspotprice.

Figure 5: Three-dimensionalsurfacerepresentinga “dead” short
call option (low delta). Height representsTV (theoreticalvalue).
Thesamecolor mapasin Figure3 is usedfor deltaon thesurface.
Vertical red line indicatesspotprice, vertical greenline indicates
strike price; both lines are continuedacrossthe surface. On the
surface,inner, greenparabolaoutlinesthe one-standarddeviation
regionfor spotprice;outer, grayparabolaoutlinesthetwo-standard
deviation region.

Figure 6: Three-dimensionalsurface representinga “symmetric
risk” option.Othercharacteristicsarethesameasthosein Figure5.

Figure7: Three-dimensionalsurfacerepresentinga “high decay”
option. In this caseheightrepresentsdecay(daily rateof change
in value). Othercharacteristicsarethe sameasdescribedfor Fig-
ure5, exceptthatthesurfaceis coloredby decayusinga colormap
constructedspecificallyfor thisparameter. Thetransitionfrom grey
to paleredoccursat decayof 5% per day, andbrighterredvalues
representedprogressively highervaluesof decay.

Figure8: Samedataasshown in Figure7, exceptwith all but the
regionwithin onestandard-deviationcutaway, highlightingthefact
that essentiallyall of the likely region hasextremely high decay
(greaterthan5%perday).

Figure9: Three-dimensionalsurfacerepresentinga portfolio con-
sistingof a put at 1.5 anda call at 1.45. Othercharacteristicsare
thesameasdescribedfor Figure5.
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