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Abstract

Analyzing optionsis a compl&, multi-variateprocess.Option be-
havior dependsn a variety of market conditionswhich vary over
the time courseof the option. The goal of this projectis to pro-
vide aninteractve visual ervironmentwhich allows the analystto
explorethesecomple interactionsandto selectandconstructspe-
cific views for communicatinginformation to non-analystge.g.,
marketingmanagerandcustomers).

In this paperwe describean environmentfor exploring 2- and
3-dimensionakepresentationsf optionsdata, dynamically vary-
ing parametersgxamininghow multi-variaterelationshipgevelop
over time, andexploring the likelihood of the developmentof dif-
ferentoutcomesover the life of the option. We alsodemonstrate
how this tool hasbeenusedby analyststo communicateto non-
analystshow particularoptionsno longerdeliver the behaior they
wereoriginally intendedto provide.
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1 Introduction

Foreigncurrengy exchangeoptionsarefinancial constructswhich
arewidely usedby investorsto speculateon the price of foreign
currenciesandto provide protection(to “hedge”) againstunfavor-
ablefluctuationsn the marketplace.Optionbehaior is acomple,
multi-variateprocesswherepivotal featuresand relationshipde-
velopovertime. Optionbehaior, thus,providesanexcellentmodel
for exploring how visualizationcanbe usedto improve theway we
understandmale decisionsabout,and communicateaboutmulti-
variate phenomenavhich develop over time. One basictype of
foreigncurreny option[CR85]is acall. A (long) call is theright,
but not the obligation, to buy a particularcurrengy (e.g., Ameri-
canDollars)andsell a secondcurreny ( e.g., SwissFrancs)at an
agreed-upoprice ratio (strike) at an agreedupontime (expiration
date)in thefuture. (A putis theright, but notthe obligation,to sell
ataparticularprice. “Short” versionsof putsandcallsarethe sale
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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 value of the option at expiration with the value at
somepointin time prior to expiration. (seealso[Pic95].) Figure1
shaws graphsof the valueof along andshortcall asa function of
the market condition(spotprice) at the expiration date. At expira-
tion the value of a call is the payof (or lossin the caseof 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 thatit wouldn't be exercisedto buy cur
reng atahigherratethanit couldbe boughtin theopenmarlet. If
spotis higherthanstrike, the (unit) payof is simply the difference
betweerthe spotandthestrike sincethecontractcanbe usedo buy
atthestrike pricethensellatthe spotpricein theopenmarket. The
higherthe spot price, the proportionallygreaterthe option value.
For the holderof the shortposition,thesegainsareinsteadlosses,
sincethe curreny mustbe purchasedt the spotpricein orderto
sellit (atthelower strike price)to the exerciserof the option.

This simple,ubiquitous,diagram however, doesnot capturethe
compleity of the underlyingsituation, and doesnot provide an
adequatemetaphorfor decision-making.First, this view typically
shaws the value of the option at a particulartime, usually at the
expirationdate,anddoesnot shav haw this functionchangesver
thelife of theoption. At timesbeforethe expirationdate,thetheo-
reticalvalueof the optioncanbe computedbasedn the “expected
payof,” usingthe historicalvolatility of the spotprice. Fromthis
point on we will referto this valueasTV, for “theoreticalvalue’
andwill useTV asareasonablestimateof bothwherethe option
would tradein the marketplaceandasa fair valuefor the expected
payof. It is possibleof courseto presentafamily of curves,each
representing’V at a differenttime stepon the way to expiration.
Thesecurves,however, canoverlapandbevery difficult to discrim-
inate.Figure2 is anexample.

Second,decision-makingaboutoptionsalso dependson other
derived option behaiors, including, e.g., delta (the derivative of
TV with respecto spot) and decay(the derivative of TV with re-
spectto time). Thesederivativesarealsomosttypically depictedas
simpleline-drawings, plotting individual parametersf the option
asfunctionsof spotor time. An analystmaywantto examinehow
two differentparametersnteract. For example, it might be of in-
terestto examinevalueanddeltaasa function of spotfor a setof
time stepsover thelife of theoption. It is possibleto createa series
of line drawingsfor eachparameterbut identifying corresponding
time stepsin thetwo graphscanbedifficult. Furthermorethe ana-
lyst maywantto know thevalueof deltaata particularpointonthe
TV curwe,or hov TV anddeltaco-vary over time.

Third, the analystmay wantto examinethesedatawith respect
to calculatectriteria, for example,to estimatewhich regionsof the
curvesaremoreor lesslikely to be visited over the lifetime of the
option. Certainlyregionscloserto the currentspotprice aremore
likely thanregionsvery far away, but a quantitatve estimates im-
possiblewithout explicitly including this calculationin the repre-
sentation.



Enhancing the Standard Line Drawings

Someof the dravbacksof the standardview canbe alleviated by
incorporatinginteractvity andcolor into the visualization.For ex-
ample,the problemof distinguishingwhich lines representvhich
time stepscanbe addressedly usinga differentcolor for eachtime
step. Interpretingthis type of graph, however, is not immediate
or “pre-attentive; especiallyif therearemary curwes. Interactve
brushingcan provide help, where selectinga curve in one graph
automaticallyhighlightsthe correspondingurwve in anothemgraph.
Othervariablescanbepresentegimultaneouslyn line dravings
by, for example,coloringthelinesaccordingio anothewariable,or
accordingto probability of occurrence Someexamplesareshaovn
in Figures3 and4. Therearelimitationsto this approachhowever.
It is difficult to discernthe developmentof behaior over time, it
is difficult to represent secondcharacteristio/ariablealongwith
probability andit is impossibleto representwo characteristicplus
probability over time in simpleline dravings.

A 3D Construct for Evaluating Option Be-
havior

In thissectionwe explorehow 3-dimensionatepresentationsan
be usedto enhanceroblem-solvingaboutoptions.Optionsarein-
trinsically multi-dimensionalconstructs.Option prices(and other
variablesassociateavith optionsprices)canshav strongvariation
asafunctionof the underlyingmarlet price,asa function of time,
andasa function of theinteractionof market priceandtime. Two-
dimensionalprojectionsleave to the userthe task of synthesizing
the overall behaior from the setsof projections.lt may, therefore,
be more naturalto shaw the interactionsdirectly in threedimen-
sions. Second,mary decisioncriteria dependon the relationship
betweerprice andotherderived optionsbehaiors, including, e.g.,
deltaanddecay Representingachof thesebehaiorsin acommon
graphicalcontext canhelpwith therecognition,understandingand
communicatiorof relationshipsetweerthe variousrisk behaiors
in agivensituation.Third, oncetheuserhasreachednunderstand-
ing of how a given surfacerepresents particulardecisioncontext,
the surfacecanbe usedasa representationdramework, in terms
of which furtherinformationaboutthe decisioncontext canbe or-
ganizedandunderstood.

We have developeda 3-d metaphomhich canbeusedto simulta-
neouslyrepresent wealthof usefuldecision-makindnformation,
in an easyto absorbformat. In this representationwe use two
dimensiondo representn option parameterasa function of spot
price. We usethethird dimensionto extrudethis 2-d functionfrom
the currentdateto expiration. This givesthe analysta continuous
view of thetime-varyingbehaior, notsimply threeor four sampled
time steps.Furthermoreywe canusethis surfaceto unambiguously
representhe valuesof anothermparametent eachspotandat each
time, representingfor example,the theoreticalvalue of the option
(TV) asheightanddeltaascolor. Furthermorewe have provided
asetof differenttypesof color maps,dependingn the goal of the
visualization. For example,a “segmented’color mapcanbe used
in orderto visually divide the rangeof valuesinto discrete mean-
ingful regions,while an“isomorphic” mapcanbeusedto represent
continuousvariables. In our system,we male useof color maps
basedon perceptuaprinciples([RT98]).

We alsousethis surfaceto representalculatedfunctions,such
as probability indicatingwhich regions of the surfacecorrespond
to future market behaiors which lie within one-andtwo-standard
deviations of the mostlikely market behaior. This can help the
uservisually separatdikely from unlikely outcomesn the future
evolutionof themarketplace We calculateheseprobabilityregions

usingthe samehistoricalvolatility of exchangerateaswasusedto
valuetheoption.

An Interactive Visual Exploration Environ-
ment

Beingableto examineoption parameteri a 3-d context, however,
is not sufiicient to supportthe decision-makingequiremenainan-
alystfaces. The 3-d constructprovides a rich analysismetaphaor
but it doesnot allow “what-if" experiments.In orderto compre-
hendthe interactionbetweervariables,andhow theseinteractions
changeover time requiresaninteractve userinterface.

We have createda visual environmentwhich allows the analyst
to interactiely selectvariables,andto explore themusinglinked
2- and3-D representationdn our application the analystusesthe
3-d visualizationto provide a global framework for analyzingthe
option, andusesthe linked 2-d projectionsto enhanceahat under
standingpy providing areferencénackto morefamiliar, traditional
visual representationsf option behaior. The focal point is the
three-dimensionadlot depictingan option parameteasa function
of spotover time. The analystinteractiely selectswhich option
parameteto representandcaneasilycycle throughvariousparam-
eterse.g., value,delta,or decayandseehow theseparameterslay
out over the time courseof the option. The usercanalsointerac-
tively choosewvhetheror notto colorthecanonicalB-d surfacewith
acolormap.A valuesurface for example,canbe coloredby delta,
or by the valueof the probability functionat every point. The user
canalsoselectwhich type of color mapto use. The usercanalso
interactizely selectwhetheror not to shaw the probability curves,
andcaninteractively selectwhich sectionsof the probability space
to shaw. For example,the analystcanlook only at the sectionof
the surfacewhich falls within 1 standardeviation of the expected
value,or, alternatvely, only thosesectionswvhich arevery unlikely
to occur

Examples of Conte xtual Analysis

Commonusesof optionsinclude speculation(taking directional
betson curreng price movements) hedgingthe value of curreny
paymentgo berecevedin thefuture,andadjustingtherisk beha-
ior of otheroptionspositions.

Workingwith aforeigncurreny analystwe have usedourinter-
active systemto designvisualizationgo focusattentionon features
thatarerelevantto a particulardecisionscenarioThegoalis notto
pricetheoptionbut to examinea particularcontractundera partic-
ulartradingobjectie, relative to the currentmarket conditions and
askhow we canestimateandcommunicatevhetherthis contractis
(still) performingthe economigob thatit wasintendecdto do.

Example 1: A “Dead” option

As our first examplewe considera shortcall (Figure2) in a situa-
tion whereit is “out of themoney,” thatis, wherethe strike (in, for

example, Dollars per DeutscheMark) is significantly higherthan
thecurrentspotprice. Supposehis optionhadbeensoldsometime
ago either as a straightbet that the Dollar to DeutscheMark ex-

changerate would decreas®r asa hedgeagainsta future receipt
of DeutscheMarks. As Figure2 shaws, the exchangeratedid de-
creaseandnow thereis abouta monthto go until expiration. If

this call hadbeensold asa straightbet on the curreng rate, then,
while it hasbeenprofitable thereis essentiallyno potentialfor fur-

therprofit if the Dollar continuego fall. If, onthe otherhand,this
optionhadbeensold asa hedgeagainstreceving Deutschemarks
at somedatein thefuture, thenwhile thelosson thefuturereceipt
hasbeenat leastpartially compensateébr by the mone/ we made



selling the shortcall, thereis no protectionfrom a further dropin
theDollar. In termsof its likely behaior over the next month,this
optionis “dead; unableto provide furthervalue. Assumingthatwe
still have the samemarket view andobjectives,andassuminghat
we still wantthe hedgeor bet, it might be advisableto sell a new
call, struckatthe currentspotprice.

Visually, our diagnosiof “essentiallydead”amountgo thefact
thatthis contracthaslow delta(rateof pricechangespverthosefu-
ture market conditionswhich arelikely to occur To shaw this, we
take thesamefour curvesasshowvn in Figure2, andspreadhemout
into thethird dimension(Figure5). A surfacehasbeendravn con-
nectingthelines,andis coloredwith acolormaprepresentinglelta.
Low deltaregions(lessthan0.2) areblue, intermediatevaluesare
coloredgreenandhigh valuesarecoloredyellow. We have usedan
isoluminantcolor mapto distinguishactualcolor differencedrom
differencesn appearancdueto shadingof the 3-dimensionabkur
face. The color mapis segmentedto allow the viewer to visually
separate¢he spacanto meaningfullydistinctregions.

A verticalredline marksthe currentspotprice,andthis redline
is continuedacrossthe surface,shaving the region of the surface
thatthe optionwill bein if spotprice remainsatits currentvalue.
Clearlyif spotdoesnt changethis optionwould remainin the blue
(low delta) region. The greenand gray parabolasboundregions
within one-andtwo-standardieviationsrespectiely, of thecurrent
spot. Clearly, within onestandarddeviation, mostof the surfaceis
blue, indicatinga fairly low probability thatspotwill move out of
thelow deltaregion over thelifetime of the option. Thisis another
way of sayingthat this contracthaslittle remainingpotentialfor
participatingin changesn the price process.

Example 2: Symmetric Risk

In this examplewe considera call in a situationwhereit is well
“in-the-mong,” thatis, wherethecurrentspotpriceis significantly
higher than the strike. Supposethis option had beenpurchased
somemonthsago (for a fraction of its currentvalue), eitherasa
hedgeagainsta future currengy obligation or asa straightbet on
this particularexchangerate. This contracthasbeena winner, but
in termsof its likely nearterm behaior, this option hasacquired
symmetricrisk andreducedleverage both undesirableaelative to
the statedtiradingobjectves. How canvisualizationhelpusrecog-
nizeandunderstandhe problemwith this option?

Firstof all, whatis the problemwith symmetricrisk? Beforethe
expirationdate for every dollarthatspotincreasesthevalueof the
optionincreasedy adollar. But similarly, for every dollarthatspot
decreaseghe value of the option decreaseby a dollar. It is asif
the holderof the optionis holding the curreng itself, ratherthan
an option on the curreng. This customerhaslost downsiderisk
protection.

Figure6 clearlyshavs this symmetricrisk situation. Therecom-
mendationwould be to sell the option (receving a high price) and
thenpurchasenothercall struckatthe currentlyhigherspotprice.

Example 3: Leaking value

As a final example we shawv an option that has“leaking value’

In this casedecay the derivative of valuewith respecto time, is
large and negative: the value of the option is decreasingapidly
with time. This typically occursasthe expirationdateof the option
nears.Figures7 and8 shav views of decay(ratherthanTV) asa
functionof time andspotprice. Thevalueof theoptionis currently
droppingatover 5% per day, andthatdecayis likely to grow worse
astime goeson. A typical recommendatiofior caseswherethis
behaior is undesirableelative to currenttradingobjectvesmight
beto sellthis optionandbuy a nev onewith anexpirationdatefar-

therin the future. Notethatthis view utilizes a differentcolor map

thanusedpreviously. Herethe mapis constructedo specifically
highlight regionswheredecayis greaterthan5% perday

Discussion

We have describedan interactve ervironmentwhich allows the
viewer to examinea variety of variablescharacterizingption be-
havior overthetime remaininguntil expiration,while alsoallowing
estimationof thelikelihoodof differentregimes. The samevisual-
ization constructcanbe usedto examineportfolios of options,e.g.
setsof optionsdesignedo achieve particulargoalsof risk protec-
tion at a reasonablerice. As an example,considerthe multina-
tional firm interestedn protectingitself againsta large exchange
ratefluctuation. The firm canpurchasebotha call anda puton a
particularcurreng andcounton offsettingincomeshouldpolitics,
war, or anaturaldisasteradicallychangehevalueof thecurreng.
Furthermorethe firm canchoosethe strike pricesof the call and
put to reflecteitherits beliefin the likelihood of suchaneventor
its willingnessto pay for the coverage. The portfolio of options
illustratedin Figure 9 shavs a portfolio termed“bottom vertical
combinatior!. The strike pricesof the call andputarel.45and1.5
respectiely. Thefirm will absorbsmallexchangeratefluctuations
but is protectedagainstswingswhich might otherwisebe a serious
problem.Theflat horizontalregion of the 3D representatioshavs
the rangeof exchangeratesover which the firm will absorbprice
fluctuations. The visualizationconstructalso handlesother com-
moncombinationsuchasspreadsbutterflies,andbarrieroptions.
In additionto usingthis systemto designeffective waysof visu-
ally communicatingertaintypesof optionsbehaior, we have also
createda mechanisnto automaticallycreatesetsof visualizations
basednadatabasef customewoptionportfolios,anddeliverthese
overtheweh Thistypeof systemcouldbeusedby optionsmarlket-
ing representafies whoseresponsibilityit is to monitor customer
portfolios and communicateecommendationto their customers.
In this system,appropriateviewing parametersare automatically
createdbasedn characteristicsf theoptionandthetypeof beha-
ior to be highlighted,andweb pagesncorporatingtext andimages
areautomaticallygenerate@ndplacedon asener.

Conclusions

In this paper we have studiedthe visualizationof foreigncurrengy
optionsasaway of gaininginsightinto therepresentationf com-
plex, multivariatebehaiors. We have developedaninteractive en-
vironmentwhich allows the analystto explore mary variablesand
their interactionsandto designvisual representationghich male
it easyto recognizeunderstandandcommunicatehoseaspectof
the situationwhich arerelevantfor decisionmaking. Oneapplica-
tion of theserepresentationaould be to helpmarketingmanagers
more quickly communicatewhy a particularoption is no longer
behaing asdesiredandto help clientsmale betterinformeddeci-
sionsaboutwhatthey shoulddo.

An importantgoal of thiswork hasbeento createunderstanding
ataglance:Theability to seemulti-variatedependenciesvertime,
marked by probability boundaries.Use of the third dimensional-
lowstheadditionof significantadditionalinformationto thecures,
without obscuringthe information containedwithin the original
lines (with which theviewersof this informationarefamiliar). Not
only is the shapeof the valueor decaycurve asa function of both
spotprice anddateshawvn directly, but in addition,two othervari-
ables(e.g., decayor delta,andprobability) canbe shovn simulta-
neously All of thesevariablesareimportantin communicatingand
quantifying the characteristic®f the option given currentmarket
conditions. In addition, the applicationcaneasilybe usedto edu-
catethe viewer not only aboutoptions,but alsoabouthow to view



threedimensionsby animatingthe standardview into the threedi-
mensionaliew. This educatiorhasbeenfoundto bevery usefulto
usersinitially unfamiliar with three-dimensionakpresentations.

By usingthe prototypeapplicationwe have developed,an an-
alyst caninteractiely explore the optionsusing a wide rangeof
possiblevisualizations(which variableis shavn, what color map
is used,whatregion is shavn, whatlines aredrawn, etc.) In this
paper we have shavn how ananalystcouldrepresena few classic
scenariosvhich a customemight wantto restructure.Oncethis
elucidatingrepresentatiotis selectedthe prototypecanautomati-
cally representheseandsimilar options,in this mannerandpost
theresultingvisualizationson a sener for webaccess.

Finally, the flexible applicationallows easyexperimentatiorto
explorethetypesof visualizationawvhich bestsene the goal of ed-
ucatingtheendviewer (client).
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Figure Captions

Figure 1: The payof functionsof a long and shortcall, shaving
option value asa function of the spotprice (exchangerate) at ex-
piration, with the strike price at 1.0. A shortcall is simply a call
thathasbeensold, thusthe payof functionis theinverseof thatof
alongcall.

Figure2: Curvesof theoreticavalue(TV) vs. spotpricefor ashort
call. Bright white curve with discontinuousloperepresentthe ex-
piration dateof the option; dimmergray curvesrepresenprogres-
sively earlierdates.Verticalredline indicatescurrentspotprice.

Figure3: Curwesof TV vs. spotfor a shortcall, coloredby delta
(derivative of valuewith respecto spot).Blue representow delta
(lessthan 0.2), greenrepresentsntermediatedelta, while yellow

representsigh delta(greaterthan0.6). Redverticalline indicates
currentspotprice.

Figure4: Curvesof TV vs. spotfor a shortcall, coloredby prob-
ability. Redregionslie within the one-standardeviation curvesof
spotprice,greenregionslie betweerthe one-andtwo-standardle-
viation cunes, while the gray regionslie outsidethe two-standard
deviation curves. Redverticalline indicatescurrentspotprice.

Figure 5: Three-dimensionasurfacerepresenting “dead” short

call option (low delta). Height representdV (theoreticalvalue).

The samecolor mapasin Figure3 is usedfor deltaonthe surface.

Vertical red line indicatesspot price, vertical greenline indicates
strike price; both lines are continuedacrossthe surface. On the

surface,inner, greenparabolaoutlinesthe one-standardleviation

regionfor spotprice;outer gray parabolaoutlinesthetwo-standard
deviation region.

Figure 6: Three-dimensionasurface representinga “symmetric
risk” option. Othercharacteristicarethesameasthosein Figure5.

Figure 7: Three-dimensionasurfacerepresenting “high decay”
option. In this caseheightrepresentsiecay(daily rate of change
in value). Othercharacteristicarethe sameasdescribedor Fig-
ureb, exceptthatthe surfaceis coloredby decayusinga color map
constructedpecificallyfor this parameterThetransitionfrom grey
to palered occursat decayof 5% per day, andbrighterred values
represente@rogressiely highervaluesof decay

Figure8: Samedataasshavn in Figure 7, exceptwith all but the
regionwithin onestandard-ddation cutaway, highlightingthefact
that essentiallyall of the likely region hasextremely high decay
(greaterthan5% perday).

Figure9: Three-dimensionadurfacerepresenting portfolio con-
sistingof a putat 1.5 anda call at 1.45. Othercharacteristicare
thesameasdescribedor Figure5.
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