ADAPTING TREEMAPS TOSTOCK PORTFOLIO VISUALIZATIONWalter-Alexander JungmeisterUnion Bank of Switzerland, Dept. BERGP.O.B., CH-8021, Z�rich, SwitzerlandAlexander.Jungmeister@ZH007.UBS.UBS.CHABSTRACTTreemap visualization techniques are extended and applied tostock market portfolios via a prototype application.Designed to facilitate financial decision-making, theprototype provides an overview of large amounts ofhierarchical financial data and allows users to alter aspects ofthe visual display dynamically. Treemap concepts areillustrated via examples which address common portfoliomanagement needs.KEYWORDS: information visualization, hierarchy,treemaps, fisheye views, financeINTRODUCTIONThe electronic age has brought with it access to major stockexchanges throughout the world from desktop computerterminals. Financial advisors and portfolio managers haveat their fingertips the information to maintain and tradelarger portfolios more efficiently than in the past. Whenevermore information is available, the requirement for effectivehandling and interpretation of this information is key.Conventional mechanisms for handling large amounts ofstock exchange information include traditional electronicticker tape displays as well as full-screen softwareapplications that take advantage of the graphical capabilitiesof modern PCs and workstations. These have proven to bequite satisfactory for various portfolio management taskssuch as number calculation and small graphicalpresentations, but they are less adept at synthesizing andvisualizing the large volumes of portfolio informationwhich accumulate over even one trading day.The treemap is a visualization technique for displaying largeamounts of hierarchically structured information [2]. Webelieve the field of portfolio management is ideally suitedfor treemap visualization given its dual hierarchies (acorporate management structure and portfolio structure).David TuroHuman-Computer Interaction LaboratoryUniversity of MarylandCollege Park, MD 20742, USAturo@cs.umd.eduIt should be noted that we will address how the visualizationof this type of information can be useful to the portfoliomanager for identifying areas of interest in a global context;additional tools for interpreting and acting upon thisinformation are necessary for a complete portfoliomanagement system.PRIOR TREEMAP RESEARCHResearch in treemap design has occurred over the past twoyears in the Human-Computer Interaction Laboratory at theUniversity of Maryland. The treemap is a method forrecursively subdividing a 2-D rectangular space to visualizelarge hierarchies that are cumbersome to display usingtraditional approaches. The treemap algorithm is space-filling and dubbed "slice-and-dice" -- it slices the initialrectangle in one direction (either horizontally or vertically)to display the first level of hierarchy, then "dices" theresultant rectangles in the other direction to display thesecond level. Successive levels are formed by repeating thisprocess. Figure 2 is an example of a treemap produced bythis algorithm.Treemap design issues are highlighted in [7]; a sampletreemap application is featured in [2] and experimentalresults are discussed in [8]. Several issues arose with theexperimental usage of treemaps; these issues are discussedin a later section and addressed in the prototype.PORTFOLIO MANAGEMENT TODAYTwo Hierarchies: Management and PortfolioThe complexity of the corporate organization isproportional to the client base of the company (which couldbe a bank, investment house, brokerage firm, or a smallerlocal business): large companies will naturally have largeorganizational hierarchies to cover different geographicregions and different types of markets; smaller companiesneed less of a support structure to serve their client base.Since the treemap’s effectiveness arises from thevisualization of large amounts of information, we areconcerned with the larger organizational hierarchies found inbanks or brokerage houses.The lower levels of a typical corporate hierarchy usuallycontain the portfolio managers, group leaders, and section chiefs. These individuals are tasked with setting up andmanaging portfolios. They have a strong and directrelationship to the marketplace, the trading desk and theirclients. Traditional task requirements for portfoliomanagers are:¥the ability to produce above average returns for agiven risk class and¥the ability to diversify (eliminate allunsystematic risk from the portfolio) [5].Middle and upper layers of management up to the vice-president level may include geographical region managersand branch heads, as indicated in Figure 1. These managersare interested in the overall strategy for their dependentorganizations and set direction using data presented inaggregate reports. Issues at this level involve high-levelcustomer contacts, determination of particular buyingstrategies and ratings of certain stocks or funds.A portfolio itself is made up of various types ofinvestments: stocks, bonds, mutual funds, etc. Theseinvestments are usually grouped together using variouscriteria such as fiscal stability, industry type and length ofnon-liquidity. Construction of a portfolio involvescombining different investment types into different groupsto maximize both the potential for financial benefit andprotection from financial loss. This latter attributecorresponds to the portfolio’s degree of risk.Current SystemsFinancial data is traditionally obtained through an electroniconline "ticker" directly connected to the appropriate tradingmarket. Before the influx of new financial managementsystems in the 1980s, the task of portfolio managementwas performed by handling large printouts from the ticker,manual calculation on a form and/or manual data entry intoa computer spreadsheet or database system.More advanced systems now provide direct links tospreadsheets or databases from the online ticker, making iteasier to update system data. Additional functionalityincludes automatic portfolio generation, value calculation,"what if?" analysis via query languages, and graphical datadisplay.Data Overload ProblemThe primary problem we are focusing on is one of volume.There is a tremendous amount of data involved in portfoliomanagement; synthesizing and assimilating it is a difficulttask.Though traditional graphic presentations such as line andbar charts are useful for comparing and visualizing smallamounts of information, their benefits diminish under thestrain of the large amounts of data a portfolio manager musthandle daily. Using current tools, it is difficult for portfoliomanagers to obtain a complete overview of the current stateof their portfolios, locate problem areas in massive amountsof data quickly, and visualize their data coherently.

PortfolioManagerMgt. GroupLeaderSectionChief}}Upper Layers- High-level customer contacts- Set Company Direction- Less detailedLower Layers- Customer Contacts- Direct Portfolio Investments- More detailedRegionManagerBranchHeadVice-PresidentPresident

Figure 1: Corporate Hierarchy StructureLeading portfolio experts put their requirements this way:"Obviously, optimality with respect to a portfolio can onlybe achieved in a portfolio context. The monitoring andresponse process must therefore view the investor’s assets asan integrated whole whose characteristics are evident andmeasurable (and therefore effectively addressable) only whenseen as an entirety [4]."FOLIOMAP PROTOTYPEA prototype application called FolioMap was built toaddress the stock data problem. FolioMap was developed ona Sun Microsystems Sparcstation 1+ under theOpenWindows 2.0 operating environment. The FolioMapprototype was used to analyze March 1992 New York StockExchange data for 150 selected companies divided among tenportfolios. For prototype purposes, a fictional corporatehierarchy was placed on top of the portfolios. Each stock orfund analyzed included the following data for each tradingday:¥value at close of trading day in dollars¥percentage change in value from previous tradingday¥volume (number of shares) traded over day¥percentage change in volume from previoustrading day

¥performance relative to a fictional "purchaseprice" for each stock¥performance relative to standard market indicesA treemap display is the focus of the FolioMap application(Figure 2). The corporate and portfolio hierarchies arecombined on the display by placing the portfolios directlybeneath the individual portfolio managers.In Figure 2, each colored rectangle represents a single stock.The underlying hierarchy is represented by gray-scalerectangles successively offset based upon hierarchical level.The user is able to manipulate the diagram to providedifferent "views" of the data and selectively emphasize or de-emphasize objects on the screen. This can be done bymodifying one of the following four items:¥Size Attribute: Value which determines thearea of an individual rectangle; this attributeindicates something of interest to the user.¥Color Attribute: Value or range which mapsto a particular color. This value can be viewedsimultaneously with the size attribute to conveyadditional information.¥Offset Quantity: The amount of pixel spaceused to offset children from their parents on thediagram. Offsets are produced from the left andtop of the parent rectangle.¥Exaggeration Level: Amount that differencesbetween sizes are exaggerated to overcome aspect-ratio problems. Users choose from Low,Medium or High exaggeration on the diagram.The Exaggeration Level is new to this prototype and isdiscussed by means of example in a later section. Also newto this prototype is a dynamic color key (in the upper rightcorner of the screen) that changes to reflect the color andranges selected for the chosen color attribute. Thisflexibility creates an extremely customizable environment,as is demonstrated in the three examples below.Additional parts of FolioMap are a feedback area, in thelower left of the window, which provides one-way textualfeedback on the current selected node, and an "animationslider," which animates the diagram over time.FolioMap is not designed to be a complete system. Itallows users to facilitate the process of sifting through largeamounts of data by presenting that data in a convenient andcustomizable way; once the user has identified an area ofinterest, more traditional systems and approaches for dataanalysis can be employed quite effectively through "hooks"into other systems.USING THE PROTOTYPEThe same data can appear radically different on a treemapdepending upon the size and color attributes the userspecifies. The following examples all use data from March6, 1992. Each example addresses a specific need.Example 1: Determining Buy/Sell ConditionsConfiguration. Figure 2’s configuration helps to determineappropriate times to buy and sell stocks. The size of eachrectangle is determined by the stock’s value; color isdetermined by the percent change in value from thepreceding trading day. The hierarchical offset is set to 12pixels.Using this configuration, stock price changes are seen in thecontext of value. Stocks with higher values have thepotential to cause increased profits or losses and areconsequently emphasized here via large areas. Lower-valuedstocks are not realized on the diagram.The color range represents the level of stock stability.Here, gains greater than 4% of value or losses greater thanor equal to 5% of value over one trading day determineconditions which exceed the set stability level and map todark green and red colors, respectively. Other percentagevalues within the allowable range are assigned varyingshades of green and red.Results. From this diagram, Cabot Corporation’s stock isclearly a winner, increasing in value by 4.56% (up $1.75 to$40.12) for the day (Cabot is selected in the lower leftcorner of the figure; a white box surrounds its rectangle).Vencor Incorporated stock is colored dark red, reflecting aloss of 5.56% (down $1.75 to $29.75). At a glance, then,problem areas in a global context can be determined.This example uses 4% and -5% as limits for stock stability.The ranges and colors are modifiable, creating a diagramwhich accurately reflects the portfolio manager’s notion ofrisk. Blinking colors may be used to identify changesdeemed critical, while a gray-scale may be used to addressmonochrome monitors or color deficiencies.Comments. A deficiency noted above is the fact that stockswith lower values are not displayed on the diagram,specifically because the partitioning algorithm allocatesspace based on the size attribute and there is a finite amountof space to allocate. In this example, though, these stockswere deemed "unimportant" to the user.If a user had a need to view all stocks, FolioMap providestwo possibilities:¥the size attribute can be set to "Unit Count",which displays all stocks with equal areas¥the diagram may be "zoomed" to view aparticular rectangle and its descendants at full-screen sizeAnother concern in the example is that Cabot Corporation’sarea was small, making its dark green color somewhat difficult to see on a cluttered diagram. This is to beexpected with the current settings, as the size attributeindicates a primary interest in Value, and Cabot’s value wassmall compared with the rest of the stocks.If a user was primarily interested in stocks which havechanged in value and not in the actual value of the stocks,setting the size attribute to "Value % Change" would be thecorrect choice. Area would then reflect absolute percentagechanges from yesterday’s value (attributes which havenegative values are mapped on an absolute scale). Cabot’sarea would be one of the largest on the diagram, making itsidentification a simple matter. Color, set to the sameattribute in this case, would be used to indicate whether thechange was positive or negative.Example 2: Determining Portfolio PerformanceConfiguration. Performance of a stock is always tied to theprice of the stock when purchased. Figure 3 is arepresentation of the same data as Figure 2, with"performance percentage relative to purchase price" as boththe size and color attributes. (This attribute is simply thecurrent price minus the purchase price, the difference dividedby the purchase price.)The color key chosen to represent performance differs fromthe "Value % Change" key from Figure 2 in three respects:the number of ranges has decreased (from 11 to 5), thecolors are different, and the range values are different. Inthis case, we are interested only in stocks which havechanged by 50% above or below the original purchase price.This is reflected by using white for the range -50% to 50%.A change level of 75% determines the end points and isgiven the darkest red and blue colors.Another change is the Exaggeration Level: here, it is set to"Medium," which means size differences are exaggerated viaa mathematical function. This effect serves to highlight thesize attribute, similar to a fisheye effect [1].Results. Given that color is used only for large-scalepercentage changes, the diagram clearly indicates that theWashington Post Company’s stock (selected on Figure 3) isperforming very well based upon its purchase price of$20.00 a share (its March 6 value is $36.00).LTV Corporation at first may appear to indicate ananomaly: it is displayed twice, once colored light blue (inthe 50% to 75% range) and once colored light red (in the-50% to -75% range). This is due to the fact that the stockwas purchased for two different portfolios at different prices(and obviously at different times). The box colored red isdown from its original price, and the box colored blue is upfrom its original price.Comments. Many of the stocks performing poorly relativeto purchase price have rectangles with similar areas, makingcomparison difficult. This can be countered by increasingthe exaggeration level to High, which increases the sizedistinctions between the rectangles at the expense ofdecreasing the number of rectangles displayed.Example 3: Determining Market ActivityConfiguration. Market activity for a stock can be interpretedas the level of interest in the stock as determined by thenumber of shares traded during a particular day. Returningto March 6, Figure 4 displays the same data as Figures 2and 3, with size changed to Volume (number of sharestraded in a particular day) and color changed to "Volume %Change," which indicates the percentage change in volumefrom the preceding trading day.

used to display data from the following days in March to seeif the volume level and change represent a trend.Additional ConceptsHierarchy Display Level. Figure 5 uses Figure 2’sconfiguration with the display shown down to the PortfolioManager level. This reduces detail, but is useful for theupper-level manager to gain an overview of performance aswell as context for the display of lower hierarchical levels.Aggregate data is displayed in the text area for PortfolioManager "D" in the figure. The size and color attributesmay be altered here as well. (The current FolioMapapplication does not set colors for interior nodes, however.)Zooming. Figure 6 uses Figure 2’s configuration as well,zoomed in on Portfolio Manager "G"’s rectangle. ("G" hasbeen assigned only one portfolio.) Zooming allows moredetail to be shown for cluttered regions. G’s 3rd and 4thportfolio industries, for example, appear as thin verticallines on Figure 2; they have expanded into rectangles onFigure 6.Taken as a whole, FolioMap provides the user with a visualdisplay of a large hierarchical data space that allows quicklocation of areas of interest. Mental information routing isthus optimized: the initial impact of large amounts of datais minimized to allow the user to concentrate on particulardetails within the data.TREEMAP ISSUESThe prior treemap experiments and prototypes surfaced someissues which were addressed by the FolioMap prototype.User CustomizationOf primary importance in any treemap implementation isuser control. Providing the user control over the size andcolor attributes, offset and exaggeration levels, color rangesand the colors themselves (as FolioMap does) creates acustomizable environment that supports informationretrieval and the user’s sense of what is important.ColorColor is used in treemaps because it is a powerful tool forconveying information -- perhaps even more powerful thanshape, as suggested in [3]. Along with color’s benefitscome several liabilities: combinations of colors and highsaturation levels can create optical illusions and jarringeffects on screen [6]; color deficiencies also need to be takeninto account.For FolioMap a palette of 24 colors (from six distinct hues)was provided for use in color ranges. Each hue was dividedinto four separate colors by altering the brightness at fixedintervals while keeping saturation at a constant, low levelto avoid undesirable color side effects.The colors chosen for the examples in this paper allresemble a spectrum sequence as that sequence type wasfound to be more effective than other types, such as asaturation sequence or gray-scale [9]. The gray-scalerepresenting the internal hierarchy emphasizes leaf nodecolors. Users are not limited to these choices and mayselect colors differently depending upon their individualneeds.

In this case, however, there are multiple points of interestrather than the single focus of a standard fisheye diagram.Given that the size attribute is a reflection of interest in anode, the disappearance of small nodes during exaggerationshould be of little consequence. Additionally, highexaggeration may lead to quicker judgments and decisionsabout the data as "useless" nodes are eliminated from thediagram.FUTURE RESEARCHFuture research will involve an additional experiment to testthe effectiveness of the exaggeration and customizationconcepts developed for FolioMap.The following items are research objectives:¥Comparison Algorithms - Promotingcomparison on treemaps by creating a fisheyeview around a particular node or nodes¥Sorting - Aids in comparison by sorting nodesunderneath a parent based on a selected attribute¥Information Overload - Techniques tocounteract the information density presented tothe user¥New Domains - Additional data sources suchas budgetary or census data.CONCLUSIONFolioMap has evolved the treemap concept into acustomizable approach for visualizing large hierarchies. Auser can visually manipulate these hierarchies in a widevariety of ways, creating diagrams which emphasize itemsan individual user considers important while retaining theglobal context of those items. Treemaps can thus be usedto find the proverbial "needle in the haystack" and providevisual insight into the data that would not have beenpossible otherwise.ACKNOWLEDGMENTSWe would like to acknowledge the support of the membersof the Human Computer Interaction Lab (HCIL, Universityof Maryland, College Park), especially Brian Johnson andBen Shneiderman, whose work with treemaps over the pasttwo years form the basis of this paper.The FolioMap application, developed at HCIL, was partlyfunded by the Human Factors Group of Union Bank ofSwitzerland, Z�rich.REFERENCES1.Furnas, G. Generalized fisheye views, in Proc. CHI’86Human Factors in Computing Systems (Boston, April13-17, 1986), ACM Press, pp. 16-23.2. Johnson, B. and Shneiderman, B. Tree-Maps: A Space-Filling Approach to the Visualization of HierarchicalInformation Structures, in Proc. 2nd IEEE Conferenceon Visualization (San Diego, Oct. 22-25, 1991), IEEEComputer Society Press, pp. 284 - 291.3.MacDonald, L. Using colour effectively in displays forhuman-computer interface. Displays (June 1990), 129-142.4.Maginn, J.L. and Tuttle, D.L. (Eds.). ManagingInvestment Portfolios: a Dynamic Process.Boston/New York, 1983.5.Reilly, F.K. Investment Analysis and PortfolioManagement. San Francisco, 1985.6.Rice, J.F. Ten Rules for color coding. InformationDisplay (March 1991), 12-14.7.Shneiderman, B. Tree Visualization with Tree-maps: A2-D space-filling approach. ACM Transactions onGraphics, January 1992.8.Turo, D. and Johnson, B. Improving the Visualizationof Hierarchies with Treemaps: Design Issues andExperimentation, to appear in Proc. 3rd IEEEConference on Visualization (Boston, Oct. 19-23,1992).9.Ware, C. Color Sequences for Univariate Maps:Theory, Experiments, and Principles. IEEE ComputerGraphics and Animation (September 1988), 41-49.