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ABSTRACT

The generalproblemof visualizing “family trees”, or genealogi-
cal graphs,in 2D, is considered. A graphtheoreticanalysisis
given,which identi es why genealogicagiraphscanbe dif cult to
draw. This motivatessomenovel graphicalrepresentationsnclud-
ing one basedon a dual-tree a subgraphformed by the union of
two trees. Dual-treescanbe drawvn in variousstyles,including an
indentedoutlinestyle,andallow userso browsegeneraimultitrees
in additionto genealogicafgraphs,by transitioningbetweendif-
ferentdual-treeviews. A software prototypefor suchbrowsingis
describedthat supportssmoothlyanimatedtransitions,automatic
cameraframing, rotationof subtreesanda novel interactiontech-
niquefor expandingor collapsingsubtreego ary depthwith asin-
gle mousedrag.

CR Categories: 1.3.6 [ComputerGraphics]: Methodologyand
Techniques—interactiotechniques;G.2.2 [Discrete Mathemat-
ics]: graphtheory

Keywords: genealogygenealogiesfamily trees,kinship, multi-
trees graphdrawing, graphtheory graphbrowsingandnavigation

1 INTRODUCTION

Genealogythe study of “f amily trees”, playsa signi cant role in
history (e.g. of royal families,andof humanmigration),genetics,
evolutionary biology, andin somecasesyeligion. It alsoshawvs
no sign of waningasa hobby of the public, especiallygiven new
softwaretools,databasesndmeanf communicatiorandsharing
madeavailableby theinternet.

Unfortunately the depictionof relationshipsn a large family is
challengingasis generallythecasewith largegraphs.Thediagram
in Figure 1, for example,containsmary long edges,and doesnt
clearlyshav which nodesareall in the samegeneration Although
therearea few hundrednodesin the diagram,theseare organized
aroundjust a few lineagesand nuclearfamilies— mary lines of
ancestryanddescenhave beenomitted. In addition,family trees
(or genealogicagraphs,aswe will call them)arenot arbitraryor
unconstrainedraphs— they have specialstructuralpropertieghat
canbe exploited for the purposef drawing andinteractie visu-
alization. Interestingly otherthan Furnasand Zacks|[5], we have
beenunableto nd previouswork in the mathematicalgraphthe-
ory, or graphdraning communitieghatanalyzeshegraphtheoretic
propertiesof genealogicagraphs.

Although genealogicalgraphsare often referredto as family
trees this is misleading. Every individual hasa tree of ancestors
(sometimesgalledapedigee, aswell asatreeof descendant§-ig-
ure2, left), eachof which canbedrawn in familiarandeasilyunder
stoodways.A drawing of bothof thesereesis sometimegalledan
houmlasschartin thegenealogicatommunity andhasbeencalled
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Figure 1: Portion of a genealogicalgraph for an actual family, laid out
manually, containing well over 600 individuals and spanning almost
400 yeas. (Sample data set supplied with GenoPro [7]).

a centrifugalview [5] in the literature. (It is alsosimilar to [21].)

Houmlasschartsonly shav someinformation,however. Eachan-
cestorhasthemselfa treeof descendant@ndeachdescendartias
atreeof ancestorgeachof whomhasatreeof descendantgtc.). It

is notuncommorfor usersto experiencefrustrationwith diagram-
ming software,wherethe usermustrepeatediyandmanuallymove

increasinglylarge subsetof nodesto createroomfor new data. It

is alsonot ohviousthattheunderlyingstructureis bestdescribedas
atopologicaltree.Finally, trying to automaticallydrav suchgraphs
leadsto problemsanddesigntradeofs.

Figure 2: Left: Node x hasa tree of ancesta's (parents, grandparents,

etc.) and a tree of descendants(children, grandchildren, etc.), both

of which may be drawn with conventional tree-drawing techniques.
Right: It is more challenging, however, to also show the descendants
of y, or worse still, to show the descendantsof every ancesta of x,

and the ancestas of every descendantof x. Note: in this and other

gures, squaes represent males, circles females.

We presenta brief analysisof genealogicagraphsandidentify
how andwhy it is dif cult to draw them. This motivatesan in-
vestigation of alternatve graphicaldepictions,leadingto the de-
velopmentof a dual-treeschemehatgeneralizeiouglasscharts,
and that may be usedfor visualizing ary multitree [5]. We de-
scribea software prototypethatimplementsthis schemethatsup-
ports smoothly-animatedotationsand transitionsbetweendual-
trees,andthat usesa novel interactiontechniquefor expandingor
collapsingsubtreego ary depthwith a single mousedrag. Al-
thoughthis work is gearedtoward genealogysomeof the design
principlesandtechniquesisedarealsoapplicabldan otherdomains.



2 BACKGROUND

Genealogicalrelationshipshave beenrecordedand depictedfor

centurieshowever thetraditionalchartsappearingn bookstendto

besimple,usuallyshaving atmostafew dozenindividuals,andare
oftenorganizedaroundsimplepatternssuchaslineagege.g.one's
father paternalgrandather etc.),or a singletreeof ancestorsopr a
singletree of descendantsCommercialsoftware packagegnable
the compilationof datasetsvith hundredgo thousand®f individ-

uals,but arenot designedo automaticallyvisualizesuchlargedata
sets.They eitherrequirethe userto arrangedatamanually or have
automatidayoutalgorithmsthatonly operateonasubsebf thedata
or thatdon't work well in all cases.

Yet, thereis a signi cant demandor automaticvisualizationof
data.Thedocumentatioffor [7] statesGenoProwrotethe AutoAr-
rangeroutineto import Gedcom les, but noticedmary areusing
the AutoArrangeto layouttheir genealogytree. This routinetook
several monthsto write, delug andtest,yet generateanoreemails
thanall the otherfeaturescombined.About 95% of all the geneal-
ogy treesGenoPraeceived by emailwereAutoArranged.

In addition, whetherautomaticallygeneratedor not, corven-
tional chartsof large, extendedfamiliesinevitably containat least
somelong edgesor hodesdisplacedfar away from their closerel-
atives,to make roomfor othernodes(e.g.Figuresl and5). Thus,
even given arobustautomaticlayoutalgorithm, it is not clearthat
displayingentire genealogicagraphsof thousandsf nodeswould
beideal,sincenumeroudong edgesr edgecrossingsvould make
navigation and interpretationdif cult. 1 A bettersolution may be
to displaysubgraphshat areautomaticallylaid out, andallow the
userto e xibly transitionbetweersubgraphs.

Bertin [2] mentionsan elegant way of drawing genealogical
graphs,whereeachindividual is a single line segment(thick for
men,thin for women)andwherenuclearfamiliesarepoints. Each
line sggmentmay connecttwo nuclearfamilies: onein which the
individualis aparentandonein which they areachild (thisis sim-
ilar to p-graphg[22]). Although suchdiagramsare muchsimpler
looking thantraditionalones they ultimately suffer from the same
exponentialcrowvding (seex 3.4).

Ted Nelson has proposedzzstructuregthe generic name for
ZigZagR) as a generalstructurefor storing information. It has
beenshavn [12] that zzstructuresare equivalentto a kind of di-
rectedgraph. Nelsonhasdemonstratedhat genealogicabraphs
canbe encodedwithin zzstructuresyusingthe schemen Figure4,
D. The choiceof this scheme however, is due moreto its com-
patibility with typical zzstructurevisualizationsyatherthandueto
aninherentappropriatenest®r genealogicagraphs.For example,
mary visualizationsof zzstructuresarebasedon a 2D cursorcen-
tric view (describedn [12]), which canshav one nuclearfamily
atafocal point (parentsandchildrenarrangedalongperpendicular
directions),surroundedy someextendedfamily nodes.Unfortu-
nately suchvisualizationsamale it dif cult to seewhich nodesare
all within thesamegeneration.

Multitrees[5] areakind of directedagyclic graph(DAG) where
ary two nodesareeitherconnectedy zeroor 1 directedpaths.In
otherwords, multitreesarediamond-freeDAGs, wherea diamond
is a pair of distinctdirectedpathsfrom onenodeto anothemode.
As aconsequenceyverynodex in amultitreehasatreeD(x) of de-
scendantandatreeA(x) of ancestorgFigure3). Furthermorethe
treesin amultitreecanoverlap: givennodesx andy in a multitree,
D(x) and D(y) may shareone or more subtreesandif not, then
A(X) andA(y) may shareoneor moresubtrees.FurnasandZacks
[5] explain how genealogicagraphsconstructedaccordingto Fig-

10ne anecdoteconcerninga family reunionrecountshow participants
exceededhe areaof four picnic tablesin trying to layout their genealog-
ical information. Another story reportsthe existenceof a single dataset
containing30000interconnecteéhdividuals.

ure 4, C cancorrespondo multitrees,if thereis no intermarriage
(i.e. diamonds). They also proposetwo visualizationtechniques
for multitrees: a centrifugal view (essentiallyFigure 2, left) anda
view of a directedpath (“lineage”) betweentwo nodesalongwith

childrenandparentsof the path[5].
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Figure 3: Left: an example multitree. Observethat the two trees
of descendantsrooted at nodes A and C, respectively, share two
subtrees, rooted at nodes F and P, respectively. Right: Node M is
highlighted, along with its tree of ancestas and tree of descendants.

Anthropologistshave studiedsystemf kinship,examining,for
example, how family structuresand terminology for describing
one’s kin vary acrosscultures,and how theserelateto genealogy
(e.g.[15]). Thecurrentwork focusesnsteadon issuesrelevantto
graphdraving andvisualization.

Our researchdiffers from the previous work by analyzingin
moredetail someof the propertiesspeci ¢ to genealogicagraphs,
andby proposingsomenovel graphicaldepictionsof them.In par
ticular, ourdual-treeschemegeneralizeshe Furnas-Zacksentrifu-
gal view/houglasschart,andalsogeneralizeshe“lineage” view of
the sameauthorg5]. We investicgatenovel waysof displayingand
interactingwith dual-trees.

3 ANALYSISOF GENEALOGICAL GRAPHS

In the following, someof the obsenationsandconceptgyeneralize
to variousnon-traditionalfamily arrangementssuchas individu-
als having multiple spousesor having morethantwo parentge.g.
adoptive in additionto biological). However, a traditionalfamily
modelis a usefuloneto keepin mind, at leastinitially. Also, for
cornveniencetheword “marriage”is usedin aloosesenseto refer
to therelationshipbetweerthe parentof oneor morechildren.

Somein thegenealogicatommunity[6] have calledfor theabil-
ity to encodericher information and more kinds of relationships,
e.g. foster children, family friends, etc. Increasedreedomin a
genealogicabystemwould male it approacha generalhyperme-
dia systemwith a correspondinglygenerainterface.However, we
have found thatthe constraintsmposedby rst following a tradi-
tionalfamily modelinspireinterestingdesignandvisualizationpos-
sibilities. Futurework may possiblyextendor adaptour designgo
includemorekindsof family relationships.

3.1 Preliminaries

We rst establishsometerminologyto describerelationshipsbe-
tweenindividuals. Beyond the familiar relationshipsof parent
child, ancestoranddescendantve alsoconsiderconsanguineel-
atives,i.e. individualswith a commonancesto(alsocalled“blood
relatives”) suchas siblings and cousins. In addition, we de ne
conjugalrelatives asindividuals connectedby an undirectedpath
throughone or more marriages.For example,brothers-in-lav are
conjugl relatives, aswould be x andary of X's spouses consan-
guinerelatives.

Cousinsare consanguineelatives whosemostrecentcommon
ancestooccursat n generationgrior to the cousins,andin which
casethecousinsare(n 1)th cousing(i.e. 1stcousingf they share



agrandparent2nd cousinsif they sharea great-grandparengtc.).
Notethatthe cousinrelationshipis not transitive: individual x may
have acousiny onx'smaternakide,andanothercousinzonx's pa-
ternalside,howevery andz arenot, generally cousinsthoughthey
arerelatedconjugnlly throughthe marriageof x's parents. More
generallyconsanguineelationshipsarenottransitive, but conjuaal
relationshipsare, sinceour de nition allows themto passthrough
multiple marriages.

Finally, we usethetermnuclearfamily to referto (noramllytwo)
parentsandtheir children.

3.2 Intermarriage and PedigreeCollapse

Intermarriagecorrespondso anundirectedcycle(i.e. acyclein the
underlyingundirectedgraph)in a genealogicafraph. We distin-
guish betweentwo kinds of intermarriage: Type 1 intermarriage
is betweenconsanguinspousese.g.spousesvho arealso(possi-
bly distant)cousins.Type2 intermarriagds betweerspousesvho
are conjugnl relativesvia a path going throughone or more mar
riagesotherthantheir own marriage Examplesf type 2 intermar
riageincludetwo sistergor cousins)¥rom onefamily marryingtwo
brothergor cousins)rom anotheifamily notinitially relatedto the
rst family. In the graphswe considerall marriagesaremodelled
— eventhosethatareeventuallydissohed. Thus,if a womandi-
vorcesa manx and marrieshis brothery, this constitutestype 2
intermarriage becausghe womanwas alreadyconjugally related
toy throughher rst marriageto x.

Assumingthat the ancestryof anindividual x is free of type 1
intermarriagethenx has2" ancestorstthe nth generatiorprior to
X. At aconserative 30 yearspergenerationthis exponentialnum-
ber of ancestorexceedsthe physical capacityof the earthat less
than2000yearsinto the past. We canthereforeconcludethatthe
ancestryof x mustcontaintype 1 intermarriage.The phenomenon
of encounterindype 1 intermarriagén everyindividual's ancestry
whentracedbackfar enoughjs calledpedigeecollapse[18].

In addition, statisticalmodelling suggestsghat all humansalive
todaysharea (not necessarilyinigue)commonancestomwho lived
justafew thousand/earsago[17], implying thatall living humans
are“blood relatives”.

Pedigreecollapseguaranteethattype 1 intermarriageoccursin
every real-life genealogicafgiraph,if extendedbackfar enoughin
time. The presencef suchdiamondsin one’s “tree” of ancestors
obviously creategproblemsfor drawving sucha graph. Fortunately
mary genealogicatlatasetsarefree of intermarriagebecausehey
do not extendbackfar enoughin time, andin ary caseareusually
locally free of intermarriage.Furthermorealgorithmsandvisual-
ization techniquesiesignedor agyclic graphsmay be adaptedo
genealogicagraphscontainingintermarriage by creatingvirtual
duplicatesf individualsto “hide” thecycles.

3.3 Conditions Resultingin Trees Multitr ees,and DAGs

Whenaregenealogicafjraphgeally trees or multitrees or neither?
This dependsn the presencef type 1 andtype 2 intermarriage,
andon which schemas usedto constructhegenealogicagraph.

Let G beagenealogicatlirectedgraph(digraph)constructedc-
cordingto oneof the scheme8-E in Figure4. If schemeB or C
or E is used thenedgesarealwaysincidentfrom youngerto older
nodesthusG is aDAG. If schemeB or C or E is used,andthereis
no type 1 intermarriaggwhich would correspondo a diamondin
G), thenG is amultitree. If schemeB or D or E is used,andthere
is notypel or type 2 intermarriagethenthe underlyingundirected
graphGlis afreetree(alsocalledatopologicaltree).

In mary casesthen, a genealogicagraphmay be a free tree,
or atleasta DAG. Treesareplanar andmary techniquesexist for
drawing themwith no edgecrossings.However, it is often desir
ableto seethe nodesin a genealogicafjraphorderedby time, to
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Figure 4: A: conventional notation for a nuclear family: squares are
male, circles female, and children extend downward from an edge
connecting the parents. B{E show di erent ways of modelling such
a family within a directed graph. B: the symbol denotesa \sp ousal
union" node. C: alternative schemethat avoids any special, inter-
mediate node, but requires more edgeswhen there are 3 or more
children. D: Nelson's schemefor encoding families within zzstruc-
tures. Each child links to its next older sibling, and the eldest child
links to the \sp ousal union" node. E: a variation on D that prevents
cyclesin the directed graph.

male the generationsn the graphapparent. Suchan orderingis
impossibleto achieve in generalwithout edgecrossings.Partially
relaxingthe orderingby generationsothateachnodeis only “lo-

cally ordered? with respecto its parentaandchildren,allows edge
crossinggo be eliminatedin a free tree. However, long edgesare
still generallyunavoidable(Figure5).

Figure 5: Example situation where a long edge cannot be avoided,
even if some branches are rotated. Also, the vertical ordering of
nodes by generation is broken: it is not immediately apparent that
nodes x and y are of the same generation | they are 3rd cousins.
The ordering by generation could be restored by introducing edge-
crossings,but at least one edge would still be long.

DAGs can be dravn automaticallyusing standardalgorithms,
suchasSugiyamaet al!s [19]. In this case,however, edgecross-
ings and long edgesare both unavoidable,and aswith ary auto-
matedgraphdraving technique the outputfrom a 2D DAG em-
bedderis increasinglydif cult to useandunderstan@sthe sizeof
the graphbecomesvery large. It is also possiblethat new algo-
rithmsdesignedvith the speci ¢ propertief genealogicagraphs
in mind may scalebetterthangenericDAG embedders.

The“bushiness’apparenin Figure5 illustratesa core problem
in genealogicagraphs,of nodesquickly becomingcrondedasthe
graphis extendedn variousdirections.The next sectionexamines
andquanti esthis problemin moredetail.

3.4 Crowding Within GenealogicalGraphs

We now consideran idealized,simpli ed genealogicabraphG ,
andshaw thatproblemsarisein trying to drav eventhisidealized
graph.This motivatessomenon-traditionalisualrepresentations.
Let G be a genealogicabraph,constructecaccordingto Fig-
ure4, B, whereevery nodehastwo parentspnesibling of the op-
positegendey onespouseof the oppositegenderandwhereevery

2In graphdrawing terminology locally orderedmeansupward, and
(globally) orderedby generatiormeansupwaid andlayered by generation.



marriageproducesnechild of eachgender Also assumehatgen-
erationsarewell-de ned, e.g.births are synchronizedvithin each
generation.FurthermoreG containsno intermarriagehencethe
underlyingundirectedgraphis a freetree,andthusG is planar

Assumewe want to drav a connectedsubsetof G suchthat
nodesareall allocatedthe samesize,andnodesin the samegen-
erationhave the samevertical coordinate so that eachgeneration
correspondso asinglerow of nodes.

Figure 6 shows sucha drawing, for 9 nuclearfamilies span-
ning 4 generations.Ellipsesindicatethe directionsin which G
extends.Intuitively, extendingthe portionof G shownin all direc-
tionswould requirenot only crossingedgegto maintainalignment
of generations)but alsolengtheningcertainedgesto make room
for expansion,causingcertainspousesand/orsiblingsto become
distantfrom eachother
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Figure 6: A portion of an idealized genealogical graph, G . Nine
nuclear families are shown (each outlined in pink), labelled ny;:::;ng.
Ellipsesindicate the many directions in which this diagram could be
extended, suggestingthat nodes would rapidly become crowded.

To reinforcethis intuition, considerthe setS of nuclearfam-
ilies at the samegenerationalevel asn,. Figure 6 shavs S=
fng ng;ng n,iNng;:::g. Notice that ng is connectedyvia the inter-
mediaryfamiliesn;;n,;ng;n,) to 4 otherfamiliesns;n6;n7;n8 in
S Following the ellipses,eachof ng; ng; n,; ng is connectedagain
throughintermediariesYo 3 other nuclearfamiliesin S, eachof
which is in turn connectedo another3, etc. EventhoughS cor
respondgo a singlegeneratiorof nuclearfamilies, the pathscon-
nectingfamiliesin S correspondo a free tree,andthe numberof
nuclearfamiliesin Sthatarer edgesaway from n, grows expo-
nentiallywith r. Similarly, if we considerconnectionghroughin-
creasinglydistantancestorsgachnodehasl sibling,4 rst cousins,
16 secondcousinsand4™ nth cousins.Unfortunately thesenodes
mustbe t within a 1-dimensionatow, wherethe spaceavailable
only grows linearly with the geometricdistancefrom the centreof

thediagram.The consequencks thatthe edge-length-to-node-size

ratio becomesrbitrarily high.

This is reminiscentof Munzners obsenation [13] that, when
embeddinga treein a Euclideanspaceof ary dimensionality the
numberof nodesgrows exponentiallywith the level, but the space
availableonly grows geometrically The casein Figure6 is qualita-
tively worse,however, becausehe “exponentialcronding” occurs
within ead and every generatiormasmoreandmoreof G is dis-
played,ratherthanworseningprogressiely with deepetevels.

4 SOME ALTERNATIVE GRAPHICAL REPRESENTATIONS

Therapidcrowvding of nodesthatoccursin genealogicagraphsn-
spiredusto exploregraphicaldepictionghatshaw differentpartsof
thegraphatdifferentscalesBy allocatingprogressiely smallerar
easto nodeswe mightusefullypackmoreinformationinto asingle
representation.

Figure 7 shaws a fractal layoutfor G . (More generally such
a fractallayout could alsobe usedto depictary freetree.) There

is no limit to the extentof the graphthatcould be drawvn this way;,
howevernodeseventuallybecomemperceptiblysmall. Also notice
thatthis depictiontradesaway an orderingof nodesby generation
to gain non-crossingdgesof boundedength.

Figure 7: A fractal layout for G , showing the same9 nuclea families
asin Figure 6, along with some additional nodesin grey.

Interactive browsing of the treein Figure 7 could be done by
zoomingandpanningor by having the userdynamicallyselectthe
“focal” regionthatis shavn largestin thecentre.In thelattercase,
the resultinginteractive visualizationmight be similar to sheye
graphbrowsers(e.g.[13]), thoughit would differ in the detailsof
how nodessurroundinghefocal region areshiftedandscaled.

In the proces®f exploring graphicaldepictionsfor genealogical
graphswe foundit usefulto considerthe differentwaysin which
rootedtreesarerepresentedFigure 8 shovs what we considerto
be the mostbasicstylesfor drawving rootedtrees,3 of which are
identi ed in [2, 9]. A familiar exampleof nesteccontainmentFig-
ure8, B) aretreemapg8]. Theindentedoutline (Figure8, D) rep-
resentatiormay appearto simply be a variation on the node-link
(Figure8, A) representationut in factthe indentedoutline style
would still be unambiguousvithout any edgesdrawn: its essential
featureis the useof indentatiorto imply structure Many variations
onthestylesin Figure8 have beendescribedn theliterature based,
for example,on polarcoordinatesystemspr on embeddingsn 3D
ratherthan2D, or on combinationf existing styles.
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Figure 8: Di erent graphical representations of the samerooted tree.
A: node-link. B: nested containment, or enclosure. C: a layered
\icicle" diagram, that uses adjacency and alignment to imply the
tree structure. D: an indented outline view.

The majority of new tree representationshowvever, have been
appliedto rootedtrees whereadree treesaredravn almostexclu-
sively usingthe node-linkstyle (Figure8, A). Neverthelessrepre-
sentationdasednrootedtreescouldbeappliedto freetreesf the
userhadaway of dynamicallychoosinganodeto sene asatempo-
rary “visual” root. Theuserwould thenbeableto seethetreefrom
different perspecties, by transitioningfrom usingone nodeas a
root to another Suchinteractionmight be useful for temporarily
andvisually highlightingvariousregionsof thefreetree.

This ideaallowed usto adaptthe nestedcontainmentstyle (Fig-
ure 8, B) to genealogicafree treesresultingin a novel represen-
tation (Figure 9). In general,nestedcontainmentrepresentations
could be usedwith ary free tree,andthuswith ary genealogical



graphwherethereis no intermarriageof type 1 or type 2. How-

ever, therepresentatiomanbe simpli ed if we assumehat,in ad-
dition to therebeingno intermarriageevery nodeparticipatesn at

mosttwo nuclearfamilies: onein whichthey areachild, andonein

whichthey areaparent(in otherwords,nodescannothavze multiple

spousedn differentnuclearfamilies). This assumptiorallows usto

omitthe“spousalunion” nodegFigure4, B) andleave thesem-

plicit, aswe have donein Figure9. In Figure9, lowerleft andlower

right, eachindividual correspondo arectangleandeachrectangle
mayhave onenuclearfamily nestedwithin it, andalsobepartof an-
othernuclearfamily containingtherectangle Parentsappeaiin the
upperhalf of arectangleandchildrenin thelower half. Note that
this representationvould easilyaccommodat¢he caseof nuclear
familiescontainingmorethan2 parentspy simply subdviding the
upperhalf of rectanglesnto morethan2 sub-rectangles.
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Figure 9: A freetree can be drawn using the nested containment style
of Figure 8, B, if the user's current \fo cus" is used as a temporary
root. Top: a genealogicalgraph, drawn using conventional notation.
For simplicity, squares are used for all individuals, not just males.
Lower left: the same graph, drawn using nested containment, with
the nuclear family fF;1;0O;Pg as the root. This is analogousto the
representation in Figure 7, with larger nodescontaining smaller nodes
rather than being connectedto them with line segments. Lower right:
now, the nuclear family f P,R;U;V;Wg is the root.

5 DUAL-TREES

Although the novel representationt Figures7 and 9 are inter-
esting,they do not ordernodesby generation.Their unfamiliarity
mightalsomake themdif cult to interpretfor mary usersWe now
describea schemehatis closerto traditionaldiagrams.
Thegeneraproblemof scalingavisualizationto graphsof thou-
sandsof nodes,andthe addedproblemof densecrowding in ge-
nealogicalgraphscorvincedusto focuson visualizingonly a sub-
setof the graphat a time, and thereforeto identify which subset
might be best. Somegeneralquestionso askin sucha situation
are: What arethe canonica) or standard subsetf the datathat
would be familiar to users?Which of thesecanonicalsubsetspr
combinationsof them, canbe shavn at oncein a mannerthanis

easyto interpretandthatscaleswell?

In the caseof genealogicagraphs,two obvious canonicalsub-
setsare treesof descendantand treesof ancestors.As already
mentionedshaving bothof theseatonce(Figure2, left; Figurel0,
A) resultsin an houglasschart. To shav moreinformation, we
proposeoffsettingthe rootsof the treeswith respecto eachother
asin Figure10, B. Theresult,which we call adual-treg is amore
generalkind of union of two rootedtrees. (Theresultcanalsobe
thoughtof asa singlefreetree, or a “doubly rootedtree”, follow-
ing the obsenationin [5] thatthe ancestorand descendantef a
directedpathin amultitreeform afreetree.)

A B C

Figure 10: Combinations of canonical subsetsof genealogicalgraphs.
A: The tree A(X) of ancestas and tree D(x) of descendantsof x
form an hourglass diagram. B: This dual-tree scheme shovs more
information, by showving D(y) D(x). C: An example dual-tree.

Thedual-treeA(x) [ D(y) containsasupersebf theinformation
in an houglasschart,becauseA(x) A(y) andD(y) D(x). In
an houglassdiagramof A(X) [ D(x), the choiceof x is a tradeof
betweenthe numberof ancestorsand numberof descendantse-
vealed: choosingx in an older generatiorrevealsa larger tree of
descendantdut reducesghe numberof ancestorshavn. In con-
trast, with dual-treeswe canalways choosex andy to bein the
mostrecentand oldestgenerationsyespectiely, to maximizethe
coverageof the subsetisplayed.

Becausea dual-treediagramconsistsof only 2 trees,it canbe
drawn in a straight-forvard manner and may prove to be easyto
understandindinterpret. It canbe dravn with no edgecrossings,
with nodesorderedby generationandit scaleselatively well, since
the crowding of nodeswithin it is no worsethanthe crowvding that
occursin individual trees.

To combinetwo treesin thestyleof Figure10, B andC, theroot
y of thetree of descendantmustbe a right-mostnodein the tree
A(x) of ancestors.Likewise, x mustbe a left-mostnodeof D(y).
Thus,changingx or y generallyrequiresrotatingsubtreeso make
thenew rootsright- andleft-most. Onescenaridn which thedual-
treemight be particularlyusefulis in familieswheresurnamesre
passedlown from the paternakide.In suchafamily, if y is chosen
to bethe oldestpaternalancestoof x, thenthe dual-treewould si-
multaneouslcontainevery ancestoof x (in A(x)), aswell asevery
individual having the samesurnameasx (in D(y)), or alternatvely
every individual having the samesurnameasary chosenancestor
of x. We arenotawareof ary othertraditionalandscalabledepic-
tion of familiesthatcanshaw this. For example,Figure 13 shavs
Tom Smith, his ancestorsandotherSmithsin singledual-tree.

Figure 10, C is basedon the node-link style of drawing trees
(Figure 8, A). The indentedoutline style (Figure 8, D), however,
is oftenmorespace-etient, especiallywhennodeshave long text
labels,so we tried to adaptit to dual-trees.Figure 11 shows the
stepsinvolved in this. The key to combinethe two treeswas to
useanalternatve cornventionfor draving edgegakenfrom Venolia
andNeustaedtef20], andanalogouso the left-child, right-sibling
pointerimplementationof tree datastructureg4]. The resultin
Figure1l, C accommodatekng text labelsto the right or left of



nodeswithout requiringnew whitespacedo be introducedbetween
nodesaswould bethecasen Figurel0,C.

Figure 11: Three stagesin adapting the indented outline style to
dual-trees. The nodes and labels are the same as in Figure 10, C.
A: Each tree is drawn in indented outline style. B: Edgesare drawn
in an alternative way, to clear the space between the trees. Arrows
showv matching nodesin both trees. C: The two trees combined.

Notethatdual-treeganbeusedo bronvseandvisualizeary mul-
titree, evenif somenodeshave multiple spousesor thereis type 2
intermarriagepr somenodeshave morethan?2 parents.Note also
that, in Figures10, C and11, C, nodesin the samegeneratiorare
clearlyshawvn assuch,asthey correspondo asinglerow or column,
respectiely.

6 SOFTWARE PROTOTYPE FOR DUAL-TREES

To experimentwith browsingbasedn dual-treesa softwareproto-
typewasdevelopedwrittenin C++usingOpenGLandGLUT. The
prototypereadsn a GEDCOM le asinput, from which a directed
graphis constructedccordingto Figure4, C.

Thedigraphis thenpre-processetb remove directedcyclesand
diamondsto obtain a valid multitree. To do this, a breadth- rst
traversalidenti es all undirectedcyclesin the underlying undi-
rectedgraph. For eachcycle, we countthe numberof timesthe
edgeschangedirection along the cycle, yielding a non-ngative
eveninteger If theresultis zero,we have a directedcycle in the
digraph;if theresultis 2, we have a diamond;if theresultis 4 or
more, this may or may not correspondo type 2 intermarriagebut
in ary caseis allowedin a multitree. So, if theresultis zeroor 2,
we markoneof theedgesdnvolvedto be skippedin theembedding
algorithm. The display routine, however, candrav thesespecial
edgedn analternatve colour, to highlightthem.

The prototypeonly displaysonedual-treesubsebf the graphat
atime, but allows theuserto interactvely transitionfrom subseto
subseandbrowvsetheentiregraph whichmightbeverylarge. Each
time a new dual-treesubsetis chosen,the embeddingroutine is
invokedto determindts layout. Two stylesof layoutaresupported:
classicalnode-linkstyle, andindentedoutline style. Regardlessof
thestyleused theembeddingnvolvestwo stages:rst, computing
two preliminaryembedding&, andE, of thetreeof ancestorsind
thetreeof descendantsespectiely, andsecondgcombiningE, and
Ep into a nal embeddings; of thedual-tree.

In the caseof classicalnode-linklayout, E, and Ej arecom-
putedwith an adaptationof the Reingold-Tiford algorithm[16],
thoughaslightly betterimplementatiowoulduseBuchheimetal''s
improvementg3]. To combineE, andE, andproduceE,, theem-
beddingroutineshifts E sothatit is besideE,, suchthatnodesin

thesamegeneratiorarealigned.Next, consideithesetof nodeghat
appeain bothtreeswhichwe call theaxisof thedual-treej.e. the
pathbetweerthetwo roots. Eachnoden in the axis hasa position
P, givenby E, andapositionpp, givenby Ep. The nal positionof
n is computecastheweightedaveragepg = (ap, + dpp)=(a+ d)
wherea andd are the numberof ancestorsaand descendantse-
spectvely, of n. Our rationalefor this weightingis thatwe don't
wantthe changein n's positionto resultin mary edgeshaving an
extremeslope;thus,the moreedgesn hasin one of the trees,the
closerits nal positionshouldbeto its positionin the preliminary
embeddingf thattree.

In the caseof the indentedoutline layout, E, andEy arecom-
putedin asimplerecursve bottom-uppass.Next, pairsof consecu-
tive nodeson the axis are“stretchedout” sothatE, andEpy match
upalongtheaxis,and nally E. is producedcf. Figurell,B, C).

In bothcasesthetime requiredfor theentireembeddingrocess
is linearin thenumberof nodesembedded.

Figure 12 shavs screenshotsf output. The classicalnode-link
layoutcanbe donealongtwo differentorientationgFigure12, top
left andbottomleft) yielding differenttotal areasandaspectatios.
The areaof the boundingrectanglefor the indentedoutline layout
(Figure 12, right) tendsto be smallerthan that of the other two
layout styles,however its aspectratio alsotendsto be far from 1.
Suchan aspectratio could be an advantage however, asit could
simplify navigation, requiringthe userto scroll mainly alongjust
onedirectionin azoomed-in2D view. Figure13 shows thevisual
designof nodesin moredetail.

Figure 12: A dual-tree laid out 3 dierent ways by the prototype.
Nodes are coloured by gender. Upper Left: Classicalnode-link, sim-
ilar to Figure 10, C, with generations progressing top-to-b ottom.
Lower Left: Classicalnode-link, with generations progressingleft-to-
right. Right: Indented outline style, similar to Figure 11, C.

6.1 Interaction Techniques

To transitionbetweendifferentdual-treesubsetsthe basicopera-
tions performedby the userare: expanding/collapsingarentsof
a givennode,andexpanding/collapsinghildrenof a node. These
actionscanbeinvokedthrougha 2-itemmarkingmenu[10] afford-
ing ballistic* ick” gesturesin thedirectionof parentsor children,
to toggle their expansionstate. Expandinga nodecanalso cause
automaticrotation. For example,if noden is in thetreeof descen-
dantsexpandingupwardstowardits parentgequireshatn rst be



Figure 13: Another dual-tree under 3 layouts: classical node-link
top-to-b ottom (Top) and left-to-right (Lower Left), and indented
outline style (Lower Right). Black edgesare part of the dual-tree,
and nodes with bold borders lie on the axis, or path between the
two roots. Additional edgesfrom children to parents are shown in
grey, to make nuclear families more apparent. For example, Rick
and Susan are siblings, shaiing the same parents Irene and Edgar,
however Janet is a half-sibling with a di erent mother, as shown by
the lack of a grey edge from her to Irene. Grey dots on either side
of a node provide previews of the number of parents or children that
the node has. Preview dots that are too numerous are collapsed
into oblong shapes (e.g. under Saul and Mary), and shown in full
when the cursa rolls over the node, as shown under Ethel (Top).
Once over a node, the user can reveal hidden parents and children
by icking in the appropriate direction to expand the node.

rotatedontothe axis. Suchrotationsgenerallyrequirethat certain
othernodesbe collapsedto maintainthe dual-treescheme.

Expansion, collapsing, and rotation of nodesis shavn with

smooth, 1-secondanimationsto help the user maintain context
[1, 23]. Asin [14], our animationhas3 stages:fadingout nodes
which needto be hidden,moving nodesto their new positions,and
fadingin newly visible nodes.Although mary nodesmay needto
move in differentdirectionsduringatransition,the usermaybene-
t from trackingevenjust a few nodesthatsene asvisualanchors
or landmarks.We feel that even a complicatedanimationis better
thanno animationat all, and could always be sloved down if the
userwisheswith atechniquesuchasthedial widgetin [11].

The usermay zoomandpanthe 2D view of the graphwith the
mouse,and optionally activate automaticcameraframing that is
animatedduringtransitions.

In browsing genealogicagraphs,we have foundit is oftende-
sirableto expanddownwardfrom anindividualto their mostrecent

descendantsr to expandupwardto theiroldestancestorsThiscan
be donewith the markingmenususinga sequencef icks, with
oneor more icks for eachgeneration. However, an even faster
methodis available througha subtiee-diag-out widget for “drag-
ging out” subtreego ary depth. To usethis widget, the user rst
clicks down (with asecondarynousebutton)onanode(Figurel14,
A), andthendragseitherup or down (i.e., toward ancestor®r de-
scendantsjo selectthe subtreeon which they wantthe widgetto
operate After thisinitial drag,thelengthandcolouringof thewid-
get(Figure14, B) indicateboththe maximumdepthof the subtree,
andalsothe depthto which the subtrees currentlyexpanded.The
usermmaydragtowardsthesubtreeto expandit furtheronelevel ata
time, or away from the subtreeto collapseit onelevel atatime. In
keepingwith a metaphorof relative adjustmentthe usermay also
releaseover the centreof the widget, to dismissit with no effect,
whichis usefulfor cancelling.

Figure 14: A semi-transpaent popup widget for expanding or col-
lapsing subtreesin a single drag. The user pops up the widget over
a node (A), and may now drag up or down to select whether to op-
erate on the tree of ancestas or descendants. After dragging down
slightly, the tree of descendantshas been selected (B), and now the
widget displays the number of levelsthe user could drag to change
this tree: at most 4 levels down to expand to the full depth, or at
most 2 levels up to collapse. Furthermore, the rst 2 levels down
are shadedin to indicate that they are already partially expanded. C
and D show the subsequentfeedback after dragging down almost 3
levels, or up 1 level, respectively. Releasingthe mouse button com-
pletes the operation. The node's tree of ancestas could similarly be
expandedor collapsedin a sepaate invocation of the widget.

After poppingup this widget and performingtheinitial dragto
selectthe subtreeto operateon, the usermay then drag ballisti-
cally to quickly openor closethe entire subtree.Althoughin gen-
eral subtreesmay be quite large after just a few levels, the trees
of descendantand ancestorsn typical genealogicabatatendto
befairly shallav, seldomspanningnorethanafew hundredyears.
Furthermoregventhoughthe usermay ballistically expandmulti-
ple subtreesupward anddownward in quick successionthe auto-
matic rotationsthatresultfrom expansionoften causeothernodes
to disappearthusthe useris muchlesslik ely to experiencean“ex-
plosion”in thenumberof expandechodes.



7 INITIAL USER FEEDBACK

Asa rst steptowardevaluatingour prototypeandinforming design
changesan informal sessionwas held to solicit feedbackfrom a
practicinggenealogisivhohasalsolecturedongenealogyTheuser
reportedusingcomputersanaverageof 2 hours/dayandis familiar
with two commongenealogyoftwarepackagesThesessiodasted
1 hour, andconsistedf a mixture of free-formexplorationby the
user demonstratiorand explanationby the rst author and semi-
structurechavigationtasksgivento andperformedoy the user

After sometime interactingwith the prototype the userreported

nding it “veryclear”and“very easy”,andwas“impressedwith its
manoeuvrability”.(Note that, at the time the sessiorwasheld, the
subtree-drag-outvidget had not yet beenimplemented. The user
did, however, discover andsuccessfullyperatehe markingmenus
with nohelp.)

The useralsocommentedhat the “unfamiliarity” of the depic-
tion of family relationshipstakesgettingusedto”. Theusermen-
tioned the lack of a symbol explicitly linking spouseswhich is
shavn in corventionaldiagrams.

The user successfullycompletedall navigation tasks, even
thoughtheserequiredexpandingupward and downward multiple
times, and even when using the indentedoutline style dual-tree.
Theuserwasalsoableto correctlyinterpretindentedoutline depic-
tions, pointingout the parentsandchildrenin nuclearfamilies.

Theuserwasalsoshavn printoutsof sampleoutputfrom acom-
mercialgenealogysoftwarepackageandasledfor opinions,com-
ments,or personapreferencegn comparinghedifferentdiagrams
andtheoutputof theprototype.Theuserseemedathemeutral,and
sowasgivenanexplanationof somepotentialpositive andnegative

differencedetweerthedual-treeschemeandotherrepresentations.

Theuserremainecheutral,however, saying‘l canunderstandeach
of thedepictions][...] | don't know thatthereareary prosor cons.

Of course,more sessionwith otheruserswould be necessary
to gain a fuller comparatie picture, however we are encouraged
by thefactthatthe userwasableto interactwith andinterpretthe
outputof our prototype.

8 CONCLUSIONSAND FUTURE DIRECTIONS

We have analyzedhe natureof genealogicagraphs characterized
how they aredif cult to draw, and presentedhovel graphicalrep-
resentationgor them. In particular our dual-treeschemescales
aswell asa singletree, ordersnodesby generationwith no edge
crossingsjs easyto interpret,canbe usedfor browsing ary mul-
titree, andgeneralizedboth the houglasschart/centrifugl view of
FurnasandZacksandthe “lineage” view of the sameauthors[5].
Furthermore our interactiontechniquefor expandingor collaps-
ing subtreego ary depthwith a singlemousedragcould be used
in otherdomainsfor generaltree browsing, and might possiblybe
adaptedor generalgraphbrowsing.

Dual-treescanshav mary generationsertically, but have ahor
izontal extent limited to ancestor®r descendantsf 2 root nodes.
Althoughtheserootscanbe changednteractvely to traverseadata
set,only afraction of a large datasetmay be visible at ary given
time. To increasethe horizontalextent of nodesshavn, without
introducinglong or crossededges the dual-treeschemecould be
generalizedo a sequencef N trees,laid out left-to-right and al-
ternatingbetweerancestoanddescendartteesall shovn atonce.
Another possibility is to embedcombinationsof ancestorandde-
scendantreesin 3D, e.g.by arrangingntersectingreeson perpen-
dicular planes. Use of 3D could eliminatethe needto rotatesub-
trees possiblygiving the useramoreconsistenview of the data.

It would alsobeusefulto have graphicalrepresentationthatare
orientedtowardhigherlevel groupingsof individuals,suchasfam-
ily units. For example,a viewer for a dual-treeA(x) [ D(y) could

be augmentedo alsoshaw siblingsof nodesin A(x), andspouses
of nodedn D(y). Thiswouldincreasehecrowding of nodessome-
what, but would make completenuclearfamiliesvisible.
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