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ABSTRACT

The generalproblemof visualizing “f amily trees”, or genealogi-
cal graphs,in 2D, is considered. A graph theoreticanalysisis
given,which identi�es why genealogicalgraphscanbedif�cult to
draw. Thismotivatessomenovel graphicalrepresentations,includ-
ing onebasedon a dual-tree, a subgraphformedby the union of
two trees.Dual-treescanbedrawn in variousstyles,includingan
indentedoutlinestyle,andallow usersto browsegeneralmultitrees
in addition to genealogicalgraphs,by transitioningbetweendif-
ferentdual-treeviews. A softwareprototypefor suchbrowsing is
described,that supportssmoothlyanimatedtransitions,automatic
cameraframing,rotationof subtrees,anda novel interactiontech-
niquefor expandingor collapsingsubtreesto any depthwith a sin-
glemousedrag.

CR Categories: I.3.6 [ComputerGraphics]: Methodologyand
Techniques—interactiontechniques;G.2.2 [Discrete Mathemat-
ics]: graphtheory

Keywords: genealogy, genealogies,family trees,kinship,multi-
trees,graphdrawing, graphtheory, graphbrowsingandnavigation

1 I NTRODUCTI ON

Genealogy, the studyof “f amily trees”,playsa signi�cant role in
history (e.g.of royal families,andof humanmigration),genetics,
evolutionary biology, and in somecases,religion. It also shows
no sign of waningasa hobbyof the public, especiallygiven new
softwaretools,databases,andmeansof communicationandsharing
madeavailableby theinternet.

Unfortunately, thedepictionof relationshipsin a largefamily is
challenging,asis generallythecasewith largegraphs.Thediagram
in Figure1, for example,containsmany long edges,anddoesn't
clearlyshow which nodesareall in thesamegeneration.Although
therearea few hundrednodesin thediagram,theseareorganized
aroundjust a few lineagesandnuclearfamilies— many lines of
ancestryanddescenthave beenomitted. In addition,family trees
(or genealogicalgraphs,aswe will call them)arenot arbitraryor
unconstrainedgraphs— they havespecialstructuralpropertiesthat
canbeexploited for thepurposesof drawing andinteractive visu-
alization. Interestingly, otherthanFurnasandZacks[5], we have
beenunableto �nd previouswork in themathematical,graphthe-
ory, orgraphdrawingcommunitiesthatanalyzesthegraphtheoretic
propertiesof genealogicalgraphs.

Although genealogicalgraphsare often referredto as family
trees, this is misleading. Every individual hasa treeof ancestors
(sometimescalledapedigree), aswell asatreeof descendants(Fig-
ure2, left), eachof whichcanbedrawn in familiarandeasilyunder-
stoodways.A drawing of bothof thesetreesis sometimescalledan
hourglasschartin thegenealogicalcommunity, 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 years. (Sample data set supplied with GenoPro [7]).

a centrifugalview [5] in the literature. (It is alsosimilar to [21].)
Hourglasschartsonly show someinformation,however. Eachan-
cestorhasthemselfa treeof descendants,andeachdescendanthas
atreeof ancestors(eachof whomhasatreeof descendants,etc.).It
is not uncommonfor usersto experiencefrustrationwith diagram-
mingsoftware,wheretheusermustrepeatedlyandmanuallymove
increasinglylargesubsetsof nodesto createroomfor new data.It
is alsonotobviousthattheunderlyingstructureis bestdescribedas
atopologicaltree.Finally, trying to automaticallydraw suchgraphs
leadsto problemsanddesigntradeoffs.

Figure 2: Left: Node x hasa tree of ancestors (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 ancestor of x,
and the ancestors of every descendantof x. Note: in this and other
�gures, squares represent males, circles females.

We presenta brief analysisof genealogicalgraphsandidentify
how and why it is dif�cult to draw them. This motivatesan in-
vestigation of alternative graphicaldepictions,leadingto the de-
velopmentof a dual-treeschemethatgeneralizeshourglasscharts,
and that may be usedfor visualizing any multitree [5]. We de-
scribea softwareprototypethat implementsthis scheme,thatsup-
ports smoothly-animatedrotationsand transitionsbetweendual-
trees,andthatusesa novel interactiontechniquefor expandingor
collapsingsubtreesto any depthwith a single mousedrag. Al-
thoughthis work is gearedtoward genealogy, someof the design
principlesandtechniquesusedarealsoapplicablein otherdomains.



2 BACK GROUND

Genealogicalrelationshipshave beenrecordedand depictedfor
centuries,however thetraditionalchartsappearingin bookstendto
besimple,usuallyshowing atmostafew dozenindividuals,andare
oftenorganizedaroundsimplepatternssuchaslineages(e.g.one's
father, paternalgrandfather, etc.),or a singletreeof ancestors,or a
singletreeof descendants.Commercialsoftwarepackagesenable
thecompilationof datasetswith hundredsto thousandsof individ-
uals,but arenotdesignedto automaticallyvisualizesuchlargedata
sets.They eitherrequiretheuserto arrangedatamanually, or have
automaticlayoutalgorithmsthatonlyoperateonasubsetof thedata
or thatdon't work well in all cases.

Yet, thereis a signi�cant demandfor automaticvisualizationof
data.Thedocumentationfor [7] states“GenoProwrotetheAutoAr-
rangeroutineto import Gedcom�les, but noticedmany areusing
theAutoArrangeto layout their genealogytree. This routinetook
severalmonthsto write, debug andtest,yet generatedmoreemails
thanall theotherfeaturescombined.About 95%of all thegeneal-
ogy treesGenoProreceivedby emailwereAutoArranged.”

In addition, whetherautomaticallygeneratedor not, conven-
tional chartsof large,extendedfamiliesinevitably containat least
somelong edgesor nodesdisplacedfar away from their closerel-
atives,to make roomfor othernodes(e.g.Figures1 and5). Thus,
evengivena robustautomaticlayoutalgorithm,it is not clearthat
displayingentire genealogicalgraphsof thousandsof nodeswould
beideal,sincenumerouslongedgesor edgecrossingswouldmake
navigation and interpretationdif�cult. 1 A bettersolutionmay be
to displaysubgraphsthatareautomaticallylaid out, andallow the
userto �e xibly transitionbetweensubgraphs.

Bertin [2] mentionsan elegant way of drawing genealogical
graphs,whereeachindividual is a single line segment(thick for
men,thin for women)andwherenuclearfamiliesarepoints.Each
line segmentmay connecttwo nuclearfamilies: onein which the
individual is aparent,andonein whichthey areachild (this is sim-
ilar to p-graphs[22]). Although suchdiagramsaremuchsimpler
looking thantraditionalones,they ultimatelysuffer from thesame
exponentialcrowding (seex 3.4).

Ted Nelson has proposedzzstructures(the genericnamefor
ZigZagR
 ) as a generalstructurefor storing information. It has
beenshown [12] that zzstructuresare equivalent to a kind of di-
rectedgraph. Nelsonhasdemonstratedthat genealogicalgraphs
canbeencodedwithin zzstructures,usingtheschemein Figure4,
D. The choiceof this scheme,however, is due more to its com-
patibility with typical zzstructurevisualizations,ratherthandueto
an inherentappropriatenessfor genealogicalgraphs.For example,
many visualizationsof zzstructuresarebasedon a 2D cursorcen-
tric view (describedin [12]), which canshow onenuclearfamily
at a focal point (parentsandchildrenarrangedalongperpendicular
directions),surroundedby someextendedfamily nodes.Unfortu-
nately, suchvisualizationsmake it dif�cult to seewhich nodesare
all within thesamegeneration.

Multitrees[5] area kind of directedacyclic graph(DAG) where
any two nodesareeitherconnectedby zeroor 1 directedpaths.In
otherwords,multitreesarediamond-freeDAGs,wherea diamond
is a pair of distinctdirectedpathsfrom onenodeto anothernode.
As aconsequence,everynodex in amultitreehasatreeD(x) of de-
scendantsanda treeA(x) of ancestors(Figure3). Furthermore,the
treesin a multitreecanoverlap:givennodesx andy in a multitree,
D(x) and D(y) may shareone or more subtrees,and if not, then
A(x) andA(y) mayshareoneor moresubtrees.FurnasandZacks
[5] explain how genealogicalgraphsconstructedaccordingto Fig-

1Oneanecdoteconcerninga family reunionrecountshow participants
exceededthe areaof four picnic tablesin trying to layout their genealog-
ical information. Anotherstory reportsthe existenceof a singledataset
containing30000interconnectedindividuals.

ure 4, C cancorrespondto multitrees,if thereis no intermarriage
(i.e. diamonds). They also proposetwo visualizationtechniques
for multitrees:a centrifugal view (essentiallyFigure2, left) anda
view of a directedpath(“lineage”) betweentwo nodesalongwith
childrenandparentsof thepath[5].

Figure 3: Left: an example multitree. Observe that the two trees
of descendants rooted 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 ancestors and tree of descendants.

Anthropologistshavestudiedsystemsof kinship,examining,for
example, how family structuresand terminology for describing
one's kin vary acrosscultures,andhow theserelateto genealogy
(e.g.[15]). Thecurrentwork focusesinsteadon issuesrelevant to
graphdrawing andvisualization.

Our researchdiffers from the previous work by analyzingin
moredetailsomeof thepropertiesspeci�c to genealogicalgraphs,
andby proposingsomenovel graphicaldepictionsof them.In par-
ticular, ourdual-treeschemegeneralizestheFurnas-Zackscentrifu-
gal view/hourglasschart,andalsogeneralizesthe“lineage”view of
thesameauthors[5]. We investigatenovel waysof displayingand
interactingwith dual-trees.

3 ANALYSI S OF GENEAL OGI CAL GRAPHS

In thefollowing, someof theobservationsandconceptsgeneralize
to variousnon-traditionalfamily arrangements,suchas individu-
alshaving multiple spouses,or having morethantwo parents(e.g.
adoptive in additionto biological). However, a traditional family
model is a usefuloneto keepin mind, at leastinitially. Also, for
convenience,theword “marriage”is usedin a loosesense,to refer
to therelationshipbetweentheparentsof oneor morechildren.

Somein thegenealogicalcommunity[6] havecalledfor theabil-
ity to encodericher informationandmorekinds of relationships,
e.g. foster children, family friends, etc. Increasedfreedomin a
genealogicalsystemwould make it approacha generalhyperme-
dia system,with a correspondinglygeneralinterface.However, we
have found that the constraintsimposedby �rst following a tradi-
tionalfamilymodelinspireinterestingdesignandvisualizationpos-
sibilities. Futurework maypossiblyextendor adaptour designsto
includemorekindsof family relationships.

3.1 Preliminaries

We �rst establishsometerminologyto describerelationshipsbe-
tween individuals. Beyond the familiar relationshipsof parent,
child, ancestor, anddescendant, we alsoconsiderconsanguinerel-
atives,i.e. individualswith a commonancestor(alsocalled“blood
relatives”) suchas siblings and cousins. In addition, we de�ne
conjugal relativesas individualsconnectedby an undirectedpath
throughoneor moremarriages.For example,brothers-in-law are
conjugal relatives,aswould be x andany of x's spouse's consan-
guinerelatives.

Cousinsareconsanguinerelativeswhosemost recentcommon
ancestoroccursat n generationsprior to thecousins,andin which
casethecousinsare(n� 1)th cousins(i.e. 1stcousinsif they share



a grandparent,2ndcousinsif they sharea great-grandparent,etc.).
Notethatthecousinrelationshipis not transitive: individual x may
haveacousiny onx'smaternalside,andanothercousinzonx'spa-
ternalside,howevery andzarenot,generally, cousins,thoughthey
are relatedconjugally throughthe marriageof x's parents. More
generally, consanguinerelationshipsarenot transitive,but conjugal
relationshipsare,sinceour de�nition allows themto passthrough
multiplemarriages.

Finally, weusethetermnuclearfamilyto referto (noramllytwo)
parentsandtheir children.

3.2 Intermarriage and PedigreeCollapse

Intermarriagecorrespondsto anundirectedcycle(i.e.acycle in the
underlyingundirectedgraph)in a genealogicalgraph. We distin-
guish betweentwo kinds of intermarriage:Type 1 intermarriage
is betweenconsanguinespouses,e.g.spouseswho arealso(possi-
bly distant)cousins.Type2 intermarriageis betweenspouseswho
areconjugal relativesvia a pathgoing throughoneor moremar-
riagesotherthantheir own marriage.Examplesof type2 intermar-
riageincludetwo sisters(or cousins)from onefamily marryingtwo
brothers(or cousins)from anotherfamily not initially relatedto the
�rst family. In thegraphswe consider, all marriagesaremodelled
— even thosethat areeventuallydissolved. Thus,if a womandi-
vorcesa man x and marrieshis brothery, this constitutestype 2
intermarriage,becausethe womanwasalreadyconjugally related
to y throughher�rst marriageto x.

Assumingthat the ancestryof an individual x is free of type 1
intermarriage,thenx has2n ancestorsat thenth generationprior to
x. At aconservative 30yearspergeneration,thisexponentialnum-
ber of ancestorsexceedsthe physical capacityof the earthat less
than2000yearsinto the past. We canthereforeconcludethat the
ancestryof x mustcontaintype1 intermarriage.Thephenomenon
of encounteringtype1 intermarriagein everyindividual'sancestry,
whentracedbackfarenough,is calledpedigreecollapse[18].

In addition,statisticalmodellingsuggeststhat all humansalive
todaysharea (not necessarilyunique)commonancestorwho lived
just a few thousandyearsago[17], implying thatall living humans
are“blood relatives”.

Pedigreecollapseguaranteesthattype1 intermarriageoccursin
every real-life genealogicalgraph,if extendedbackfar enoughin
time. The presenceof suchdiamondsin one's “tree” of ancestors
obviously createsproblemsfor drawing sucha graph.Fortunately,
many genealogicaldatasetsarefreeof intermarriagebecausethey
do not extendbackfar enoughin time, andin any caseareusually
locally freeof intermarriage.Furthermore,algorithmsandvisual-
ization techniquesdesignedfor acyclic graphsmay be adaptedto
genealogicalgraphscontainingintermarriage,by creatingvirtual
duplicatesof individualsto “hide” thecycles.

3.3 Conditions Resulting in Trees,Multitr ees,and DAGs

Whenaregenealogicalgraphsreallytrees,or multitrees,or neither?
This dependson the presenceof type 1 andtype 2 intermarriage,
andonwhichschemeis usedto constructthegenealogicalgraph.

Let G beagenealogicaldirectedgraph(digraph)constructedac-
cordingto oneof theschemesB–E in Figure4. If schemeB or C
or E is used,thenedgesarealwaysincidentfrom youngerto older
nodes,thusG is aDAG. If schemeB or C or E is used,andthereis
no type1 intermarriage(which would correspondto a diamondin
G), thenG is a multitree. If schemeB or D or E is used,andthere
is no type1 or type2 intermarriage,thentheunderlyingundirected
graphG0 is a freetree(alsocalleda topologicaltree).

In many cases,then, a genealogicalgraphmay be a free tree,
or at leasta DAG. Treesareplanar, andmany techniquesexist for
drawing themwith no edgecrossings.However, it is often desir-
able to seethe nodesin a genealogicalgraphorderedby time, to

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 scheme that avoids any special, inter-
mediate node, but requires more edges when there are 3 or more
children. D: Nelson's scheme for 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
cycles in the directed graph.

make the generationsin the graphapparent.Suchan orderingis
impossibleto achieve in generalwithout edgecrossings.Partially
relaxingtheorderingby generation,so thateachnodeis only “lo-
cally ordered”2 with respectto its parentsandchildren,allowsedge
crossingsto beeliminatedin 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 intro ducing edge-
crossings,but at least one edge would still be long.

DAGs can be drawn automaticallyusing standardalgorithms,
suchasSugiyamaet al.'s [19]. In this case,however, edgecross-
ings and long edgesareboth unavoidable,andaswith any auto-
matedgraphdrawing technique,the output from a 2D DAG em-
bedderis increasinglydif�cult to useandunderstandasthesizeof
the graphbecomesvery large. It is also possiblethat new algo-
rithmsdesignedwith thespeci�c propertiesof genealogicalgraphs
in mindmayscalebetterthangenericDAG embedders.

The“bushiness”apparentin Figure5 illustratesa coreproblem
in genealogicalgraphs,of nodesquickly becomingcrowdedasthe
graphis extendedin variousdirections.Thenext sectionexamines
andquanti�esthisproblemin moredetail.

3.4 Crowding Within GenealogicalGraphs

We now consideran idealized,simpli�ed genealogicalgraphG� ,
andshow thatproblemsarisein trying to draw even this idealized
graph.Thismotivatessomenon-traditionalvisualrepresentations.

Let G� be a genealogicalgraph,constructedaccordingto Fig-
ure4, B, whereevery nodehastwo parents,onesibling of theop-
positegender, onespouseof theoppositegender, andwhereevery

2In graph drawing terminology, locally orderedmeansupward, and
(globally)orderedby generationmeansupward andlayeredby generation.



marriageproducesonechild of eachgender. Also assumethatgen-
erationsarewell-de�ned, e.g.birthsaresynchronizedwithin each
generation.Furthermore,G� containsno intermarriage,hencethe
underlyingundirectedgraphis a freetree,andthusG� is planar.

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

Figure 6 shows such a drawing, for 9 nuclearfamilies span-
ning 4 generations.Ellipsesindicatethe directionsin which G�

extends.Intuitively, extendingtheportionof G� shown in all direc-
tionswould requirenotonly crossingedges(to maintainalignment
of generations),but also lengtheningcertainedgesto make room
for expansion,causingcertainspousesand/orsiblings to become
distantfrom eachother.

Figure 6: A portion of an idealized genealogical graph, G� . Nine
nuclear families are shown (each outlined in pink), labelled n0; : : : ;n8.
Ellipses indicate the many directions in which this diagram could be
extended, suggesting that nodes would rapidly become crowded.

To reinforcethis intuition, considerthe set S of nuclearfam-
ilies at the samegenerationallevel as n0. Figure 6 shows S =
f n0;n5;n6;n7;n8; : : :g. Notice that n0 is connected(via the inter-
mediaryfamiliesn1;n2;n3;n4) to 4 other familiesn5;n6;n7;n8 in
S. Following theellipses,eachof n5;n6;n7;n8 is connected(again
throughintermediaries)to 3 other nuclearfamilies in S, eachof
which is in turn connectedto another3, etc. Even thoughS cor-
respondsto a singlegenerationof nuclearfamilies,thepathscon-
nectingfamiliesin S correspondto a free tree,andthe numberof
nuclearfamilies in S that are r edgesaway from n0 grows expo-
nentiallywith r. Similarly, if we considerconnectionsthroughin-
creasinglydistantancestors,eachnodehas1 sibling,4 �rst cousins,
16 secondcousins,and4n nth cousins.Unfortunately, thesenodes
mustbe �t within a 1-dimensionalrow, wherethe spaceavailable
only grows linearly with thegeometricdistancefrom thecentreof
thediagram.Theconsequenceis thattheedge-length-to-node-size
ratiobecomesarbitrarilyhigh.

This is reminiscentof Munzner's observation [13] that, when
embeddinga treein a Euclideanspaceof any dimensionality, the
numberof nodesgrows exponentiallywith the level, but thespace
availableonly growsgeometrically. Thecasein Figure6 is qualita-
tively worse,however, becausethe“exponentialcrowding” occurs
within each and every generationasmoreandmoreof G� is dis-
played,ratherthanworseningprogressively with deeperlevels.

4 SOM E ALTERNATI VE GRAPHI CAL REPRESENTATI ONS

Therapidcrowdingof nodesthatoccursin genealogicalgraphsin-
spiredusto exploregraphicaldepictionsthatshow differentpartsof
thegraphatdifferentscales.By allocatingprogressively smallerar-
easto nodes,wemightusefullypackmoreinformationinto asingle
representation.

Figure7 shows a fractal layout for G� . (More generally, such
a fractal layout could alsobe usedto depictany free tree.) There

is no limit to theextentof thegraphthatcouldbedrawn this way,
howevernodeseventuallybecomeimperceptiblysmall.Also notice
that this depictiontradesaway anorderingof nodesby generation
to gainnon-crossingedgesof boundedlength.

Figure 7: A fractal layout for G� , showing the same9 nuclear families
as in Figure 6, along with some additional nodes in grey.

Interactive browsing of the tree in Figure 7 could be doneby
zoomingandpanning,or by having theuserdynamicallyselectthe
“focal” region thatis shown largestin thecentre.In thelattercase,
the resultinginteractive visualizationmight be similar to �sheye
graphbrowsers(e.g.[13]), thoughit would differ in the detailsof
how nodessurroundingthefocal regionareshiftedandscaled.

In theprocessof exploringgraphicaldepictionsfor genealogical
graphs,we found it usefulto considerthedifferentwaysin which
rootedtreesarerepresented.Figure8 shows what we considerto
be the mostbasicstylesfor drawing rootedtrees,3 of which are
identi�ed in [2, 9]. A familiarexampleof nestedcontainment(Fig-
ure8, B) aretreemaps[8]. Theindentedoutline(Figure8, D) rep-
resentationmay appearto simply be a variationon the node-link
(Figure8, A) representation,but in fact the indentedoutline style
would still beunambiguouswithout any edgesdrawn: its essential
featureis theuseof indentationto imply structure.Many variations
onthestylesin Figure8 havebeendescribedin theliterature,based,
for example,on polarcoordinatesystems,or on embeddingsin 3D
ratherthan2D, or oncombinationsof existingstyles.

Figure 8: Di�erent graphical representationsof 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 representations,however, have been
appliedto rootedtrees,whereasfreetreesaredrawn almostexclu-
sively usingthenode-linkstyle(Figure8, A). Nevertheless,repre-
sentationsbasedonrootedtreescouldbeappliedto freetrees,if the
userhadawayof dynamicallychoosinganodeto serveasatempo-
rary “visual” root. Theuserwould thenbeableto seethetreefrom
different perspectives, by transitioningfrom using one nodeas a
root to another. Suchinteractionmight be useful for temporarily
andvisuallyhighlightingvariousregionsof thefreetree.

This ideaallowedusto adaptthenestedcontainmentstyle(Fig-
ure 8, B) to genealogicalfree treesresultingin a novel represen-
tation (Figure 9). In general,nestedcontainmentrepresentations
could be usedwith any free tree,and thuswith any genealogical



graphwherethereis no intermarriageof type 1 or type 2. How-
ever, therepresentationcanbesimpli�ed if we assumethat, in ad-
dition to therebeingno intermarriage,every nodeparticipatesin at
mosttwo nuclearfamilies:onein whichthey areachild, andonein
whichthey areaparent(in otherwords,nodescannothavemultiple
spousesin differentnuclearfamilies).Thisassumptionallowsusto
omit the“spousalunion” � nodes(Figure4, B) andleavetheseim-
plicit, aswehavedonein Figure9. In Figure9, lowerleft andlower
right,eachindividualcorrespondsto arectangle,andeachrectangle
mayhaveonenuclearfamily nestedwithin it, andalsobepartof an-
othernuclearfamily containingtherectangle.Parentsappearin the
upperhalf of a rectangle,andchildrenin the lower half. Notethat
this representationwould easilyaccommodatethe caseof nuclear
familiescontainingmorethan2 parents,by simply subdividing the
upperhalf of rectanglesinto morethan2 sub-rectangles.

Figure 9: A free tree can be drawn using the nestedcontainment 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 f F; I ;O;Pg as the root. This is analogous to the
representation in Figure 7, with larger nodescontaining smallernodes
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 representationsin Figures7 and 9 are inter-
esting,they do not ordernodesby generation.Their unfamiliarity
mightalsomake themdif�cult to interpretfor many users.Wenow
describeaschemethatis closerto traditionaldiagrams.

Thegeneralproblemof scalingavisualizationto graphsof thou-
sandsof nodes,andthe addedproblemof densecrowding in ge-
nealogicalgraphs,convincedusto focusonvisualizingonly asub-
setof the graphat a time, and thereforeto identify which subset
might be best. Somegeneralquestionsto ask in sucha situation
are: What arethe canonical, or standard,subsetsof the datathat
would be familiar to users?Which of thesecanonicalsubsets,or
combinationsof them,canbe shown at oncein a mannerthan is

easyto interpretandthatscaleswell?
In the caseof genealogicalgraphs,two obvious canonicalsub-

setsare treesof descendantsand treesof ancestors.As already
mentioned,showing bothof theseatonce(Figure2, left; Figure10,
A) resultsin an hourglasschart. To show more information,we
proposeoffsettingtherootsof thetreeswith respectto eachother,
asin Figure10,B. Theresult,which we call a dual-tree, is a more
generalkind of unionof two rootedtrees. (The resultcanalsobe
thoughtof asa singlefree tree,or a “doubly rootedtree”, follow-
ing the observation in [5] that the ancestorsanddescendantsof a
directedpathin amultitreeform a freetree.)

Figure 10: Combinations of canonical subsetsof genealogicalgraphs.
A: The tree A(x) of ancestors and tree D(x) of descendants of x
form an hourglass diagram. B: This dual-tree scheme shows more
information, by showing D(y) � D(x). C: An example dual-tree.

Thedual-treeA(x) [ D(y) containsasupersetof theinformation
in an hourglasschart,becauseA(x) � A(y) andD(y) � D(x). In
an hourglassdiagramof A(x) [ D(x), the choiceof x is a tradeoff
betweenthe numberof ancestorsand numberof descendantsre-
vealed: choosingx in an older generationrevealsa larger treeof
descendants,but reducesthe numberof ancestorsshown. In con-
trast,with dual-trees,we canalwayschoosex andy to be in the
most recentandoldestgenerations,respectively, to maximizethe
coverageof thesubsetdisplayed.

Becausea dual-treediagramconsistsof only 2 trees,it canbe
drawn in a straight-forward manner, andmay prove to be easyto
understandandinterpret. It canbedrawn with no edgecrossings,
with nodesorderedbygeneration,andit scalesrelatively well, since
thecrowding of nodeswithin it is no worsethanthecrowding that
occursin individual trees.

To combinetwo treesin thestyleof Figure10,B andC, theroot
y of the treeof descendantsmustbe a right-mostnodein the tree
A(x) of ancestors.Likewise, x mustbe a left-mostnodeof D(y).
Thus,changingx or y generallyrequiresrotatingsubtreesto make
thenew rootsright- andleft-most.Onescenarioin which thedual-
treemight beparticularlyusefulis in familieswheresurnamesare
passeddown from thepaternalside.In sucha family, if y is chosen
to betheoldestpaternalancestorof x, thenthedual-treewould si-
multaneouslycontaineveryancestorof x (in A(x)), aswell asevery
individual having thesamesurnameasx (in D(y)), or alternatively
every individual having the samesurnameasany chosenancestor
of x. We arenot awareof any othertraditionalandscalabledepic-
tion of familiesthatcanshow this. For example,Figure13 shows
TomSmith,hisancestors,andotherSmithsin singledual-tree.

Figure 10, C is basedon the node-link style of drawing trees
(Figure8, A). The indentedoutline style (Figure8, D), however,
is oftenmorespace-ef�cient, especiallywhennodeshave long text
labels,so we tried to adaptit to dual-trees.Figure11 shows the
stepsinvolved in this. The key to combinethe two treeswas to
useanalternativeconventionfor drawing edgestakenfrom Venolia
andNeustaedter[20], andanalogousto the left-child, right-sibling
pointer implementationof tree datastructures[4]. The result in
Figure11, C accommodateslong text labelsto the right or left of



nodeswithout requiringnew whitespaceto be introducedbetween
nodes,aswouldbethecasein Figure10,C.

Figure 11: Three stages in 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 spacebetween the trees. Arrows
show matching nodes in both trees. C: The two trees combined.

Notethatdual-treescanbeusedtobrowseandvisualizeany mul-
titree,evenif somenodeshave multiple spouses,or thereis type2
intermarriage,or somenodeshave morethan2 parents.Notealso
that, in Figures10, C and11, C, nodesin thesamegenerationare
clearlyshownassuch,asthey correspondtoasinglerow orcolumn,
respectively.

6 SOFTWARE PROTOTYPE FOR DUAL -TREES

To experimentwith browsingbasedondual-trees,asoftwareproto-
typewasdeveloped,written in C++usingOpenGLandGLUT. The
prototypereadsin a GEDCOM�le asinput, from which a directed
graphis constructedaccordingto Figure4, C.

Thedigraphis thenpre-processedto removedirectedcyclesand
diamondsto obtain a valid multitree. To do this, a breadth-�rst
traversal identi�es all undirectedcycles in the underlying undi-
rectedgraph. For eachcycle, we count the numberof times the
edgeschangedirection along the cycle, yielding a non-negative
even integer. If the result is zero,we have a directedcycle in the
digraph;if the result is 2, we have a diamond;if the resultis 4 or
more,this mayor maynot correspondto type2 intermarriagebut
in any caseis allowed in a multitree. So, if the resultis zeroor 2,
we markoneof theedgesinvolvedto beskippedin theembedding
algorithm. The display routine, however, can draw thesespecial
edgesin analternativecolour, to highlight them.

Theprototypeonly displaysonedual-treesubsetof thegraphat
a time,but allows theuserto interactively transitionfrom subsetto
subsetandbrowsetheentiregraph,whichmightbeverylarge.Each
time a new dual-treesubsetis chosen,the embeddingroutine is
invokedto determineits layout.Two stylesof layoutaresupported:
classicalnode-linkstyle,andindentedoutlinestyle. Regardlessof
thestyleused,theembeddinginvolvestwo stages:�rst, computing
two preliminaryembeddingsEA andED of thetreeof ancestorsand
thetreeof descendants,respectively, andsecond,combiningEA and
ED into a �nal embeddingEF of thedual-tree.

In the caseof classicalnode-link layout, EA andED arecom-
putedwith an adaptationof the Reingold-Tilford algorithm [16],
thoughaslightlybetterimplementationwoulduseBuchheimetal.'s
improvements[3]. To combineEA andED andproduceEF , theem-
beddingroutineshiftsED sothatit is besideEA, suchthatnodesin

thesamegenerationarealigned.Next, considerthesetof nodesthat
appearin bothtrees,whichwecall theaxisof thedual-tree,i.e. the
pathbetweenthetwo roots.Eachnoden in theaxishasa position
pA givenby EA andapositionpD givenby ED. The�nal positionof
n is computedastheweightedaveragepF = (apA + dpD)=(a+ d)
wherea and d are the numberof ancestorsand descendants,re-
spectively, of n. Our rationalefor this weightingis that we don't
want the changein n's positionto result in many edgeshaving an
extremeslope;thus,the moreedgesn hasin oneof the trees,the
closerits �nal positionshouldbe to its positionin thepreliminary
embeddingof thattree.

In the caseof the indentedoutline layout,EA andED arecom-
putedin asimplerecursivebottom-uppass.Next, pairsof consecu-
tive nodeson theaxisare“stretchedout” sothatEA andED match
upalongtheaxis,and�nally EF is produced(cf. Figure11,B, C).

In bothcases,thetimerequiredfor theentireembeddingprocess
is linearin thenumberof nodesembedded.

Figure12 shows screenshotsof output. Theclassicalnode-link
layoutcanbedonealongtwo differentorientations(Figure12, top
left andbottomleft) yieldingdifferenttotal areasandaspectratios.
Theareaof theboundingrectanglefor the indentedoutline layout
(Figure 12, right) tendsto be smaller than that of the other two
layout styles,however its aspectratio alsotendsto be far from 1.
Suchan aspectratio could be an advantage,however, as it could
simplify navigation, requiringthe userto scroll mainly alongjust
onedirectionin a zoomed-in2D view. Figure13 shows thevisual
designof nodesin moredetail.

Figure 12: A dual-tree laid out 3 di�erent ways by the protot ype.
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 generationsprogressingleft-to-
right. Right: Indented outline style, similar to Figure 11, C.

6.1 Interaction Techniques

To transitionbetweendifferentdual-treesubsets,the basicopera-
tions performedby the userare: expanding/collapsingparentsof
a givennode,andexpanding/collapsingchildrenof a node.These
actionscanbeinvokedthrougha2-itemmarkingmenu[10] afford-
ing ballistic “�ick” gestures,in thedirectionof parentsor children,
to toggletheir expansionstate. Expandinga nodecanalsocause
automaticrotation.For example,if noden is in thetreeof descen-
dants,expandingupwardstowardits parentsrequiresthatn �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 edges from children to parents are shown in
grey, to make nuclear families more apparent. For example, Rick
and Susan are siblings, sharing 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 previewsof 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 cursor 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.

rotatedonto theaxis. Suchrotationsgenerallyrequirethatcertain
othernodesbecollapsed,to maintainthedual-treescheme.

Expansion,collapsing, and rotation of nodesis shown with
smooth, 1-secondanimationsto help the user maintain context
[1, 23]. As in [14], our animationhas3 stages:fadingout nodes
which needto behidden,moving nodesto their new positions,and
fadingin newly visible nodes.Althoughmany nodesmayneedto
move in differentdirectionsduringa transition,theusermaybene-
�t from trackingevenjust a few nodesthatserve asvisualanchors
or landmarks.We feel thatevena complicatedanimationis better
thanno animationat all, andcould alwaysbe slowed down if the
userwisheswith a techniquesuchasthedial widgetin [11].

Theusermayzoomandpanthe2D view of thegraphwith the
mouse,and optionally activate automaticcameraframing that is
animatedduringtransitions.

In browsing genealogicalgraphs,we have found it is often de-
sirableto expanddownwardfrom anindividual to theirmostrecent

descendants,or to expandupwardto theiroldestancestors.Thiscan
be donewith the markingmenususinga sequenceof �icks, with
one or more �icks for eachgeneration.However, an even faster
methodis available througha subtree-drag-out widget for “drag-
ging out” subtreesto any depth. To usethis widget, the user�rst
clicksdown (with asecondarymousebutton)onanode(Figure14,
A), andthendragseitherup or down (i.e., towardancestorsor de-
scendants)to selectthe subtreeon which they want the widget to
operate.After this initial drag,thelengthandcolouringof thewid-
get(Figure14,B) indicateboththemaximumdepthof thesubtree,
andalsothedepthto which thesubtreeis currentlyexpanded.The
usermaydragtowardsthesubtree,to expandit furtheronelevel ata
time,or away from thesubtree,to collapseit onelevel ata time. In
keepingwith a metaphorof relative adjustment,theusermayalso
releaseover the centreof the widget, to dismissit with no effect,
which is usefulfor cancelling.

Figure 14: A semi-transparent popup widget for expanding or col-
lapsing subtrees in 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 ancestors or descendants. After dragging down
slightly, the tree of descendantshas been selected(B), and now the
widget displays the number of levels the 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 ancestors could similarly be
expandedor collapsed in a separate invocation of the widget.

After poppingup this widgetandperformingthe initial dragto
selectthe subtreeto operateon, the usermay then drag ballisti-
cally to quickly openor closetheentiresubtree.Althoughin gen-
eral subtreesmay be quite large after just a few levels, the trees
of descendantsandancestorsin typical genealogicaldatatend to
befairly shallow, seldomspanningmorethana few hundredyears.
Furthermore,eventhoughtheusermayballistically expandmulti-
ple subtreesupward anddownward in quick succession,the auto-
matic rotationsthat resultfrom expansionoftencauseothernodes
to disappear, thustheuseris muchlesslikely to experiencean“ex-
plosion” in thenumberof expandednodes.



7 I NI TI AL USER FEEDBACK

As a�rst steptowardevaluatingourprototypeandinformingdesign
changes,an informal sessionwasheld to solicit feedbackfrom a
practicinggenealogistwhohasalsolecturedongenealogy. Theuser
reportedusingcomputersanaverageof 2 hours/day, andis familiar
with two commongenealogysoftwarepackages.Thesessionlasted
1 hour, andconsistedof a mixtureof free-formexplorationby the
user, demonstrationandexplanationby the �rst author, andsemi-
structurednavigationtasksgivento andperformedby theuser.

After sometime interactingwith theprototype,theuserreported
�nding it “veryclear”and“veryeasy”,andwas“impressedwith its
manoeuvrability”.(Notethat,at thetime thesessionwasheld,the
subtree-drag-outwidget hadnot yet beenimplemented.The user
did, however, discoverandsuccessfullyoperatethemarkingmenus
with nohelp.)

The useralsocommentedthat the “unfamiliarity” of the depic-
tion of family relationships“takesgettingusedto”. Theusermen-
tioned the lack of a symbol explicitly linking spouses,which is
shown in conventionaldiagrams.

The user successfullycompletedall navigation tasks, even
thoughtheserequiredexpandingupward anddownward multiple
times, and even when using the indentedoutline style dual-tree.
Theuserwasalsoableto correctlyinterpretindentedoutlinedepic-
tions,pointingout theparentsandchildrenin nuclearfamilies.

Theuserwasalsoshown printoutsof sampleoutputfrom acom-
mercialgenealogysoftwarepackage,andaskedfor opinions,com-
ments,or personalpreferencesin comparingthedifferentdiagrams
andtheoutputof theprototype.Theuserseemedratherneutral,and
sowasgivenanexplanationof somepotentialpositiveandnegative
differencesbetweenthedual-treeschemeandotherrepresentations.
Theuserremainedneutral,however, saying“I canunderstand[each
of thedepictions].[...] I don't know thatthereareany prosor cons.”

Of course,moresessionswith otheruserswould be necessary
to gain a fuller comparative picture, however we are encouraged
by the fact that theuserwasableto interactwith andinterpretthe
outputof ourprototype.

8 CONCL USI ONS AND FUTURE DI RECTI ONS

We have analyzedthenatureof genealogicalgraphs,characterized
how they aredif�cult to draw, andpresentednovel graphicalrep-
resentationsfor them. In particular, our dual-treeschemescales
aswell asa single tree,ordersnodesby generationwith no edge
crossings,is easyto interpret,canbe usedfor browsing any mul-
titree,andgeneralizesboth thehourglasschart/centrifugal view of
FurnasandZacksandthe “lineage” view of thesameauthors[5].
Furthermore,our interactiontechniquefor expandingor collaps-
ing subtreesto any depthwith a singlemousedragcould be used
in otherdomainsfor generaltreebrowsing,andmight possiblybe
adaptedfor generalgraphbrowsing.

Dual-treescanshow many generationsvertically, but haveahor-
izontal extent limited to ancestorsor descendantsof 2 root nodes.
Althoughtheserootscanbechangedinteractively to traverseadata
set,only a fraction of a large datasetmay be visible at any given
time. To increasethe horizontalextent of nodesshown, without
introducinglong or crossededges,the dual-treeschemecould be
generalizedto a sequenceof N trees,laid out left-to-right andal-
ternatingbetweenancestoranddescendanttrees,all shown atonce.
Anotherpossibility is to embedcombinationsof ancestorandde-
scendanttreesin 3D,e.g.by arrangingintersectingtreesonperpen-
dicular planes.Useof 3D could eliminatethe needto rotatesub-
trees,possiblygiving theuseramoreconsistentview of thedata.

It wouldalsobeusefulto havegraphicalrepresentationsthatare
orientedtowardhigher-level groupingsof individuals,suchasfam-
ily units. For example,a viewer for a dual-treeA(x) [ D(y) could

beaugmentedto alsoshow siblingsof nodesin A(x), andspouses
of nodesin D(y). Thiswould increasethecrowdingof nodessome-
what,but wouldmakecompletenuclearfamiliesvisible.
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