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Figure 1: S
reenshot of the SporeVis interfa
e. The left panel displays a tree, where the leaves 
onsist of Spore 
reatures andtheir names, and the edges 
onne
t ea
h 
reature to its 4 
losest neighbors by morphology. The right panel shows additionaldetails about the sele
ted 
reature.
AbstractThis paper presents a novel system for 
lassifying, orga-nizing, and visualizing 
reatures from the 2008 video gameSpore a

ording to morphology. The 
reatures are de
om-posed into a sequen
es of their 
onstituent parts using aninnovative en
oding s
heme that preserves both the hierar-
hi
al and semanti
 stru
ture of the 
reation. At the sametime, this en
oding s
heme is optimized for fast lookup of in-dividual blo
ks and rapid 
omparison of sequen
es betweendissimilar 
reatures. The system groups 
reatures into 
lus-ters a

ording to the degree to whi
h their blo
k sequen
esmat
h, and allows the user to perform real time dynami
queries to �lter, view, and 
ompare details of individual ormultiple 
reatures on demand. The te
hniques des
ribed inthis paper may be applied to any dataset 
omposed of assem-blies 
onsisting of building blo
ks that have varying levels ofparts 
ommonality.CR Categories: H.5.2 [Information Interfa
es and Pre-sentation℄: User Interfa
es�Graphi
al User Interfa
esKeywords: Visualization, graph, tree, morphology, phy-
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 queries
1 IntroductionModern video game publishers in
reasingly rely on user-generated 
ontent to add variety and in
rease 
ustomer loy-alty to their games. Ele
troni
 Arts' 2008 video game Sporetakes this trend to a new level by turning the ability to gen-erate 
reations with arbitrary appearan
e, stru
ture, andfun
tionality into a 
entral feature of the gameplay. How-ever, as the set of available Spore 
reatures has grown toover 140 million 
reations as of May 2010, several issues have
ropped up due to the sheer popularity of the user-generated
ontent system and its ability to 
reate an almost unlimited
ombination of 
reations.Browsing through and sear
hing for a 
reature with a par-ti
ular shape or morphology in this vast datasour
e has be-
ome all but impossible. Creatures in the Spore databasemay be given a name, des
ription, and are sometimes markedwith short phrases or tags; however in pra
ti
e few authorstend to take the time to properly annotate their 
reationsbefore uploading them to the database. Consequently, thekeyword-based sear
h on Sporepedia, the main repositoryof Spore 
reations, yields many irrelevant and often unre-



lated results for a given sear
h term, while o

asionally 
om-pletely ignoring appli
able 
reations that may have been mis-labeled. The available �ltering 
riteria (�Newest�, �HighlyRated�, �Re
ent Highly Rated�, �Featured�, �All�) are pri-marily fo
used on freshness and users' ratings, and thereforedo not help narrow the results down a

ording to morphol-ogy. As a result, users of Sporepedia are often for
ed to pagethrough hundreds of results before they 
an �nd a 
reaturethat mat
hes their spe
i�
 interests. This results in a largegulf of exe
ution between the user's goals of �nding a spe-
i�
 
reature, and the required steps to su

essfully performthe desired a
tion of �nding a suitable mat
h [Norman andDraper 1986℄.In addition, the 
urrent Sporepedia sear
h interfa
e doesnot provide the user with any notion of how 
reatures are re-lated to ea
h other. The results are arranged in a grid and or-dered by upload time, whi
h is not a semanti
ally meaning-ful 
riterion. This presents an opportunity for a new systemfor browsing and sear
hing through user-generated 
ontentthat visualizes parallel evolution and 
ross-pollination of 
re-ation 
onstru
tion te
hniques in a semanti
ally-meaningfuland morphology-aware manner. In parti
ular, the proposedsystem should fa
ilitate the exploration of this interestingdataset through dynami
 queries using the overview, zoom& �lter, details-on-demand paradigm advo
ated by the Vi-sual Information-Seeking Mantra [Ahlberg and Shneiderman1994℄.
2 Related WorkWhile there has been no work done to date on visualizingSpore 
reations by morphology, the proposed system sharessome elements in 
ommon with earlier developments in thebiologi
al s
ien
es that seek to build evolutionary trees. Inparti
ular, resear
h in the �eld of 
omputational phylogenet-i
s aims to assemble phylogeneti
 (evolutionary) trees andnetworks representing hypothesis about the evolutionary an-
estry of a series of taxa based on inherited 
hara
teristi
sand morphologi
al analysis [Semple and Steel 2003℄. Thesystem is related to earlier works in 
omputer s
ien
e thatattempt to visualize large hierar
hi
al tree and graph stru
-tures (often over a given time duration), in
luding systemssu
h as GraphViz [Gansner and North 1999℄, GEVOL [Coll-berg et al. 2003℄, and Vizster [Heer and Boyd 2005℄. Finally,SporeVis' emphasis on intera
tive dynami
 queries has manyparallels to the Dynami
 Home�nder [Williamson and Shnei-derman 1992℄ and Spot�re [Ahlberg and Shneiderman 1994℄systems, as well as more re
ent works su
h as GeneralizedSele
tion via Intera
tive Query Relaxation [Heer et al. 2008℄.Although biologists have been 
reating stati
 phylogeneti
trees sin
e before the time of Darwin [Ar
hibald 2009℄, it isonly re
ently that 
omputerized te
hniques have been ap-plied to programati
ally generate hierar
hi
al groupings oftaxa. The NSF Tree of Life Web Proje
t Initiative [Maddi-son et al. 2007℄, an early attempt at intera
tive phylogeneti
trees, 
onsists of hierar
hi
ally linked HTML pages, in theform of a 
ladisti
ally organized bran
hing evolutionary treeof life. Ea
h page 
ontains information about one parti
u-lar group of organisms organized as a bran
hed tree, thusshowing hypotheti
al relationships between di�erent groupsof organisms.Various tools su
h as Web Tree View [Zhai et al. 2002℄,Java Tree View [Saldanha 2004℄, ATV [Zmasek and Eddy2001℄, and TaxonTree [Parr et al. 2004℄ have been built forviewing and annotating pre-built phylogeneti
 trees. How-ever, these tools do not automati
ally �lter and 
luster theresults based on user-provided 
riteria and only allow for lim-

ited intera
tivity, therefore I 
lassify them as stati
 ratherthat truly dynami
 and intera
tive visualizations.A more re
ent phylogeneti
 tree visualization system isthe Paloverde OpenGL phylogeny browser [Sanderson 2006℄.Paloverde aims to provide phylogeneti
ists with rapid nav-igation of binary trees' 
lades, without losing sight of theleaf names and maintaining the tree representation in Eu-
lidian spa
e. The authors extoll the use of realisti
 lighting,perspe
tive, and other attributes as features whi
h add �re-alism�, however in the eyes of many 
riti
s, the gratuitoususe of 3D detra
ts from the visualization by diverting theuser's attention from the relevant data.

Another OpenGL-based phylogeneti
 tree visualizationsystem is the 3D Phylogeneti
 Tree Explorer [Kim andLee 2007℄. This system proje
ts phylogeneti
 trees ontothree spatial axes, with leaves assigned su
h that spe
iesare 
atagorized on the X-axis while paralogs (genes relatedby dupli
ation within a genome) are represented on the Zaxis; the Y 
oordinate represents evolutionary distan
e, justas in 
onventional 2D trees.

The di�eren
e between these existing 
omputerized graphvisualizations and my proposed system is the data domain,as well as the deployment of intera
tive, dire
t-manipulationquerying and �ltering te
hniques. In addition, the existingsystems are tailored for a te
hni
al, s
ienti�
ally literate au-dien
e, while my system is intended for use by people withlittle or no ba
kground knowledge of biology.In the realm of Spore visualizations, the main referen
e



sour
es of Spore 
reations are Ele
troni
 Art's o�
ial Spore-pedia en
y
lopedia [Spo a℄, and the Sporisti
s analyti
s ser-vi
e [Spo b℄. Although some studies have been performedon ranking Spore 
reations and analyzing 
ommunity inter-a
tions [Twardos 2009℄, so far there have been no previousworks that fo
us on the morphology of the Spore 
reationsthemselves.
3 Visualization Design

3.1 Design GoalsMy goal for SporeVis was to build a visualization system thatusers of the Spore Creature Creator 
ould use to fa
ilitatedis
overy of 
reations with spe
i�
 morphologies, and under-stand how their own 
reations 
ompare to existing 
reations.I wanted to support the open, 
ollaboratory, and exploratorynature of the Spore Creation e
osystem while giving userseasier a

ess to sear
h and group patterns.
3.2 Existing Sporepedia InterfaceThe existing Sporepedia tool allows for browsing multiple
reations at a time, with re
tangular i
ons showing ea
h
reature's name, author, and a small image of the 
reaturearranged in a 4x5 grid, showing 20 
reature results per page.Unfortunately, the linear, paginated format of this interfa
elimits intera
tivity and does not provide a 
oherent organi-zation of the available 
reations. In addition, although it ispossible to view detailed information for a spe
i�
 
reature,this involves the appearan
e of an intrusive popup whi
h
overs a large portion of the s
reen, and hides informationfor all but the sele
ted 
reation.

Another �aw of Sporepedia is the keyword-oriented sear
hinterfa
e, whi
h relies very heavily on the author proper la-beling his/her 
reation's name, des
ription, and providinga list of salient tags. This is a labor-intensive (on the partof the author), ine�
ient, and often ina

urate approa
h,sin
e many 
reations are not given des
riptions or tags atall, or even worse mislabeled, whi
h 
auses them to be 
at-egorized in
orre
tly. Finally, it there are little or no optionsavailable for re�ning queries. The available �ltering 
rite-ria (�Newest�, �Highly Rated�, �Re
ent Highly Rated�, �Fea-tured�, �All�) are primarily fo
used on freshness and users'

ratings, and therefore do not help narrow the results downa

ording to morphology. As a result, users of Sporepediaare often for
ed to page through hundreds of results beforethey 
an �nd a 
reature that mat
hes their spe
i�
 interests,and even at that point it is hard to �nd additional similarresults.
3.3 Key ModificationsThe short
omings of the existing Sporepedia interfa
e in-spired me to develop ri
her network overview and ex-ploratory tools, while maintaining the 
olorful, kid-orientednature of the Sporepedia interfa
e. I realized that imagerywas essential for uniquely identifying distin
t 
reations, andtherefore must play a key role in the visualization. Conse-quently, ea
h 
reature is represented as a node 
ontainingan image of the 
reation whi
h is asyn
hronously retrievedfrom the Internet, along with its name as a 
aption, in orderto distinguish it from a sea of similar neighboring 
reatures.In addition, I did not want to eliminate the existing de-tailed 
reation information view provided by Sporepedia;however I wanted to display this data in a less intrusivemanner than an attention-diverting popup. As a result, Ide
ided to 
reate a 
reation details panel to right of thenetwork display showing details of the 
reation su
h as itsname, author, type, subtype, des
ription, tags, and date atwhi
h it was uploaded. The 
reation details panel also pro-vides dire
t-manipulation sear
hes over key words or phrasessele
ted by the user.
4 Visualization Implementation

4.1 ArchitectureThe SporeVis system is built as a Java appli
ation, primarilyusing the Prefuse visualization framework [Heer et al. 2005℄,whi
h is designed spe
i�
ally for intera
tivity and animation.The 
reations are arranged in a tree, in whi
h the nodes arethe 
reations, while the edges 
onsist of 
onne
tions betweenea
h 
reature and its 4 
losest neighbors by morphology. Forvisualizing 
omparative 
reature morphologies and skeletalstru
tures, I embedded Pro
essing.org PApplets as tooltipswhi
h appear when hovering over 
reature nodes or edges.The entire system is ba
ked by a PostgreSQL database thatallows the user to �lter the dataset and run dynami
-queriesin real-time.
4.2 LayoutThe SporeVis network layout is 
omputed using theFru
hterman-Reingold for
e-dire
ted algorithm, in whi
hnodes repel ea
h other and edges a
t as springs. Thanksto this layout, 
reature nodes are grouped into identi�able
lusters based on their amount of 
onne
tivity. Althoughthe 
onne
tivity between ea
h 
reation to every other 
re-ation is 
al
ulated, I 
hoose only to 
onne
t ea
h 
reaturewith its 4 neigbors with the highest mat
hing index. Thisthresholding is performed to avoid ex
essive 
onne
tions be-tween relatively unrelated 
reations, whi
h would only serve



to 
lutter the graph and hide the stronger relations.

There are two options for the layouting algorithm. The�rst option arranges nodes in a graph-like fashion, with ea
hnode 
onne
ted to its 4 most similar neighbors irrespe
tiveof the overall graph stru
ture. The se
ond layout optionprovides for a more hierar
hi
al organization by 
onne
t-ing ea
h node only to the top 4 mat
hing neighbors thatare not already visible in the visualization. This generatesa more aestheti
ally-pleasing tree stru
ture, but is less a
-
urate, sin
e two 
reatures that may be very similar, buthappen to be lo
ated on di�erent bran
hes of the tree areprohibited from being 
onne
ted.

4.3 InteractionThe user may intera
t with the SporeVis system primarilythrough simple mouse operations. Cli
king on a 
reation
auses the 
orresponding 
reature's salient data to appearin the pro�le panel to the right of the network view. Theuser may drag a node in order to move it around the s
reen;upon releasing the mouse button, the 
reature node is on
eagain subje
t to the for
e-dire
ted layout.The SporeVis system highlights nodes based on 
onne
tiv-ity in the larger network 
ontext. Upon hovering the mousehovers over a 
reature, it 
auses that 
reation, as well as itsneighboring (
losest mat
h) 
reations, and 2nd-degree neigh-bors to highlight. The highlighting is performed via a graded
olor s
ale that en
odes relatedness using both intensity andhue, from red-orange at the sele
ted 
reation to orange atits 1st-degree neighbors to yellow at its 2nd-degree neigh-bors. All other 
reatures in the graph are 
orrespondinglydesaturated into grays
ale images, to distingush related anddistant 
reatures.Upon hovering over a 
reature node, the SporeVis sys-tem also displays a visualization of the 
reature's skeletalstru
ture, in a popup tooltip. The skeletal visualization ro-tates, and parts are s
aled by z-axis depth to provide theviewer with a 2.5D visualization that avoids the issues ofpart o

lusion and depth misper
eption that would be prob-

lemati
 in a stati
 visualization. The 
reature's parts are
olored distin
tly by part-type (for instan
e, vertebrae areblue, weapons are shown in red, et
), in order to assist theviewer in understanding the 
reature's morphology.
When hovering over an edge 
onne
ting two 
reatures,both 
reatures' skeleton stru
tures are shown simultane-ously, and analogous parts are outlined in yellow. As the
reatures rotate simultaneously, yellow lines intermittently
onne
t the analogous parts that are fa
ing the viewer.

4.4 NavigationThe SporeVis system also fa
ilitates rapidly moving a
rossdi�erent regions of the 
reation morphology graph via pan-ning and zooming fun
tionality. By dragging the ba
k-ground of the display with the left mouse button down, theuser may pan the s
reen in any dire
tion. If the user holdsdown the right mouse button and then translates the mousepointer verti
ally up or down the s
reen, then the s
reenzooms in or out. For performan
e reasons, the images aredisplayed in low resolution when zoomed out, and updateto higher resolution photos when zoomed-in to double thenormal s
ale.
5 Algorithm
5.1 Data ParsingSin
e Ele
troni
 Arts does not allow developers to dire
tlya

ess the entire Spore database, the information must beretrieved through the Spore API [Moskowitz et al. 2009℄ inthe form of XML �les. In order to allow the appli
ation toperform real-time dynami
 queries and work o�ine, I 
a
hethis data lo
ally within a PostgreSQL database.Please email the author at akova
sATberkeleyDOTedu forthe full version of the paper whi
h 
ontains additional detailsfor this se
tion.
5.2 Generating MatchesEa
h 
reature's part topology is en
oded in a tree-like fash-ion. The en
oding s
heme begins by �nding the root blo
kof the 
reation; this is the only blo
k in the 
reature whi
his not a 
hild of any other blo
k. From this root blo
k, thealgorithm �nds its 
hildren, whi
h are all blo
ks that aredire
tly linked to the root blo
k. The blo
ks are en
odedusing a pyramidal s
heme, whi
h preserves both the hierar-
hi
al and semanti
 stru
ture of the 
reation. At the sametime, this en
oding s
heme is optimized for fast lookup of in-dividual blo
ks and rapid 
omparison of sequen
es betweendissimilar 
reatures. The system groups 
reatures into 
lus-ters a

ording to the degree to whi
h their blo
k sequen
esmat
h.The hierar
hi
ally en
oded blo
ks are arranged into se-quen
es of 3 
onse
utive blo
ks (parent, 
hild, grand
hild).whi
h are generated for ea
h 
reature, and then are 
a
hedlo
ally in a separate table for fast lookup. At this this point,the system runs a variant of the BLAST (Basi
 Lo
al Align-



ment Sear
h Tool) algorithm used in biology to �nd mat
h-ing sequen
es. The 
hallenge was to en
ode these 
onne
-tions of 3 in a way that makes it easy to traverse the treein a hierar
hi
al, depth-�rst fashion, but also enables dete
-tion of sibling parts whi
h are at the same level. There existSpore 
reatures that have a bran
hing fa
tor of up to 14 perlevel, so the en
oding s
heme must be robust to handle veryelaborate and 
omplex 
reature stru
tures. This te
hniquealso allows the system to restri
t the depth and granularityof the mat
hes to a 
ertain number of levels, so that mat
hesare only 
ounted for the main torso of the 
reation, ratherthan for insigni�
ant features like hairs on a limb.Please email the author at akova
sATberkeleyDOTedu forthe full version of the paper whi
h 
ontains additional detailsfor this se
tion.
5.3 Tree ConstructionPlease email the author at akova
sATberkeleyDOTedu forthe full version of this paper whi
h 
ontains this se
tion.
6 DiscussionPlease email the author at akova
sATberkeleyDOTedu forthe full version of this paper whi
h 
ontains this se
tion.
7 Future WorkPlease email the author at akova
sATberkeleyDOTedu forthe full version of this paper whi
h 
ontains this se
tion.
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