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ABSTRACT

A frequently-usad layout fora collection of tw o-dim ensional, fixed agpect-ratio cbcts, such asphoto

thum Inails, is the grid, in w hich row s and colum ns are configured to m atch the allow ed space. However, In
cases w here these obeets have som e group rlationship am ong them |, itcan be advantageous to show this
rehtionship In the Jayout, ratherthan In textual captions. W euse an annotated digial photo collection asa case
study of an auto-layout technigue In w hich a tw o-level hierarchy is generated, consisting of a prin ary, central
region w ith secondary regions (ypically 2-12 regions) sunounding it. W e show thatgiven specific

requiram ents, this tednigue is also ogptin al, in the sense that itw ill generate the largest size forthe cbjects.
Since alldbects are the sam e size we referto them asquantum content. These algorithm s are designed to be
real-tin e, enabling a com pelling hiteractive digplay as users resize the canvas, orm ove and resize the prim ary
regiomn . The Interactive redisplay also occurs as users add regions or objects to a secondary region.

1. INTRODUCTION

Page layoutunderw enta revolution w ith the adventof autom atic text-flow algorithm s, and w riters and
publishersnow take forgranted thattextw illlbreak conrectly at the end ofa line, or flow around an in age or
draw Ing w ithin a docum ent. Today”’s w €b brow sers w ork on this sam e principle of dynam ic flow , and m ostw €b
pagesw illreflow the textas thew indow is resized. Ifusers printa docum ent, property configured textw ill re-
flow to m eetthe paper’'sdim ensions.

This paperexplores the possibility of doing 1apid autom atic layoutw ith non-overlapping tw o-din ensional fixed
aspectratio doects, such asphotos. These obects can appear n a central prin ary region, or n secondary
regions sunrounding the prin ary region. The techniques pressnted here are especially applicable to photo
Ibraries, butm ay have applications h chip design, new spaper layout, and even city planning. A com pelling
aspectof these algorithm s is the hteractive redigplay as users change the rectangular canvas size and shape, add
secondary regions, oradd objcts to a secondary regin . Thiskind of anim ated interaction is an in portant
feature for consum erapplications such as personal photo m anagem ent.

2. CASE STUDY :PHOTO LAYOUT

Tn m any com m ercial photo m anagem ent tools, such asA CDSee [1],Addbe 2], PPhoto B], and Picasa [10],
photos are presented 1n a sim ple grid. Sthce all photos are the sam e size w e referto them as quantum content.
W hile these program sallow advanced m etadata annotation, such annotation does not carry over to the
presentation m ode so thatusers could view photosw ith different annotations sim ultanecusly, sorted
appropriately. O urw ork extends the design in new er tools such as PhotoM esa [9], which show thebenefitsofa
grid layout, based on directory structiire orm etadata annotations. Follow Ing are several screenshotsw ith
acaom panying descriptions that flustrate how such a bi-level layoutpresents nteresting possibilities for this
dom ain. M ore extensive jusdfication and a user study appearin [8].

Fam ily Photo C ollection : Figure 1 depicts a fam ily Jayout, h which photos foreach fam ity m em berhave been
chosen. Tn i, sin flarquantities of photos are In each region, which lends itself to a balanced view . Layouts

w ith reasonably sim {larquantities should be able to m inin ize w asted gpace, and w ith som e userm anipulation of
the size fosition of the prim ary region, create a Jayout that is efficient and attractive.
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Figure 1: Fam ily photo collection

V acation T rips: Figure 2 depicts a generated layoutof photos taken on a trip to Ialy. Thisisa case In which
the ordering is in portant, o thatusers can readily find a partofthe trip thatw as tow ards the begiming, m iddle,
orend. This isalso a good exam ple ofhaving m ore than four regions of photos, along w ith the need fora
dynam ic and properbalancing.
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Figure 2:H oneym oon In Ialy show ing 6 Jocationsduring a two week trip



O rganization charts: A comm on grouping is to represent organizational hierarchies, but they do notusually
have a sequential layout requirem ent. Figure 3 show s six 1egions representing the research areas of the
University of M aryland Com puter Science departm entw ith a photo for faculty m em bers. The prim ary r=gion
show s the Chairof the departm ent. T this case, a layoutw as chosen that contaned blank space in orderto
provide long enough horizontal space forthe titles. A san exam ple, if the prin ary region w ere enlarged to the
Eft, the thum bnail size could ram an constant, but the text “Scientific C om puting” would get tmmcated .
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Figure3:UM D Com puter Science D epartm ent organization chartw ith 6 research areas

R ealE sate Brow ser: Figure 4 presents a hypothetical real estate w €b site, containing a bi-level radial quantum
photo layoutw ithtn a w &b page. A sa user changes the size of the brow serw Indow , the size of the Jayout,
regims, and photos all size dynam ically to allow forthe largestphoto size possible given the relative num berof
photos n each area. Tn thisw ay, the photo flow res=m bles text re-flow Ing on resize.

Should a new house com e on them arket n Silver Spring, itwould fitnicely in the blank space under the houses
curently visble. A new house h one of the other regions could push the photo size am aller, orm ght instead
cause the secondary regions to be distrbuted differently about the prim ary region, possibly w ithout requiring

am allerphotos.
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Figure 4:RealE state Brow ser w ith 5 com m unities and the price ranges of selected hom es




3. RELATED W ORK

Ourw ork extends the work on ordered and quantum treem aps [7, 4] thatare applied in PhotoM esa [9].

Treem apsm ap a hierarchy onto a rectangular region In a space-filling m anner, and ordered tream aps add an
additonal requirem entofm aintaning order n the layout. O rerpreserving layouts reduce the effectof
rectangles shifting position as the item sizes change. The quantum requirem ent isusefiil in photo layouts, In

w hich each rectangle has sub-rectangles of fixed size. The layoutalgorithm s described In thispaperadd a
central (poth In in portance and In position) rectangle, which can itselfbe sized and m oved around the layout,

w ith the otherrectangles rapidly m oving and resizing in tum. Thisbi-level property is usefil to give

prom nence o a certan feature of the layout, be ita graphic, descriptive text, ora central feature of a non-photo
application .

The problem ofdynam ic flow of quantum -sized item saround a central rectangle resem bles text flow around
photos, which can be partially autom ated [6]. These w €b page and new spaper-like layouts provide an
Tspiration forourw ork, and they share the goal of creating layouts thatw ork w ell atany size.

W hile curapproach t© the interaction of requirem ents is to define them I such aw ay as to guarantee a solution,
other creative w ays to solve problem sw ith htenebied constaints inclide using M ante Carlo m ethods or
genetic algorithm s [11]. G enetic algorithm shave been used to solve In age placam entproblem s In the ocontext
of autom ated page layout n a digial album , usihg principles such as balance, spacing, em phasis, and uniy [5].
These algorithm sproduce usefirl results thatare appropriate in cases w here the constraints in question are fuzzy
orsubctve. T ourw ork they arem ore quantifiable, which allow s forthe sin plerand faster algorithm s
presented In thispaper. A genetic approach t© finding a soluton w ith cne orm ore of the constraints rem oved

w ould be Interesting to explore 1 future w ork.

4. PROBLEM DEFINITION AND REQUIREM ENTS

A swe defined the problem , certai requirem ents becam e clear. Forexam ple, we wanted the user setting of
canvas size t rem an stable, even if an algorithm could discoveran in proved layoutby reducing/enlarging the
canvas din ension. Sin ilarly, we decided thatuniform size forall photo thum nailswas an in portantgoal, even
if an algorithm could reduce unused space by reducing/enlarging som e thum bnails. Future research (Section 7)
m ay relax som e of the requirem entsw e have taken forgrantaed to produce nteresting variations thatm ay be
applicable In otherdom ains.

41. Fixed Canvas Size

The canvas size (w idth x height) m ay notbe changed by the algorithm , and the layoutw illle determ thed by this
sunounding rectangle, usually the w lndow size chosen by users. A susers vary the canvas size (the algorithm
nmsagain w ith each resgize), the layoutw ill change butw ill alw ays fill the sunounding rectangle exactly, never
causing itto grow or shrink underalgorithm ic control.

Relaxing this requirem entw ould let the canvas size grow if the algorithm determ ned thata better layout could
e achieved if the canvasw ere 5% w Ider, forexam ple. W hile possbly usefill, this introduces a feedback loop In
w hich the canvas size determ Tnes layout, which 1 tim determ ines canvas size. Preserving this requirem ent
allow s the algorithm t© be determ nistie, avoids this non-lnearity, and m aintains the user's sense of control.

42. Fixed Prin ary Region Size & Location

The size and Jocation of the prim ary region is setby users and notm odified by the algorithm . Ifusers change
the prin ary region size and location, then the Jayoutw illlbe updated to reflect the new size and position. As i

@ 1), rlaxing this requirem entalso troduces a feedback Joop w hich is to be avoided forsim flar reasons.

43. Uniform Q uantum Size & A gpectR atio

Thitdally, allofthe quanta (i the testcase, photo thum bnails) m usthbe the sam e size and agpect ratio . Photos that

are intrinsically different sizes can e placed on a background that is constant, such that som e photos take up the
w hole background and on som e the background show s through on them argins.



O nce the Iayouthasbeen done, this requiram entm ay be rem oved, so as to m nin ize wasted space n each r=gion.
Thisneeds to be done as a later step to avoid feedback in the mitial layoutalgorithm .

44. Secondary R egions D istributed n Q uadrants

The algorithm s are based on having four fixed quadrants sunounding the prim ary region. W ithin each quadrant
several secondary region can be placed, butno secondary region can cross a quadrantboundary. A dditdonally,
each quadrantm ustcontain at leastone region. The benefit isa tightalignm entof secondary regionsw ith the
edges of the prin ary region, thusm akng a visually appealing layout that enables easy-to-scan grids of photos in
each secondary regim .

The altematives are eitherto tighten this requirem entorto rem ove itentirely. Tightening to eightocants Eeight
boxes surrounding the prim ary region) w ould m aintain alignm entw ith the prin ary region to som e degree, but
would allow degenerate casesw ith L -haped and C -shaped regions, w hich could pose scanning problem s as the
view er tries to determ ine if the photos should be view ed leftto-right, up-and-down, etc. Rgnéd in Figure 5b). Tn
the case of quadrants, this is only a problem In <4 regions, and itcan be avoided by forcing the prim ary region
o a comer 1 these cases. Foroctants, L -and C -chaped regions rem ah a possibility forup t© 8 regins, which
coverm any of the m ostcom m on scenarios.

Rem oving the quadiant requirem ententirely com plicates things even firtther, as C -hapes and L -chapes w ould
e allow ed w ith no guarantees of lining edges up w ith the prin ary regin Figure 5¢). Trying to place regular
thum bnails i regions 7 or5 of Figure 5¢ could prove difficult. A dditionally, these layouts that cause inegularty
shaped regionsm ake tdifficult to provide an easily scan-able grid of photos.
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Figu
re 5a: Four quadrants distrbuted abouta Figure 5b: L <hape caused by using Figure 5c:M isalignm ents caused by

prin ary region octants for secondary regions arbirary region placem ents

45. F xed N um ber of Thum bnails

The num berof thum Inails i a given region is fixed, In that the algorithm cannotarbirarily add orrem ove
thum Inails to create a m ore balanced layout.

If one region has dram atically m ore thum knails than another, an application m ay find itadvantageocus to allow a
region to have only x tin es the num berof thum nails of another, orto gpecify am ninum thum lnail size which
(given a fixed canvas size) necessarily changes the num berof thum bnails thatare visble. In these cases, a
scrolbarora "M ore” butin could be added to view the thum bnails thatw ere leftout.

For the purposes of this discussion , w e enable users to decide on the num ber of thum Inails, butonce that
decision ism ade, the num berof thum bnails that the algorithm w orksw ith is fixed. A Tlow ing the algorithm to
temally fine-tune these param eters introduces the undesirable feedback Joop discussed In previous sections.

46. Fixed O rder of R egions
The regionsare to be laid cut In the order n which they are added. This isuseful n applications w here order is
In portant, w hether it is alphabetic, age-orderof children, orpage order fora t@ble of contents. Pressyving order

offers the additional benefit of stability underresize, as regions jum ping around w hen the canvas is resized has
been shown to be distracting to users and undesiable In general E].

5. BILEVEL RADIALQUANTUM LAYOUT



Based on the raquirem ents in Section 4, the follow Ing algorithm sw ill generate regions w ith the Iargestpossible
thum Inail size. W e describe the Jayouts as bi-level to indicate our solution is for tw o-level hierarchies, asradial
o Indicate that the secondary regions w rap around the prin ary region In an ordered m anner;, and as quantum to
Indicate that the item s 1 each region are fixed 1 size and shape. Because of these key featuresw e call the
algorithm BRQ , pronounced “orick” because of the playflil resem blance to a brick w all.

For future work w e think three level hievarchies presentan even m ore difficult challenge. If the secondary
regions do nothave to be w rapped around the prin ary regim, then new possibilities arise, butw e do not see
usefiil applications for such layouts. If secondary regions do nothave to contain quantized item s, then the
prablem becom esm uch sin pler, but still nteresting for som e applications.

51. Q uickLayoutA gorithm

The BRQ layoutalgorithm can be broken up into three steps, which are described here and elbborated on n
sections511,512,and 51 3-1 4, regectively:

1. D istrbute the secondary tiles am ong the 4 quadrants, using the Q uickLayoutalgorithm (G1).

2. Setthe midalquantum w idth/height, which is guaranteed to be an upperbound on the possible
quantum din ensions, using the ifal) uantum D in algorithm (6 2).

3. Reducethequantum din ensions kesping the sam e aspect ratio) until there isno overflow , using the
RevisQuantum D in algorithm (5 3). If the quantum din ensions drop below a specified m ininum ,
handle the layoutasdegenemate G 4).

511 QuickLayoutA gorithm

The QuickLayoutalgorthm w il optim ally divide regions up am ong the 4 quadrants. It is mspired by the
QuickSortalgorithm , but instead of gplitting a sequence Into tw o groups, it splits it nto fourgroups to fill the
fourquadants.

1. Lettot@al= the toalnum berof thum nails in the entire layout

2. Letre=l and r=2 be an anay of 2 region sets.

3. LetclientAreal and clientArea?2 be the pixelarea i each setthat is available for thum bnails, excluding
borders, extrectangles, etc.

4. LetareaRatio = clientAreal / (clientAreal + clientArea?)

5. Go through each secondary region, adding itto r=l, untl the num berof thum bnails n =1 > total*
areaRato.

6. Ifrem oving the m ostrecently added region from 1=l gets the num berof thum nails h r=1 closerto

toal/2),do so.

7. Putthe restofthe regions n r=0.

8. Enforce the requirem ent thatthere be at least one region in each quadrantby requiring at least 2 r=gions
T 1=l and r=2 if this is the firstcall to Q uickLayout, and othew ise requiring atleast 1 region In r=1 and
2.

9. Ifthisisthe firstcall to QuickLayout , callQuickLayout (once) recursively on rsl and r=2.

Recursive Cut Fiscéut Recursive Cut

Rgnl Rgn2 Rgn3 Rgn4 Rgn5

Figure 6 : D isrbution of the secondary regions am ong the fourquadrants

Figure 6 show s the first three regions w ould be placed Into r=l, and the next tw o would go n r=2.0n the second
reaursion, the firstw culd go into Q uadrantl , the second and third n Q uadrant2, the fourth In Q uadrant3, and the
fifth in Quadrant4 .



The Q uickLayoutalgorithm requires 3 calls, each tim e Jooking at SR 2, SR /4, and SR /4 regions respectively,
where SR is the num berof secondary regions. Thus the tim e for Q uickLayout scales linearty w ith SR .

512. MnidaluantumD im A gorithm

The Titdal) uantum D in algorithm w il set nital din ensions form axim al thum bnail size. Thism eansthatthe
output tlength, twidth) of the algorithm is defined to e an upperbound on the size of the thum Inails. Tn the
(rare) case w here every ragion has exactly row sx colum ns thum bnails, thisw 1l also be the final thum bnail size.
Tn every othercase, the thum Inail size w ill need to be reduced until there isno overflow .

1. Create fourrectanglesw ith the sam e din ensions as the quadants, as In Figure 7:

Figure 7: Q uadrant rectangles for com puting an upperbound on thum bnail size
2. Letk|{l< i<= 4} = the toalnum berof thum nails i the quadentby summ Ing the totalnum berof
thum Inails 1h each r=gion I the quadrant.
3. Ifthe thum bnailsw ere to exactly fit the space, then the follow Ing would be true foreach quadrant:
theightCanddate * twidthCandidate * |g]= clientArea;
4. Solve forquadrantl,using the known agpectratio of the thum bnails:
theightCandate = SqrtclientArea, * thumbnailAspectRato / | |)
Eﬂn?dthc andidate = theightC andidate /thum bnailA spectRatio
These tw o0 values are now upperbounds on the thum bnail size (see section 6 forwhy).

5. Solve forthe other 3 quadrants, reducihg theightC andidate and tw idthC andidate if low ervalues are
found.

The Titial) vuantum D in algorithm is sin ply a setof calculations foreach of the four regions, and thus operates
n constanttim e.

513. ReviseQuantumD in A gorithm
The ReviseQuantum D in algorithm takes as its inputdin ensions w hich are an upperbound on the possible
thum Inaildim ensions. tw ill revise those din ensions downw ard until it isnever the case that there arem ore
colimns Quadrants 2,4) orrow s (quadrents 1, 3) than any of the quadantshas room  for.

1. Forquadrantl,determ e the num berof colm nsused by the fivst region as follow s:

ocolmns= Ceiling (QuadrantC lientW idth /tW idthC andidate

U sing the Cedling allow s for colum ns w hich are only partially fill, butwhich still take up horizontal space,
asih Figure 8:



Figure 8: Secondary regionsw ith free space

2. Ifthere isoverflow , reduce the thum nailw idth by 1 pixel, and repeat Step 1.

3. Now there isno overflow : R edistribute w hatever extra space isat the end (Ehaded 1 Figure 8) am cng
all of the regions in the quadrant.

4. Ushhg the current thum bnail size, repeat for the otherquadrants.

5. W hen allquadrants have been processed, the last thum knail size w illle the correctone.

The ReviseQ uantum D in algorithm sartsw ith the upperbound on the thum bnailw idth, and reduces by one each
tim euntdl it reaches eithera defined m nin um , or zero In the w orstcase. If itneeds to go until 0, the algorithm
willmm in O fnaxinum thum bnailw idth) . This factorw llonly get large 11 the case of a large diplay w ith few
thum Inails, and even 1 that case itw ill Ikely term inate before the thum nailw idth reaches zero.

514. Degenerate Layouts
The algorithm s described In sections 5 15 3 work w ell fora center rectangle. How ever, as the recang’le is

m oved or sized such thata quadrantdoesnothave room forany regions, degenerate Jayouts occur, as In Figure
9:

Quad 2 Quad 1l

zpenod

Quad 3

v pend

Quad 3

Figure 9:D egenerate layouts, In which som e quadrants are em pty
To correctly handle these Jayouts, the Q uickLayoutalgorithm m ustbe m odified as follow s:

D eterm e the num berof non-em pty quadrants:

1. Itherar4,proceaed o the nom alQuicklLayout.

Ifthere are 3, procead to TrQ uickLayout

IFthere are 2, procead to Step 4 of Q uickLayout @fterthe firstpartition)
Ifthere is 1, allocate all regions to thatquadrant.

Ifthere are 0, donotshow any regins.

U W N

Each of these layoutalgorithm suns in tim e that is Iinearw ith the num ber of regions, as described in the nitdal
QuickLayout section .

Tri uickLayout

This isa special version of Q uickLayout to handle division of a collection ofn discrete-sized pieces as evenly as
possible 1 thirds:

1. D ivide then regions nto two piles, asdescribed In the Q uickLayoutalgorithm . A tthispoint, there are
tw o ragions closest to the Q uidkLayout splitpoint; ane to the leftand one to the right, atdisances a and
b:



~

n/A
QuicklLayout SplitPoint

Figure 10:D viding secondary regionsam ong three “quadrants”

2. M ove one of the regions adjacent to the Q uickTL.ayout splitpoint to a third pile, such thatafter the m ove,
the average distance from each side to the dbsolute centern/2 is as close to equal aspossible. Tn Figure
10,bwould be added.

3. RepeatStep 2 untiladding a wgion causes h/3 -new pik’s area|to bem ore than itw asbefore that
iteration of Step 2. W hen thishappens, backtrack one and save the requltas the answ er.

52 Post Processing

Once the algorithm has run, certain actions can be done to increm entally in prove the autom atically generated
layout. W e describe tw o here, although otherpossibilities exist. T general, these actions can be suggested by
going over the requirem ents of section 4, and violating one of them atthis later stage, w hereas violating them
during the mitial layoutw ould cause undesirable feedback and backtracking. Forexam ple, violating

Requitem ent4 2 (Fixed Prim ary Region Size & Location) suggests resizing or repositioning the prin ary regimn
o geta “etter” layoutaccording to som em etric.

521 Vary ThumbnailSize

There w as aonsigent feedoack from the inform aluser study thatusers did not like the w asted space frequently

generated by the “uniform thum nail size” requirem ent. A sa result, once the hithlalgorithm hasnmn, itis

possible to ncrem ent the thum nail size h each region untilany further ncrease w ould cause overflow of the
region . Thisallow seach region to have am lnin um ofw asted space, atthe expense of the photos n different
regimnsno Ionger Ining up . Thism ustbe done as a postprocessing sep o avoid violating Requirem ent4 3
fniform thum nail size) .

522 A dd Scrollbar

Tn oder for the Jayouts to scale properly, a scrollbar can appear In a regim if that region has subgantially m ore
thum Inails (curently setat20x) than the sm allest region, orthan any otherregion, depending on user
preference. The addition of the sarollbar iivolves deciding how m any thum bnails to show (gom em axin um per
regim), and then adding to thatnum beron a pertegin basis h order to enforce a full grid w hen notall photos
are visbble. Forexam ple, if am axinum of40 thum Inails outofa regim’s 70 are o be shown, and there are 7
colum nis, the fifth row w il have only five thum bnails. In this case, 2 thum bnails should be added to the lastrow
=0 that the grid w illbe full unless the scrollbar is at the lastposition. Thesem ustbe added as a postprocessing
step o thatRequirem ent4 5 (fixed num berof thum bnails) isnotviolated during the initbal layout.

53 D ynam ic Behavior

The algorithm s described above allow for mteractive, dynam ic behavior that encourages experin enting w ith
prin ary rectangle placem ent, size, and overalldin ensions. Thisgoal led us to develop com puted layouts,
avoiding the hill-clim bing orbacktracking strategies that are often used 1 constraint satisfaction prablem s. The
typicalbehaviorw e w ished to support is to allow users tom ove the prin ary rectangle from  the upper left comer
o the center, and then enlarge itto highlight its contents Figure 11). O therbehaviors include userresizing of
the canvas and addition Aeletion of regions asw ell as thum bnails.
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Figure 11:Dynam ic Behavior of BR Q -Liayout show ing user
controlover dragging and sizing of the prim ary region
54. Perform ance

To confim the dynam ic behaviordescribed for these algorithm s, w e conducted 3 trials, in which regionsw ere
hcrem enally added w ith 10, 50, and 100 thum bnails per region, until there w ere 100 r=gims added. Execution
tin ew asm easured for the three algorithm s, dem onstrating that the algorithm sw ere rapid encugh, w ith no
unforeseen explosions even at the high end of 100 thum bnails n each 0of100 regions, fora to@lof 10,000
quanta being positioned. Forthis textcase, the Q uickLayout, nitial) uantum D in , and R eviseQ uantum D in
algorithm stook 0.037m s, 0.014m g, and 0 14m s respectively on a Pentim IV 2 4GHzw ith 1GB ofRAM .

A dditional tests confimm ed the Iheargrow th of tim e w ith num ber of thum Inails.

The draw Ing of the photosw asm ore tin e consum ing, exerting asm uch as three orders of m agnitude 350m s)
greaterdrag on perform ance than any of the resizing algorithm s. W ith better in age storage allocation, these
photo digplay prablem s can be solved, Independentof the algorithm ic perform ance outlined in this paper.
6. OPTIM ALITY DISCUSSION
T ishard to quantify whatm akes one photo layout “boetter” than another, as subpctive m easures could vary in
different applications and for differentusers. Forourpurposes, how ever, we w ill use the follow ing definition to
try to describe an “optim al” layout:

A Jayoutis said to be optim al if there isno Jayout thatresults n Jarger thum bnails.
Since any available space should be usad for Increasing thum bnail size, this is equivalent to a second definition :

A layoutis said to be optim al if there isa m lninum ofunus=d space.



U sing these definitions, the algorithm s described here produce layouts that are optin algiven the requirem ents n
Section 4. The relxation of one orm ore of these requirem ents could provide a layout thatbetterm eets these
optim ality criteria, butat the expense of ease of scanning, consigent region placem ent, equal thum nail

prom nence, and otherproblem s discussed 1n Section 4. The follow Ing sections discuss the optim ality of
algorittm s51,5 2, and 5 3 regpectively.

61. D istrdbution of R egions into Q uadrants

QuickLayoutdivides the regions am ong the quadrants as evenly aspossible. Tm balknces tend to occur fora
thum Inail distribution w hich is very heavy on one side (forexam ple: 5 r=gions, where 14 have 5 thum bnails
each and r=gion 5 has 50). In this case, Q uickLayoutw ants to put regions 14 in quadrants 1 and 2, but then
region 5 would need to getplaced in quadrants 3 and 4, violating requirem ent4 4 and causing the undesirable L -
shaped region. So I thisexam ple, regions 4 and 5 would go Into quadrants 3 and 4, causihg a reduction

thum Inail size m andated by requirem ent4 4.

62. Upper Bound cn Thum bnail Size

The Titial) uantum D in algorithm calculates a value for thum bnail size using height, w idth, and num berof
thum Inails, Inoring row vs. colim n layouts and uneven distribution am ong regions. To show thatthisisan
upperbound, considerw /, a proposed thum bnailw idth that isw derthan w , the value clain ed to be m axin al.
(SThce the agpectratio is fixed, thisalso inpliesanh’ > h.) Therefore,w’ xh’ x # thum nails) > clientA rea; as
defined In 5 2, w hich m eans that the thum bnails take up m ore absolute area than isavailable. Thus the valuesw
and h are upperbounds from which ReviseQ uantum D in can confidently revise only dow nw ard.

63. FmalThum bnailSize

The ReviseQ uantum D in algorithm w ill alw ays result in at least one quadrantcontaining all of its row s
(Quadrants 2, 4) orcolum ns (quadrants 1, 3) having at leastone thum bnail, thus tightly fitting the setof
thum Inails to the quadrant’s clientarea. A sa result, the otherquadrants by definition have am Ininum of
unused gpace and the largestpossible thum Inails, shce if the thum bnails w ere m ade any larger they w ould
overflow the tightest fitting quadrant loecause all thum bnails are required to be the sam e size) .

64. Im provem entsby R elaxing R equirem ents

There are severalw ays In which usersm ay want to in prove the quality of the generated layout, by m anually
adjusting som e of the requiram ents th Section 4. U sers could choose, forexam ple, to increase the prin ary
rectangle’s din ensions, or change its position, ifan nitdal layout show ed extra gpace. A manualchange
ordering of the regions could also result in a better layout. The “sam e size thum bnails” raquirem entm ghtbe
relxed, w ith thum bnails grow Ing to different sizes n theirvarious regionsuntil there isno wasted space, atthe
expense of having different sized thum bnails h each r=gion.

Each of these useractions should be view ed as being at the application level: The algorithm s discussed here
provide a garting pointgiven certan requirem ents, and if those are m odified, they w 1l again generate a best
layoutbased on the new requiram ents. Any Interaction betw een the application leveland the algorittm layer
causes feedback loops thatm ake determ nistic solitdons in possible.

If a better solution w ere desired, at the expense of the feedback loops described above, an approach w culd be to
generate a setof thum bnail din ensions forpomnts about the current solution, fora given requirem ent. For

exam ple, once the algorithm has finished, itcould generate “what=if" scenarios, varying the size of them ain
rectangle or its position by up t© som e threshold. D epending on how m any requirem entsw ere violated and to
w hatextent, som e num berof hypothetical din ensions could be generated. Since the calculations are relatively
trivial, m any of these could be generated 1n a shortperiod of tim e, and by looking at this space, a better solution
could be found. This type of operation should only be allow ed at the explicit request of the user, as som eone
trying to exactly locate the prim ary rectangle could be frustrated by an autom ated agent “im proving” the
position to enlarge the thum bnailsby changing the position that the user is trying to cban.

65. U ser Evaluation

To gauge userregponses to these bi-level radial quantum layouts w e asked fourknow ledgeable users of photo
THorary softw are to review our nterface for3040 m nuteseach B]. T thism odestusability study, they w ere



shown the on-screen, but static layouts n Figures 14, in orderand asked w hat they understood about the layout
and relationship am ong the regions i each Figure. The users understood w hy a particular thum bnail size was
chosen, although som etin es only after carefiilly com paring regions to find the one thatw as constraining.
Several voiced Interest In a feature thatw ould relax the “sam e thum nail size” requiram ent h oxrder to have less
wasted space. They all appreciated the ability to m anijpulte the layout n realtim e.

7. CONCLUSION

This paperhas described requirem entsand the BRQ Jayoutalgorithm to layouta large collection of tem sina
bi-level hierarchy. M any applications could use these algorithm s to do dynam ic layoutquickly and

determ histically, and digial photo layouts are an especially in portantexam ple of such an application. A vial
aspectofthe BRQ layoutalgorithm is its rapid perform ance, which enables com pelling Interactive experiences
as users regize the canvas, add Aelete regimns, oradd Aelete item s to a r=gion.

Future work Includes nvestigation of the requirem ents described here, w ith an eye to rem oving som e of them
and em ploying hill-clin bing, backtracking, or other tedmigques to circum ventnon-lnearities n the resulting
equations. A furtherchallenge isextend these ideas to a three-level hierarchical layout, which presents
additionaldifficultes. A three-level layoutof digial photos could be usefiil to show grandparents, parents and
grandchildren in cne large ensam ble, oran omganization chartw ith COO ,VPs & seniorm enagers In concentric
rectangles.
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