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A lar e num er of ata asein e structures ave een pro

pose over t e last t o eca es, an little consensus as emer e

re

ar in t eir relative e ectiveness n or er to empirically evaluate t ese
in e es,itis elpful to avemet o olo iesfor eneratin ran om ueries
for performance testin nt is paper e propose a omain in epen ent
approac to t e eneration of ran om ueries ¢ oose ran omly amon

all lo ically istinct ueries e investi ate t is i ea in t e conte t
of ran e wueries over 2 imensional points e present an al orit m
t at ¢ ooses ran omly amon lo ically istinct 2 ran e wueries t

as constant time e pecte performance over uniformly istri ute

ata,

an e 1 ite oo performanceine periments over a variety of real an
synt etic ata sets e o serve nonuniformities in t e ay ran omly
c osen lo ical 2 ran e wueries are istri ute over a variety of spatial
properties is raises uestions a out t e uality of t e orkloa s en

erate from suc wueries e contrast our approac it previous
t at enerates orkloa s of ran om spatial ran es, an e sketc

ork
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in e performance
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and o p ter ided esign . r strating aspe t o the Itidi en
sional inde ing literat re is that a ong the an proposed te hni es, there is
still no lear inner e en ort odi ensional inde ing. eror an e st dies
thata o pan ne inde proposalst pi all o erlittle help, presenting on s
ing and so eti es on iting res lts. igni antl a sent ro an o these
st dies is a risp des ription o the distri tion o eries that ere sed or
testing the inde . he need or rigoro se piri al per or an e ethodologies in
this do ain has een noted ith in reasing rgen inre ent ears

e ent or on generali ed inde ing s he es presents sot are and anal ti

ra e or s or inde ing that are , , appli a le to ar i
trar sets o data and eries , . s notedin , there is a si ple logi al
hara teri ationo thespa eo  eriess pported aninde o er a data set

the or aset , ,aseto s setso the data einginde ed. ote

that this logi al ie o the er spa ea stra tsa a these anti so the data
do ain and onsiders onl the e ership o dataite sin eries a er
is de ned the set o ite s it retrie es. his a stra tion leads to si pli ed
s ste s , ra e or s or dis ssing the hardness o inde ing pro le s

, ,and do ain independent ethodologies or eas ring the per or an e
o eries o er inde es

nat ral e tension o this idea is to test inde es in a si ilarl do ain
independent anner, hoosing rando 1 ro thespa eo logi al eries. n
parti lar,arando logi al er issi pl arando | hosenele ento the set
o eriess pported theinde . n this paper e onsider rando 1
generating logi al eries in this ashion or inde es that s pport range eries
oert odi ensional points.

e egin  presenting a si ple algorith  or generating rando logi al d
range eries, and e st d its peror an e oth anal ti all and e piri all .
hile in the orst ase the algorith ta ese pe ted ti e 2 or data ases
0 points, in the ase 0 mnior 1 distri ted point sets it r ns in onstant
epetedti e. e ond tede peri ents o er standard geographi data ases,
and o er s ntheti data sets o ario s ra tal di ensions in all these ases, the
r nning ti e o the algorith as ithina atoro t oo eritse pe tedti e
on nior 1 distri ted points, s ggesting that the algorith peror an e is
e ient and ro st in pra ti e.

e ontin e onsidering the spatial properties o rando 1 generated
logi al eries. e note that the eriesin a rando | generated set o logi al
d range eries, altho ghli el to edi erse ith respe t to the set o points
the ontain, a not e di erse ith respe t to nat ral properties s h as
area, ardinalit , and aspe t ratio. or e a ple, gi en a data set onsisting o
nior 1 distri ted d points, the e pe ted area o a rando logi al range
er o er those points is o the total data spa e the nits are , and the
arian e is onl . h ssi pl testing a data str t re sing rando logi al
range eries ill shed little light on ho the datastr t reperor son eries
o di ering area. Moreo er, doing sois nli el toe pose the per or an eo the
datastr t reon t pi al eries, hi hareli el to e oresele ti e.



oill inate thisiss e rther, e ontrast these o ser ations ith proper
ties o pre io sl proposed er or loads. hese or loads pro ide e pli it
ontrol o er do ain spe i properties li e ardinalit and area, t are not
ne essaril di erse ith respe t to logi al properties li e the set o points the
ontain, or the ardinalit o  eries. h sthese or loads a not pro ide good
o erage o aninde s eha iorindi erent s enarios,and a alsonot erep
resentati e o t pi al real eries either. hese o ser ations raise a n er
o resear hiss es, hih roadl a o nttothe ollo ing hallenge in order to
allo e peri entaliststodogood or anal ingtheperor an eo inde es, e
need etter nderstanding and ontrol o the te hni es or generating s ntheti
or loads.

an om ectan levs an om wuery ectan le t eouteran innerrectan les
represent t e same wuery, t ou t ey are istinct rectan les

re io s or on spatial inde en h ar ing sed eries generated ro
do ain spe i distri tions, ased on geo etri properties area, position, as
pe t ratio,et . ore a ple, an st dies generated rando re tangles in the
plane, and sed these to er theinde . ote that the spa eso rando ret
angles in the plane and rando eries are ite di erent this is ill strated
in ig re . ro a spatial perspe ti e, ; and o are distin t t o di ensional
ro astri t1 logi al perspe ti e, ho e er, ; and 4 are identi al
,sin e the des ri ethesa es seto data. e are are lin this pa
per to disting ish in the plane ro ,
hi h are hosen ro the spa e o logi all distin t re tang lar range eries.
tisina rate to onsider rando re tanglesto e good representati es o ran
do 1 hosenlogi al eries edis ssthisiss ein ore detail in e tion
he original papers on an o the ell no n spatial data ase inde es se
do ain spe i er enh ar s. hisin 1 des the paperson trees
trees , eg ent nde es ,and h trees . or so e o those papers,
the onstr tion o the rando re tangles is not e en lear or e a ple, the
tree paper des ri es generating sear h re tangles ade p sing rando
n ers...ea h retrie ing a o t o the data , and goes into no rther de
tail as to ho those re tangles are hosen. he h tree a thors ga e so e



onsideration to the relationship o  eries and data set or ingeahret

angle ta ing a rando 1 hosen e isting point as its enter a si ilar
tehni e as sedin . o ainspei te hni es ere also sed in spatial
inde anal sis papers, in 1 ding Greenes tree per or an est d , and the

ario s papers on ra tal di ensions hi h onl sed s are and radi s

er ranges . hedo ainspei approa hhas een st died in greater detail
agel and olleag es. heir or pro ides an interesting ontrast to the or
presented here, and e dis ss this in depth in e tion

n e tion e present the algorith  or generating rando logi al d range
eries. e also pro ide anal ti alres ltsa o te pe tedr nningti eo eran
dataset,and e pe tedr nningti eo er nior 1 distri teddata. n e tion
e present res lts o a peror an e st d o er other data distri tions, hi h
prod es a erager nning ti es ithina atoro o thee petedti eo er
ni or data. e tion onsiders the spatial propertieso rando 1 hosen range
eries, and in e tion e dis ss the properties o re tangles generated
prior algorith sthate pli it]l onsidered spatial properties. e tion re e tson
these res 1ts and onsiders theiri pli ations or the pra ti altas o e piri all
anal inginde peror an e.

e minimal oun in rectan le Bot an
containin points an isson represent t is rectan le

11
ini al o nding re tangle M

in 1 & 1 in 1 a 1

re tangle represented



heset o alldistin t er re tangles orrespondspre isel to theseto logi all
distin t re tang lar region eries.
ltho gh distin t sets o points an represent the sa e re tangle, e de ne
the anoni al set o points representing a re tangle ith respe t to a data set
as ollo s.

anoni al top point o

anoni al set o points representing

point er re tangle

point re tangle has one data point on ea h o its o ndaries. point
re tangle has one data point on a orner o the re tangle, and one point on ea h
o the t o sides that do not eet at this orner. point re tangle is either
a line seg ent a degenerate re tangle ith ero height or idth ith a data
point on ea h end, or a non degenerate re tangle ith data points on opposite
orners. point re tangle is a single point a degenerate re tangle, ith no
height or idth .

logi al distri tion on re tang lar eries

rando er re tangle

e onsider the pro le o generating rando er re tangles. t is eas to
generate a rando re tang lar region 1 o 1 2, hosen nior 1 ro
the spa eo alls h regions. Generating a rando er re tangle is not as eas .

o eo the ostnat ral approa hes to generating rando er re tangles do
not or ,orarei pra ti al. onsider ore a plethe idea o generating er
re tangles hoosing o r data points at rando , and ta ing the ini al

o ndingre tangle ontainingthose points. nder thiss he e,are tangle hi h
has one data point on ea h o its o rsides o ld onl e generated hoosing
pre isel those o r points. n ontrast, a re tangle ith t o data points at
opposite orners, and an data points in its interior, o ld e generated

hoosing the t o orner points, and an t o points ro its interior. sares lt,
thiss he e ill e iased to ardsthe lattert peo re tangle. ther te hni es,



s has gro ing or shrin ing rando re tangles ntil a er re tangle is
a hie ed, ha esi ilar iases.
nai e approa h to a oiding s h ias is to generate all er re tangles

and pi one nior 1 ro a ongthe . Ho e er, sin e there an e

er re tangles, this approa h is grossl i pra ti al or si a le data ases.
so e hatlessnai e ethod, hi h sesarangetree, orre tl generatesrando

er re tangles, tre ires 2log  prepro essingti e or a prepro essing
stage,and log ti etogenerateea h er ollo ingthe prepro essing stage.

he ethod ses 2log storage eo it the details o this ethod d e to
spa eli itations . in e ist pi all large thisisstilli pra ti al,and eo it
the details o this ethod here. t is an interesting open  estion hether there

is a s he e or generating rando er re tangles that in the orst ase ses
log spa e, prepro essing ti e log ,andti e log to generate
ea h rando er re tangle ollo ing the prepro essing stage. he ethod e

present in the ne t se tion does not a hie e these o nds in the orst ase, t
it does or ite ell in pra ti e.

epresent asi pleLas egasalgorith or generating rando er re tangles.

hea onto ti eittaestor n an ar e a se o rando ness in the
algorith , t hen it ter inates it prod es a orret o tp t a rando

er re tangle.

r algorith  or generating a rando er re tangle rst hooses, ith

an appropriate ias, hether to generate a rando point, point, point, or

point re tangle. t then generates a re tangle o the appropriate t pe, hosen

nior 1 ro all er re tangleso thatt pe. e present the pse do ode in

ig re . e all aniteration o the repeat loop in the algorith a . esa
that a trial is i the set  generated in that trial is o tp t.
1 4 _
2



e onsider the er re tangleo tp t  the algorith to etheret
angle represented  theset o tp t  the algorith
onsider a single trial. the set  generated d ring the trial is a point

set or a point set, then st e the anoni al set o points representing the
M ontaining . isa point set or a point set, then iso tp ti it
is the anoni al set o points representing the M ontaining . h s s

o tp ti it isthe anoni al set o points or the er re tangle it represents.
e need to sho that the algorith o tp ts ea h possi le er re tangle

ithe alpro a ilit . Let ea point er re tangle orso e et een
and . Let e the anoni al set 0 points or . n an trial, the set ill e
e alto 1 is hosento ee alto inline ,and 1is hosento ee al
to inline . h sthepro a ilit that, in a gi en trial, is the anoni al set

o points or is — -1 1.

he pro a ilit that atrialiss ess listhereore -, here isthen er

o distin t er re tangles . he onditional pro a ilit o generating a par
ti lar er re tangle in atrial, gi en that the trialiss ess lis 1 - L.
in e the algorith o tp ts a er re tangle as soon as it has a s ess 1
trial, ea h distin t er re tangle iso tp t  the algorith ith the sa e

pro a ilit o L.

his ollo si ediatel ro the proo o roposition ,in hi h it is
sho n that the pro a ilit that a gi en trialiss ess lis -.

eno doa orst aseanal siso thee pe ted r nning ti e o the algorith
r anal sis 1ill ass e that the a t al data are stored in the lea es o the

inde . hen this is not the ase i.e. or se ondar inde es , an additional
rando isre ired or ea hite in the o tp t set.
2
roposition , the e pe ted n er o trialsis -. his antit de
pendson , hih an ar a ording to the on g ration o the points in the
dataset. eno o nd . nan  point data set, the n ero point er

re tanglesis and the n ero point er re tanglesis , . hereore, on
an data set, is at least , - his o ndisahie ed datasetsin hih
all points all on a line e a se s h data sets de ne no point and point
re tangles. in e , the proposition ollo s.



log

onsider the ollo ingi ple entation o the algorith . tre ires that
the data set e prepro essed. he prepro essing an e done as ollo s. or
t o sorted arra s, the rst ontaining the data set sorted oordinate ith
ties ro en  sorting on the  oordinate , and the se ond ontaining the data
set sorted oordinate ith ties ro enonthe oordinate . ithea hdata
point in the rst arra , store a lin to the orresponding point in the se ond
arra . his prepro essing aneasil ei ple entedtor ninti e log .
hei ple ention o a trial is as ollo s. Generate the points sing th
rst sorted arra and al late the M ontaining the . ontains or
points, then o tp t and end the trial.
ther ise, egin he ing hether 1isthe anoni al set o points or
rst he ing hether all pointsin lieonthe o ndar o and hetherea h
o ndar o ontains e a tl one point o . not, end the trial itho t
o tp tting
passes the a o e tests, it is s ient to he , oreah o ndar o
hether ontains the anoni al point on that o ndar . o he a o ndar
o , nd the point in 1 ing on that o ndar . hen a ess the point
i ediatel pre eding in the rst arra or thelet and right o ndaries or
i ediatel ollo ing inthese ondarra orthetopand otto o ndaries .
e a seo thelin s ro inthe rstto inthese ond arra , an ea essed
in onstant ti e or ea h o the o ndaries. he hether lies on the sa e
o ndar o as . not, is the anoni al point on the rele ant o ndar
o ,other ise it is. ontains the anoni al point orea h o ndar o ,
theno tp t . ther ise, end the trial itho t o tp tting
in eea h o the stepsinthea o ei ple entation o a trial ta es onstant
ti e, ea h trial ta es onstant ti e. the pre io s proposition, the e pe ted
n ero trialsis 2 ,andth sthee pe tedr nningti eis 2.

ort natel , the e pe ted n er o trials is signi antl lo er than 2

or an data sets. or e a ple onsider the pl s data set, here the data
points lie on t o line seg ents, a hori ontal and a erti al, interse ting ea h
other in the 1iddle. h s, the data set is di ided into o r partitions p,do n,
le t, right o appro i atel the sa e si e. or this data set it an e sho n
that a set generated in tep a o the a o e algorith is a anoni al set

ith signi ant pro a ilit . n parti lar, i is a point set, the pro a ilit
that isa anoni al set ise al to the pro a ilit that the o r points elong
to di erent partitions. Hen e

in e or the other er t pes eg. , or point the a o e pro a ilit is
e en higher, it ollo sthat the e pe ted n er o trialsper er re tangle or
this data set is  ost



n the ollo ing se tion, e pro e that on a nior data set, the e pe ted
n er o trials e ore the algorith o tp tsa er re tangle is less than |,
independent o the n er o points in the data set. n e tion e present
e piri al res lts on oth arti ial and real data sets, sho ing that the a erage
n er o trialsissi ilarl s all.

ni or data set
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Let 1 o easet o o rdistin t rando points hosen ro
in e the pointsin are hosen ro the nior distri tion on
the nits are,the pro a ilit thatan t ohaea o on or oordinate

is . hereore, eass e itho tloss o generalit that all o r points ha e
distin t  oordinates and all ha e distin t  oordinates.!
Let e the set o per tationso ele ents 1 o . e asso iate
ith the per tation the e ent
learl the s partition the sa plespa e,soi  isthee ent that 1
are the anoni al set o points o a er re tangle, then ae or la

! n practice, t e pro a ility ill not e ero ecause of nite precision in t e repre

sentation of points on t e unit s ure, ut it ill usually e small enou so t at its
e ectont ee pecte num er of trials ill ene li i le



S etr L oreer and is the sa e or an

, SO isat all here is an per tation. a en in
parti lar 1 2 see ig re ,then
1 2 S etr
2 1
1
2 1
1
2
2 2

si ilar arg ent sho s that three distin t rando 1 sele ted points ro
ha epro a ilit 2 eing a anoni alset. neort orando 1 sele ted points
ha epro a ilit o einga anoni al set.
Let denotetheseto alls setso si e o thedataset , or .
or all sets in , let i the points in  are the anoni al points or
the re tangle the represent, and other ise. hee pe ted n er o
er re tanglesin an e o nded as ollo s
ero er e tangles

1 ero point er e tangles

1
1

1
1

1

in e the e pe ted n er o trials o the Las egas algorith is -, here

1 , the e pe ted n er o trials on data set is less than . s

in reases, the e pe ted n er o trials approa hes , e a se or large |,
or

n order to alidate the e ien o the Las egas algorith in pra tie, e
ond tedse erale peri entso er standards ntheti and geographi data sets.

ealso sed ate hni e alled Le ights to generate sets o points ith
ra tal di ension si ilar to those o ndinrealliedata , . 1l datasets ere
nor ali edtothe nits are. nparti lar, e sedthe ollo ing di ensional

data sets

ni or  n this data set points are nior 1 distri ted in the nit
s are.

o le 1 ster his dataset ontainst o 1 sters o appro i atel
points ea h, one entered near the origin, and the other lose to the point



Uniform 47 7 729

Dou le Cluster||9 4 4 92 244 2
BCounty 4 2 72 2 4
County 9 29 79 24
evy 4 292 4 4 9 499 4
evy 74 7 729 29

erformance of t ¢ an omi e Al orit m, an  roperties of t ¢ an om
an e ueries

he points in ea h 1 ster ollo a di ensional independent Ga s
sian distri tion ith 2
L ont his data set is part o the G data ase and ontains
road interse tions ro Long eah o nt,

MG o nt hesa easa oe ro Montgo er o nt,M ontaining
points.

Le . his is a data set o points generated  the Le ight
generator, ith ra tal di ension appro i atel

Le . he ra taldi ension here as loseto . iththesa en er
0 points as a o e.

e seda ain e or i ple entation o the algorith to generate

rando range eries orea h dataset and theres ltsaresho nin a le . he
ost o the algorith ise pressed oth asthen er o trials per rando range

er , and the elapsed ti e. e all that all datasets are the sa esiee ept
or the t o real datasets. or the nior data set the ost as er lose to

trials, as anti ipated. or the o le 1 ster data set the ost as a little
higher t re ained s all. he algorith peror ed er ell or the real lie
data sets e en tho gh these data sets are learl non nior . inall , or the
Le lights data sets, the one ith ra taldi ension . had the higher ost?.

he res lts o the e peri ents indi ate that o r rando i ed algorith is ite
e lentin pra ti e, and ro st a rossa ariet o distri tions.

is matc es t e intuition e in t e use of fractal imension in 4 as iscusse
in Section 24, ata lai out on a line fractal imension  results in more trials
t an ata lai out uniformly in 2 space fractal imension 2, ence one s oul
e pect orse performance it lo er fractal imension Unfortunately in furt er
e periments e foun counter e amples to t is tren a itional stu y of fractal
imension an  uery eneration seems interestin , utis eyon t e scope of t is

paper



n this se tion e onsider ario s properties o the rando range eries gener
ated o ralgorith inparti lar e onsider the area, ardinalit and aspe t
ratio o the er re tangles. ote that, gi en a data set, the areas o the er
re tangles de ned that dataset a not e nior 1 distri ted. n at,as
e sho here, the ontrar is o ten tr e.
e rstpro eares It on erning nior datasets.

2

Let e the e ent that is the anoni al set o points or a er
re tangle, and let e the e ent asso iated ith the per tation asa o e
roposition . hen or 1 2 the area o the generated re tangle
is 1 5 . Hen e, the e pe ted area is
1
1 2 1
1
2 1 2

i ilarl ,the arian eis o p tede alto 2

er no ralgorith ona nior dataset o an reasona 1 large si e,
then ith high pro a ilit , the re tangle ret rned  the algorith ill ea
point er re tangle e a sein ea h trial, the pro a ilit that the algorith
generates a  point set is er high, and on a nior dataset, the pro a ilit
that a point trialiss ess lis . hs, roposition ,thee pe ted area
o are tangle generated r nningo r algorith on areasona 1 large nior
dataset isappro i atel . , ith arian eappro i atel . . si ilaranal sis
sho s that the e pe ted aspe t ratio o the generated re tangle de ned as the
ratioo sideo er side ill eappro i atel . ith arian eappro i atel

n light o the a o e res Its, e ere interested in the spatial properties
na el area and aspe t ratio orallo o r datasets. a le sho sthe ean
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re uencies of uery area for re uencies of uery aspect
various istri utions ratio for various istri utions
al eso the three spatial propertiesin e peri entso rando range eries

o ereaho the ario s data sets. ig re sho sthe re en graphs o the
areas o the eries orea hdataset. ro ig re is lear that the distri tion
o the area o the generated rando range eries is highl dependent on the
nderl ing data set. he nior data set gi es a ariet o large area range
eries, hereas or the ra tal datasets osto the er re tanglesares aller
than o the total area. n ig re e present the re en ies o the aspe t
ratio long side short side or the sa eset o range eries,andin ig re e
present the re en ies o ardinalities. ote that ardinalit see s to e less
sensiti e to data distri tion than the spatial properties.
ne on | sion o this anal sis is that a do ain independent logi al er
generator a ha e n s al properties, and those properties a ar idel in
data dependent a s. hisis a a tionar lesson a o t generating test eries
in a do ain independent ashion, hi h ndo tedl applies to the generation
o eries o er inde es in do ains other than spatial range eries. nat ral
alternati e is to onsider sing do ain spe i er generators hen possi
le. o e plore this idea rther, e pro eedtoe a inedo ain spe i spatial
er generationte hni es ro theliterat re, and de onstrate that the raise
o ple entar and potentiall pro le ati iss es o their o n.

sre ar eda o e, other a thorsha e onsidered do ain dependent er dis
tri tions. he oste tensi ee ploration o s h distri tionsisd e to agel
et al. . he onsidered the e pe ted ost o drange eries o er distri
tions other than the logi al distri tion in parti lar the proposed o rspe i
lasses o distri tions.
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he rst lass, alled 1, onsists o distri tions that are nior o er
the spa e o all s ares o area orso e ed hose enters all  ithin
the data spa e , i.e., ithin the spatial o ndaries o the e isting data set.
his is a nat ral s he e ith lear do ainspe i properties. Ho e er, sing
a distri tion ro this lass to test the per or an e o an inde has nota le
dra a s. he or loads generated ro this distri tion are er sensiti e to
the data distri tion, and a not e statisti all so ndin the possi le
eha iors o theinde . ore a ple,i the area 1is a relati el s all ra tion
o the data spa e asis o onin an pre io s st dies, and i the data is
|l stered in a s all region o the data spa e, then rando s ares hosen ro
pareli el to ee pt. epeatedl testing aninde one pt eries a
not ield the ind o in or ation desired in e peri ents.

he other lasses o distri tions proposed agel et al. atte pt to o er

o es hdra a s. ah o these lasses is de ned in ter s o a densit
n tion on the data spa e. ne, alled 2, 18 li e 1 in that it on
sists o distri tions o er thespa eo s areso area , orso e ed , hose

enters are ithin the the data spa e. n o distri  tions, tho gh, the pro
ailit o eahs areis eighted a ording to the al e o at the s ares
enter. here ainingt o lasses o distri tions, and are o er the
spa eo s aresthaten losea ed ra tion o the total pro a ilit ass as
de ned , orso e , hose entersare ithinthe dataspa e. istri tions
in are nior oers hs ares, and distri tions in eight ea h

s are a ording tothe al eo at its enter.

agel et al. point o t that the e pe ted ost o peror ingarando ret
ang lar er inaparti lar tree or tree, or si ilar data str t re is
e altothes ,o eralllea esin the tree, o the pro a ilit that a rando
re tangle interse ts the re tang lar region de ned  the points stored in that
lea . he sethis atto o p teanal ti all , or parti lar trees, the e
pe ted ost o arando re tang lar er dra n ro a distri tion in 1-



n ontrast,to o p tethee pe ted osto are tang lar er dra n ro the
logi al distri tion on re tang lar eries, e o ld seane piri al approa h

e o 1d generate rando eries, deter ine the ost o ea h, and ta e an a
erage. he logi al distri tion is a di It oneto or ithanal ti all nlie
distri tions in 1, it is a dis rete distri tion de ned  a data set.

n later e peri ental or , , agel et al. se onl distri tions in
1- sthe pointo t,e atl o p tinge peted er ost ith respet
to distri tionsin and an edi It . n addition, distri tions
in 2, , and are de ned in ter s o a distri tion on the data

spa e. in e a real data set does not dire t1 pro ide a distri tion  on the
data spa e, the last three er distri tions are not ell de ned in the eld,
that is, or real data sets altho ghin so e asesit a e easi leto odel
the distri tion
n short, the agel er distri tions present a irrori age o o r logi

al er distri tion. he agel distri tions do ain spe i properties are
easil ontrolled, and the are a ena le to anal ti anal ses the appeal to
the int iti e properties o  spa e. ontrast, the logi al properties o these
distri tions e.g. er ardinalit are sensiti e to data distri tion and o ten

ildl s e ed,andso eo thea aila lete hni es are inappli a le to real data
sets. he do ainspei and logi al distri tions ha e er di erent strengths
and ea nesses or st d ing inde es, and e ela orate on this in the ne t se
tion.

ne ad antageo do ain dependent distri tionsli e 1 isthat the atte pt
to odel a lass o ser eha ior. hisis the goal o so alled
, and is lear]l a good idea one ain oti ation or en h
ar ingistoanal eho ellate hni e or so erall orani portant lass
o sers. nthe aseo spatial eriesit a essenseto hooses are erieso
s all area, or e a ple, sin e sers ith graphi al ser inter a es are li el to
drag s hs ares iththeir o se. hisisnat ral hen tr ing to get detail
a o tas all portion o a larger spa e sho non s reen eg., giena apo
the orld one ight dragas arearo nd is onsin.
t rando or loads an also e sed tolearn orea o tate hni e
in parti lar to stress test it. o do this, one ants to pro ide a di ersit o
inp ts to the te hni e, in order to identi the inp ts it handles gra e 11 , and
those it handles poorl . or inde es, a or load is des ri ed logi all as a set
o) eries s sets o the data , and the inde ing pro le an eset p asa

logi al opti i ation pro le an inde ing s he e sho 1d 1 ster ite s into
edsi e etstoopti i eso e etri on et et hes o er the or load
e.g. ini i e the total n er o et et hes or aset o eriesr n in

se ene. tis no eans lear that do ainspei  onsiderations help set
p these stress tests logi al or loads see ore nat ral or this tas .



ne an easil i le ith otho these hara teri ations,ho e er. learl
the do ain dependent 1 or loadsdoa ad o o odeling ser eha ior
hen the generate an e pt eries in essen e, the ignore the a t that
serso ten do area o tlogi al propertiesli e ardinalit . on ersel , the stress
i posed the logi al or load on a dinde is estiona lei ost o the
eriesarea t all largeands arishasin a le e iden es ggests that long,
s inn eries are the real ne esis o spatial inde esli e trees, hih s all
tr to | ster points into s arish regions .
hat then anone on 1 dea o tthe pros and onso logi al and do ain
spe i er generation n short, that regardless o the te hni e an e peri
entalist sesto generate eries, she needs to nderstand and ea leto ontrol
the distri tiono a or load o er do ain spe i and logi al properties o rel
e an e. denti ing these properties is not a si ple pro le , and nderstanding
ho togenerate eriesthat are elldistri tedo erthe isa rther hallenge.
ne strong on 1 sion o o r or is that this pro ess has een little e plored
in inde e peri ents to date, andisin a t airl o ple .
o di ensional range eriesarepro a | the est nderstood, non tri ial
inde ing hallenge. h s a nat ral dire tion or t re or isto atte pt and
erge the insights ro the pre io s se tions to de elop a allea le, ell
nderstood tool it or e peri enting ith dinde es. e onl de e ploring
so e ideas in this dire tion, and raising estions or generating eries in other
do ains.

n this paper e highlight a ne approa h to generating rando eries or
inde e peri entation, hi h ses alogi al distri tion on eries. e present
an algorith to generate eries ro thisdistri tion, sho ing that it has good
e pe ted peror an e or so e distri tions, and good eas red peror an e
o er a ariet o real and s ntheti data. re ainingopen pro le isto de ise
an algorith  or this tas  ith good g aranteed ti e andspa ee 1ien o er
all point distri tions.
he er di erent properties o this distri tion and pre io sl proposed

distri tions s ggest a ne line o resear h de eloping te hni es to allo e
peri entalists to easil nderstand and ontrol ario s properties o their or
load. dire t atta on this pro le isto rst ap desired do ain dependent
properties into a distri tion o er the spa e o logi al eries, and then de ise
an e ient algorith or hoosing ro that distri tion. n general this see s

ite di It, t the original pro le ta led in this paperisasi pleinstan e
o this approa h it spe i es a distri tion o er all eries , ith
o the distri tion alling into the do ain spe i ategor o er re tan
gles. erhaps this dire t approa h ill pro e tra ta le or other si ple spatial
distri tions as ell.

n fact our interest in t e su ect of ran om 2 ran e wueries as sparke y an
attempt to e perimentally vali ate t is ypot esis for a variety of spatial in e es



n addition to this dire t theoreti al hallenge, a ariet o potentiall se 1
he risti s s ggest the sel es as ell. ather than ap spatial properties to a
distri tion o er the logi al eries, one an si pl partition the data set on
spatial properties, and se the nior logi al distri tion o er the partitions.
ore a ple, to generate a distri tion ith s aller a erage er area,one an
tile the data spa e and r n o r Las egas algorith o er data partitions that
orrespond to tiles. his see s rather , t is perhaps easier to reason
a o tlogi all than the totall do ainspei te hni eso agel, et al. tis
also appli a le to e tant real orld data sets.
nother he risti is to introd e ne pointsinto the er generator s data
set in order to a hie e iases on spatial properties. or e a ple, to in rease
the arian ein aspe t ratioo a nior 1 distri ted point set, one an insert
]l sters o points along the e tre es o one a is or the other. ne an then
r n the res lting eries o er the original data set. his a allo ora etter
ontrol o er the res lting er i than a do ainspei spatial te hni e.
he goal o the +t re resear h sho ld e the reation o a do ain independed
ra e or orinde en h ar ing and testing.

ethan ina Kra ets, Joe Kilian, and oris rono or se ldis ssions, and
Je idell or his Le ight generator.
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