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Abstract
In this work, control strategies for co  ining
two otentiall owerf 1 er anage ent

techni es in o ect ases were e ise an
e al ate er ool seg entation with
seg ent s eci cre lace ent criteria, an

al ering consisting of co ing o ects
fro  ages into o ect ers wo i en
sions e ist for e erting control on the er
ool the ti e which eter ines
at what ti e o ects are co ie fro their
e or resi ent ho e age,an the

ti e which eter ineswhen a co ie

o ect is to e transferre ack to its ho e
age long oth i ensions, it is ossi le
to i erentiate etween an an a
strateg he e tensi e e eri ental res lts
in icate that la o ect co ing co ine
with an eager relocation strateg is al ost

alwa ss erior an signi cantl o t erfor s
age ase ering in ost a lications
tr ct
In the ighties, o ect oriente ata ase s ste s

as the otential ne t generation ata ase
owe er, now that the initial h e has
estion is whether or not the can ac

er a s stantial share of the infor ation

e erge
technolog

anishe the
t all con
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technolog  arket ke iss eswill e erfor ance
In this work, the artic larl cr cial iss e of ain

e or er anage ent in o ti iing o ect
oriente ata ases ste swasa resse er an
age ent was st ie intensi el oth researchers
of o erating s ste s , en an ata ase

anage ent s ste s R , to
na e stafew er ool seg entation has een
st ie in the relational conte t eg enting the

er ool roiesthe eiilit toc sto ie the

re lace ent strategies for artic lar reference at

terns hisise en orei ortantin o ect
oriente  ata ase a lications which ten
to e co tationall ore co le an , therefore,
e hi it an e en larger ariet of i erent reference
atterns onse entl , in this work, a seg ente

er ool organi ation as se the I al

gorith was a o te
ost of the work on er anage ent ass es
age ase ering which is then incor orate in
ost co ercial o ect oriente ata ase s ste s
eg, ect tore owe er, this work
shows that in the 0 ect oriente o el, the e i ilit
of al ering , shol ee
loite his allows ering entire ages as well as
isolate o ects In this wa it is ossi le to er
well cl stere  ages that inha it an a lication

rele ant o ectsan , at thesa eti e, toe tract iso
late o ects fro otherwise seless ages
he work re orte here e ise an e al ate
control strategies for co ining these two oten
tiall  owerf 1 er anage ent techni esin o
ect ases er ool seg entation with seg ent
s eci ¢ re lace ent criteria, an al ering
consisting of co ing o ects fro  ages into o ect
ers or lea ing well cl stere agesintact wo i
ensions e ist for e erting control on the er ool
the ti e which eter ines when o ects
are co ie fro their e or resi ent ho e age,
an the ti e which eter ines when a



global_free
ps
ig re na shot ofa  al er ool
co ie o ectistransferre ack into its ho e age
long oth i ensions, an an a strateg

were e ise o assess the i erent control strategies,
ane eri entals ste was ilt consisting of a age
ser er connecte with clients anaging a
seg ente al er ool hee tensi ee eri en
talres ltsin icate thatla o ectco ingco ine
with an eager relocation strateg is al ost alwa s s
erior an s stantiall o t erfor s re age ase
er anage entin osta lications
he rest of the a er is organi e as follows ec
tion  escri es the asic conce tsof al ering in
a seg ente er ool ection classi es the ar
io s control sche es for anaging a seg ente al
er ool ection isc ssesi le entationiss es
antitati e assess ent follows ection  escri es
thee eri entation latfor ection is ali esan
isc sses the res lts of the ench arks ection sets
forth the concl sions reache

a r a a t

sstate a o e, workon ata ase er anage ent
in the relational conte t in icates that a seg ente
er ool ot erfor s a glo al er ool eg
entation of the er ool allows the se of e i
cate re lace ent strategies for i erent seg ents of
the ool there ,t ning er anage ent fors e
ci creference atterns asre orte ,eg,in In

an o ect oriente ata ase s ste , the seg ente
er col e organi e to hol either ages or

o ects in the following calle

re er organi ation onl allows

the aintenance of entire ages as the are store
on secon ar storage his sche e otentiall s ers
fro a er tili ation, if the o ect aseis oorl
cl stere with res ect to the corres on ing a lica
tion  he other e tre eisa re orga
ni ation in which all o ects are e tracte fro their
ho e age,ie, the age on which the are store on
secon ar storage  his organi ation can in ce an
nnecessaril high o erhea for well cl stere ages

ie, those ages that contain an rele ant o ects
his a er shows that er seg entation sho 1
eco ine with which er its ain
taining entire ages as well as isolate o ectsin the
er ner al ering, the er oolcol e
seg ente into age ase an o ect ase seg ents,
each of the witha e icate re lace ent olic he
al er organi ation er itslea ing well cl stere
ages in their entiret in a age ase seg ent, while
o ects locate on otherwise seless ages can e
e tracte an co ie intoan o ect ase seg ent
ig  shows a sna shot of a  al er ool his
er is seg ente into fo r seg ents two rel

o ect ase seg ents an ,a age ase seg

ent, , an a s ecial seg ent, _ , that is
a to aticall allocate fore er er ool an con
tains oth ages an o ects er gran le is con
taine in one seg ent at ost that kee s the sage
statistics of the gran le ore a le, the sage statis
tics for o ect are ke t in seg ent , an for

o ect in , while the sage statistics of their
ho e age arein e en entl aintaine seg
ent he sage statistics of an o ect are ate
eer ti eana lication accesses the o ect the s
age statistics of a age are ate when an o ect
that is locate in the ageis accesse for the rstti e

an the age is accesse to locali e this o ect
Ifagran le lea es thelocalit set ofa age ase
oro ect ase seg ent,itis transferre into the seg
ent - he seg ent - is se to
aintain gran les that ares ectto i e iate is
lace ent as soon as er s ace is nee e
he iagra in icates that age ase an o ect
ase seg ents a oerla orea le,o ect
is containe in an , at the sa e ti e, its ho e
age, , in which it is still locate , is containe
in the age ase seg ent, he o erla ing of
age ase an o ect ase seg ents re cesco

ing o erhea an increases er tili ation ore
a le, o ects an can e accesse e all
in seg ent ect , howe er, was co ie an
is ere twice once, within its resi ent ho e age
an once, in the e tra co in this case, the
seless co ofo ect is calle a

he sha e gran les in ig in icate a o i
cation that nee s to e  she on is lace ent

1 shing a sha e o ect whose ho e age is not

c rrentl e or resi ent, re ires ringing in this
age, co ingtheo ectintothe agean then sh
ing the age
In a client ser er s ste , al er
ing can e incor orate in se eral wa s i et
al in estigate an o ect ser er architec
t re in which the ser er ers agesan shis o
ects into the client s o ect oriente works ace al



ering col also ee e e within an o ect
ser er ie,theo ectser er ers 0 ectsan ages
tore cethen erof agefa ltsintheser er ow
e er, in this work, a age ser er architect re was in
estigate , since this architect re a earsto e se

in ost ofto a so ect ases ste s in In
or rotot e, a al er ool was locate in the
iskless client workstation to ini i e the co

nication etween client an ser er, an an or inar

age er ool was locate in the ser er
ass cat a Iy
trat ]
ecti e al ering control strategies st take
two i ensions into acco nt
his eter ines at what ti e
or ore recisel , on what e ent ano ectis

co ie fro its e or resi ent ho e age into
an o ect seg ent of the er ool

his control i ension eter

ines at what ti e an o ect co re io sl

e tracte fro itsho e age is gi en an ,

if necessar eca se of o i cation, transferre
ack intoits e or resi ent ho e age

In ig athesetwocontrol i ensions are sketche as
ti ea es or oth i ensions twoe tre escan e
isting ishe , na el an an a strateg

o ining the two alternati es of either i ension
ren ers a strateg s ace for al er anage ent
whose corner stones are in icate llets their
control strategies are o tline in ig rther ore,
the control strateg , n er whichnoo ectco
ing takes lace, is classi e as a llet at the to of
the co ing ti e a is since no o ect co ing takes

lace, no relocation is re ire

n er eager o ect co ing ,an o ectise
tracte fro itsho e agean co ie intoan o ect
seg ent when it is accesse forthe rstti e ie, on

h s, access to o ects is alwa s carrie
n er an inor ertoa oi wast
er s ace for i le ages, a er ool

in s ch a wa that the o ect
are to the age seg ents

o ectfa It
o tonco ies
ing recio s
shol e con g re
seg ents are large co

If con g re ro erl, will often re ce the
n er of agefa ltsasco are to ering ages
onl eri ati es of , therefore, are se
in I , ,its co  ercial s ¢
cessor, Itasca Inc , an in the ersistent irt al

achine , howe er, shows

signi cant raw acks for artic lar a lication ro
les ore a le,ina licationsthat rowsese en
tiall thro gh a large ol e of ata, then er of
age fa lts cannot ere ce or these a lications,
co ies o ects nnecessaril , there ro cing
consi era le o erhea to allocate ain e or

in the er ool for the co ies en worse, if 0 ects
are o i e ins chase entialscan, can ca se
atre en o sn er of a itional age fa lts if the
ho e agesare is lace eforethe o ie o ects

are she

also has oor erfor anceif the o ect ase

is cl stere er well In this case, it is a antageo s
to er on a er age asis since the cl stering al
gorith  has alrea  consi ere the a lication s ref
erence attern , k or well cl stere

o ect ases, will s er fro the co inge ort
eca se the o ect e traction cannot signi cantl in
crease the er tili ation
o re ce the raw acks of
ering on a er o ect asis
enhance er tili ation la
was e ise

t still allow
whene er sef 1 to
o ectco ing

the o ects as late as ossi le
ie, an o ect is co ie onl when its ho e age is

is lace fro the er ool an itisstill e er
of the localit set of an 0 ect seg ent

or se ential scans, the est case of ,

erfor se all well eca senoo ectisco ie ina
se ential reference attern, ages are accesse ore
often thano ectsan th s,theo ects ro o tofthe
localit set of their o ect seg ent efore their ho e

ageis is lace n the other han ,ifana lication
re eate 1 accessesasetofo ectsthatares rea o er

he 1 ea is to co

a large n er of ages, the est se of ,
willco o ects as necessar to achie e a goo er
tili ation
ince co ing of o ects takes lace at the ti e a

age fa 1t occ rs ie, when er s ace is allocate
for the new age ,theco ingofo ectsiso erla e
with the ti e the client waits for the new age n
the other han , n er , 0 ects are co ie st
a age has eenloa e an I  waiting ti es
cannot ee loite for o ectco ing
If o ectsare o i e , howe er, will not al
wa s erfor o ti all o escri e the eha ior of
in this case, the ter s ates of o ects
ie, while the ho e age is still resi ent an

ates of o ects ie, after the is lace ent of the

ho e age are se Ifonl earl ates are carrie
ot, re is ne the o i cations areco it
te to the ata ase when the age is is lace an



ig re
afterwar s,no o i cationsnee to e she ow
e er,ifearl an late ates are carrie o t, will

sh the ho e age twice once, when the ho e age

is rst is lace toco  ittheearl ates, an once
again to  sh the late ates In co arison,
a oi s the shing of earl ates, there ossi 1

ca sing an a itional age fa 1t at a later ti e

o eal with ear] an late ates, two eri a
ti esof re were e ise an e al ate
recl es the is lace ent of ages as long as the
age contains o i e o ects that elong to the lo
calit set of an o ect seg ent ie, o ects are not
co ie fro oie ages he alternati e, ,
co ieso ectsassoon asthe are o i e forthe rst
ti e, rather than waiting ntil the age is is lace
th s, like a oi s the cost of shing
the ho e age for the rstti e toco it the earl
o i cations

he st eal with the e ent that
ano ectise tracte fro itsho e agean that the
ho e ageis is lace fro the er ool e ent
all ,itis ro ght ackinto the er his is referre
to as in ig

n er eager relocation , an o ect is relocate
regar less whether or not it was o i e as soon as
its ho e ageis ro ght ack into the er ool

ore a le,iftheho e ageofo ect isloa e

lassi cation che e

into seg ent in ig
that is not resi ent ,

e g, to access o ect
shes the o i cations of

o ect , arksthe ageas o ie ,an gies
the co of o ect so that seg ents an
o erla at the location of o ect

In co ination with , co letel eli i
nates licates aco ofano ectonl e istsif the

ho e age is not resi ent
of agefa lts eto shing
iie
n the other han , howe er, following , 80 €
o ects are relocate  nnecessaril e g, if the ho e
age of o ect is loa e an 1 e iatel is
lace again, o ect is relocate an s se
entl co ie nnecessaril nnecessar relocation
ca ses o erhea an nee less shing of agesto
the ata aseifano ectis o i e ,relocate ,co ie

rther ore, the n er
oie o ectsis in

an nall, o1ie again
he co ination of an a ears to fol
low two contra ictor olicies on the one han , access
sho 1 alwa s e carrie o t on co ies , an
on the other han , co ies are s o0se to e gi en
as earl as ossi le or this reason, the

strateg co 1 e safel
antitati e e al ation cf ection ,
howe er, re resents a corner stone in the f 1l range
of ossi le al ering strategies an is, therefore,
shown in ig

isregar e in the

relocates o ects as late as os
of an 0 ect is esta lishe , it will

a relocation
sile nce a co



ro s o t of the lo
is chosen as a ic

not egi en efore the o ect
calit set of its o ect seg ent an

ti in the seg ent - in ti es of scarce er
s ace

hereas isano eltechni e, ,incon nc

tion with eager o ect co ing was alrea e ise in

I i In o s,a relocation sche e

is also se he o ects are co ie into ir

t al e or where the re ain ntil an a lication
co its hortagesin h sical ain e or areo er
co e theswa ingfacilit oftheo eratings ste ,
an relocation is carrie o t collecti el for all cache

o ectsattheco itti eofana lication
io sl , a oi s the nnecessar relocation
of o ects n the other han , ight iss the

last chanceto sha o ie o ectwitho tin cing

a agefa lt In a ition, er tili ation is gener

all lower eca se of the licates inc rre when the

ho e age of e tracte o ects is reloa e into the
er to access so e other o ect

s shown in ig a, there are an ossi le aria
tions of relocation strategies he erfor ance of o
ect relocation techni es strongl e en sono ect

o i cations wo f rther strategies were e ise as
aco ro ise etween an

elocation of non o i e
oie o ectslail

o ects eagerl an

elocation of o0 i e o ects eagerl an non
oie o ectslail

Itho gh one is the e act o osite of the other,

oth akesense n erthe rststrateg ,then er
of ti es a ageis she tothe ata aseisre ce
eca se onl ages containing at least one o i e

o ectnee to e she on is lace ent fro the
er ool hesecon strateg re cesthen er

of age fa lts that co 1 occ r eca se of shing an
o ect whose ho e age was is lace

tat ss s
In this section, so e of the s eci cs of i le enting

al ering are a  resse

n a lication can irectl access an o ect that
is in the localit set of an o ect ase seg ent, re
gar less whether the o ect has een co ie or not

o this en , an is allocate for all
these 0 ects an registere in a hash ta le, the so
calle resi ent o ect ta le no ect escri
tor contains a ariet of infor ation e g, in the

mod seg resObj

(o=~ @]

descriptor pidA

seg nextObj seg _nextObj

|.|no|yes|os|l|.—|%|.|no|no|05||NIL|

descriptor 0id2 descriptor oid1

ig re ect an age escri tors
el the ain e or a ress of the resi ent o ect

is ateriali e to carr o t the access or for ointer

swi ling , the el in icates whether the
o ect has een co ie , the el sa s whether
the o ect st e she eforeit a ee icte
eca se it has een co ie an oie,an the

el refers to the er seg ent the o ect is locate
in so that sage statistics can e aintaine after the
o ect has een accesse co rehensi e escri
tion of o ect escri tors an a itional infor ation

the kee eg, forlocking isgi enin i

If an a lication inten s to access an o ect that
is not in the localit set of an 0 ect ase seg ent,
ano ectfa ltisin ce ,an theo ectsho e age

st e accesse 0 thlS en , a is
allocate for e er resi ent age that is in the localit
set of a age ase seg ent,an the age escri tors
areregistere intheresi ent ageta le gain, a

age escri tor kee s all the infor ation to eter ine
the state of a age in the er ool

ig ill strates that the escri torsofo ectsthat

are locate in the sa e ho e age are chaine to a
list ia the el , an that the escri tor of
the ho e age is the anchor to this list ia the

el si ilar echanis was e ise in

akes se of this chaining to n all the o
ects that are co ie when a age is is lace hat
is, the chaining allows n ing e cientl those o ects
that elong to the localit set of so eo ectseg ent,
that ha e not een co ie et,an that are locate in
the age to e re lace rther ore, whena o i

e ageis she totheser er,allthe o ie an
co ie o ectswhose escri torsarechaine in thislist
are she aswell regar less which relocation olic

is se if the reco er algorith allows this ie, a
olic is se
or ,all theresi ent an co ie o ectslocate
ina age st ei enti e when the ageisreloa e
onse entl , the escri tor of a age,ie, the anchor

of the list to n these o ects, st eke te enif
the age has een is lace he escri tor of a is

lace agecan egar age collecte when all co ies of
o ects locate in this age ha e een gi en ol
lowing , on the other han , the age escri tor
can e iscar e assoon as the ageisre lace



ering aria le sie o ects co licates ain
e or allocation signi cantl Ino r rotot ean
th s,inthe erfor ancee eri ents,theclients ain

e or was anage a s ste n
ages were ere witho tan o c ts se ecte ,
s ere ore fro e or frag entation than
, since ere ore ages ro the oint
of iew of the s ste tili ation wast
icall for , for ,an alwa s
for h s, er frag entation was consi era le
for the al ering strategies s isc sse in ec
tion ,howe er,fro a oint of iew, ti
li ation was etter in ost cases for the al ering

strategies eca se o ectscol e ere witho t
ering non rele ant neigh oring o ects that were
locate in the sa e age en tho gh the gross
tili ation was lower, the net er tili a

tion was t icall consi era 1 higher than in a re
age ase er

If is followe , 0 ect ase an age ase seg
ents, an , in artic lar, o ect ase seg ents an

the seg ent oerla e tensiel eg, in
ig , seg ent an seg ent - o erla

for o ects an hen er s ace is

scarce, the re lace ent olic of seg ent

col ossil choose as a icti a age thatis er
chin ol e inthiso erla ent eg, age ]
ares lt, an o ects are co ie an er s ace is
e en scarcer e totheo c tsca se the co ies
ore e thissit ation, the

of a ageis e ne as the ratio of the total ol e of
the o ects that are locate in the agean elong to
the localit set of so e o ectseg ent an that ha e
not een co ie relati e to the si e of the age In

ig ,the of age is for ages an
,an  for age ages whose e cee s a
certain threshol eg, col e recd e fro
is lace ent
Intro cing s ch a threshol has se eral a an

tages well cl stere agescan ei enti e ,an th s,
co ing an relocation of o ects locate on these
ages can e a oi e rther ore, it is ossi le to
recl etheco ingoflargeo ects ie,o ectsthat
arenearl as igasa age or ig ortionsof er large
o ects

In general, an o ti choice of the threshol will
e en on how well the o ect ase is cl stere for
a s eci c a lication he e eri ents with ar
ing threshol s not re orte in this a er in icate
that er goo erfor anceis s all achie e witha
threshol of In the range etween an , the

threshol i nota earto ea er critical ara e
ter It sho 1 , howe er, not ro elow since oth
erwise, often egenerates to no co ing ,
an it sho 1 not e greater than to a oi the ef
fect escri e a oe ie, er s ace eco inge en
scarcer after the e iction of a age

c ar r t

ents were carrie ot n er
n ontwo mn arc workstations that
were connecte an isolate thernet  he ser er
achine ha a isk rie oe n
an the client achine was iskless,ie, e er age
fa It in the client s er oolin ce are estto
the ser er
he ser er was a age ser er e elo e within the
ro ect in the wa it was se , it was er
si ilar to, eg, the age ser er of the o sss
te ro he ser er aintaine a age er ool
that was restricte to ages at tes which
was a ro i atel half the si e of the o ect ase
h s, er hit ratios in the ser er were non tri ial
In the client, o ects were accesse on the asis of
h sical o ecti enti ers that were tes long an
containe the o ects er anent a ress, ie,
an In a ition, the client containe a  al
er oola 1inga er allocation sche e that is
characteri e as o
ake theres lts oreco rehensi le,onl onea li
cation wasr n at ati e single ser o e,an onl
one age ase an oneo ect ase seg ent were al
locate in a ition to the - seg ent  heir
si e was con g re ,gi enthea i
cation s ro le an the total si e of the client s er
ool he age ase as well astheo ect ase seg

he erfor ancee eri

ents were aintaine an re lace ent olic
whereas for the - seg ent,a I olic was
a lie

he erfor ance e eri ents were carrie ot s

ing the rea onl , few ates , an
an ates tra ersals of the ench
ark o eter ine the res onse ti e, e
er r nwasre eate threeti esan the a erage was
taken In all the e eri ents re orte in this a er,
the ench ark wasr n against the o ect
ase ie,ano ect asewith an

er In thisi le entation,

the si e of this 0 ect ase was a ro i atel
ages isregar ing the in e str ct res that were not
accesse the tra ersals  he res Its scale to large
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ig re o ing erhea of al ering
ol ra ersal, cl stering
cl stering was artic larl a ena le since these
tra ersals onl oie ,an th s,
all the o ects that were o i e were cl stere
together s a conse ence, onl a fraction of
the reference ageswas o i e an nee e to
e she whereas n er cl stering, al ost
eer agewas o1ie
ects were lace ran o 1 into
ages
r vr ac r ts
In this section, the ain res lts of the erfor ance
e eri ents are resente he no el co ing strat
eg , re ,an itstwo eri ati es a oi
ing the co ing of o ects fro oie ages an
co ing on o i cation, in co ination
with la an eager relocation, aree al ate an co

are to age

ase ering an
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hree i erent wa s to cl ster an o ect ase, a li

cations with an witho t
the ench arkin col an
si ere

o i cations, an r nning
in war €ers were con

a istheres onseti e for the

tra ersalin thet e ase cl stere o

ect asefor ar ing er si es in the client a is
In this e eri ent, the client s as well as the ser ers
er ool were initiall e t o aring age
ase ering to al ering, three cases
can ei enti e cf g If the er was er
s all less than ages , ost of the o ects were
not ere long eno gh so that the were re lace
efore the were accesse a secon ti e s a con
se ence, no erfor ance gain was achie e al
ering was o t erfor e ore than

e to its signi cant co ing o erhea cf ig

ig  lots against the
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ig re o ing erhea of al ering
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that shows the n er of ega tes co ie the
al ering strategies n the other han , the
strategies co ine with as well as
onl co ie er fewo ects eca se osto ectswere
e icte fro theo ect er s localit set efore their
ho e agewasre lace Inan case,la o ectco
ing was also slightl o t erfor e for ain

taining sage statisticsona ero ect asis In all the
e eri ents with the tra ersal, the res Its of re

also re resente the res lts of an
since these three techni es onl 1 erif
carrie o t

ates are

o are to , al ering was artic larl
e ecti e if the er was large eno gh to hol a large
n erof o ects of the a lication s working set an
et toos alltohol allthe corres on ingho e ages

In ig , a range fro to ages can e
seen where  al ering reall a so In this case,
al ering n er re ce then er



of age fa lts to cf ig an the re

s onseti e a ai of en in this est

case of , the strategies o t erfor e
signi cantl eca se aoie co

ing o ects fro  ages that were cl stere er well

o ect co ingwaso erla e withl
er tili ation was higher
hen the client s er was al ost as large as
the o ect ase larger than ages , again, onl
arginal gains or none at all were achie e al
ering arl an o ectswereco ie n er
eca se onl few ages ha to e re lace fro the
client s large er ool an th s, o ect co ing
was sel o initiate In this case, s ere
fro nnecessaril co inge er o ectthat wasac
cesse an fro licates thatin ce aconsi era le
n er of age fa lts s a res lt, was
o t erfor e in the worst case
or the ench ark, cl stering was er
e ecti e heres ltsforla an eager relocation n
er , therefore, i not 1 er signi cantl his
is e to the fact that the ho e age of a resi ent
an co ie o ect was rarel reloa e to access an
other o ect that was locate in the sa e age e
ca se of the goo cl stering, o ects that were locate
in the sa e age were co ie an then re lace to
gether so that eager relocation sel o took e ect If,
howe er, the o ect ase was oorl cl stere , ages
ha to e reloa e se eral ti es efore all the rele
ant o ects were e tracte In this scenario, eager
relocation eco esani ortantiss etoa oi li
cates o0ill stratethise ect, ig lots the res onse
ti e of the col tra ersal in the ran o 1 «cl s
tere o ect ase was consistentl
the est strateg eca seitin ce the least n er
of agefa lts etoitss erior er tili ation cf

acti it , an

ig ig  ill strates howe tensi el
co ie an relocate o ects eg, for a er of
ages the co ing o erhea was ore than ti es

higher than with In these single ser e
eri ents, howe er, the erfor ance raw acks were
not consi era lesince ch of the o ect co ing was

oerla e withl acti it
se ecte ,inthe estcase, al
for e at a higher rate
oorl cl stere
well cl stere

eringo t er
ore than in the
o ect ase than in the

o ect ase see igs an

or a er of ages, howe er, an
s ere so se erel fro licates that
their er tili ation e en ro e elow that of
an their erfor ance was signi cantl worse
er anage ent techni e is est character
ie itss aceti e ro ct en sane a
le, ig shows the s aceti e ro cts for the
col tra ersal in the o ect ase ince a
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ig re ace i e ro ct
ol ra ersal, cl stering

a le ini ace 1 e ro cts S
ol ra ersal

static er allocation sche e was
ti e ro ctwasco te si 1
res onse ti e with the client s

al ering techni
o ser e for a
o ect ase
the hot sets

se , the s ace
Iti 1 ing the
er si e or all
es,a local 1ini col e
er of ages at this si e, the
er was st large eno gh to hol
ltho gh a larger erre ce there
s onse ti e, it was not econo ical
In ig ,a glo al ini can eo ser e for
a er of less than ages for all strategies n
ning the tra ersal in s ch a s all er, howe er,
wo 1 res It in an nacce ta le res onse ti e a
les an ,ths,s ari es the ini s ace
ti e ro ctsfora er in the range fro to
ages
or the col
est techni e

tra ersal, was the o erall
ltho gh an

re ce the res onse ti e in the o ect
asein ostcasesco are to cf ig ,the
were not econo ical if the s ste was wellt ne In
the fairl well cl stere an o ect ases,

a le ini ace 1 e ro cts S
ar ra ersal
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on the other han , sho 1 e referre
to e en tho gh it ha higher res onse ti es in
an cases cf ig
o eter ine thes aceti e ro cts of the
tra ersals, the tra ersal was r n twice in s cces
sion an onl ther nning ti e of the secon r n was
eas re or al ering, ostoftheo ectco
ing was carrie o t in the war hase that was
not eas re an th s, the s ee in co arison
to reache its a i In a ition, no o
ects were ate an noo ect shingan har I
an relocation took lace ring the war tra er
sal 1l the al ering strategies, th s, ha al ost
i entical erfor ances

can ha e
shing of

or ate intensi ea lications,

se ere erfor ance raw acks e to the
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oie o ects gain, it is ossi le to i erenti
ate etween three cases  hen the client s er was

s all, the ho e ageofa o0 1ie o ectwas often

re lace efore the o ect was she s a res lt,
in ce to ore age fa lts than

for the col tra ersal of the ench

ark in the o ect ase cf ig , an the re

s onseti e wasal osttwice as high in the worst case
cf ig

orrelati el large ers larger than ages ,
o ect re lace entan th s, the shingof oie
0 ects was a rare e ent t in this case,

s ere fro thesa e raw acksasforthe tra er
sal onse entl , ot erfor e
onl fora er of ages etoitss erior er
tili ation
n the other han , the est techni e,
in this e eri ent, ha mno signi cant erfor ance
raw acks asco are to for the tra ersal



a le ini ace i e ro cts

s, ol an ar ra ersals with ates

see igs an n the contrar , the s ee
was so eti es e en larger than for the tra ersal
eca se not onl were the n er of age fa lts re

ce t, at thesa eti e, then erof ti es that
a oie agethatwasre lace ha to e she to
the ser er was also signi cantl re ce cf ig

o are to , alsore ce the sh
ingof oie ages, ¢tthise ectwasr le ot
the other raw acks

or the sa e reasons as in the tra ersal, har 1

an o ectco ingwascarrie ot n er an
re with s all or large ers h s, the
shing of o0 i e o ects was not critical in these
cases rther ore, in the well cl stere o ect
ase, again no signi cant erfor ance ga  etween

la an eager relocationco 1 eo ser e

oi entif a winner, all the strategies weret ne to
ini iethes aceti e ro ¢t ale s ari es
the res lting ini s aceti e ro cts for col
an war a few ates an an ates
tra ersals gain, the war tra ersals were eas re
i e iatel after ha ing carrie o t a war
tra ersal which accesses the sa e o ects as the a
an tra ersals

he tren s were er si ilar to those of rea
onl a lications c¢f a les an in an case,
so e al eringtechni ecol efo n thato t
erfor e , an for war tra ersals, an al

ering techni e was ore econo ical than ,
if it was well t ne hen was se , how
e er, the gains were often not as striking e to the
raw acksof shing o i e an co ie o ects or
war tra ersals in the o ect ase, fore

a le, re ce ss aceti e ro ct
onl for the tra ersalco are to
for the tra ersal o eti es,the ga etween the
techni es an also ecrease with an in
creasing n er of ates, t in general, the er
for anceofla o ect co inga ears to react sig

ni cantl less sensiti el to
co ing
Inal oste er e

ates than eager o ect

eri ent eager relocation ha the

est erfor ance Itsho 1 ,therefore,alwa s e se
o clear winner, howe er,co 1 e eter ine a ong
, re ,an , tthe i erences were
not large re was sel o the est techni e,
t it was s all not far ehin In the worst case
col tra ersal in the o ect ase,
was 0 t erfor e onl the est strateg
n the other han , was often
too restricti e when co ingo ects e g, for the

o ect ase,an was often too eg, for
the o ect ase

c s sa tr r
In this work, control strategies for co ining er
seg entation with  al ering were e ise an

e al ate er seg entation was ro en e ecti e
re io s work in the relational conte t eca se of
the e iilit toe lo e icate re lace ent olicies
for s eci c reference atterns e ten s
the e i ilit of er seg entation it er its iso
lating o ects fro otherwise infre entl or not se
ages while lea ing hea i1 se agesin the er in
their entiret
ensions for

wo control i aintaining s ch a seg

ente al er ool were isting ishe the
ti e an the ti e long oth i en
sions, an an a strateg as well as alter

nati e techni es etween these two e tre es were
e ise o assess the range of control strategies,
ane eri entation latfor withe changea leo ect
co ing an relocation echanis s was e elo e
he e eri ents carrie o t with the ench
ark in icatethatla o ectco ing an its eri a
ti es in con nction with eager relocation is the win

ner hisco inationis er ro st ie,signi cant
erfor ance raw acks as co are to re age
ase ering werene ere erience an er often
ot erfor s age ase ering s stantiall to

sa ingsin r nning ti e
In this assess ent, e
si  le setting onl two

hasis was a e on a rather
er seg ents in a single



ser en iron ent his scenario was s cient to

e onstrate the otential of the al ering strate
gies In ractice, howe er, er ool seg entation
eco es oreco le,an t ningisani ortant
task t re work will concentrate on showing how
e isting er allocation algorith s an re lace ent
oliciesa | to al ering
Ac ts

arsten erlhof esigne an i le ente the age
ser er se in the erfor ance e eri ents arl

rmt ra re iewe a raftofthis a er ethank
ith oss annfori ro ing the resentation

r CS



