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Aost ract

Gid conputing energes in part from the need to
inegate acdlection of dstribued conputi ng resources
to ofe pefonance uettandble by ay sinde
nachine. Gidtechnd ogy facilitates data shering across
nay organizations in dfferent geogrgphica |ocdias.
Dita repication is an excelent technique to nove ad
cache data close to sers. Rylication reduces access
latency and bandwdth consunption. It aso facilitaes
load bedacing ad inproves reliddlity by cresting
nitiple dota copes. Qe o the cdleges in dia
redicaionis tosdedt the cad dite sites viere regi cas
should be paced, wich is knom as the dlocation
problem Qe perfornance netric to deternine the best
pace to host repicas is sdect for optinmaverage (o
aggregated ) respose tine. V¢ use the pnedi an nodel
for the regica placenent problem The p-nedi an nodel
haes been expoited in whan paming to find | ocatias
were newfecilities shadd be bult. Inor prddem the
p-nedi an nodel finds the locatios o p cad datedtes
topace aredicathat optinnze the agyegeted respose
tine A Gid environnent is highly dynamic so user
reguests and netvark latency vary constatly. Therefae
the cand date Stescurently hddng regicas nay not be
the best Sites to fetch replica on subsequernt requests. W
propose a dynamic replica naintenance al gorithmthet
redlocaes to new caddate sties if a perfornance
netric degrades sigificatly over last Ktine periok
Smlation resuts demostrate that the dynanic
nai ntenance adgorithmwth static pacenent decisios
perforns best in dynanic environnents |ike Data Gi ds.

Keyword: Dita Rypicaion, Gid RyicaAlocation,
Replica Real location, Replica H acenent.

1 Introduction

The availddlity of poverfu conputers and the rgad
increase of netwark speed are leading to an incressingy
decentrdized agoroach to providing conpute
infrastructures. i ence today is nare cdlaborative ad
nol ti-irstituiod [6] so access to conputi ng resources
ad spdd dasses o sdatific devices o irstrunents
shou d be nade available to as nany users as possible
irrespective o ther gdd loction A large nunber of
scietific and egneering gdicaios eqire a huge
anout of conputing tine to carry out their experinents
by simlation [l]. Research driven by this need hes
pronoted the exdoaion o a new achitectue
commonly known as “The Gid’ for high perfornance
dsributed apol i cati on and syst ens.

Gid conputing can coord nete resource sharing and
prodlem sdving across dynanic nolti-irstituiod
environnents [3]. lLarge sdetific intiaives swch as
god clinte change, high energy physics, ad
conput ationd genonincs  require large deta cdlectias
wich ae now being curated in various dverse
locations.  These large dita stores nost be shared by
researchers around the vorld. Hgh perfornance Dita
Gid achtectues fadilitae these requrenents by
aplying the vaios tedrndoges reqired in a
coordnated fashion to support deta intensive petabyte
scde gpicatias. Daa redicaion becones criticd as
ta Gids are devd goed that permit data shering across
nary organizetions in dfferent geographica ly disperse
locations [10]. Oe such imstance is the hierarchicd ae
envisioned by GiPwyN [8]. It ansists o mdtipletias
wth dl dita greraing & T O Te 1 cosists o
ntiod cetes, ad bdowv thet thee ae regod
ceters. Ech tier hes its om storage cgedity, bt this
can vary frantier totier. Wingthe staae cgedity a
exch tier, redicas can be pdaced & each tier to inoresse
the data availadlity anong dfferet sites. The generd



idad rgdicginis to sae cqies d citain dffeat
locations so dita can be essily recovered if ae oy &
oelodionislost o uavaldde

Trasferring a file froma server to diet cosues a
sustatid bandwdth. Qe possible vay to reduce the
access | atency and bandwadth cosuntionistoredicae
cita aorcss dfferet sites. Ryicaion dso fadlitaes
load balacing and imposes rdidility by creating
nitipge deta copes. Hvever, thefilesin Gid ae lage
(i.e,sizes of 500 MB1 B aetydcd) soredicaionto
ey siteisinfesside Qe o theddlegesistolocae
the cad date sites far redica pacenert. Qe approach
is to place regdica & dtes to optinmnze agoregated
respose tine Respose tine is cdcdaed by
nitipying the nunber o request a site i wth the
dstace betveen the rearest redicaion site to tre
requester. The sundf the response tines fa dl dtes
constitue the agregated respose tine. V@ wil usethe
terns tatd response tine and aggregat ed response ti ne
inerchangeabl y throughout this research. V& propose a
p-nedian nodel [9] tha findks the loctias o p
cad cte sitestopdace arglica thet wil nininize the
aggregated response tine However, the optinnzation
problem is NP-hard so a lage netverk reqires an
unacceptad e conputation tine wthout directing to the
optinal sduion B]. Therefare, hewristics are needed
that can gernerate ogptinal /near-optinal sdutias fa the
p-nedi an nodel . The Lagrangean Rel axation techni que
i s one such heuristic techni que thet ispopul ar because it
provides bouds on the djective fuxtion The
Lagrangean technique sdves the p-nedian nodel by
locating p cad date sites to pdace redicas ginaly.
The Gid enviromnent is higny gmamic where user
requests ad netvork latency vary constatly. The
candidate sites thet hdd redices curetly nay nadt be
the best sites to fetch redicas subsequently. Thus ve
propose a dynamic repica nai ntenance d gorithmthat
first  finds the otinal/rear-optinal  cumul ative
agregeted respose tine for K tine periods by dlowng
rd ocation wth a positive transportation cost ad then
conpare it wth current cunnl ati ve aggregat ed resporse
tine. The curet respose tine is cdcuaed by addng
agregated response tine far K periods assuning that
redicas e daced & Stesthet provide the gtinal vd ue
wing the p-nedian problem at period K=1. The
rdocation decision is thn nmade based on the
conparison, i.e, if the dffaere is gegda then an
dlowabd e threshd d

The paper is organized by preserting related vark in
Sction 2 Quinal staic redica pdacenant strateyy is
discussed in Sction 3 DBmamc replica nai ntenance
strategy is preserted in Sction 4. The sinol ati on nodel
is described in Sction 5 Sction 6 evdustes ad
conperes the regication strateges. Section 7 condl udes
ad ind cates possib e fuure research drecti ams.

2 Rel ated Wrk

Dxcision pradlens arise in wde rage o pldic ad
privae sector erviroments. Dfferent nodes such as
the set covering nood [14], p-ceter, ad p-nedian
nodel s address such probl ens. The genera prablemis
to locde djects (o fadlities) to orimze soe
djective Dstave o sone neaswre nore of less
fuctiod |y rdaed todstare (eg, trad tine o oost,
denand satisfaction), is fudanenta to those prod ens.
The set covering and p-center nodels are based on
nmaxi num distance, wereas the p-nedan node is
besed onthe tatd (o average) dstace The set covering
nodel | ocates the mininomnunber of facilities required
to cover dl the denand nodes (i.e, reqesting sites). The
p-nedi an nodel finds p locations to mnmze the tad
traverse dstance that custonars nost traverseto reech
the desest fadlity [5]. The p-center nodel addresses the
problem of mininmzing the naxinum distance to the
dosest fadlity. Adicaios for these nodds indude
locating bus staps, licesing bureauss, arports, Hood
bank, energency nedi cal savices, etc[4, 5.

Kaitha & d. [17 propose a straegy fa creding
redicas atonaticaly in a generic decatrali zed peer-to
peer netvark. The god o ther nodd is to maintan
redica avaladlity wth sone proogblistic nessure
Although the approach nay be applicad e on CataGi df,
eech peer anly uilizes partid ifanation (the part they
retan); so anore gad gyroech is likdy to achiee
betta resdts. Ranganathan and Foster [10] disouss
vaios redicdion straeges far aheadicad DaGid
acitedtue Theytest six dfferat redicaion straeges
) M Rdicaior olyroat noe hdds redicas; 2) Best
Ciet: redicais creded far the diet wWo accesses the
filethe nost; 3 Gscadng arelicais aeaed on the
pathtothe best diet; 4 Ran Gching alocd oqy is
stored ypon intid reguest; 5 Gehing pus Gscad ng
conines plain caching and cascading, 6) Fast Sread:
file copies ae staed & each node onthe peth to the best
cdiet. They show that the cascad ng strategy reduces
response tine by 3% over plain caching wen data
access pettern cotain bath tenpord and geograohi cd
locdity. Wden access pettern cotains sone locdity,
Fest Sread significatly saves bandwdth over other
stradeges. The redicaion algorithng assune thet
ppua filesa aesiteaepopda a ahes. Trediat
site cauts hoss far eech sitethat hdd redicas, adthe
nodel sel ects the one wth the [ east nuniber of hops from
the requesting diet. However it does nt consider
curent netvwork bandwdth. Qur nodel captures bah
Gidfile trasfer ad aher retverk traffic over the sane
lirk ad it cosiders heterogeneaus |ink capecities thet
aendt necessarily hierarchicd.

Kavitha & d. [11] devd op a famly of jdb schedu ing
ad regication dgorithng and use sinl aion stuliesto



eduwte them Three dffeet repica pacenernt
dgriths ae cosidered 1) o active redicaiony 2 a
redica is cested @& raxdomsite besed on a threshd o
ad 3 arelicais ceded a the site wth the smallest
nuntoer of vai ting jobs based on athresha d. These three
rediction strateges are coined wth the four
schedling strateg es. 1) jdos are schedu ed to a random
site 2 jds o tothe site wth ferest vaiting jds; 3
jas are sdedded to the site cotanng the required
cta and wth the fevest vaiting jos; 4) jas are dvays
run locdly. They showthat wen there is no redication,
sinple loca schedding perforns best. However, wen a
redicaionis used schedd ing jdos to sites catanngthe
required dtais better. The key lesson for or study is
that dynamic repication reduces hatspots creasted by
popu ar data and enables | cad sharing tar9m[2] isa
simdator developed as a part of Bropean CataGid
prgect to cary ot dfferat redication and schedu ing
dgorithns. The simlatar nodds a Gid cosisting of
several sites were eech site hes zero or nare conputi ng
demnts and /o zero o nre starage € enents. The
conputi ng el enert facilitaes job executi on whereas the
staae sites ae Ha reueitaies. The simiao aso
supparts routers whi ch forverd requests to aher sites bt
do not have any processing power or storage capecity. A
resource broker acts as a neta-schedu er thet cotrdsthe
schedding of jobs to dfferet computing € enents. The
siniaor uses an economc nadel in which sites buy
ad sd | file using an aucti on nechan sm

Sverd research dfats [2, 10, 11] assune user
requests is the oly paraeter cosidered fo redica
placenent so netwark latencies are ignored. Howvever,
netvark bendwdth pays avitd rdeinfiletransfer. &
can sae sustatid trasfa tineif vepdacearedicad
afilea asdtetha is coreted to its reghas wth
linmted berdvadth ad if its reqest fa thet fileis above
average Earlier vork [13] shows that comsidering bath
the curet netvark state ad file requests produce better
resuts then file reqests timas dae  The regicaion
algorithmbeg ns by pacimg the naster files & ae site
The eqected wility o riskindex is cdadaed for esch
Site that does not curetly hdd aredica ad then ae is
placed on the site that gptimzes the eqected Uility o
risk. The dgorithns proposed besed on uility sdedts a
cad date site to host a repica by assumng thet fuue
requests and curent loed Wil fdlowcuret |cads ad
user requests. Grversdy, dgorithng using a risk index
expose sites fa fromdl aher sites ad assune the varst
case wWereby future equests will prinarily arigrete
fromthat dstat site Qe no draack of these
straeges is thet the dgriths sdet aly ae site per
iteaion ad peces a redica thae The Gid
enviroment is higly dynamic and there might be a
sudden burst of requests indcating oltipe sties shad d
simitaneously ¢t redicas to quddy saisfy the lage
spike o requests. Qur work does ot corsider about the

rdacation of the cad e sites. In ths esearch, ve
exted exlier vork by selettingp cad cite sites to host
redices as vdl as a dynamic maintenance using a
previous staic pl acenent strat egy.

3 Saic Replica Aacemnent A gorithm

O altaGiddfferent jas are suomtted fromveri ous
sites. Tatd jadb execution tine nessures effeti veress o
the redicaion straeges. Jds in the Dta Gid nay
repest a ruber o files If the fileis d alad dte
respose tine is assued to be zerg aherwse the file
nist be transferred franthe nerest redicaion site
Thus, jd execttion tine ind udesthe laency required to
tradfe afile. The best redication strategy nini nhzes
the tata jadb execution tine and shou d a so nini nize the
tad respose tine Respose tine for arequesting site i
is gven by the product of nunber of reqests & site i
(i.e, h) adthetine required between the reguesting
stei ad the reerest redicaion site Therefae arx
djetiveistofindthep best cad cite (redicatia) stes
suwch thet tatd respose tine for dl o the requesting
sites is mninmzed The identified prodemis dosdy
anal ogous to the p-nedian [9] nodd used extensivdy
for facility location prddens in uwben daming In the
folowng sections ve fomally restate the nodd and
provide a heristic sduion ayroech that leadks to
optinal /near-optinal soluion for o redica p acenart
probl em

3.1 RMedi an Model

The p-nedi an nodel finds the p repicapacenet sites
n ()]

Z Zhidij Yij
=
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x;0(01), j=1...n ®)
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_ Qif requestingtaisdlocatedoredictiositej
Yi = a)otherv(me

to nini nhize the request-vei ghted tatd d stance betveen
the reqesting sites ad the redicaion sites hddng
copies assigned. This nodd is forralated wth the
equeti ons present ed above.



The ojective fuxction (1) nininzes the reguest-
wei ghted distance between each requesting site and the
rearest redicdion site @metran (2 stdes the
exattly p sites to be locaed to dace the redica
Grstran (3 staes thet each requesting site shoudd be
dlocated exectly ae redication site fromwich it can
feachtheredica nsran (4 saestha reqestsa ste
icanolybeassigeda redicaionsite j if argliais
deaced & sitej. @rstrants (56 ae gread ineyity
costrans. Hre hrepresatsthereqests a sitei. Fr

asnall network and smal | nunber of p ay of the vell-
known al gorithns such as branch and bound can be used
[5] to dvethe p-nedian problemoptinally. However,
foo a large nunber of comstraints ad variddes the
podemis cassified as NRHrd [5]. Therefae the
prad emneeds to be sdved heuristicaly thet find good
sduias tothe prablem

3.2 Lagrangean Relaxation A Huristic
Appr oach

Anga berdfit of the Lagrangean heuristic [7] over
aher heuristic goroeches is it gves bath uper ad
lower bounds fa the djective fuxtion Thus, it
provides a rage in wich the ottinal vdue o the
sduionlies. Thebesic ideais to re ax sone costrans
o the oigrd nmdd ad add those costrarts,
nitipied by Lagage mitipier to the djective
fuction We then try to sdve the relaxed problem
optinally. The node uses a search technique to find a
set of Aues for Lagrange nultipgies the lead to a
sduion o the pddem that saisfies the rdaxed
costrants. If the loner ad ugper boud of the sd uion
cai nci des ve have found the gptinal sdution aherwse
ve can iterate or search far the best Lagrange mitidies
util the gap between upper and lover boud is
acceptably narrow & outline the rd axation a gorithm
inthe net section
3.2.1 Lover Bound Gil cul ati on:

MmmeZihd”ywih%_zmg ®

n ©

If verdax costran (3 adadd this ae ino djective
fuction, the rd axed prad emcan be stated as eqetias
(89.

The ather constraints (2, 47) remain the sane as the p-
nedian problem To nininize the objective functianin
(9 ve vadd like to st y;=1 if its oHfidet
(hidij—)\i)<0and yij:O ahervise To set he vd e yij’
i.e, yj;=1, the correspond ngx;’'s velue shoud be 1 (by
corstrant 4). However, constrarnt (2 staes the ve can
choose a nest p redica sites fa wichx;=1.
Therefore, ve have to rak the vaues o Vs, were v,

n
is beirEdWVj=2mn(O,hidij—)\i). Frdthe p smallest
Ei

vdues o v; tha hae the largest impect on the
oy ective fuction. St the correspordngx; =1.  Then
sty =1, if x;=1 ad (hd;j-A)<0 athervise st y;=0.
Qlcdae the lover boud of the sduwion (z.p )by

find ng the dyective fuxction fromconstraint (9 which
indudes y; thet aesa tol

322 Upper Bound Gal cul ation

Rca | thet inthe rd axed prad emve rel ax costraint (2
wi ch states that each requesting site nost be assiged to
arglicdion site is essed The djective fuction vd e
found by the lower bound program igwores this
costraint. Therefore, this costrant nay remain
usatisfied wich lead to & infesside sduio to the
oigina prodem W nust find an upper bound
(z, )OF the ojective fuction by assiging each
reqesting site to the rerest redicaion site The
reficaion sites are foud from the loner bound
cdadain i.e, the sites far wich the carespondi ng
X]' =1.

323 Mitipier Ad ustnent

The mitipliers are updated by subgrad ent optinnzati on
which naxi mzes the lower bound of the oluioto
saisfy the rdaxed costrant that is rdaxed The stgs

for updating the Lagrange Mitipliers are g ven bel ow
1 Define stbyad ents Gl far the rd axed constrairt in
the curat itaaion by

2 Defire a step size
poonleds -2l Jwee T s initidly

s to 2 If thereis mt noch improvenent dte a
certain nunher of iterations TU is rep aced by %



3 Wththisstepsizethevduess d A are udated
by the fdlowng rd aionship
AN = max (o,xi” +TnGit)i =1...n

The d gorithmtermnetes either after a specified nunher
o iteaios a the vdue d TU becones sufficiently
small. Anaore detail ed d scussion about this Lagrangean
rdaxation tecmiqe ad its gicaion to p-nedian
probl emcan be found el sewhere [4, 5]

4 Dynamic Mintandblity o Satic
A acenent

The Llagrangean relaxation technique assures the
optinal o near-ogtinal sduion besed on the user
reqests ad mevark cheracteristics far the curent
period However, the caddae sites thet hdd redicas
curetly nay nmt be the best sitestofechredicaif the
user requests and network latency changes. Therefare,
rel ocation needs to be considered i f the perf or mance isto
be naintained. Hwvever, therdocaionis costly. Rlesin
Gid aetypcdly in the nagnitude of 500MB-13 so
befare rd ocating afile redicato anaher site ve nust
cosider the file trasfer cost for ths eduion To
deternmine the perfornance degradati on occurring in |ast
K tine periods, we nust determne the optinal
cunl ative average respose tine for K tine piok if
redlocaion is pernmitted wile accouting far the
trasfer costs. Fortuetdy, the sduion o this aspet of
the praddemd so finds the repica pl acenent needed to
achieve an optinal /near optinal cunol ative average
response tine. Vésol onsky and Truscott [15] adyze a
nol ti-period facility locationdlocation problem thet
all o fadlitiestonmove. They propose a dynanic nodel
that nminimzes three factars, () dstribuing cost, (2
construction and renoval cost for a gven tine period,
and (3 determnes possid e fadlity dlocation to achieve
the optinal / near-optinal cumi ati ve cost.

In ta Gid system the perfornance nonitoring is
often done by a netaschedud er or resource broker. To
renove a file frama sités locd staage the resource
broker nust send a nessage, a snall overhead nessage
to intiae te noch larger file trasfer. W wll dso
igoe the cost o renoving a file franlocd storage
V¢ use their dynanmic nodel [159 to find the gatinal
cunl ative tata respose tine far K periods:

(19
K N

K
M ni ni 1 k k k k k
nimze
Z Zzhi dij " +g ¢ a,
=1 =1 = = T
Nk

Shect to 2 Xj
=1
k (12)
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=P fokd,2.. K

K k . L (13)

X002, j =1 nikiz..x o
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x _ [Lif requestingsitei isdlocated torepicaimsitej a periodk  (16)
N %)othervﬁse

(15)
Yij

« _ [if aredicaisrd ocated & sitej inperi odk (19
3 _%)otherWSe
c,* = thetasuotai ot o tre
filefrom rewest reglicaio nsitetonode ja period k

(18

Epetians (10-16) are the mitiperiad versions of (1-7)
respectivdy. The costran (17) esues tha ve can
cosider the redlocation cost if areglicais rdocated an
that site Vesoowsky e d. [1§ wuse dynamc
progranming to sd ve the nathenatica nodel optinal |y
for asnall retvork size ad limited nunber of periods.
For alarge netvork and large vdue o K the dynannc
progranming generates huge state spaces and stages,
therefare the athors suggest hewristics to generate good
soutias.

Ve can use the Lagrangean rel axation technique to
generate the optinal o near-gtinal sduios to the
dynamic nodel . Qe achieved, we copere this resut
wth the curent ae. The curet resut is cdadaed by
addng tad respose tine far K periods assunng theat
replicss ae dacad to the sites thet gave the optinal
v e far the p-nedian prod emat period K=1. We nust
then decide if rdacation is ggrgriae Tdde 1 presets
4 cases to consider ween deternine if rel ocation shou d
cccr ad it dso idetifies a caddae tagt. Fo
sinplicity, we consider a 2nedian problemand 3 tine
periods for the dynanmic nodel . V& conpare the current
resut (R wth optinal resut (@ and check viet her
the dfference is nare then the dlond e threshd d (7).
For example, the sduion foud by the p-nedian
problema period K=1 suggests thet the replica shadd
be paced & Ste Aad Ste B W nust adyze the
perfornance of this placenent decision wth respect to
three casecuive periodks that indude the first period
wen the static ogtinal decision was nade and the
subsequent two peri ods.



Tabl e 1. Replica Real | ocation Deci sion

Case | (CR- Feriod Reriod Feriod Deci si on
R >T 1 2 3

1 No A B A B A B No
Rel ocat i on

2 No A B A B G D Rlocate a
C D

3 Yes XY XY XY Rl ocate a X
Y

4 Yes P Q R S M N Re-opti mze
by p- nedi an
wth aver-age
requests and
aver age
bandwi dth for
| ast 3 periods

In Gse 1, ve find that the optinal sd ution conplies
wth ar early decision so redicas are placed correctly.
In Gse 2 ve find an optinal sduion thet suggests
redica shodd be paced & Ste Aad Ste Bfa tine
period 1 ad 2 but to gat the ogtinal vadue ve shodd
cosider ardocaionto Ste Cad Dfar tine periad 3
Therefare, ve canrelocate a8 Cand Da theed o tine
period 3 In Gse 3 ve foud thet site (X Y) is gving
the optinal cumi ative response tine suggesting thet
3te(XY) showa cosistert perfornance since last three
periols even vwe cowsider the reocaion cost, i.e,
trasportation tine o afiletosite X Y fromthe best
cand dates (wWich are Aand B ecurrently). Mreover, the
d fference betveen curet and optinal sd ution is above
the prescribed threshd d The Gse 4 addresses a random
stticmweeve aent ddetofirdasa o sites tha
perfom satisfactoy throuchat the last three time
periods. Mreover, the tderace levd is above the
threshd d, so we  nust cosidr rdocaion
Ufortunatdy, the sites nust now be found by sdving
the p-nedian problemtha takes average request add
average network latency as paraneters. The averages are
cdculaed by arerag ng the request ad laecy far last
three tine periods.

5.9milation

Rplica pacenent dgorithns nost be tested
thoroughy before depoying themin red [aa Gid
environnents. Qe way to achieve aredistic evd in
o the varios straeges is through sindlation that
caefuly reflects red Dta Gids. O a Dta Gid
dfferent jdos are suomtted fromvarious sites. Maen jdb
execuiontine is a good neesure of effectiveness of the
redicaion straeges. Jds in the ta Gid request a
b o files If thefileisa alad ste resposetine
is assuned to be zerg ahearwse the file nost be
transferred framthe rearest redicaion site Ths, jdb
execution tine incorporates the response tine reou red
to tragpat a file The best redicaion straegy
mninmzes the nean job execuwtion tine and also

nninzes the average respose tine. W& validate our
regica placenet agorithns wth average response
tines. VB wll vdidate or placenent agorithns wth
neen jab execution tine in the fuuwe Qr redica
placenent agorithns are evduated wth a simlator
witten in Java The simlation generates random
beckground traffic and grid deta requests.

5.1 Gid Gnfiguration

The study of or repdica pacenent agorithns was
cariedau wsinganadd o the BJData Gid Testbed 1
[2] sites ad ther associaed netverk geonstry. Ste Ois
the BN (Bropean Oganization for Niclear
Research) lotion Intidly dl reste files ae
distributed to (RN A naster file cotars the aigrd
copy of sone data sanpl es and canat be del eted. Each
cdrde in Hgre 2 rgresats a testhed site ad a star
regresats a rouer. Each link betveen tvo sites shoms
the available network bandwdth.  The netvork
bandw dth is epressed in Mits/sec (M o Goits/sec
(G. Windudke the storage capecity a each rauter, i.e,
interned ae nodes. The interned ate nodes have hi gher
storage cgoecity then the testbed sites bu smaller
capecity than (RN Hacing data a interned ate nodes
noves it coser and hence nare accesside to testbed
sites. The file requests ae geeraed framthe testhbed
Stes.

o

Fgure 1. The BEU Data Gid Testbed 1 Stes and the
Approxi mate Network Geonetry.

5.2 Sl aion | nput

Qur programs input is fromtwo cofiguration files. Oe
file describes the netvark topo agy, i.e, the link between
dfferent sites, the availad e netverk bandwadh betveen
sites, ad the size o dsk staage o exch site The
secod cafiguration file cotans infornati on about the
nunber of reguests generated by each testbed site ad
the curent netverk lcad The netvark loed is varied to
test the inpact on our redicational gorithm V& consi der
low neduma heawy traffic. Fle requests nay ether
followuifomdstribition oo nornal distribion W
set three naxinom vadues for uniform file requests
were eaech testbed site can gererate requests that are
unifornhy distributed wth a naxinamof 10, 30, o 50.



W aso cosider ten random nornal requests wth
dfferet neen and variace The testbed site that
gereraes each of those random requests is chosen
ahitraily. V& consider uniformand nornal requests
wth dverse variaces to adlyze how wdl the
repication agorithng perforns wen there is no co
reaion anong previous requests, the is., the regests
aetadly radom

6.9milation Results

Exch site recards the tine taken for each fil e requested to
be trasferred to it. Ths tine recard fams the besis to
conpare various replication strateges. V& conpare our
redication dgorithmwth respect to average response
tine Respose tine is the tine that damses froma
reqest fa afile util it recaves the caplee file The
aerage o dl respose tines far the legh o the
simlaion is cdcdated The best redicaion straegy
wil have lonest response tine Esch file is 100 MBin
size Ater soeintid rus, vedace arglica & stes
thet will gximze either one o the djectives, i.e, the
request djective (dace the regdices to the p Stes thet
reqest nost o the files), stdic p-nedian, and dynanic
p-nedi an. The Best_Qiet strategy cosiders the reguest
djectivee At six (K6 tine periods ve consider
rdocaion For singlicity ve s the vdue o Threshdd
to zero (T0), i.,e, we consider rel ocation wen ve can
find an optinum aggregated resporse fa the lagt Six
periok that is better then the curent accumiated
respose tine. V€ plan to work wth variable thresha d
infutre Wtest or dgorithmfor tvo dfferent va ues
d p,i.e, pHa p=7. V& cdcuate the average response
tine fa fuue regests in dfferet retverk loed by
assunng the replicas are nowat the cand date sites.

Table 2. Average response tine for different
nodel s, network | oads, user requests when p=5

Traffic Request Best _ SaicP- | Dynanic
Gient Medi an P-Medi an

Low Lhi form (10) 2883 896 714

Medi um Whi form (10 8765 1669 1368

H gh thi form (10 9906 2975 1737

Low Uhi form (30 8216 2734 1753

Medi um Ui form (30) 17140 4205 3310

H gh Lhi form (30) 25189 7862 5320

Low Ui form (50) 15483 3434 3184

Medi um Wi form (50) 25115 7243 6054

H gh Lhi form (50) 28649 12585 6798

Low Nor &l 40970 7925 7076

Medi um Nor rral 86454 16381 11714

H gh Nor ral 57585 16547 12232

¥ accumil ate the average response tine for the next
sixty rus to adlyze the pafarnance of the regica
placenent algorithns. V& aso vary the network |oaed
wth ahe beckgroud traffic to see its inpect on the
replication adgaithm The resuts o accunlaed

average response tine (in seconds) are shomn in Tade 2
ad 3

Tdde 2 3 showthat the respose tine incresses wth
incressing requests. There is a strog cordaion
between response tine and user reguests as one woul d
expect. Ve have highest average respose tine in pesk
periad, i.e, wen user requests reach the naxi num as
ve | the backgroud traffic is hignest. W indude the
dynamnc traffic cond tion and randomrequests to see the
inpact on the d/namic nodel. The dynamic nodel that
cosiders the re ocation shovs sigiificat perfornance
i nprovenent conpared to static and best-diet nodd in
d fferent background traffic conditions as vl | when user
requests vary radonhy, thet is, noredaion wth previos
requests (wnifamradom, o the fuuwe reqests ae
nornal |y distributed and centered on previaus reguests.
V¢ can get a significant perfornance i nprovenent wth
dynamc nodel if the previous best paths becone
congested because of high beckgoud traffic o if
curet wser requests vary sigificatly.

Table 3. Average response tine for dfferent
nodel s, network | oads, user requests when p=7

Traffic Request Best _ Saic Dynani ¢
Gient P- P-Medi an
Medi an

Low Lhiform (10) | 3297 149 146
Medium [ Wiform(10) | 2865 246 218

H gh Unifornf10) 7670 382 381

Low Lhiform(30) | 5995 433 409
Medium | Wiform(30) | 16642 838 709

H gh Lhi form (30 19237 1052 951

Low Lhiform (50) [ 9549 723 706

Medi um | Wiform(50) | 30699 1249 1204

H gh Wiform(50) | 26136 1245 1220
Low Nor &l 22243 1312 1312
Medi um | Nornal 68454 3196 3022

H gh Nor &l 100073 4032 3674

The proposed nathenatica nodds require little
conputationd tine to reach the sduion by bath staic
and dynamic p-nedian nodels. The similation was
carried out on a Renti um4 processor 2G+ wth 512 MB
RAM With current network size, the conputational tine
is oly 10 seconds on average to reach a sd uion sing
static o dynannc p-nedi an nodel .

7. @ncl usi ors

V¢ cosidr a p-nedan nodd for the repica
placenent prodlem The nodel finds the locations of p
cad cide sites to deace redica that wll nmninze the
agregated response tine Due to dynamic nature of
Gid the dacenent decision nay not be optina for
subsequent periods. Therefore, we need to deci de about
rel ocation. However rel ocation needs tramsportati on cost
fa trasfaringthefiletotherd acated sites. W propose
a dynanic replica naintenance agorithmthat suggest
fo ardaation o caddae sites by casidering the
rel ocation cost. The decision of relocation is nade vhen



the perfarnance netric degrades sigificatly inlat K
tine periods. Ve validate oor nodd by wsing a nodd o
the BU Dita Gid testbed 1 sites ad their associaed
network ceonetry. However, we need to decide about
thevdue o p fa ar p-nedan prddemthat gves a
satisfactary respose tine to the regesting sites.
Mreover, the termThreshd d (T) needs to be cacu aed
before using the gnamic naintenance dgorithm Its
va e shodd nat be too small o too large Qe o the
choices my be to we a vdue tha chages
proportiond |y wth respect to the average response tine
in each tine perial
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