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Abst ract

Gidtechnd ogy is deve oped to share deta across nany argani zatians in dfferent geograoh cd
locatios. RXaredicaion isa good technique that helps to nove data because it caches data
doser towsas. Teidad rgdicaionistostaecppesindffeet locaios soit can be essily
recovered if oe copy & oe locaion is lost. Mreove, if cha can ke ket doser to ulsr via
regication, data access perfornance can be inproved dranaticaly. Wien dffeet stes hdd
redicas, there ae sgificat badits redized wen sdetting the best redica Network
perfanance pays amjor rde insdetimgargldica Hwever, curet research shoms thet aher
factars swchas dsk 1/Odso pays aninportat rde infile trasfe. Inths paper, ve describe a
new optinmzation technigque that coasiders bah dsk througpu ad retvark |aencies when
sdetimgthe best regdica Revias histay o daatrasfer can Fdpinpeddingthe bet site thet
can hdd redica The k-neerest negbar rde is oe suwch predctive tednge Inths tednge
wen anewregest arives far best redica it loks a dl previas daaatofindasusa o previas
fileregests thet aesmlar toit ad wses themtopedc the best sitethat canhddredica Inths
work, veinplenent and test the k-nearest dgorithmfar variaus file access patterns ad copere
resuts wth the tradtiod redica cadog besed nacd. The resuts denonstrate thet oo nacd
auperfarns the tradtiod nodd far sequetid and unitary random fil e acoess reguests.

1 Introduction

The research conmonity hes recatly recogni zed that advances in netvark bandwadh, processor
speed and storage technd oges nake trdy gadd shering d dstribued resarces feeside Gid
conputi g evd ves fromthe coogat of integaing a cdlection o dstributed conputi ng resources
to dffer pafanance wich ae urttandde by ay singe nachine Gid conputing dlons
coord neted resource sharing ad prademsd ving cd | dooration in dynanmnc, nol ti-irgituiod ad
aher paeatidly lage-scde satings [6]. Inalage anut o sdeatific dsadines such as g dd
cinste chage hdh energy pysics ad conpuaioa genoncs, large data cdletios ae
engrgng as inportant conmonity resources. These |arge cita stares nost be ade to be shered wth
researchers aroud the warld Hgh parfanance Gid aditedue dlos s to idatify the
requi renents and conponents comon in dfferent systemand hence apy d fferent technd og es
inacoodnated fashion to arage o data inesve paayte scde gicaion desiged in Gid
eviroment. A Gid tedndogy is devel oped to shere data acrass nary agaizaias in dfferet
geoggicd locatias, dita redicaion proves to be a good tecmique thet hdps to nove data by
cahmgit doser towsas[20]. e ggad ida d redicdinistostaeaqdes d cdain dffaat
locatias so thet ceta can be easily recovered if ae ooy & ae locaionis lost. Mreower, if cHa



can be kept doser to s via rgdication, data access perfornance can be inproved dranatica ly.
Ricaionisasduiontonay gridbesed guicaios such as Ginate data adysis ad the Gid
Fhysics Network [24] wich requres resposive mavigation ad nanipdaion d lagesde
et asds.

If mitideredicas exist, aredica nanegenant service is required Rplica nanagenent service
dscoastheadlddergdicas ad sdedts the best redicatha nat ches the ulsa’s qHIty d savice
requ renarts. The redica sdection prddemcan be dvided into tvo sub-prad ens: 1) di scovering
the pysicd locaian(s) o afilegvenalaycd file ram ad 2 sdetimg the best redica frana
sd besad nsoe sdection criteria

Snce dffaeat dteshddredices d aptiada file thaeisadgificat badit insdeting the
best repica anong them Network perfornance pays angjor rde when sdectilgaredica Adow
retvark limts the efidecy o da trasfe regprdess o diet ad saver imleetaion e
optimzation tedmiqe to g2 the best redica frandffeet pgysicd locaias isby examning the
avai | abl e bandwdth betveen the reguesting conputi ng € enent and various starage € enant's thet
hdd redicas. The best dte wil be the oe thet hes the mnnimtransfer tine to traspat the
redica to reqested ste Athough, retvark bandvdh days a ngjar rde in sdecting the best
redica aher sarce swch as disk I/Odays an impatat rde as vdl. Vazkhudai @ d. [29, 30]
showthat dsk I/Ocan accout v fa A the trasfe tinein Gid environnent. It is dw
ntevorthy that dsk caedity is inressing a the rae o tvwo magitudes pxr decacke bt the d sk
throughput is nat incressing corespodngy. It hes been shom that the raio betveen dsk
capadty ad dsk thragpt isinressimgaly a a singe nagitude rate [17]. O the aher had
netverk berdvath wil incresse three tines per year. /s the retvark latecy drgps sigificatly
per year, dsk NOwll day amga rdeinthefile trasfa oot betveen dffeet sites. Therdfare
in ths vak to neaswre Gid file trasfa tim we extend the optinnzation technique by
cosidering disk throughput wth network bandwdth when sdecting the best redica The
grimzaion fuxction then returs the physicd file nene thet will oatimze the curent netvark
bandw dth betveen the requesting Stead storage d enents wWile cosidering the d sk throughput
d the starage d enart s.

INGid evroment, aregdicacaadog dlos wserstorgdea filesusingalogcd fileam(s a
cdlectiafs). It dso provides ngpings franlogcd ranes o files to the starage systemlocatian
d ae o nre redicas o these djedts. Gadly the redica location service is catrdized
Therefae the reqesting Ste nust vat wile dl requests inthe redica locaion quee ae
processed. This nay casse sustatiad ddays if theeaeald o padrgreqests. Rrther, & nany
Stes dd the rgdica the requesting site nust find the best ae by ppdang the network lirk and
aurrat sdaed dskssaae Wceansaethstimg if ve use thepaevas histay o filetrasfas
Revious hstay sonetines provides sone usefu infarnati on such as the access frequency o a
file the access pattern betveen dffeat file regests If the reqested file o its nerby file hes
been accessad recertly, say franstaage site x, ve know thet it wil be aocessed fransite X a@n
wth asgificat paeality. Tnerefae raher then getting infornation from the redica locati on
service every ting the comqputing denart can drectly reqeest the file fromthe previoss requested
saae site To sdet the best regdica lacdly, ve e a sple technique cdled the KNearest
Neighbor (KNN rues[1]. KNNis extrenely sinple to inplenat ad it is a good dace as o
resdd dessifier ness to be huilt aead o tine The tradtiod krexrest dassfie finds the k



neerest neigbars besed on sone dstace nmatric by findng the dstace o the taget data pant
fronthe tranmng dataset ad then idatifying the dass franthosse nearest negbars by sone
vating necheni sm The generd strategy far KNNis todassify anewpant as the ngjarity of the k-
nerest pants have been dassified

The remnder o the pgoer is agaized as fdlos W gwe a brief inradction o Gid
Gnputing and Goous Tod kit in Section 2 W preset the rdaed vk in Sction 3. The k
narest rde ad achtectue d k-nerest redica sdedtion ae dsowssed in Stion 4. The
sinlation sy is described in Stion 5. A eval uation and conpari son o our techn que wth the
tradtion redica cadog nacH is preseted in Stion 6. In Stion 7, we propose a posside
inplenentation of or dgorithmin Goous Todkitversion 3 Frdly in Sction 8 ve concl ude and
gwdretias fa fuue vark

2. Gid Gnputing and G obus Tod kit

Qg the last fewyears, "the Gid' inthe coted o resorce shering in dstribued enviramarts
hes gdned ala o atetios franthe acadennc, goverment and comnercid researchers. The term
"Gid' refers to systes ad gpicdios tha ineyae ad naege resarces ad services
dstribued across mitipe cotrd domains [11]. The Gid can accomnadete very d verse resource
types induwdng starage devices, softvare, detabeses, djects, (RU pover, files ad ahers across
nay agaizaios in dfferet geoygoicd locaios. Besides Gid conputing aing to provi de
cotrd o resouce sharing ad pradevsdving cdlaraion wth fledhlity ad security. The
flexibility dlons dynannc nenbership of a Gid inwich Gid conponents can jan ad |leave a
wll. Gid coqpuing provides services wth very large scde datasets ad resaurce shering in a
g ool scd e wth heterogeneous systens.

The Gaous Tod kit [12, 13] is a comonity based, ogpenrarchitecture, operrsaurce s& o services
ad sotvare libraies the poide the besic huldmg Hodks o gidbesed gpicaios ad
infrastrutures. The todkit addesses issues o security, ifanation dscosery, resarce
nanagenent, data nanagenent etc. The Gobus [23] is gaerdly recogized as the de facto
stadard in Gid conputing. The ngyor conponerts of the tod kit indude (1) The Gid Scurity
Infrastructure (&), (2 Resorce Mregenent Srvices, (3 Infanation Sxvices ad (4 a
Trasfer Raocd, eg, GidFIP

Gid Scuity Infrastructure (@) [14] is the potion o the Gdas Tod kit thet provides the
fudanentd security services needed to suppart Gids. The pldic-key-besed (3 provides sing e
sigron auhertication ad commoni cation pratection. The sing e-sigton atheticaion nakes it
posside to atheticae a user just aly are ad this crede a praxy credatid that a progamcean
wse to athaticae wth ay renate service an the wisar's bealf. (&3 hades the nong o the
praxy certificae to the dverse locd credatids ad atheticaiaYauhori zeti on necheni sns thet
gy a exchsite (@ wes X390 catificaes [, awddy wsed fa B4 certificaes as the besis
d wa athaticaion @ dfines ad X510 poy certificae to leverage X590 far syyport o
sge sigronad ddegation A X5 cetificae in cojuction wth an associ ated private key
fams auiqe ceatid st thet a Gid atity issstoathaticae itsdf toaher Gid atities. Ech
@ catificae is issued by a trusted party knom as a Grtification Athoarity (3. Te QAis
generdly run by alarge organi zation o commercid  conpary.



Gobus Todkit's Mta Gnputing Drectay Service (MY [9 provides a framewrk for
d scovering ad accessing infarnation aoou the structure ad state o Gid resorces. Aresarce
dtans the infornation about ather resorces through GRP (Gid Resource Infornation Ratocd).
QR P suports both d scovery and enquiry. Dscovery is supported by searching were as equiry
corespods toadrect lockup o infonation For exanple, a service provider nay provi de vari aus
resarces toaher Gid etities. Alrdker (o wser) cannake asearchonprovider todtanasa o
resuts thet ragly nach agven aiteaia Ate gating the serch resut, the rdker can qery the
prosder aoout the resorce description ad statws. Besides, it can dso nake a subscripti on reguest
tothe provider such that resource ypdete infarnation wil be ddiveredtoit inapxiadc fashion A
resource uses Gid Rsorce Rgstraion Raood (GHD to mify aher etitiesthat it isapat o
Gid. G is a sot-stde [26] paod. Sft-stae is ifanation theat tines ot ad nost be
priodcdly refreshed Ths, wsg a soft state paood is advatageos in thet stde infanaion
doss mt rnead to be remved eqdidtly smee it vadd tine ot evetdly. Bsides, it isresliat to
falue becase asmje | ost nessage does it cost irrerievad e harm

Gid Resource Alocation and Minagenent (GAV [10 prdocd provides rdidde secue
renste creation and suonssion of a conputati ond request to a renste conmutati ond resource ad
subsequent nonitoring ad cotrd o resuting conppuation  The GM AR provides functions
for sumtting ad cacding a jdb o coquatiod regest. Wen ajadb is suomtted a jab had e
isregured tothe isar. The s can e this hade lae fa nnitaing ad qeying the staws o
the jdo Thae ae three ng or conponents in GAM gatekeeper, job nanager and GAM
Reporter. The gatekeeper perfans the authentication between renate user and resource ad
Ogtermnes a locd wser rname far the remate user. B nechaenisns are wsed for athetication ad
cedatid ddegtion pupose The gatekegper then starts the jdb naneger wich actud |y had es
the request. The jdb naneger is resposide far starting the jdb an the resarces ad nontaing
those wile executing The GXM Ryparter is resposibe to pudish the infornation aoou the
schedd er ad state ino NI5 The state induwkes vaios ifonation suwch as tad nuer o
nodes, curently active nodes, queve vat tine ad so on Atvo-phese coomt protocd is used far
reiade invocaion besed on techn ques wsed in the Gondor system[12].

GidFIP is a dda trasfea paocd wich is an edended version o FIP to provide secure,
rdidde ad efetive cia tragpot o Gid daa 2]. GidFIP supparts (B ad Kereberos
atheticaion wth user cotrdled seting o vaias leds o cdaineyity ad cafidatidity. It
adso nakes athrd party to intiae nonta ad caird file trasfe batveen tvwo aher sSites. It
supats pardld data transfer through FIP comand extensios ad data chand extension
Mreover GidFIP can intiae stripoed dta trasfa as vl as it sypats patid file trasfer
betveen tvo sites.

3. Related Vork

Roatly theee hes been arise o interest in studying ad nodding Gid environnents. Giddm
[4] isaJaebased dscrete evert simolator that sypports naddl ing and sinol ati on of het er ogeneous
Gid resouces, wers ad gication nodeds. Nnord-G [5] is a resauce brdee thet perfars
scheading of paraneter sveep task-farming godicaios on geoggoicaly distrilded nocHs. 1t
supports dead i ne and budget based schedu i ng dri ven by nar ket-based econonic nodels. GidS m



simiates a Nrnod-Glike Gid resource kroker. It evd uates the perfornance o deadine ad
budget constrained cost and nmininnzation schedding dgorithns. Though GidSm supports
schedding of jaos, it deesnot naod aything rdaed to deta redicaion such as attonated redica
cegion ada sdedim

Kaitha @ d. [19 proposad a straey fa ceding redices aktomaticadly in a generic
Oecertrd i zed peer-topeer network. Tne ged o thar modd is tomaintan redicaaalaklity wth
sone probabilistic neeswre. Thair decertrdized nodd hes soe advatages: thereismo pant o
falue ad it des mt rdy on a catrd nontaing scene The d sadvantages ae nodes take
decisias on partid infanation and sonatines it nay |ead to umecessary redicaian

Foster and Ranganat han[20] dsouss varios redicaion straeges. Al these rgdicion straeg es
aetested n hierarchicd Gid achitectuwe Te regicaion dgoithns praposed are besed on the
assuption thet podar files d ae sitewll e pppda a aaher site Thediet site wll cout
the nuier o hoos far eech site thet hdd redicas. Accardng to the nacd, the best redicawll ke
aetha is the lesst nuber o hgs framthe requesting diet. Though thisis asmle haristic, it
does not consider current network bandwdth Futher, they assue thet dring file trasfer
betveen tvo sites, the lirk is buisy ad undde to trasfe ay ahe file thrach thet lirk util the
trasfe exds. W domt costranor nodd inths vay sove sded the best site by giimzng
curent netvork bendwdth and dsk throughput Therefore, ar nocd simiaes the red Gid file
trasfer asvdl as allov ahe sitestotradfe files through the sane lirk a the sane tine but wth
reduced perfornance. @r redicaion dgxithmisused by Gid sites wen they need data locd |y
ad are based on bath netverk atributes and data popd arity wile considering spetid and tenpord
ladity.

Chervenak @ d. [7] characterize the requrenents fo a Rydica Location Srvice (RS ad
Oscribe adata Gid achitecturd franevork, Ggje (A Ga-scde Gamd Location Bgne), wthin
wich a wde range of RS can be defined A RSis conposed of the Locd Rplica Gia og
(RQ ad the Rylica Location Index (RJ). The LRC naps logcd idetifiers to physicd
loctios ad vice versa It pariadcdly sk at infamation to aher RLS aou its coteats
(nappng via a sdft-state propagetion nethod @l lectivdy, the LR provide a coplete ad
locdly cosistet recad o gadd redicas. The RI cotams a se¢ o pantes franlaycd
idatifier to LRC The RS uses the Rls to find LR that cotan requested repgicas. R nay
cover asuset o LR3 o coer the etire sat o LRG,

Alcock @ d. [2] devel gped a repica nanagenent service wsing the buldng Hocks of Gobus
Tod kit described above. The Replica Minagenent infrastructure incdudes Ryica Gidog ad
Redica Mregenet Services for namegng mitipge copes of shared data sets. The Ryica
Gtday dlos wsas to reggste files wth a logcd fileam(s) a logcd odletian(s). It dso
nai ntains a nappi ng betweenthe logcd fileane toae a nre physicd locaias. It dlos usars
adgdicaias toqeythecadogtofirddl edxsimgogies d apatiada filea odletion d
files. The repica catdog ves inplenented as a Ligiwe gt Drectay Access Rotocol (LDAP
[18] drectay. The nanagenent service hovever does not inplenet the ful repica nanagenent
fuctiodity ad does nt eface ay redicaion seatics. It dso does mt provice ay redica
giimzation a ay aher caedlities that ve foresee for the imed ae fuure besed on our read ng
d thelitaaue



In this pgoer, ve inradce a hge led savice tht poides ful dyamc redicaion
fuctiodity ad it can use besic redica naegenent services inplenented in Gdus to
automaticdly create newredicas The server can sdect the best ae anang repicas besed on
netvork and storage syst emperfor nance.

4, KNearest Rile in Replica S ection

We dfire the redica sdection prdd emin this vay. find the best redica thee wil mnimze the
trasfer tine Ths ppddemnay be cosidered as a dassificaion prddem CQassificaion is the
pracess of fimdmgasa o ndds o fuctios that describe ad d stinguishdata d asses o caogas
for puwrpose d predcting the dass o dyects wiose cass labds ae uknom QGrxsider each
tranng saple hes n dtribues: A A, ..., A1, C wee Cisthedass dtribiie Nwif a new
data saple wose atribue vdues fo Ay, A, ...., A1 ae kom Wwile the dass dtrilue is
unknown, the dassification nodd predcts the dass labd o the newdata sapl e wsing the knom
vdus o dtribte vdues A A, ....... , A-1 Wen a new sanple arrives, kMNaest dassfie
finds the k nei goors nearest to the newsamle inthe tranng spece besed on suitade siml arity o
cl oseness matric. A camon simlarity fuction is besed on Bdlid an dstare betveen tvo cita
saples. For exanple, by cosidering atribues aher then dass lads ad if PP, p, .ow 1>
and Q=<01,, .... G1> ae tw daa saples, the Hdidan smlaity fuxtion is dRQ=

]”Z'l(p, _q)? - Ate firdng the kreerest samles besed on the d stance netric, the popd arity

dass lad o those k saple data points can be assiged to the newsaple as its dass. If thereis
nore than one popd a dass labd, oe o themcan be sd ected randoty.

Inor smliaed Gid eviramat, esch coppting site mintans a histay o trasfer wen a
file hes been requested ad trasparted to thet diat. The histay irncl udes the tinestanp wen the
file tradfe a5 thefileimkx o thelaycd file and the starage site framwhi ch the file hes been
trasfered Echtudeinthe hstay mwind uks three atribues wth the ssaage site as the dass
ldd. Ata sufidet nunber d file tradfas exch diat hilds a hstay thet can ke wsad as
tranmng spece far arewtyde A thspant, wen a new filerequest arives, raher thenfirdgthe
infamation franthe redica cad oy it finds the best site franthe pevias hstay d file trasfe.
Te diet determnes the popd aity d the dass lad, i.e, staape site fa k sape cita parts
besed on the dstance netric wth respet to tvo atribues: tinestap ad file indx. V& use a

veighted distance netric dP.Q= \/”le.(p._q,)z, Were w; reresats the ve gt assiged

exch atrilute As tinestanp are recorded tothe mlliseconds, ve set wto afractiod vdue ad w
touit vde Fileregests catantepod ladity, theeefae file index in d stace neesure wil
defintdy inroe the dassificaion rade For exayle le us coside tw sapie pans Pl=(;,
P12, SI> P2=<»1, po, 2> and a newsanple point FB3=s1, @2, 2> Wise dass labd is uknom
Suppose 1> pi1, thet is R tyde hes arecat trasfer 1og then P, ad BB hes the sane file index
as Pl i.e, ps2= pr bt dffers fronP2 by ae index nunher, i.e, ps2= p2tl Nwas the file
cotanrs tepad ladity, ve can sy thet if alaogycd file wth index pois daad & ste & the
ahe filererby its index say potlisdsosaedd dte 2 Mreover, recat histay shos that
istrebest stetofirdaredica by cosidering curent ntvark ad dsk infonation Therefae the



recat hstay ad tepad ladity waes fa ste  raher then SLdthough Sl is the Ste fram
whi ch the requesting file ves trasferred previogly.

The execution of a conputing eenent is illwtraed in Hgre 1 The flovshows the if a
conputi ng e enent has sufideat hgay, it firds thebest site uising the k-reerest rde ahawse it
cotacts the redica caday to fird dl file redices Intidly, each copuing denet gets
infanation fronthe redica cadog ad picks the best ae tha gximzes the trasfa tine
considering curet netvark ad d sk stae Wen each site has enough trasfe hstay it regess
thebest steby g the KN rule. If the ste faud by the k-rerest rde hes been dd eted by this
tine because of imsUfidat dsk space a anaher file€s popd arity exceets then the requesting ae,
the conputing € enent cotacts the rgdica cadqg to fird aher adldde redices fa tha file It
wll pdkthe best aeto grimze thetrasfer tine

Get The Job From
Job Queue

Do | have
enough hi story
of log ?

ontact Replica
Cat al og

v

Frdredicas o file

Yes

Fnd the best site

by using kK
| ncrease the nerarest Rule I ncrease the
| og count

| og count

y

Choose t he best
one

Ceck i f the
sitestill dd

A 4
Tanster Tromine

arster the

formthat site and best site and save
save this transfer this trasfer
infonationinlog infonationinl

Houe 1. Exection Hos o a Gonputi ng H enent .
5 Sl ation
To evd uate or aoproach we use a sinul ation package called orIm[22], witten in Jaa

rtorImis a da Gid simlaa desiged to dlowv exerinets ad evdugios o variaus
redicaion gqrimzation straejesina Gid envi ronnent .

5.1 Achitecture



The sinol atar is designed assunng thet Gid cosists d anube o Sites, eech casistingof zero
o nore conputing e enents and zero o nare storage € enents. The conputi ng € enents provi de
conput ati onal resource ad the starage d enart's serve as data starage resaurces far suomtted j dos.
Stes wthout storage o computing d enants act as raues. A resouce broker acts as a ma
schedd er thet cotrds jdb schedding to dfferent conputing denents. Ajdb in QotorS m nust
acesasd o fileswiich nay be lccaed a dffeet saap stes. Togd thepysicd locatias o
alaogcd file each coputing d enent casuts wth the redica nanegenent service Ater getting
infanation franthe redica cadag the redica nanegenant service retuns the locaios o the
physcd files for the requested log cd file to the coquting € enart.

In garIm the gptinnzation technique wsed to gt the best redica frandffeat physcd
locatias ishy examning the avail able bandwdth between the requesting conputi ng € enent and
vaios staae deats thaa hdd redicas. The gatimnzati on techn que does i@ cosider the disk
dae when firdg the best redica The best redica wil be the ae thet hes the mini numtransfer
tine wth respet to curet vk stae Ve extend the optinnzation technique by considering
dsk throughput dong wth netvark bandwdth to fird the best redica becase file trasfer tine
includes bath netvark tine ad d sk 1/Oti ne.

5.2GidInterd s

| Qptor S nhai n | | St or ageH enent | | N:\j;;;]r | | Resour ceBr oker | | O;"Z:‘e:nng | | Job | | pf nl: PFN | | pf nl: PFN |

ini t S orageH enents()
:Dstribute Mster
Fles

>

mReg stryEntry(lfn, pfn)]

Reg ster naster files in
Replica Gatal og

rhstart()
Sart the Resourc
Broker

®

get AccessQst s(
LANTL G )

accessst [ ]

schedul Job() : Schdul e
the job in best (E

startJob()

getBestFile(LAN[L, LAN2,....)

read()
rmrgplicater | (I fn source, dgst):
copy gnd replicate file to | ocaly SE and gl
regster infornationinrepica ¢ata og

read()

rmrgplicater | (I fn source, dast):
copy and replicate file to | ocall SE and
regstbr infornationinrepicadata og

jobConpl etion

FHoue 2: Typcd ineraction accuring inthe @tasim



FHogue 2 depicts atypcd interaction betveen various conponerts in oS m Q@arSnhdinis
theatrypant o thesmlaa.
e t=t;: aSmdin intidizes the staage demants ad dstribues the naster files
anuyg dffaet staae stes as spdfied inthe cafigraionfile
e t=t,: Scapdewisreyse those naste filesintheredicacada
e t=t;: QtorInhin starts the resource broker.
e t=t,: The resource broker cals getAccess@sts([LANL . LA\, (H], .). to get the

mn nomaccess costs far dl caddate (B wth respect to physicd locatias o the
deta The infamationis used to determre the best (Efar jdb execution

« t=t;: Theresaurce rake scheddes thejaotothe best diet.

e t=ty: Tejd sats

e t=t,: The job cals getBestAlg([LANL LANY, .). to determire the best physicd
loctias o lagcd files cosidering curet vk ad d sk stae

e t=tg.1,: Wleredngthe files franaher staege sites, the E makes aredica o

exchfiletoitsomsaape adregsasthsinandioninorelicacadoy

| Resour ce Broker | | Repli ga (pti miser | | Repl i ca Gat al og | | Net wor kd i ent | | O skaient | |Cbnputng H enent |

get AccessQost (LAN ],
(H]. protocd)

"1 rmlisreplicas(LANL)

PAN 1]

<
%

rmlisrepl i cas(LF\R)

-

PFN_2[]

get NetvorkQst s( sorucedte of PN 1[], destSte,
PEN 1 si zg)

net vior kcost [1]

>

het Net vor kQost s( soruceSte of IFFN 2[], destSte,
PFEN 2_si zel

net vior kcost [{]

get O skQost s(soufced te of PAN1[], PAN L size)

Y

di sk@st[]

get O skQost s(soutced te of PAN 2[], PAN P size)

di skast[]

accessMst[]

B ——————

schedul eJob()

Houe 3. Inerd beeviar o the Rydica Mreger



Houe 3 shons the sequence of everts that happen wen the resorce brdker cdls the fuxtion
0et Access@st S().
 t=t,,: RdicaMrege’s listredica) nthodis cdled tofind the pysicd locatias o the
logcd files. Anuber o physicd filenames (FN wll be foud fa alagcd fil enae
LH
. E:BZZ Ntveark cost is estimated far each site thet hd ds a FAN correspondi ng to LAN
 t=t,;: Tnedskoost Wil beestinated far getting ANframstarage site,

« t=t,,: The acess cost for each (E ae cdcdaed besed on the vdues retuned by
oet Netvor k@t s() and get D sk@st s().

53 Gid Qnfiguration

The study of our optinnzation a gorithmand KkNerest redica sdection d gorithmves carried
at lsinganud o theBJData Gid Testbed 1[3] sites ad thar assod aed netvark geonetry.
Ste8is cosidred as CERN (European Qgani zation for Nuicl ear Research). Anaste file
cotamns theaigmd cogy o sone data saples ad can it be dd eted

Eechcdrdein Fgre 2 rgresats a Testbed site ad astar rgresats aroue. Ech link betveen
tvo sites shovg the availdd e netvork bandwdth. The network bandwath is expressed in Mits/ sec

(M o Gitdsec (G. The starage space ad the dsk througput are aso showm in braces. For

example, Hogue 2 shovs that Ste 0 has 80 GgaBrte (B starage capacity wth a d sk throughpu
260 M ( Megahits/ se0).

Ste 17
dte 16 (80 GB 260 N

(50 @B 250 M

Ste 8
(100 TB 100 M)
dte 15
(50 B 200 v
dte 14

(50 @& 150 M dte 12

(30 @B 170 M
Ste 13
(30 @B 160 N

Howe 4: The BJData Gid Testbed 1 sites and the approxi nate network and di sk geonetry.
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54 Smilation | nput

Qr programgets input fromthree catigraion files. Qe file describes the netvark topd ogy,
i.e, the lirk betveen dfferent sites, the avall dd e netvark bandwath betveen sites, thesized d sk
staae d exch site ad the dsk througput o the dsk staage The secod cafigraion file
cotans infonation about sindlaed jobs ard the rene o logcd files wich the jdb neads to
access Wi le executing It dsocatamstheindx d eechlaycd file ad the scedie tade fa each
conputi ng €l enent, i.e, wich jaos each conpputing denent will run The third cofiguration file
intidizes dffeet paradtes fo runing the ssmiaion These parasters nay indude
infanation such as tad nuer o jds to be run, file pracessing ting, del ay between each jdb
submissi on, nax mum queue size in each conputing d enent, file access pettern, the gatimzati an
d gorithmused ad so on

/s nertioed dove, ajadb wil typcdly reqest asa o logcd fileane fa data access. The
ade in wich the files ae reguested is deemined by access paten In ths smiaion ve
experinented wth for access patterms: sequertid (files are acoessed in the ady thet hes ben
gaed inthe jdb cafigraion file), random (files are acoessed Wy fld radomd stribuian),
unitary random(file requests are one d enart avay frompreviaws file reqest bu the dretion wil
be randon), Gaussi an randomwal k (files are accessed Llsing a Gussian d stributian). Those file
access patterrs ae shomin Hgure 5.

12 12
10 ° 10 A °
) L]
9 8 . 9 8 1 ° o
© 61 .’ @ 6- .
T 4 o T 44 . ¢
[ ] [ ]
2 1 * 21
e
0 T T T 0 T T T T T
2 4 6 8 10 12 2 4 6 8 10 12
F | e Request Fil e Request
* Lhitary Random ® Gaussi an Random
10 10
8 1 8 1
L] L]
9 6 - 9 6 [ [ ]
o . o . .
T 4 ° ° Iz 4 e
[ ] [ ] e e
2 . 2
e
0 T T T T T 0 T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Fi |l e Request Fi |l e Request

Houre 5 Various Fle Acess Raters
6. Sl ation Results

Ou sinlaiosaerunfa 20 jds d vaias types. Eechjdreqests file o dfferet sizes W

experinented wth dfferent file transfers starting from10 MB (Mga Btes) wto 1 B (1 Gaa
Btes). The jas are suomtted wth a fixed praoea lity such thet sone jdos are nare popd a then
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ahers. BExch jdb is sutted a& 25 milliseconds intervd. Tine taken fa copleing a jab is
equva et tothe vating tine in the qewe in the conputing el enent and the execution tine a
conputing elenent. Tine for prodng network bandwdth ad dsk state is cosidered 10
nl liseconds. @Qr schedding d gorithmtakes into accout bath locdity of files requested by jdos
ad coqpuing denet loads. The cdcdaion o the file accessing cost 5 inplenented by the
oet Access@st s() nethod described in the previos section For each conputing dement thet is
caddete fa schedding the resarce braker cdls the gat Access@sts() nethod wth alist o files
requred far the jdo. The fuxtion cosdts wth the redicacadogtofird dl the redicas o each
file then cdcuaes the tine to access each redica franthe gve conputing € enart by examning
the curet netvark and disk state By sumnng the tines to acoess cost to access the best redicad
eech file getAccess@ets() returrs the estinated file access tine the jdb vl d have if schedd ed to
the coquting e enent. The schedding agorithmscheddes a jab to the conputing € enart thet
hes the mininomaccess cost. We wse a simle redication aoproach cdled LRJ (Least Recently
Wsed) fa redicacesion Inthstednqe each copuing d enart stares aredica d thefile thet
it hes reqested into its locd staage dewt. If the ssaage dewat hes sufidet gace thefile
wll ke sgored there Qherwse the starage d enent nakes spece far the nevest file by ddeting the
leest recatly wsed filg9). Initidly eech site huilds a hstay of Diritid file tradfes V& choose
P as an abtray vd e to see howit efects on the perfarnance o or dgorithm In the KNN
approach each conputing el enent finds the best ae by the k-rerest rde rather then requesting the
redica cadog For the sequatid access patten thee is a liner dgoadace o file access
etars. S it wil benoreinutivetoweasal vdue d k fa seqetid access pattern because
lagevde d kwll cause aher non nearby neighbars to vate and decresses the perfornance of the
agorithm The remaining access petterns contan randonmess 0 ve shadd wse a vdle the is
nathe vay lage nor sall. Theefae ve coose the vde o k=2 far sequertid access peattern
ad k=5 fa aher access patterrs. Wadsovay thevdue o k fa soeintid runinor sinod aion
ad ve gt the highest accuracy wen ve take k=2 far sequertid pattern ad k=5 fa aher access
petters. Red | that eech site wll e ruming a varyi ng nuner of jdos such thet sone site nay run
aly afewjds thet resdt in aly a fewfile trasfers. In or eqinet, esery site exogt Ste 13
ad Ste 15 are loaded wth jds wich reqest nore then 50 trasfas. Therefae ve will
induk Site 13ad Sitel5inor adyss.

Fogre 6 docunerts the parfonance o or KN dgorithmand the tradtiod redica cadog
nodel wth respedt to tad jdb times. Inthis case dl rnaste files ae in (N (Ste 8. ko the
sequetid ad Uitary Raindomaccess pettern, or enhanced d gorithmoutperfarns the traditi od
nodd . /s the file wll be accessed inthe arder spedfied inthe jab cafigraionfile fa segatid
requests, i.e file access peterms ae seqertid, the KNrde wil find arecat trasfer hstayd
nei ghbor(s) o areqested file The sane argunent can be nade for Unitary Randomaccess pettern
because newfile requests will be oe deent any franpreviass request bt the drection wil be
random However, we do not see nuch inprovenent in the Uiformand Gussian Randomfile
acoess pattern This is becase far those patters fil es are acoessed wihout ay rdaion o previos
requests ad the sae file can be requested mitipge tines leaving sone files unecocessed
Trerefare, though fromprevios histay, KNvaes far asite x thet canhdd aredicad the ety
reqested filey. site x nay rever trasfe y fron@EN (Ste § 0 it dss mdt hdd ay redicafa
thet file Hwvever, this wil nat hggoen far sequatid file acoess patterns becase a jab Wil request
files e dte anthe adthe site theat rus thet jdo cedtes redicas d dl files nesded to run the
jada
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Ti me Conparison for Sequential Access Pattern

1800000
1600000 1
1400000 A
1200000 1
1000000 1
800000 1
600000
400000 1
200000 4
O B

Tinme in Seconds

Jte dte Jte Jte dte Ste Jte Ste

0 3 7

12 14

16

O KNN
@ Tradi tional

Ti me Conparison for Random Access Pattern

800000
700000 1
600000 1
500000 1
400000 A
300000 1
200000 1
100000 1

04

Tinme in Seconds

1 12

O KNN
@ Tradi tiona

9te0Ste3 9te7 Ste dte dte Yte Ste
14 16

17

Ti me Conparision for Wnitary Access Pattern

Ti me Conparison for Gaussian Access Pattern

800000 1400000
700000 - 1200000 -
g 600000 + é 1000000 -
§ 5000001 B KNN § 800000 - DOKNN
= 400000 - & T adi ti ondl < 600000 4  Trad ti onal
£ e ] £ oo
100000 4 200000 A
0 07
dte Ste Ste Ste 9te Ste Jte Ste 9te Ste 9te Jte Jte Jte Jte Ste
0 3 7 12 14 16 0 3 11 12 14 17
Houre 6: Gnparison of Tatd Job Tines for KNearest Rile and Traditional NMdel
Sequential | Ste Mat ch M smat ch Random | Ste Mat ch M smat ch
SteO 314 3 Ste 0 281 36
Ste 3 100 6 Ste 3 93 13
Ste 7 1508 3 Ste 7 1471 40
Ste 11 133 0 Ste 11 132 1
Ste 12 50 6 Ste 12 a7 9
Ste 14 6 2 Ste 14 7 1
Jte 16 191 2 Ste 16 186 7
dte 17 238 0 Ste 17 234 4
Lhitary dte Mat ch M smat ch Gaussian | Ste Mat ch M smat ch
SteO 286 31 Ste 0 275 42
Ste 3 96 10 Ste 3 93 13
Ste 7 1461 50 Ste 7 1462 49
Ste 11 131 2 Ste 11 132 1
Ste 12 50 6 Ste 12 a7 9
Ste 14 6 2 Ste 14 6 2
Jte 16 168 25 Ste 16 182 11
dte 17 231 7 Ste 17 226 12

Table 1: CQassificaion ad Nisd assificaion Rte fa Dfferet Hle Access Patern
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Tdde 1 presats the dassification accracy o the KNru e far variaus fil e access petterns wen
dl files ae dstribued in the EN If the KNrde reurs the sae site as retured by the
tradtiad redica macH, the file tradfe is dassified as ntded aherwse it is dassfiad as
msnatched W see that far sequetid access pettern the accuracy is higest weress far the
@ussi an Randomaccess pettern the accuracy is the lonest. This resut dso conplies wth Fgre
6. There is a strog cordaion betveen accuracy ad jab throughput as ae voud expect
irnutivdy.

Tdde 1 and Fgre 6 cotan sone dscrepacies. For exaple ve see that for Ste 16, KN
msd assifies 11 ad 25 file tradgfas in Gaussian access pettern ad Uiitary Random access
pettern respetivdy. However, Fgue 6 shows a batter throughput in Uitary Random access
petternthen Gussi an access pettern This isbecause inthe Gaussi an access pattern KNN nakes a
msd assificaion fa a lag file tradfea, eg, 1 B wereas in Uitay acces petan it
nmsnat ches wth the tradtiod noHd fa aly sdl file trasfeas eg, 10 MB trasfas. The
mdasficaian fa lage file trasfa costs nwe thean a cayde o sdl file trasfe
msd assi fi cati as.

700000 250000

600000 A 200000 -
» 500000 2
2 S
S 400000 - & 1500007
& = KNN - @ KNN
£ 300000 1 Trai ti ol 5 100000 - Thadi ti crel
€ 200000 - =
= 50000 4

100000

0 - T T T 0+ T T T
Sequential Random  lhitary  Gaussian Sequential  Random  Llhitary Gaussi an

Hgure 7. @ Man jadb tine wen CERN hdds naster files b) Man job tine wen dfferat
dtes dd naste files.

Houe 7 shows the conparison of nean job tine betveen two nethods, wen naster files ae
dstribued randonty ad ven naster files ae dstribted tothe Ste 8 (. If CERN hdds the
naster files dae, dl aher stes hae to trasfe files fran@ENad it generates a huge anount
d netvark traffic a8 (HN Mreover, eechste hes to traspat file fronENs starage d enart,
thedae the dsk staage aa ENWII be busy far dsk I/Oand it wll incresse the response tine
However, if the naster files ae ddrilued to dfferet sStes, adte entrasfe files franvarios
locatios rahe then froma singelocation /s aresut it reduces bath ntverk traffic ad dsk 1/0
tine Therefare ve gat a better neen jdb tine wWen naster files are dstribued randonhy.
Hovever, in both cases, ve see that or KN a gorithmhes better nean job tine conpared to
tradtiod nocHd fa various access petterns except Gussi an pettern

Tdde 2 rgresats a conparison of accuracy o o KN a gorithmwth respect to tradtiod
ncd fa dfferet dstribuion nethods d naste files The overall accuracy of our KN\N
dgrithmis 9% wen naster files aeddrilited in radomsites ad we get 96%accuracy when
dstributed in ENdae
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Mster Fle Mster Fle

Sequential | Dstribution MVat ch M smat ch | Random | Dstribution MVat ch M smat ch
Random 2539 23 Random 2368 194
CERN 2540 22 CERN 2451 111
Mster Fle Mster Fle

Lhitary Dstribution Mat ch M smat ch | Gaussi an | Dstribution Mat ch M smat ch
Random 2524 38 Random 2468 94
CERN 2429 133 CERN 2423 139

Tad e 2 Gonparison of Accuracy
7. Possible Inplenentation in 33

Godous Tod kit version 3 (G3) is the inplenetation o the Qen Gid Srvices Achitectue
(GG3A) [15], an intidive that is recesting Gid coogats wthin a service aieted franvark
based on Véb Srvices. Wb Srvice is a pafamand inplenaentaion independet softvare
conponert thet can be discovered, conined, and recontined to provide a sduion to the user’s
pradem The Java and XML are the promnent techndoges for Vb Srvices. Vb service hes
sagd alatares. savice poides can pldish dtaled desoipion o thar fuctiadities
through veb services, services can be easily d scovered through a staderd nechenism it sugports
dfferent pratocd hindngs such as HITP and SO¥Y° and web service can be essily incorporated
ino o coposed wth aher services. Hwvever, web service hes d sadvatages too it is stadess
and nontrasat. Gid servicg anexdtension o web service sdves the pradens of Vb Srvices
by a factary goproech Gid services dso provide sone necessary tod's such as cdl beck fuxctios
to effectivdy nanege lifecyd e ad service data d enarts far describing its service Bsides, Gid
services sypat maification pdicy to naify the changes to suscribed diets GGBA defines a
comman and standard architecture for conputati ond and starage resources, netwrk prograns and
Cetaeses. It dfines the Gid services which are the cater o this aditedtue @@en Gid Srvice
Infrestructure (OGSI ) [15] is a fam ad tednicd spedficaias d the caogas desaribed in
CGXAincluding Gid savices. G3 is a softvare tad thet dlows us to progamin Gid besed
gdicaias.

Fgre 8 depicts a possible inplenentation of or dgarithmin G3. W propose Gondor-G [ 16]
as resource roker o netaschedder of o dgrithm Auser wil suomnt his request far ruming
jobs to Gndor-Gschedd e, The request Wil indude alist o jas. Echjdbis desoribed by asat o
filesthd are requred torunthea jdo The @rdor-Gschedd e crestes a new Gi dMinager daenon
to suomt and nanege those jdos. The GidMineger process wil hade dl jaos far a sing e user
ad termnete wen d| joos wll be finshed The Gidvneger process requires the fuctiodity o
the Replica Minagenent Service, inpaticda the giimzation futias in ader to dtermre the
best conputing € enent on wiich to schedu e a job. Replica Minagenent Service (R factory
provi des such service to Gidvnegger inor dgorithm RG factory creates a RVB i nstance that
wll ocotat the Rdica Gtdag to fird the pysicd lactias o logcd files requred to run the
jao It wil thenesk the Rdica Hettion Srvice tofind the best site far hosting the curret jdb by
cosidering curet netvark and disk stae Ntvark Véather Service (N9 [32] wil ke wised to
sense network bandwdth and | GBTAT [27] for disk state.
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] Job Queue

User
ﬂ ; RVB | nst ance
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Condor - G j

Repl i ca’ Managenent
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For k

Condor -G
Qid Manager

d obus
Gat eKeeper

d obus
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1 For k
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—

Qi dFTP Transfer

Storage

&
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|

Net wor k

Weat her
Servi ce
(NW6)

N\
[

Job Submission to Local
Schedul er ( PBS (ondor etc.)

FHoure 8 Apossibe inpenentation of our dgorithmin G3

@&tting the resut fron R factay, the Gidvneger hosts the jdo to the best dte thrauh
GaoosGtekeeper. Next, the Goous JooMineger submits the job to the execution sit€s |ocd
schedding system It is matiaed bfae tht a s8¢ o files ae requred to run a jdb The
infornation about physica locations of logcd files can be foud fromRydica Gitdog Therefare
each Site wll cotadt the RG factay to fird the pysicd locaias o the files thet are nesded to
rinthe jda If thefiles aeinaurat ste the jdo wil aoess files franlacd saae Qherwse it
wll fird the best site hosting redica(s) by querying the Rdica Hedtion Sxvice in the sane vay
as described doove Nexdt, the filg(s) will be trasfered franthe best site by GidFIP  Eech site
cedes arevrglica d the file thet it trasfes franahe steinolad saae Then exch Ste
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regstasthe rewrgdicain Rdica Gtdog Besides, eech Ste yrhtes its trasfer |ag refleting the
curat file trasfer. The trasfer log wil be usad as tranmng spece d ar KW d grit hm when
ech site hes asffideat igay d filetrasfas. Updates on jab status are set by the Jooh\neger
beck to the Gidvinger, wich then yodetes the Shedd e wWere the jab status wil be stared
pers statly.

AGE praxy credetid is used by the Gndor-Gaget to auherticate wth renate resources on
the user’s bl f. To reduce the user hessle in deding wth eqared cedatids, Gdor-Gead d be
enhanced wth a systemlike MPoxy [25]. The infornation about Replica Minagenent Service
can be found fronME W& have a plan to devel op Replica Minagenent Service and Replica
SHettion Sxrvice (R as Gid Srvice W will use the Gdos Todkit's Rdica Gtadog [2]
copoet fa indadng logcd file to pysicd locaias ad vice vasa The GidMineger o a
conputing site comects to the ARG factay by Gid Srvice Hade (G ad logcd fil enane
(9. Tne M ad RS gid service interface wll be witten in VEL (Veb Service Description
Language) [8]. It can be dso grerated frama Java inaface Fr Gid service inglenartation,
java dasses Wil be used These Java dasses provice inpl enertation o nethods thet are specified
in the service interface The ded oynent descriptar wil be witten in VED (VBb Service
Depl oynent  DCescriptor). WBDD tdls the veb server how it shodd pudish the RIS and RSS
service

8. Concl usion and Future Vérk

Inths pgoer, ve presated a modd thet uilizes asinple dataninng goroech cadled the k-
rneerest rde to sdect the best redica frama nuber d stes tht dd rgdices. To sdett the best
redica we desiged an optimnzation tecnique thet considers netvark laency ad dsk stae W
studed dfferet file access paterns oan the parfanance o the knearest nodel and conpared our
resdts wth tradtiod dgorithm Qr k-nearest ru e shows a significat perfornance i nprovenent
far sequetid ad ntary randomfileaccess pettern

fs pat o fuue vark, ve danto design an adgti ve knearest neighbor dgorithmsothd it can
swtch to tradtiod nodd wen it ecouters misdassification wth tradtiod modd fao
cosective file trasfers. Further, rahe then uising the fixed vdue d k ve can wse an adgxtive
vdue o k thaa wll change dynamcally as the simiaion rus to inprove perfornance
dynamical | y. Mreover, befae meking adedsion aou the best site fa lae file trasfes each
dte can verify the best ae by vaying the vdue o k W dso have a gan to inplenent our
dgxithmin VéstGid [3] middeaetoseeits pafamnce inred Gid BEmromernt.
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