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PerÐlhyh

H teqnologÐa Plègmatoc gnwrÐzei meg�lh an�ptuxh ta teleutaÐa qrìnia kai èqoun
gÐnei shmantik� b mata gia th dieÐsdush thc teqnologÐac aut c ston epiqeirhmatikì
tomèa. Sthn kateÔjunsh aut  eÐnai ousiastik  h sumbol  twn Sumfwni¸n Epipèdou
Uphresi¸n (Service Level Agreements), kaj¸c h diasf�lish poiìthtac uphresi¸n
pou parèqoun apoteleÐ aparaÐthth proôpìjesh gia thn emporik  axiopoÐhsh opoias-
d pote teqnologÐac.

Skopìc thc diplwmatik c aut c ergasÐac eÐnai h ulopoÐhsh enìc sust matoc
diaqeÐrishc Sumfwni¸n Epipèdou Uphresi¸n pou basÐzetai sth qr sh politik¸n. Oi
politikèc orÐzontai apì ton paroqèa uphresi¸n kai epitrèpoun thn prosarmog  thc
sumperifor�c tou apènanti stouc pel�tec, an�loga me to epiqeirhmatikì montèlo
pou jèlei na akolouj sei.

Gia thn ulopoÐhsh tou sust matoc autoÔ qrhsimopoi jhke to mesismikì GRIA.
Eidikìtera epekt�jhke to pakèto Service Provider Management ¸ste na uposth-
rÐzei th dhmiourgÐa kai th diaqeÐrish twn politik¸n, kaj¸c kai th qr sh aut¸n sth
diaqeÐrish twn SLAs.

Sthn ergasÐa aut  gÐnetai arqik� mia eisagwg  sto Plègma, stic SumfwnÐec E-
pipèdou Uphresi¸n kai sto mesismikì GRIA. AkoloujeÐ leptomer c perigraf  thc
egkat�stashc kai rÔjmishc tou logismikoÔ pou qrhsimopoi jhke. Tèloc perigr�fe-
tai h melèth, o sqediasmìc kai h ulopoÐhsh tou sust matoc, ta di�fora probl mata
pou antimetwpÐsthkan kai dÐnontai idèec gia mellontikèc exelÐxeic.

Lèxeic Kleidi� � Plègma, SumfwnÐa Epipèdou Uphresi¸n, SLA, Politik , mesi-
smikì, GRIA, diaqeÐrish
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Abstract

Grid computing is an emerging technology and during the last years impor-
tant steps have been made towards a more business oriented Grid. Service Level
Agreements constitute an important tool towards that direction, as the Quality of
Service guarantees that they offer, are a vital factor for any commercial applica-
tion.

The purpose of this thesis is the implementation of a system that manages
Service Level Agreements (SLAs) through the use of policies. These policies are
specified by the service provider and they allow him to adjust his attitude towards
the clients depending on the business model he employs.

For the implementation of the aforementioned system, the GRIA middleware
was used. To be more specific, the Service Provider Management was modified in
order to support the creation and management of policies, as well as the use of
policies in SLA management.

First we introduce the basic concepts of the Grid, the Service Level Agree-
ments and the GRIA middleware. Then we describe in detail the installation and
configuration of the software that was used. Finally, the design and implementa-
tion of the system are presented, as well as the problems that arose during the
elaboration of this thesis and possible future work.

Keywords — Grid, Service Level Agreement, SLA, Policy, middleware, GRIA,
Service Provider Management
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Kef�laio 1

Eisagwg 

Ta teleutaÐa qrìnia parathreÐtai mia strof  proc th qr sh katanemhmènwn upolo-
gistik¸n pìrwn, prokeimènou na auxhjeÐ h apìdosh twn efarmog¸n. Gia thn omal 
qr sh twn pìrwn aut¸n, eÐnai aparaÐthth h Ôparxh sumfwni¸n oi opoÐec ja kajorÐ-
zoun touc ìrouc pou dièpoun th sqèsh an�mesa se autìn pou prosfèrei mia uphresÐa
kai autìn pou th qrhsimopoieÐ. H diaqeÐrish aut¸n twn sumfwni¸n epipèdou uph-
resi¸n eÐnai mia diadikasÐa polÔplokh, afoÔ apaiteÐtai na eÐnai se meg�lo bajmì
automatopoihmènh, dhlad  na mhn apaiteÐ anjr¸pinh parèmbash.

Skopìc thc diplwmatik  aut c ergasÐac eÐnai h eisagwg  politik¸n gia thn apo-
telesmatikìterh diaqeÐrish twn sumfwni¸n epipèdou uphresi¸n.

1.1 Org�nwsh tou eggr�fou

H ergasÐa aut  apoteleÐtai apì okt¸ kef�laia kai dÔo parart mata.
To parìn kef�laio apoteleÐ mia eisagwg  gia thn ergasÐa aut . Perigr�fetai

sunoptik� o skopìc thc ergasÐac kai h dom  tou eggr�fou.
Sto deÔtero kef�laio dÐnetai arqik� ènac orismìc gia to Plègma kai sth su-

nèqeia parousi�zontai orismèna istorik� stoiqeÐa. AkoloujeÐ mia perigraf  twn
qarakthristik¸n kai thc arqitektonik c sqedÐashc twn Plegm�twn.

Sto trÐto kef�laio gÐnetai mia eisagwg  stic sumfwnÐec epipèdou uphresi¸n
(SLAs), oi opoÐec apoteloÔn kai ton pur na aut c thc ergasÐac.

To tètarto kef�laio perilamb�nei mia perigraf  tou mesismikoÔ GRIA to opoÐo
qrhsimopoi jhke sta plaÐsia aut c thc ergasÐac. Perigr�fetai epÐshc analutik� h
arqitektonik  tou.

Sto pèmpto kef�laio perigr�fetai leptomer¸c h diadikasÐa egkat�stashc tou
logismikoÔ pou qrhsimopoi jhke, kajwc kai oi rujmÐseic pou qrei�sthke na gÐnoun.

To èkto kef�laio perilamb�nei th melèth kai to sqediasmì tou sust matoc. Pa-
rousi�zontai dhlad  oi leitourgikèc kai mh leitourgikèc apait seic tou sust matoc.

Sto èbdomo kef�laio perigr�fetai h ulopoÐhsh tou sust matoc.
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Tèloc sto ìgdoo kef�laio parousi�zontai ta sumper�smata pou ex qjhsan apì
thn ergasÐa aut , kaj¸c epÐshc kai orismènec idèec gia mellontikèc exelÐxeic kai
belti¸seic tou sust matoc.

Sto par�rthma A' paratÐjetai mia lÐsta twn arqeÐwn k¸dika pou dhmiourg jhkan
  tropopoi jhkan gia thn ekpìnhsh thc ergasÐac aut c.

Sto par�rthma B' dÐnetai o phgaÐoc k¸dikac gia tic shmantikìterec leitourgÐec
tou sust matoc pou ulopoi jhke.

AkoloujoÔn tèloc oi bibliografikèc anaforèc.
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H qr sh hlektronik¸n upologist¸n se perib�llon Plègmatoc jewreÐtai oloèna
kai suqnìtera wc upodom  nèac geni�c kai prosfèrei th dunatìthta prìsbashc se
katanemhmènouc kai eterogeneÐc pìrouc me stìqo thn paroq  upologistik c isqÔoc
se efarmogèc me uyhlèc apait seic se pìrouc [1, 2, 3]. Sto kef�laio autì para-
tÐjetai arqik� o orismìc tou Plègmatoc (“Grid”) kai sth sunèqeia parousi�zontai
jèmata gia to perib�llon Plègmatoc ìpwc istorik� stoiqeÐa, qarakthristik�, ta-
xinìmhsh se kathgorÐec me b�sh di�fora krit ria kai pleonekt mata apì th qr sh
autoÔ.

2.1 Orismìc tou Plègmatoc

H teqnologÐa twn upologist¸n kai twn thlepikoinwni¸n gnwrÐzei ragdaÐa an�ptuxh
ta teleutaÐa qrìnia. Suneq¸c anaptÔssontai efarmogèc idiaÐtera apaithtikèc se u-
pologistik  isqÔ kai q¸ro apoj keushc dedomènwn. Par�llhla, enteÐnetai h z thsh
gia prìsbash se plhroforÐec pou brÐskontai apojhkeumènec se di�fora gewgrafik�
shmeÐa, gegonìc pou katadeiknÔei thn an�gkh gia th diasÔndesh twn katanemhmènwn
pìrwn kai upodom¸n me hlektronik� dÐktua (electronic networks) kai gia eidikeumè-
no endi�meso logismikì (middleware), me filikì proc to qr sth perib�llon pou ja
apokrÔptei tic eterogeneÐc teqnologikèc ulopoi seic twn proanaferjèntwn pìrwn.

To katanemhmèno autì perib�llon pou epitrèpei to diamoirasmì kai thn apì koi-
noÔ qr sh upologistik¸n, apojhkeutik¸n kai �llwn pìrwn, me th sundrom  tou en-
di�mesou logismikoÔ, onom�zetai Plègma Upologistik¸n Susthm�twn   apl� Grid.
H enopoÐhsh twn diktÔwn kai tou endi�mesou logismikoÔ se mia eniaÐa upodom  me
stìqo thn katanemhmènh all� omoiogen  prìsbash stouc pìrouc tou Grid anafère-
tai wc Hlektronik  Upodom  (e-Infrastructure).

Ta teleutaÐa qrìnia h taqÔtath ex�plwsh tou DiadiktÔou (Internet) se sun-
duasmì me th diajesimìthta diktÔwn kormoÔ uyhl¸n taqut twn kai thn teqnologik 
an�ptuxh twn upologist¸n all� kai tou logismikoÔ, èqoun dhmiourg sei mia nèa du-
namik  sthn klassik  ènnoia tou ìrou {upologistikì perib�llon}. Sthn paroÔsa
f�sh, shmantikìc arijmìc upologistik¸n pìrwn (stouc opoÐouc perilamb�nontai u-
pologistik  isqÔc, dedomèna, uphresÐec, ergaleÐa logismikoÔ, episthmonik� ìrgana,
k.�.) brÐskontai katanemhmènoi pagkosmÐwc, dhmiourg¸ntac ètsi thn an�gkh gia a-
sfal , omoiìmorfh, axiìpisth kai apomakrusmènh prìsbash mèsw diktÔwn, ¸ste na
axiopoihjoÔn ikanopoihtik� oi dunatìthtec pou autoÐ parèqoun.

Ta Plègmata (Grids) eÐnai mia prosèggish thc sÔstashc dunamik� do-
mhmènwn periballìntwn, qrhsimopoi¸ntac upologistikoÔc pìrouc pou
eÐnai diesparmènoi tìso gewgrafik� ìso kai organwtik�. O ìroc Grid
perilamb�nei to sÔnolo thc upodom c (ulikì kai logismikì) kai twn
aparaÐthtwn uphresi¸n gia th dhmiourgÐa enìc eniaÐou (gewgrafik� die-
sparmènou) uper-upologistikoÔ perib�llontoc.

Kaj¸c up�rqoun polloÐ orismoÐ pou ìmwc allhlosumplhr¸nontai kai den allhloa-
nairoÔntai, anafèroume sth sunèqeia ton teqnikì orismì tou Grid ètsi ìpwc dÐnetai
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apì thn IBM:

Grid eÐnai h dunatìthta, me th qr sh enìc sunìlou apì anoikt� prìtu-
pa kai prwtìkolla, thc apìkthshc prìsbashc se efarmogèc, dedomèna,
epexergastik  isqÔ, q¸ro apoj keushc dedomènwn kai se mia ter�stia
poikilÐa apì upologistikoÔc pìrouc pou diatÐjentai sto DiadÐktuo. To
Grid eÐnai èna eÐdoc par�llhlou kai katanemhmènou sust matoc pou
dÐnei th dunatìthta na moirazìmaste, na epilègoume kai na sugkentr¸-
noume pìrouc pou katanèmontai se polloÔc dioikhtikoÔc tomeÐc (admi-
nistrative domains) basizìmenoi sthn diajesimìthta twn pìrwn touc,
thn qwrhtikìthta, thn epÐdosh, to kìstoc kai se apait seic Poiìthtac
UphresÐac (Quality of Service) pou kajorÐzontai apì to qr sth.

Apì ta parap�nw, gÐnetai fanerì ìti o ìroc Grid perilamb�nei to sÔnolo thc upo-
dom c, ulikì kai logismikì, kat�llhla diasundeìmenwn mèsw diktÔwn uyhl¸n taqu-
t twn, kaj¸c kai twn aparaÐthtwn uphresi¸n gia th dhmiourgÐa enìc eniaÐou uper-
upologistikoÔ perib�llontoc, pou an kai eÐnai gewgrafik� diesparmèno, emfanÐzetai
me trìpo diafan  se ìlouc touc qr stec tou. ApoteleÐ èna eniaÐo sÔnolo upolo-
gistik¸n pìrwn, mia sumpag  � an kai katanemhmènh � upologistik  platfìrma.
To Grid diasundèei eterogen  upologistik� perib�llonta, me ìmoia   diaforetik  fi-
losofÐa kai uphresÐec, dhmiourg¸ntac epiplèon nèa sÔnola uphresi¸n me auxhmènec
upologistikèc dunatìthtec kai nèouc trìpouc axiopoÐhshc twn poikÐlwn pìrwn touc
opoÐouc diamoir�zei.

2.2 Istorik� stoiqeÐa - Apì to DiadÐktuo

sto Plègma

H èreuna gia to Grid xekÐnhse stouc akadhmaðkoÔc q¸rouc, èstw kai sta plaÐ-
sia apl¸n suzht sewn, poll� qrìnia prin o epiqeirhsiakìc kìsmoc antilhfjeÐ tic
dunatìthtec pou ja tou prìsfere h met�bash se èna sÔsthma katanemhmènwn upo-
logist¸n. 'Omwc oi arqikèc idèec gÔrw apì to Grid to antimet¸pizan diaforetik�
ap' ìti oi shmerinèc.

Panepist mia kai ereunhtik� idrÔmata eÐnai paradosiak� autoÐ pou eis�goun nèec
idèec kai prooptikèc sta jèmata pou aforoÔn stic upologistikèc upodomèc. Autì
isqÔei kai sthn perÐptwsh tou DiadiktÔou (Internet), pr¸imh morf  tou opoÐou a-
poteleÐ to ARPANET pou anaptÔqjhke stic HPA sth dekaetÐa tou 1960 apì thn
ereunhtik  om�da ARPA (Advanced Research Projects Agency), kai o Istìc (Web)
pou anaptÔqjhke sto eurwpaðkì ereunhtikì ergast rio tou CERN. Sth sunèqeia
h episthmonik  koinìthta  tan p�li ekeÐnh h opoÐa pr¸th anak�luye ta pleonekt -
mata twn nèwn teqnologi¸n kaj¸c kai thc qrhsimopoÐhs c touc gia thn epÐlush
problhm�twn.

Up�rqei plhj¸ra tètoiwn problhm�twn ta opoÐa mporoÔn na epilujoÔn polÔ
kalÔtera me th bo jeia thc prohgmènhc teqnologÐac upologist¸n. Koinì qarakth-
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ristikì poll¸n tètoiwn programm�twn eÐnai oi uyhlèc apait seic se upologistik 
isqÔ. Autì shmaÐnei ìti ìso pio meg�lh upologistik  isqÔ diajètei k�poioc, tìso
pio akrib c eÐnai h ap�nthsh sto prìblhma pou epiqeireÐ na epilÔsei. Epiplèon, o-
rismèna probl mata de mporoÔn na epilujoÔn qwrÐc epark  upologistik  isqÔ. Oi
upologistik� apaithtikèc ergasÐec apoteloÔn thn kÔria dÔnamh pou dÐnei ¸jhsh sthn
exèlixh twn upologistik¸n dom¸n.

H an�gkh gia thn epÐlush twn problhm�twn aut¸n od ghse touc anjr¸pouc
sthn an�ptuxh twn upologist¸n kai sth sunèqeia twn uperupologist¸n. Oi meg�loi
upologistikoÐ pìroi thc IBM thc dekaetÐac tou 1960 kai oi uperupologistèc Cray
stic dekaetÐec 1970 kai 1980 kuriarqoÔsan sta upologistik� kèntra gia p�nw apì
dÔo dekaetÐec. Sth sunèqeia epikr�thsan oi arqitektonikèc summetrik c poluepexer-
gasÐac (SMP - Symmetric Multiprocessing) kai mazik c par�llhlhc epexergasÐac
(MRR - Massive Parallel Processing) pou periel�mbanan polloÔc epexergastèc oi
opoÐoi eÐqan th dunatìthta na leitourgoÔn par�llhla. Gia thn apotelesmatikìterh
qr sh touc, oi programmatistèc efarmog¸n èprepe na dom soun ton k¸dik� touc è-
tsi ¸ste na epitrèpei thn par�llhlh ektèles  tou. 'Epeita emfanÐsthkan ta clusters
(sust�dec), dhlad  polloÐ upologistèc diasundedemènoi metaxÔ touc, kai kat�feran
na diadojoÔn q�rh sto qamhlìtero kìstoc touc. 'Ekanan qr sh programmatistik¸n
montèlwn ìpwc to MPI (Message Passing Interface) kai to PVM (Parallel Virtual
Machine), katanemhmènou sust matoc arqeÐwn ìpwc to NFS (Network File System)
kai gr gorwn diktuak¸n sundèsewn ìpwc Ethernet kai Myrinet, ètsi ¸ste na apo-
feÔgetai h meÐwsh thc apìdoshc lìgw arg c epikoinwnÐac metaxÔ twn upologist¸n
tou cluster.

H arqitektonik  twn cluster susthm�twn parousÐaze orismèna basik� probl mata
sthn perÐptwsh thc epikoinwnÐac metaxÔ clusters diaforetik¸n idrum�twn:

• Ta clusters tupik� apoteloÔntai apì Ðdiec   parìmoiec mhqanèc. DÔo clusters
diaforetik¸n arqitektonik¸n  tan dÔskolo na enwjoÔn se èna eniaÐo sÔsthma.
Diaforèc stouc compilers, ta ergaleÐa, tic biblioj kec kai th dom  twn arqeÐ-
wn dÔo diaforetik¸n leitourgik¸n susthm�twn ja apoteloÔsan probl mata
gia thn enopoÐhsh.

• Tupikèc par�metroi gia diktuakèc sundèseic meg�lwn apost�sewn apedeÐqjh-
san mh ikanopoihtikèc gia thn teqnologÐa twn clusters. Kajustèrhsh, qamhl 
rujmoapìdosh (throughput), tuqaÐec sumfor seic tou diktÔou (tupikì gia to
TCP/IP) kai sf�lmata diktÔou  tan par�gontec pou sunèbalan se autì.

• Den up rqe h apaitoÔmenh teqnologÐa gia na antimetwpistoÔn ta probl ma-
ta asfaleÐac pou proèkuptan. Sunart seic me qamhl  asf�leia, pou  tan
kat�llhlec gia eswterik� sust mata ta opoÐa sun jwc prostateÔontan apì
firewalls,  tan teleÐwc akat�llhlec gia perib�llon anoiktoÔ diktÔou.

• Jèmata diaqeÐrishc kai politik c èdwsan epÐshc mia nèa di�stash sto prìblh-
ma. Ta di�fora idrÔmata èprepe na kajorÐsoun tic sunj kec k�tw apì tic
opoÐec ja moir�zontan touc pìrouc touc mèsw tou diktÔou. Akìmh ìmwc kai
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an kajorizìtan mia tètoia politik , me thn up�rqousa teqnologÐa den up rqan
ta aparaÐthta teqnik� mèsa gia ton apotelesmatikì èlegqì thc kai thn epibol 
thc.

H ereunhtik  drasthriìthta ston tomèa twn diktÔwn upologist¸n suneqÐsthke,
me apotèlesma th dhmiourgÐa tou NSFNET (1986), diktÔou sta 56Kbps pou sunèdee
ta pènte NSF kèntra uper-upologist¸n. Wc sunèqeia kai exèlixh aut¸n twn teqno-
logi¸n mporoÔme na jewr soume to prìgramma Condor (1988) tou panepisthmÐou
tou Wisconsin. To sÔsthma autì eÐnai ènac diaqeirist c fìrtou ergasÐac (workload
manager), me dunatìthtec parakoloÔjhshc kai diaqeÐrishc pìrwn kai dromolìghshc
ergasi¸n. ApoteleÐ to pr¸to prìgramma me kateÔjunsh proc thn axiopoÐhsh twn
Grid uphresi¸n.

H an�ptuxh diktÔwn uyhl¸n taqut twn kai h an�gkh gia meg�lh epexergastik 
isqÔ od ghse se èntonh ereunhtik  drasthriìthta ston tomèa twn Grid teqnolo-
gi¸n. H èreuna aut  katèlhxe se endiafèronta apotelèsmata me pio shmantik� ta
progr�mmata LEGION (1993), SRB (1997) kai GLOBUS (1998). To pr¸to basÐze-
tai sthn idèa tou eikonikoÔ upologist  (virtual computer), dhlad  ìloi oi pìroi eÐnai
sundedemènoi metaxÔ touc kai emfanÐzontai sto qr sth wc mÐa eikonik  mhqan . 'Eqei
ìmwc arket� meionekt mata ìpwc h polÔplokh ulopoÐhsh kai h mikr  apodotikìthta.
To SRB (Storage Resource Broker)  tan mia platfìrma diaqeÐrishc apojhkeutik¸n
pìrwn pou bo jhse polÔ sthn an�ptuxh twn Grid teqnologi¸n, afoÔ antimet¸pise
ta probl mata metafor�c dedomènwn se Grid perib�llon. Tèloc, to pio diadedomèno
sÔsthma diaqeÐrishc Grid uphresi¸n eÐnai to GLOBUS, pou anaptÔqjhke sto Ar-
gonne National Lab sto panepist mio tou Berkeley. To GLOBUS protupopoÐhse
prwtokìlla gia thn asf�leia, th metafor� dedomènwn, thn anak�luyh pìrwn kai
thn ektèlesh ergasi¸n. LeitourgeÐ se qamhlì epÐpedo kai eÐnai domhmèno se epÐpeda
uphresi¸n, ìpwc faÐnetai kai sto sq ma 2.1.

H sunèqeia gÐnetai me thn an�ptuxh twn Web services (uphresÐec IstoÔ) (2001).
Prìkeitai gia uphresÐec pou eÐnai prosb�simec mèsw tou DiadiktÔou kai èqei epikra-
t sei na qrhsimopoioÔn sugkekrimènec teqnologÐec kai prwtìkolla (XML, SOAP,
WSDL).

Tèloc akoloujeÐ h egkajÐdrush thc Arqitektonik c Anoiqt¸n Uphresi¸n Grid
(Open Grid Service Architecture - OGSA) (2002) wc kÔriac arqitektonik c thc
Grid teqnologÐac (ìpwc perigr�fetai sthn enìthta 2.8). To prìtupo autì eÐnai to
pio shmantikì gia tic teqnologÐec Plègmatoc.

2.3 Qarakthristik� twn Plegm�twn

'Opwc èqei  dh anaferjeÐ, ta Grids enopoioÔn mèsw hlektronik¸n diktÔwn upologi-
stikoÔc, apojhkeutikoÔc kai �llouc pìrouc katanemhmènouc se topik , ejnik  kai
diejn  klÐmaka. B�sei autoÔ, qarakthrÐzontai apì ta ex c:

• Epitrèpoun to diamoirasmì twn pìrwn se polloÔc qr stec diaforetik¸n koi-
not twn me eterogen  pedÐa efarmog¸n kai oi opoÐoi de brÐskontai sthn Ðdia
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gewgrafik  perioq . 'Ena Grid, an�loga me tic apait seic twn efarmog¸n kai
tic up�rqousec diktuakèc upodomèc, mporeÐ na sthrÐzetai se èna topikì dÐktuo
(LAN - Local Area Network), se èna mhtropolitikì dÐktuo (MAN - Metro-
politan Area Network), se èna ejnik c embèleiac dÐktuo (WAN - Wide Area
Network)   kai se diejnoÔc k�luyhc dÐktuo ìpwc to Eurwpaðkì Ereunhtikì
DÐktuo GEANT kai to Amerikanikì Abilene.

• ApaitoÔn asfal  prìsbash mèsw endi�mesou logismikoÔ (middleware) me èm-
fash sto logismikì anoiktoÔ k¸dika (open source), ìpwc gia par�deigma to
GLOBUS. Ta Grids epekteÐnoun thn filosofÐa tou anoiktoÔ logismikoÔ se
anoikt� upologistik� sust mata, me periorismoÔc mìno se ì,ti afor� sthn a-
sf�leia kai th diajesimìthta pìrwn gia thn k�luyh sugkekrimènwn anagk¸n.

• Parousi�zoun meg�lh dunatìthta klim�kwshc, me idiaÐtera periorismènh arqi-
k  epèndush. Oi arqitektonikèc Grid mporeÐ na apotelèsoun shmantikì erga-
leÐo gia thn upèrbash tou yhfiakoÔ q�smatoc ston kìsmo, se mia  peiro, se
mÐa q¸ra (kèntro - perifèreia), se ènan organismì (campus).

• EnopoioÔn mèsw diktÔwn Internet / Intranet upologistikèc, apojhkeutikèc kai
�llec hlektronikèc egkatast�seic me eterogeneÐc teqnologikèc ulopoi seic,
me stìqo thn paroq  oloklhrwmènwn Hlektronik¸n Uphresi¸n (eServices).
H enopoÐhsh ulopoieÐtai me qr sh enìc epiprìsjetou str¸matoc endi�mesou
logismikoÔ (middleware) pou analamb�nei to diamoirasmì twn pìrwn p�nw
apì to dÐktuo me ta parap�nw qarakthristik�.

2.4 Oi genièc twn susthm�twn Plègmatoc

B�sei thc istorÐac kai thc exèlixhc twn Grids, diakrÐnontai oi akìloujec genièc
aut¸n:

• SÔmfwna me ton Charlie Catlett, Prìedro tou Global Grid Forum (pou plè-
on onom�zetai Open Grid Forum [4]), h pr¸th geni� Grids (1st Generation
Grids   1G Grids) ousiastik� apoteloÔntan apì topikoÔc {meta-upologistèc}
(metacomputers) me basikèc leitourgÐec ìpwc to katanemhmèno sÔsthma ar-
qeÐwn kai to sitewide single sign-on, dhlad  monadikì shmeÐo ìpou o qr sthc
dÐnei ta proswpik� stoiqeÐa tou (p.q. username kai password). P�nw se aut�
ktÐsthkan nèec katanemhmènec efarmogèc me eidik� prosarmosmèna diktuak�
prwtìkolla. Me thn ulopoÐhsh Gigabit test-beds ta 1G Grids epekt�jhkan
kai ègine prosp�jeia dhmiourgÐac {meta-kèntrwn} (metacenters). Genik� ta
Grids pr¸thc geni�c  tan entel¸c prosarmosmèna sta sugkekrimèna peir�ma-
ta kai apotèlesan apìdeixh thc idèac (proof-of-concept).

• Ta sust mata 2hc geni�c Grids, (2G Grids), xekÐnhsan me progr�mmata ìpwc
to Condor, to I-WAY (pou apotèlese thn arq  tou Globus) kai to Legion
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(pou apotèlese thn arq  tou Avaki), ìpou nèec uphresÐec endi�mesou logi-
smikoÔ kai prwtokìllwn epikoinwni¸n apotèlesan th b�sh gia thn an�ptuxh
katanemhmènwn efarmog¸n kai uphresi¸n. Ta Grids 2hc geni�c ousiastik�
èdwsan ta basik� domik� stoiqeÐa, all� h qr sh touc apaitoÔse shmantik 
prosarmog  stic an�gkec tou qr sth (customization) ¸ste na prosfèrei mia
oloklhrwmènh lÔsh. Oi anex�rthtec autèc prosp�jeiec qr shc susthm�twn
2hc geni�c perieÐqan pollèc {kat� apaÐthsh} epekt�seic logismikoÔ, pr�gma
pou katèsthse thn dialeitourgikìthta (interopability) problhmatik .

• Lamb�nontac upìyh, tìso thn empeirÐa apì tic dÔo pr¸tec genièc, ìso kai thn
teqnologÐa twn polÔ epituqhmènwn Web services, èqoun xekin sei oi prosp�-
jeiec gia thn 3h geni� Grids (3G Grids), pou basÐzontai sthn Arqitektonik 
Anoiqt¸n Uphresi¸n Grid (ìpwc perigr�fetai sthn enìthta 2.8), ìpou mia
seir� apì prodiagrafèc koin¸n kai anoiqt¸n diepaf¸n uposthrÐzoun th dia-
leitourgikìthta anex�rthta aneptugmènwn uphresi¸n. H prìsfata ekdojeÐsa
prodiagraf  Open Grid Services Infrastructure (OGSI) eÐnai o jemèlioc lÐjoc
thc parap�nw arqitektonik c. Me thn eisagwg  protupopoihmènwn teqnik¸n
prodiagraf¸n, h 3h geni� Grids aux�nei ton antagwnismì kai epitaqÔnei thn
epÐteuxh dialeitourgikìthtac ìqi mìno metaxÔ efarmog¸n kai ergaleiojhk¸n,
all� kurÐwc metaxÔ diaforetik¸n ulopoi sewn basik¸n uphresi¸n tou Grid.

2.5 'Oroi gia to Plègma

2.5.1 To meta-computing

To meta-computing emfanÐsthke wc h prosp�jeia gia thn apodotik  sÔndesh kai
sugkèntrwsh thc upologistik c dÔnamhc pou briskìtan se di�fora mèrh tou kì-
smou. O ìroc proèrqetai apì to gegonìc ìti sta akadhmaðk� sust mata h gn¸sh
gia to eÐdoc kai thn isqÔ twn mhqanhm�twn apojhkeÔontan se ènan kentrikì meta-
upologist . Oi prosp�jeiec epikentr¸nontan sthn epÐlush upologistik� apaithti-
k¸n problhm�twn, h opoÐa dieukolunìtan apì th sunduasmènh upologistik  isqÔ
poll¸n epexergast¸n. Gia k�poio di�sthma to meta-computing jewroÔntan sun¸-
numo tou Grid-computing. 'Omwc ta di�fora plhroforiak� sust mata de qrhsimo-
poioÔn mìno epexergastèc. K�je ergasÐa èqei eÐsodo kai èxodo. Up�rqoun dedomèna
ta opoÐa ufÐstantai epexergasÐa kai ta opoÐa Ðswc qrei�zetai na apojhkeutoÔn sto
tèloc kai m�lista se q¸ro ektìc tou upologist  ìpou gÐnetai h epexergasÐa. MporeÐ
to sÔsthma na qreiasteÐ na sunergasteÐ me k�poia b�sh dedomènwn   me exeidikeu-
mèno ulikì (hardware) to opoÐo an kei se k�poion �llo organismì apì autìn pou
jèlei na ektelèsei thn ergasÐa. En tèlei eÐnai dunatìn oi pìroi na mhn eÐnai mìno
upologistikoÐ, all� kai pìroi logismikoÔ, exeidikeumèno ulikì klp. Blèpoume loipìn
ìti to meta-computing antimet¸pise mìno èna mèroc tou probl matoc.
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2.5.2 Mh upologistikoÐ pìroi

'Opwc eÐpame prohgoumènwc den up�rqoun mìno upologistikoÐ pìroi. Genik� wc pì-
roc jewreÐtai opoiod pote stoiqeÐo thc diktuwmènhc upodom c to opoÐo diatÐjetai
proc qr sh mèsw kajorismènwn prwtokìllwn Grid. 'Etsi akìmh kai ta dÐktua je-
wroÔntai wc pìroi oi opoÐoi prosfèroun eÔroc z¸nhc (bandwidth) gia th metafor�
dedomènwn. Oi q¸roi apoj keushc dedomènwn kai oi b�seic dedomènwn jewroÔntai
wc pìroi ìtan qrhsimopoioÔn tupopoihmènec diasundèseic gia na epitrèyoun se e-
farmogèc Grid na diathr soun dedomèna. EpÐshc eÐnai dunatìn na up�rqoun pìroi
logismikoÔ, kaj¸c mporeÐ na up�rqoun progr�mmata pou brÐskontai se sugkekri-
mènec topojesÐec lìgw tou ìti mporoÔn na trèxoun mìno se exeidikeumèno ulikì  
tÐjetai jèma tou poioc eÐnai exousiodothmènoc na ta qrhsimopoi sei.

K�je pìroc diajètei orismèna qarakthristik� ta opoÐa ton kajistoÔn monadikì.
Ta kuriìtera eÐnai:

Apìdosh EÐnai dunatìn upologistikoÐ kìmboi na diafèroun wc proc ton arijmì
twn epexergast¸n, twn taqut twn touc kai thn posìthta kai taqÔthta thc
topik c mn mhc. Apì thn �llh, dÐauloi diktÔou mporeÐ na diafèroun wc proc
to eÔroc z¸nhc kai thn kajustèrhsh.

Arqitektonik  Gia par�deigma, analìgwc thc arqitektonik c enìc epexergast 
mporeÐ na eÐnai   na mhn eÐnai dunatìn na ektelesteÐ èna prìgramma se autìn.

Poiìthta uphresÐac (Quality of Service) MporeÐ gia k�poio qronikì di�-
sthma èna dÐktuo na mhn eÐnai se jèsh na egguhjeÐ thn el�qisth diajèsimh
rujmoapìdosh se èna qr sth.

AxiopistÐa Gia par�deigma, ulikì ìpwc oi sklhroÐ dÐskoi qarakthrÐzontai apì to
MTBF (Mean Time Between Failures, mèsoc qrìnoc metaxÔ astoqi¸n).

Diajesimìthta MporeÐ na mhn eÐnai dunat  k�je stigm  h sÔndesh me apomakru-
smènouc pìrouc, gia par�deigma lìgw bl�bhc.

Dunatìthtec Mia efarmog  lìgou q�rh, eÐnai dunatìn na ekteleÐ sugkekrimènec
leitourgÐec kai algorÐjmouc pou �llec efarmogèc den mporoÔn na ektelèsoun.

2.5.3 EikonopoÐhsh (Virtualization)

Kaj¸c exelissìtan to Grid katèsth safèc ìti ja prèpei na up�rqei èna str¸ma
uphresi¸n (service layer) to opoÐo ja epitrèpei stouc qr stec kai tic efarmogèc
touc na aitoÔntai th qr sh pìrwn qwrÐc na gnwrÐzoun thn akrib  dom  aut¸n. Gia
par�deigma, k�poioc qr sthc ja mporoÔse na zht sei mèsw thc antÐstoiqhc uphresÐac
thn ektèlesh miac ergasÐac, qwrÐc na qrei�zetai na xèrei p¸c aut  ja ektelesteÐ (an
ja ektelesteÐ gia par�deigma apì ènan panÐsquro epexergast    10 pio adÔnamouc).
Autì onom�zetai eikonopoÐhsh (virtualization) kai èqei ta ex c pleonekt mata:
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• KalÔterh kathgoriopoÐhsh kai parousÐash twn dunatot twn twn pìrwn, pou
basÐzetai perissìtero stic pragmatikèc an�gkec kai ìqi se fusikoÔc periori-
smoÔc (qrei�zomai 60 epexergastèc gia mia ¸ra, de me noi�zei se pìsa dwm�tia
brÐskontai).

• Pio apotelesmatik  qr sh twn sunhjismènwn pìrwn.

• Koin  prìsbash se sp�niouc pìrouc me monadikèc ikanìthtec, ìpwc exeidikeu-
mènec efarmogèc kai ulikì (hardware).

• De qrei�zetai na kajorÐzei h efarmog  ton trìpo me ton opoÐo h ergasÐa ja
katanèmetai stouc pìrouc.

2.5.4 UphresÐec IstoÔ (Web services)

H epikoinwnÐa me apomakrusmènouc pìrouc kai h qr sh aut¸n, pou apoteleÐ basikì
stoiqeÐo tou Grid computing, sthrÐqjhke kat� kairoÔc se di�forec teqnologÐec
ìpwc RPC (Remote Procedure Call), CORBA, COM/DCOM, kai RMI (Remote
Procedure Invocation). Gia thn epÐteuxh ìmwc apotelesmatik c epikoinwnÐac metaxÔ
diaforetik¸n susthm�twn qrei�sthke h emf�nish miac nèac teqnologÐac me to ìnoma
uphresÐec IstoÔ (Web services).

MÐa uphresÐa IstoÔ eÐnai mia kal� kajorismènh sun�rthsh h opoÐa eÐnai prospe-
l�simh mèsw tou DiadiktÔou. H epikoinwnÐa me aut  gÐnetai mèsw thc teqnologÐac
XML kai tou prwtokìllou SOAP pou basÐzetai se aut . H teqnologÐa twn uph-
resi¸n IstoÔ kajorÐzei mia koin  platfìrma epikoinwnÐac me thn opoÐa mporoÔn na
dhmiourghjoÔn diasundèseic se di�forec sunart seic. H Ôparxh enìc koinoÔ sun-
taktikoÔ (XML) epitrèpei stic uphresÐec na apallaqjoÔn apì tic tupikèc enèrgeiec
pou qrei�zontai gia thn epikoinwnÐa. Autèc tic analamb�noun plèon oi ek�stote
exuphrethtèc pou filoxenoÔn tic uphresÐec. 'Etsi dieukolÔnetai h an�ptuxh kai h
sunt rhsh twn uphresi¸n.

To gegonìc ìti oi pr¸tec uphresÐec usteroÔsan se axiopistÐa, asf�leia kai apì-
dosh, ìpwc epÐshc kai se leitourgikìthta uyhlìterou epipèdou, eÐqe wc apotèlesma
thn emf�nish diafìrwn teqnologi¸n pou èlunan ta probl mata aut�. 'Etsi odhgh-
j kame sthn emf�nish tou WS-Security kai tou WSRF (WS-Resource Framework).
To teleutaÐo qrhsimopoieÐtai gia th dhmiourgÐa uphresi¸n IstoÔ oi opoÐec prosfè-
roun stouc metèqontec sto Grid prìsbash se pìrouc. MÐa uphresÐa IstoÔ mporeÐ
na antistoiqeÐ se polloÔc pìrouc (WS-Resources), en¸ èna pìroc mporeÐ na eÐnai
prospel�simoc apì di�forec uphresÐec IstoÔ. Oi pìroi autoÐ eÐnai plèon dunamikoÐ,
dhlad  oi idiìthtèc touc mporoÔn na all�zoun. MporoÔn na dhmiourgoÔntai kai na
katastrèfontai kat� apaÐthsh kai h prìsbash se autoÔc eÐnai dunat  mìno mèsw miac
uphresÐac IstoÔ.
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2.5.5 EikonikoÐ OrganismoÐ

To akribèc prìblhma to opoÐo upokineÐ thn an�ptuxh tou Grid eÐnai o elegqìmenoc
kai suntonismènoc diamoirasmìc pìrwn kai h qr sh touc gia thn epÐlush problh-
m�twn sto plaÐsio dunamik¸n Eikonik¸n Organism¸n, E.O. (Virtual Organizations-
VOs) [2]. O parap�nw diamoirasmìc afor� ìqi mìno sthn antallag  dedomènwn, all�
epÐshc sthn �mesh prìsbash se ontìthtec Grid (upologistikèc mon�dec, uphresÐec,
logismikì, dedomèna kai �llouc pìrouc), pou sundèontai metaxÔ touc sÔmfwna me
èna plaÐsio empistosÔnhc. Epiplèon, o diamoirasmìc autìc ja prèpei na eÐnai eleg-
qìmenoc, me touc parìqouc kai touc qr stec twn pìrwn na akoloujoÔn prwtìkolla
ta opoÐa ja kajorÐzoun me saf neia ti prèpei na moirasteÐ, poioc epitrèpetai na
diamoir�sei kai poiec eÐnai oi sunj kec k�tw apì tic opoÐec pragmatopoieÐtai o dia-
moirasmìc. Ta mèlh enìc E.O. epidi¸koun thn epÐteuxh enìc koinoÔ stìqou kai lìgw
autoÔ oi di�forec ontìthtec mporoÔn na gÐnontai mèlh   na apoqwroÔn apì ènan
E.O. dunamik� kai en¸ to sÔsthma brÐsketai se leitourgÐa. Gia par�deigma èna prì-
gramma ekteleÐ mia sun�rthsh, h opoÐa gia thn ektèles  thc qrei�zetai prìsbash se
di�forec uphresÐec, pou brÐskontai se di�fora mèrh. EÐnai dunatìn sthn perÐptwsh
aut  na dhmiourghjeÐ dunamik� kai gia ìso di�sthma qreiasteÐ, ènac E.O. o opoÐoc
ja kajorÐzei to epÐpedo asf�leiac metaxÔ twn mel¸n tou, parèqontac sth sun�rthsh
(k�tw apì proôpojèseic bèbaia) prìsbash stic anagkaÐec uphresÐec.

Epomènwc ènac orismìc tou E.O. mporeÐ na eÐnai o ex c:

Eikonikìc Organismìc eÐnai to sÔnolo twn ontot twn pou sundè-
ontai proswrin� gia èna koinì skopì   gia thn ektèlesh miac koin c
ergasÐac.

'Ena Grid mporeÐ na perilamb�nei polloÔc E.O., en¸ mia ontìthta mporeÐ na eÐnai
mèloc poll¸n E.O. tautìqrona. Autì shmaÐnei ìti oi E.O. mporeÐ na epikalÔptontai
metaxÔ touc.

B�sei twn parap�nw, up�rqoun pollèc apait seic gia thn epijumht  leitourgÐa
twn E.O., ìpwc:

Euèliktec sqèseic diamoirasmoÔ Oi sqèseic diamoirasmoÔ mporoÔn na meta-
b�llontai dunamik� ston qrìno. O ìroc {sqèseic diamoirasmoÔ} anafèretai
sto poioi pìroi diamoir�zontai, ston tÔpo thn prìsbashc pou epitrèpetai kai
se poiouc summetèqontec epitrèpetai h qr sh tou pìrou. Autèc oi sqèseic den
onom�zoun aparaÐthta èna sÔnolo summeteqìntwn pìrwn, all� tic perissìte-
rec forèc kajorÐzontai emmèswc apì tic politikèc prìsbashc tou pìrou. Gia
par�deigma ènac organismìc mporeÐ na epitrèyei thn prìsbash se èna pìro se
opoiond pote mporeÐ na apodeÐxei ìti eÐnai pel�thc.

MhqanismoÐ entopismoÔ H dunamik  fÔsh twn sqèsewn diamoirasmoÔ apaiteÐ
thn Ôparxh mhqanism¸n gia thn anak�luyh kai ton prosdiorismì twn sqèsewn
pou up�rqoun se mia sugkekrimènh qronik  stigm . Gia par�deigma ènac nèoc
summetèqwn se ènan E.O. prèpei na èqei thn dunatìthta na entopÐsei touc
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pìrouc stouc opoÐouc tou epitrèpetai h prìsbash, thn poiìthta uphresÐac
(QoS) pou parèqoun autoÐ oi pìroi ktl.

EpÐlush zhthm�twn qronoprogrammatismoÔ kai tautìqronhc dè-
smeushc enìc sunìlou pìrwn Poll� probl mata apaitoÔn thn tautì-
qronh qr sh pìrwn gia na epilujoÔn. Gia autìn to lìgo oi sqèseic diamoira-
smoÔ prèpei na mporoÔn na sunduastoÔn gia th suntonismènh qr sh poll¸n
pìrwn. Gia par�deigma mia diamoirazìmenh upologistik  mon�da (pìroc 1) pou
epexerg�zetai dedomèna apì mia diamoirazìmenh mon�da apoj keushc (pìroc
2).

MhqanismoÐ Apostol c Dikaiwm�twn (delegation) Prìkeitai gia mhqa-
nismoÔc me touc opoÐouc o qr sthc exousiodoteÐ ton diamoirazìmeno pìro me
ta dikai¸mat� tou. Gia par�deigma mia upologistik  mon�da mporeÐ na exou-
siodothjeÐ ¸ste na èqei dikaÐwma prìsbashc sta arqeÐa thc ontìthtac pou
thn qrhsimopoieÐ.

Sqèseic omotÐmwn Oi sqèseic diamoirasmoÔ polÔ suqn� den eÐnai apl� thc mor-
f c pel�th - exuphrethth all� omìtimwn ontot twn, dhlad  oi p�roqoi mporeÐ
na eÐnai kai katanalwtèc.

Diaforetik  leitourgÐa enìc pìrou O Ðdioc pìroc mporeÐ na qrhsimopoi-
hjeÐ me diaforetikì trìpo an�loga me touc periorismoÔc prìsbashc kai to
skopì gia ton opoÐo gÐnetai h diamoÐrash. Gia par�deigma ènac upologist c
se ènan E.O. mporeÐ na qrhsimopoieÐtai gia thn ektèlesh enìc sugkekrimènou
logismikoÔ kai se k�poio �llo E.O. na qrhsimopoieÐtai genik�, parèqontac
upologistik  isqÔ.

2.6 Taxinìmhsh twn Plegm�twn

H taxinìmhsh twn susthm�twn Plègmatoc mporeÐ na gÐnei me di�fora krit ria ì-
pwc oi efarmogèc, h epaggelmatik  axÐa, h episthmonik  apotelesmatikìthta kai h
arqitektonik . Mia apì tic dhmofilèsterec taxinom seic sqetÐzetai me to epÐpedo
poluplokìthtac thc org�nwshc kai thn èktash pou katalamb�nei to ìlo sÔsthma.
B�sei aut c diakrÐnontai oi akìloujec kathgorÐec:

Departmental Grids EgkajÐstantai sun jwc se ènan tomèa enìc organismoÔ kai
proorÐzontai gia na exuphret soun èna kai mìno skopì. Exwterik� prostateÔ-
ontai me firewall, k�ti to opoÐo tairi�zei sthn perÐptwsh afoÔ sun jwc h ìpoia
epikoinwnÐa gÐnetai eswterik� ston tomèa. H perÐptwsh aut  eÐnai parìmoia me
aut  twn clusters. Up�rqei ìmwc h diafor� ìti to ulikì pou qrhsimopoieÐtai
de parousi�zei aparaÐthta omoiogèneia. EpÐshc den up�rqei meg�lh an�gkh gia
kajorismì miac politik c prìsbashc kai gia epÐbleyh thc prìsbashc. Telik�
o skopìc twn departmental Grids eÐnai na sugkentr¸soun kai eikonopoi soun
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touc pìrouc tou tomèa, ètsi ¸ste na epiteuqjeÐ h kalÔterh dunat  axiopoÐhs 
touc.

Enterprise Grids An koun se mÐa organwmènh ontìthta ìpwc mia epiqeÐrhsh kai
qrhsimopoioÔntai gia polloÔc skopoÔc. Up�rqei h dunatìthta epikoinwnÐac
me ton exwterikì kìsmo, h opoÐa den eÐnai amfÐdromh kaj¸c oi pìroi kajautoÐ
de metakinoÔntai èxw apì ta ìria tou firewall. Ta enterprise grids qrhsimo-
poioÔntai apì organismoÔc pou jèloun na sugkentr¸soun touc pìrouc touc
pou prin  tan diaskorpismènoi se di�fora tm mata touc. Sthn perÐptwsh aÐ-
thshc qr shc pìrwn apì dÔo   perissìterouc tomeÐc thc epiqeÐrhshc efarmì-
zontai mhqanismoÐ epÐlushc dienèxewn mèsw enìc sust matoc politik¸n qr shc
(usage policies).

Partner Grids EÐnai egkatast�seic pou xepernoÔn to firewall miac epiqeÐrhshc kai
epitrèpoun thn koin  qr sh twn pìrwn apì di�forouc organismoÔc. H an�gkh
gia ta partner grids proèkuye apì thn an�gkh sunergasÐac metaxÔ di�forwn
epiqeirhsiak¸n ontot twn gia thn epÐteuxh enìc koinoÔ stìqou. H ènnoia twn
Partner grids de ja prèpei na sugqèetai me aut  twn Eikonik¸n Organism¸n
(ìpwc anafèrjhke sthn par�grafo 2.5.5). 'Enac E.O. mporeÐ na perilamb�nei
poll� partner grids kai èna partner grid polloÔc E.O.. H di�jesh pìrwn sto
exwterikì perib�llon enìc organismoÔ apaiteÐ thn Ôparxh protÔpwn kai poli-
tik¸n gia thn asf�leia, thn epÐbleyh twn di�forwn energei¸n kai th logistik 
(accounting).

Open Grids Anamènetai na emfanistoÔn sto mèllon kai anafèrontai se mia plat-
fìrma pou apoteleÐtai apì upodom , mesismikì (middleware) kai efarmogèc
pou qrhsimopoioÔntai apì koinoÔ apì di�forouc anex�rthtouc organismoÔc.
Upì fusiologikèc sunj kec èna open grid den eÐnai afierwmèno sthn epÐteuxh
enìc kai mìno stìqou. AntÐjeta oi summetèqontec qrhsimopoioÔn to sÔsthma
gia na epitÔqoun touc dikoÔc touc anex�rthtouc stìqouc, �llec forèc douleÔ-
ontac memonwmèna kai �llec forèc summetèqontac se eikonikoÔc organismoÔc.
To Grid ja prosfèrei touc pìrouc kai tic aparaÐthtec uphresÐec gia to èr-
go, kaj¸c kai èna mèso gia to merismì (sharing) kai thn epikoinwnÐa metaxÔ
twn sunergazomènwn. Ontìthtec pou de qrei�zontai plèon touc pìrouc touc,
ja mporoÔn na touc axiopoioÔn diajètont�c touc se èna apì ta up�rqonta
Grid kai se ant�llagma na èqoun k�poio oikonomikì kèrdoc. To open Grid
(suqn� anafèretai kai wc pagkìsmio Grid) ja apotelèsei fusikì epakìloujo
thc par�llhlhc Ôparxhc di�forwn enterprise grids kai partner grids pou ja
epikoinwnoÔn metaxÔ touc me th qr sh twn Ðdiwn prwtokìllwn.
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2.7 Arqitektonik  sqedÐash tou Plègma-

toc

H diadikasÐa thc dhmiourgÐac miac arqitektonik c Plègmatoc eÐnai parìmoia me �llec
prosp�jeiec kataskeu c enìc sust matoc, eidik� ìtan anaferìmaste se katanemhmè-
na sust mata. Par� ìla aut�, orismènoi par�metroi diadramatÐzoun shmantikìtero
rìlo sto sqediasmì enìc Grid sust matoc ap� ìti �lloi. Autèc oi par�metroi eÐnai:

• Apait seic asf�leiac

• EuaisjhsÐa dedomènwn

• Mègistec apait seic se epexergastik  isqÔ

• Apoj keush dedomènwn

• Diajèsimo eÔroc z¸nhc sto DiadÐktuo

• Up�rqontec pìroi

• Pìroi eidikoÔ skopoÔ

• Metafersimìthta

• Dunatìthtec sunergasÐac

2.7.1 Apait seic asf�leiac

Tupik� dedomèna epiqeir sewn, epiqeirhsiakèc praktikèc kai epiqeirhsiakoÐ pìroi
prèpei na prostateÔontai apì katastrof , klop  kai genik� apì enèrgeiec pou èqoun
wc stìqo na bl�youn to sÔsthma. Sqedìn ìlec oi sÔgqronec etaireÐec sqedi�zoun
kanìnec asf�leiac, ètsi ¸ste na epitrèpoun stouc upall louc touc na èqoun prì-
sbash sta dedomèna thc etaireÐac kai tautìqrona na apotrèpoun thn prìsbash se
opoiond pote jèlei na bl�yei ta sumfèront� thc.

Kat� kairoÔc èqoun emfanisteÐ di�forec lÔseic. Ta firewalls  tan mia gr gorh
kai eÔkolh prosèggish, h opoÐa ìmwc usteroÔse se euelixÐa. Ta firewalls epitrèpoun
mìno thn kukloforÐa dedomènwn, h opoÐa èqei egkrijeÐ apì to diaqeirist  tou diktÔ-
ou. 'Etsi k�je drasthriìthta gia thn opoÐa den èqei dojeÐ eidik  ègkrish, jewreÐtai
epÐjesh proc to sÔsthma. En¸ ìmwc to sÔsthma prostateÔetai, dhmiourgeÐtai prì-
blhma apìdoshc, afoÔ prin gÐnei k�je epikoinwnÐa ja prèpei na up�rxei sunennìhsh
me to diaqeirist  tou diktÔou, ètsi ¸ste na rujmÐsei to firewall (anoÐgontac Ðswc
k�poiec jÔrec) kai telik� na epitrapeÐ h epikoinwnÐa.

Me th met�bash thc upodom c tou Grid stic teqnologÐec twn uphresi¸n IstoÔ
(Web services) kai XML, kajÐstatai eukolìtero gia èna firewall na epiblèpei ta
dedomèna pou pernoÔn. EpÐshc me thn emf�nish twn WS-Agreements (  SLAs -
Service Level Agreements), epitrèpetai h diapragm�teush gia thn pragmatopoÐhsh  
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mh thc epikoinwnÐac na gÐnetai me parìmoio trìpo gia ìlwn twn eid¸n tic uphresÐec.
Se aut  thn perÐptwsh mporeÐ plèon to firewall na diathreÐ anoiktèc diasundèseic,
me tic opoÐec ja sundèontai oi di�forec efarmogèc, gia na pragmatopoi soun th
diapragm�teush me to sÔsthma, apokt¸ntac telik� exousiodothmènh prìsbash se
uphresÐec kai dedomèna.

2.7.2 EuaisjhsÐa dedomènwn

Sthn perÐptwsh pou ta diaqeirizìmena dedomèna eÐnai euaÐsjhta, to perib�llon tou
Grid eÐnai polÔ dÔskolo na parèqei arket  asf�leia. Gia par�deigma, eÐnai polÔ
eÔkolo gia k�poion na paremblhjeÐ sthn epikoinwnÐa kai na all�xei ta metaferìmena
dedomèna. Sthn perÐptwsh ìmwc twn sqetik� kleist¸n Grids, ìpwc ta enterprise
Grids, h asf�leia twn dedomènwn eÐnai sqetik� eÔkolo na exasfalisteÐ. Se pio
anoiqtèc arqitektonikèc, ìpwc ta partner Grids, up�rqoun trÐa epÐpeda sta opoÐa
prèpei na exasfalisteÐ asf�leia twn dedomènwn:

• Se poio kìmbo mporeÐ na pragmatopoihjeÐ mia ergasÐa. Mia ergasÐa mporeÐ na
pragmatopoihjeÐ se opoiond pote axiìpisto kìmbo tou Grid. Se aut  thn pe-
rÐptwsh mia lÔsh eÐnai h dhmiourgÐa eikonik¸n organism¸n pou ja kajorÐzoun
poioi kìmboi eÐnai axiìpistoi.

• Asf�leia tou q¸rou ston opoÐo apojhkeÔontai ta dedomèna   kratoÔntai an-
tÐgraf� touc. O q¸roc pou apojhkeÔontai ta aujentik� dedomèna eÐnai eÔkolo
na asfalisteÐ, afoÔ sun jwc an kei ston organismì ton opoÐo ta dedomèna
aforoÔn perissìtero. Sth perÐptwsh twn q¸rwn pou kratoÔntai antÐgrafa,
mporeÐ p�li na dhmiourghjeÐ eikonikìc organismìc pou ja kajorÐzei se poiouc
kìmbouc epitrèpetai h apoj keush twn dedomènwn.

• Asf�leia twn dedomènwn kat� th metafor� touc. S mera eutuq¸c o kajori-
smìc asfal¸n kanali¸n metafor�c dedomènwn eÐnai dunatìc me th qr sh twn
prwtokìllwn SSL (Secure Socket Layer) kai WSS (Web Services Security).
'Etsi eÐnai dunat  h kruptogr�fhsh twn dedomènwn pou metafèrontai metaxÔ
kìmbwn.

2.7.3 Mègistec apait seic se epexergastik  isqÔ

Prin thn emf�nish tou Grid, ìtan mia epiqeÐrhsh  jele na pragmatopoi sei mia er-
gasÐa agìraze epexergastik  isqÔ me th morf  epexergast¸n pou egkajistoÔse se
upologistèc   uperupologistèc. H isqÔc aut  pollèc forèc èmene anekmet�lleuth,
afoÔ oi apait seic gia epexergastik  isqÔ sugkekrimènec ¸rec thc hmèrac mporoÔ-
san na eÐnai polÔ mikrìterec. EpÐshc mporeÐ na apeujunìtan mìno stic an�gkec thc
sugkekrimènhc ergasÐac kai na mhn  tan dunatì na qrhsimopoihjeÐ kai gia �llec
efarmogèc thc epiqeÐrhshc. 'Etsi h pleon�zousa isqÔc den axiopoioÔntan.

Me thn emf�nish ìmwc tou Grid katèsth dunatì h epiqeÐrhsh na qrhsimopoieÐ
thn isqÔ gia perissìterec efarmogèc, ìpwc epÐshc na diajètei epexergastik  isqÔ se

30



trÐtouc apokomÐzontac k�poio kèrdoc. Epiplèon, h epiqeÐrhsh èqei th dunatìthta na
mhn agor�sei epexergastik  isqÔ pou ja antapokrÐnetai stic mègistec apait seic thc,
efìson bèbaia autèc oi apait seic den ufÐstantai gia meg�lo di�sthma thc hmèrac.
AntÐjeta mporeÐ, gia tic ¸rec pou oi apait seic eÐnai mègistec, na katafeÔgei se
prosforèc epexergastik c isqÔc apì trÐtouc gia na kalÔyei tic braquprìjesmec
an�gkec thc.

2.7.4 Apoj keush dedomènwn

To Grid jewreÐtai epÐpedh arqitektonik  apì thn �poyh ìti ìloi oi kìmboi eÐnai
isodÔnamoi. H apoj keush twn dedomènwn akoloujeÐ thn Ðdia logik  kai epomènwc
opoiod pote dedomèno mporeÐ na topojethjeÐ opoud pote. To tÐ ja apojhkeuteÐ se
mia sugkekrimènh topojesÐa kajorÐzetai apì to sÔsthma apoj keushc, th diajèsimh
qwrhtikìthta, to rujmì metafor�c dedomènwn, to kìstoc apoj keushc, to qrìno
zw c twn dedomènwn kai fusik� apì thn politik .

Sun jwc ta prwtìkolla pou qrhsimopoioÔntai leitourgoÔn me sqetik� adiafan 
trìpo. Autì shmaÐnei ìti o qr sthc de gnwrÐzei to mhqanismì, me ton opoÐo apojh-
keÔetai èna arqeÐo tou (an gia par�deigma apojhkeÔetai se dÐsko   tainÐa). Autì
pou gnwrÐzei eÐnai pwc to prwtìkollo eggu�tai ìti to arqeÐo ja apojhkeuteÐ kai ja
diathrhjeÐ sto q¸ro apoj keushc.

Apì ta krit ria pou anafèrjhkan parap�nw ta shmantikìtera eÐnai h qwrhtikì-
thta, o qrìnoc apìkrishc, h rujmoapìdosh kai h di�rkeia zw c twn dedomènwn. Me
b�sh ta qarakthristik� aut� gÐnetai kai epilog  metaxÔ dÐskou   tainÐac:

• H qwrhtikìthta eÐnai o sunolikìc q¸roc enìc sust matoc apoj keushc kai
ja prèpei na antapokrÐnetai stic mègistec apait seic gia apojhkeutikì q¸ro.
Orismèna sust mata apoj keushc den parousi�zoun apotelesmatik  klim�-
kwsh, kaj¸c aux�netai h qwrhtikìthta. Sthn perÐptwsh pou qrhsimopoieÐtai
dÐskoc eÐnai s mera dÔskolo na dhmiourghjeÐ èna oikonomikì sÔsthma meg�lhc
qwrhtikìthtac gia apoj keush dedomènwn gia meg�lo qronikì di�sthma.

• O qrìnoc apìkrishc sun jwc kajorÐzei to mèso pou ja qrhsimopoihjeÐ. 'Otan
to zhtoÔmeno eÐnai mikrìc qrìnoc apìkrishc, tìte eÐnai adÔnato na qrhsimopoi-
hjoÔn sust mata basismèna se tainÐa, en¸ ìtan to zhtoÔmeno eÐnai h bèltisth
apìdosh tìte ta sust mata tainÐac apodeiknÔontai pio oikonomik�.

• To prìblhma thc rujmoapìdoshc (throughput) antimetwpÐzetai eÔkola sta
Grid. Q�rh sthn èmfuth ikanìthta tou Grid na klimak¸netai, up�rqei h du-
natìthta na auxhjeÐ h rujmoapìdosh qrhsimopoi¸ntac poll� stigmiìtupa tou
zhtoÔmenou antikeimènou, ètsi ¸ste na epiteuqjeÐ ajroistik� o rujmìc par�-
doshc twn dedomènwn. Epomènwc eÐnai dunatìn na qrhsimopoihjoÔn sqetik�
arg� mèsa ìpwc oi tainÐec apoj keushc.

• Tèloc o qrìnoc zw c twn dedomènwn eunoeÐ sun jwc ta sust mata tainÐac.
To shmantikì sthn perÐptwsh tou Grid eÐnai ìti me th qr sh twn kat�llhlwn
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prwtokìllwn kai protÔpwn ta di�fora sust mata apoj keushc antimetwpÐ-
zontai me eniaÐo trìpo.

2.7.5 Diajèsimo eÔroc z¸nhc sto DiadÐktuo

AfoÔ to Grid sthrÐzetai sto DiadÐktuo, to diajèsimo eÔroc z¸nhc (bandwidth) a-
poteleÐ shmantikì par�gonta. Epomènwc h taqÔthta thc sÔndeshc me to DiadÐktuo
miac efarmog c pou trèqei p�nw se Grid, eÐnai shmantik . 'Otan k�poioc agor�zei
prìsbash se pìrouc, prèpei na up�rqei arketì eÔroc z¸nhc, gia na prowjhjeÐ h
ergasÐa mèsw tou DiadiktÔou. Mia efarmog  pou trèqei p�nw se Grid ja prèpei
na metafèrei mazÐ thc to perib�llon leitourgÐac thc, gegonìc pou sthn perÐptwsh
pou trèqoun pollèc mikrèc efarmogèc mazÐ, kajist� to mègejoc twn metaferìmenwn
dedomènwn (efarmog , biblioj kec, arqeÐa) arket� meg�lo. M�lista, sthn perÐptw-
sh pou ta apotelèsmata miac èstw kai mikr c efarmog c par�goun meg�lo ìgko
apotelesm�twn, ta pr�gmata qeirotereÔoun.

Eutuq¸c s mera, sthn perÐptwsh toul�qiston twn episthmonik¸n efarmog¸n, oi
sundèseic me to DiadÐktuo mporeÐ na eÐnai thc t�xhc twn merik¸n dek�dwn Gigabit
an� deuterìlepto (Gbps). Bèbaia h dunatìthta metafor�c dedomènwn enìc upologi-
st  periorÐzetai sto 1 Gbps, all� kai mìno tou autì shmaÐnei dunatìthta metafor�c
16 Gigabyte se 16 deuterìlepta. Par� ìla aut�, sthn kajìlou asun jisth perÐ-
ptwsh pou 100 kìmboi epiqeiroÔn tautìqrona na ektelèsoun mia ergasÐa me sqetik�
meg�lo ìgko dedomènwn, akìmh kai to eÔroc z¸nhc twn 10 Gbps mporeÐ na apodei-
qjeÐ aneparkèc kajuster¸ntac ètsi en tèlei thn ektèlesh twn ergasi¸n. Epeid  h
Ôparxh meg�lou ìgkou dedomènwn kai poll¸n qrhst¸n pou ta diaqeirÐzontai, ìpwc
epÐshc kai h gewgrafik  diaspor� twn pìrwn kai twn qrhst¸n eÐnai qarakthristik�
tou Grid, prèpei na lamb�nontai upìyh ta parak�tw:

• Sqediasmìc miac arqitektonik c dedomènwn pou na exuphreteÐ tic an�gkec. Ja
prèpei na lamb�nontai upìyh ta eÐdh twn sundèsewn twn diafìrwn qrhst¸n,
h gewgrafik  jèsh touc, o anamenìmenoc ìgkoc dedomènwn, to apaitoÔmeno
eÔroc z¸nhc kai h poiìthta uphresÐac (QoS).

• Ja prèpei suqn� na gÐnetai proswrin  apoj keush epiplèon antigr�fwn twn
dedomènwn (caching), gia na beltistopoieÐtai o qrìnoc prìsbashc. Erwt seic
pou ja prèpei na apanthjoÔn eÐnai an to antÐgrafo eÐnai enhmerwmèno, pìso
suqn� prèpei na anane¸netai kai sthn perÐptwsh tou katanemhmènou sust -
matoc caching, poio antÐgrafo eÐnai plhsièstero sto qr sth

• Gia axiopistÐa mporeÐ na qrhsimopoihjeÐ pleonasmìc dedomènwn ètsi ¸ste na
exasfalÐzetai ìti ta dedomèna eÐnai diark¸c diajèsima. 'Etsi an ènac kìmboc
ston opoÐo up�rqei èna dedomèno p�yei na leitourgeÐ, tìte autì mporeÐ na
anazhthjeÐ autìmata se �llon kìmbo.

• Gia th metafor� twn dedomènwn metaxÔ tou tìpou apoj keushc kai tou tìpou
qr shc touc qrei�zetai èna mèso to opoÐo na parèqei gr gorh, axiìpisth kai
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asfal  metafor�.

• Prèpei na kajorÐzetai se poion an koun ta dedomèna, poioi mporoÔn na ta doun
kai poioi na ta tropopoi soun   na ta sb soun.

• 'Iswc na qrei�zontai epiplèon dedomèna metaplhroforÐac pou ja perigr�foun
th dom  tou sust matoc kai twn dedomènwn autoÔ. Aut� ta dedomèna èqoun
parìmoiec an�gkec me ta upìloipa, ìpwc na eÐnai prosb�sima kai axiìpista.

2.7.6 Up�rqontec pìroi

H dunatìthta thc epanaqrhsimopoÐhshc uparqìntwn pìrwn, sun jwc upologist¸n,
 tan apì touc kÔriouc lìgouc pou od ghsan sthn apodoq  thc teqnologÐac tou Grid.
H dhmiourgÐa enìc eurethrÐou pìrwn kaj¸c kai thc isqÔoc touc eÐnai shmantik  gia
èna Grid.

Up�rqoun merikèc kathgorÐec tètoiwn upologistik¸n pìrwn:

• Upologistèc grafeÐou (desktop PCs), oi opoÐoi up�rqoun sqedìn se ìlo ton
kìsmo, ìqi mìno se epiqeir seic, all� kai se apl� noikokuri�. Sun jwc autoÐ
oi pìroi eÐnai diajèsimoi tic nuqterinèc ¸rec kai qarakthrÐzontai apì uyhlì
kìstoc sunt rhshc an� mhq�nhma. Akìmh kai ètsi ìmwc, to pl joc touc, se
sunduasmì me to ìti paramènoun anenergoÐ gia 12 me 16 ¸rec th mèra, touc
kajist� èna isqurì ergaleÐo gia ergasÐec (sun jwc sumplhrwmatikèc).

• Clusters. Aut� ta sust mata eÐnai sun jwc diajèsima ìlo to eikositetr�wro
kai eÐnai axiìpista kai asfal . H gn¸sh thc dom c enìc cluster, twn mhqanh-
m�twn kai twn exeidikeumènwn pìrwn pou perilamb�nei, eÐnai polÔtimh gia èna
Grid sÔsthma. 'Etsi me th qr sh tou kat�llhlou sust matoc (scheduler),
mporoÔn na antistoiqistoÔn oi ergasÐec stouc pìrouc pou eÐnai katallhlìte-
roi gia thn ektèles  touc.

• Sust mata summetrik c poluepexergasÐac (SMP). Aut� ta sust mata mèqri
thn emf�nish thc Grid teqnologÐac parèmenan anekmet�lleuta gia meg�la qro-
nik� diast mata. Plèon eÐnai dunat  h qr sh touc wc pìrwn kai eÐnai idiaÐtera
qr sima sthn perÐptwsh ergasi¸n pou axiopoioÔn tic eidikèc dunatìthtec pou
diajètoun.

Shmantikìc eÐnai o kajorismìc twn ergasi¸n pou ekmetalleÔontai kalÔtera tic
eidikèc ikanìthtec k�je sust matoc. 'Otan dhmiourghjeÐ èna euret rio twn pìrwn
pou eÐnai diajèsimoi, thc z thshc pou mporeÐ na kalufjeÐ me th di�jesh aut¸n sto
Grid kai twn proteraiot twn twn ergasi¸n, mporeÐ k�poioc na diapist¸sei e�n h
up�rqousa upodom  eparkeÐ gia na kalÔyei tic an�gkec tou   an qrei�zetai na xo-
deutoÔn epiplèon qr mata gia thn enÐsqus  thc.
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2.7.7 Pìroi eidikoÔ skopoÔ

PolloÐ organismoÐ diajètoun pìrouc oi opoÐoi dhmiourg jhkan eidik� gia thn ektè-
lesh miac ergasÐac   miac kathgorÐac ergasi¸n. AutoÐ oi pìroi mporeÐ na eÐnai
eidik� mhqan mata, ìpwc suskeuèc metr sewn, eidikoÔ skopoÔ logismikì kai eidikoÔ
skopoÔ ulikì. Paradosiak� autoÐ oi pìroi ja gÐnontan prosb�simoi mèsw eidik¸n
prwtokìllwn   eidik� diamorfwmènwn diktÔwn.

Me thn èleush tou Grid computing emfanÐsthkan di�fora ergaleÐa, pou epitrè-
poun th dhmiourgÐa nèwn uphresi¸n kat�llhlwn gia sÔndesh me autoÔc touc pìrouc.
Bèbaia ta ergaleÐa aut� den èqoun ft�sei sto epÐpedo wrimìthtac pou apaiteÐtai,
¸ste na eÐnai dunatì autì gia ìlouc touc pìrouc. Gia touc eidikoÔc pìrouc pou
autì den eÐnai dunatì mèqri stigm c, up�rqoun dÔo lÔseic:

• Q�rh stic teqnologÐec twn uphresi¸n IstoÔ kai XML up�rqei diajèsimh mia
ter�stia poikilÐa bibliojhk¸n, pou epitrèpoun th dhmiourgÐa k¸dika, pou ja
antapokrÐnetai stic ek�stote an�gkec. O k¸dikac autìc mporeÐ na apoteleÐ
èna resource wrapper   minihosting perib�llon, epitrèpontac thn prìsbash
ston pìro mèsw twn uparqìntwn idiìkthtwn diasundèsewn.

• Mia �llh epilog  eÐnai na ekteleÐtai se èna mhq�nhma mia uphresÐa Grid, me thn
opoÐa ja epikoinwneÐ autìc pou epijumeÐ thn prìsbash ston pìro. Aut  h Grid
uphresÐa ja prowjeÐ mèsw eidikoÔ mhqanismoÔ tic aparaÐthtec plhroforÐec
ston pìro. H deÔterh aut  lÔsh problèpetai na eÐnai fjhnìterh kai m�llon
ja protimhjeÐ sto mèllon.

2.7.8 Metafersimìthta

'Ena shmantikì z thma sto sqediasmì k�je Plègmatoc eÐnai h metatrop  twn efarmo-
g¸n tou prohgoÔmenou sust matoc ètsi ¸ste plèon na leitourgoÔn sto perib�llon
tou Plègmatoc kai na to axiopoioÔn. Mia idèa h opoÐa apoteleÐ gr gorh kai eÔko-
lh lÔsh eÐnai na grafteÐ gia thn efarmog  ènac antÐstoiqoc Grid wrapper k¸dikac
o opoÐoc ja epitrèpei th leitourgÐa thc sto nèo perib�llon kai ja axiopoieÐ ta i-
diaÐtera qarakthristik� tou. Par� ìla aut� ìmwc, gia na axiopoi sei h efarmog 
kalÔtera to Grid sÔsthma, eÐnai protimìtero na prosarmìzetai o Ðdioc o k¸dik�c
thc xanagr�fontac mèroc tou.

Up�rqoun dÔo eid¸n sustatik� mèrh sto Plègma: aut� pou qrhsimopoioÔn tic
uphresÐec �llwn kai aut� pou parèqoun mia uphresÐa qwrÐc na sthrÐzontai se �llec
uphresÐec tou Plègmatoc. Kai stic dÔo peript¸seic gia na dhmiourghjeÐ èna tètoio
stoiqeÐo, eÐnai aparaÐthto na lamb�nontai suneq¸c upìyh oi apait seic qr shc kai
logismikoÔ tou prohgoÔmenou sust matoc. Gia apait seic ìpwc h asf�leia qrei�ze-
tai nèoc sqediasmìc. Apì thn �llh orismènec apait seic (ìpwc apait seic apìdoshc)
gÐnontai ligìtero perioristikèc sto perib�llon tou Plègmatoc (ènac algìrijmoc Ð-
swc na mh qrei�zetai na eÐnai uperbolik� apodotikìc, afoÔ oi up�rqontec pìroi sto
Plègma mporoÔn na kalÔyoun tic apait seic enìc Ðswc mh beltistopoihmènou algo-
rÐjmou).
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Orismènec up�rqousec efarmogèc mporoÔn na ektelestoÔn se èna perib�llon
Plègmatoc me th bo jeia diepaf¸n, pou k�noun qr sh  dh kajorismènwn protÔpwn.
'Etsi mei¸netai o fìrtoc ergasÐac pou qrei�zetai, gia na gÐnoun autèc prosb�simec
mèsa sto perib�llon Plègmatoc. Up�rqoun ìmwc kai �llec efarmogèc, h metafor�
twn opoÐwn den eÐnai dunat  akìmh kai me thn parap�nw mèjodo. Se aut  thn perÐ-
ptwsh qrei�zetai gia k�je efarmog  na grafteÐ mia eidik  diepaf , pou ja sthrÐzetai
sthn teqnologÐa Plègmatoc.

2.7.9 Dunatìthtec sunergasÐac

'Ena apì ta shmantikìtera zht mata kat� to sqediasmì enìc Grid sust matoc, eÐnai
oi dunatìthtec pou autì ja prosfèrei stouc qr stec tou gia sunergasÐa me �llouc
qr stec kai ontìthtec tou sust matoc. Ex�llou basikìc stìqoc tou Grid eÐnai
h epÐteuxh koin¸n stìqwn, ìpwc h epÐlush enìc polÔplokou probl matoc, me th
sunergasÐa poll¸n paragìntwn, pìrwn klp.

EÐnai shmantikì epomènwc na up�rqei h dunatìthta kajorismoÔ politik¸n dia-
pragm�teushc gia thn epÐteuxh thc sunergasÐac. Prèpei na kajorÐzontai prwtìkolla
sunergasÐac kai kanonismoÐ, oi opoÐoi ja exasfalÐzoun thn asf�leia thc ìlhc diadi-
kasÐac. Prèpei na dÐnetai h dunatìthta dhmiourgÐac dunamik¸n eikonik¸n organism¸n
kai dunamik c diaqeÐris c touc. H ènnoia tou eikonikoÔ organismoÔ eÐnai kajoristi-
k , kaj¸c sÔmfwna me ton orismì tou, oi metèqontec se ènan eikonikì organismì
sunerg�zontai metaxÔ touc gia na exuphret soun ta koin� touc sumfèronta.

H idanik  perÐptwsh eÐnai to Grid na perilamb�nei auxhmènec dunatìthtec suner-
gasÐac, h opoÐa ìmwc ja sunodeÔetai kai apì antÐstoiqa uyhlì epÐpedo asf�leiac tou
sust matoc. Dustuq¸c ìmwc, mèqri s mera, apodeiknÔetai ìti h epÐteuxh twn stì-
qwn aut¸n parousi�zei shmantikèc duskolÐec. Autèc anamènetai na xeperastoÔn, wc
èna bajmì, sto mèllon, me thn emf�nish nèwn beltiwmènwn prwtokìllwn asf�leiac
kai sunergasÐac.

2.8 Arqitektonik  Anoiqt¸n Uphresi¸n

Plègmatoc

Oi suntonismènec melètec tou Open Grid Forum (OGF) � enìc organismoÔ apote-
loÔmenou apì qr stec, programmatistèc, ereunhtèc me skopì thn an�ptuxh protÔpwn
gia thn upost rixh twn Grid teqnologi¸n � katèlhxe to 2002 sthn Arqitektonik 
Anoiqt¸n Uphresi¸n - Open Grid Service Architecture [4], h opoÐa sunt�qjhke se
èna keÐmeno pou perigr�fei th dom  enìc Grid sust matoc kai sugkentr¸nei ìla ta
prìtupa pou qrhsimopoieÐ h arqitektonik  aut  se k�je epÐpedì thc.

2.8.1 Stìqoi thc arqitektonik c

Oi kÔrioi stìqoi tou OGSA eÐnai oi akìloujoi:
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• Na diaqeirÐzetai pìrouc apomakrusmènwn eterogen¸n susthm�twn

• Na apodÐdei shmantik  poiìthta stic uphresÐec pou parèqei (Quality of Servi-
ce)

• Na parèqei tic b�seic gia autìnomec lÔseic diaqeÐrishc. H diaforetikìthta
twn pìrwn pou summetèqoun se èna Grid kai o dunamikìc trìpoc sunergasÐac
touc apaiteÐ èna sÔsthma diaqeÐrishc pou ja prosarmìzetai sÔmfwna me tic
ek�stote an�gkec.

• Na kajorÐzei gnwst� prìtupa kai prwtìkolla leitourgÐac. H dunamik  eisa-
gwg  kai sunergasÐa eterogen¸n susthm�twn sto dÐktuo tou Grid, basÐzetai
sthn uiojèthsh gnwst¸n, eureÐac qr shc protÔpwn.

• Na ekmetalleÔetai up�rqousec teqnologÐec kai na tic prosarmìzei sto Grid,
an autì eÐnai efiktì. To OGSA basÐzetai sth teqnologÐa twn Web services
(uphresÐec IstoÔ), pou perigr�fontai sthn enìthta 2.9.2.

2.8.2 Perigraf  thc arqitektonik c

To OGSA apoteleÐtai apì tèssera basik� epÐpeda (ìpwc faÐnetai kai sto Sq ma 2.2):

• Pìrouc (fusikoÔc kai logikoÔc)

• UphresÐec IstoÔ (Web services) sumperilambanomènhc kai thc upodom c Open
Grid Services Infrastructure (OGSI) pou èqei �mesh sqèsh me tic uphresÐec

• UphresÐec sqediasmènec apì to OGSA

• Grid efarmogèc

2.8.2.1 EpÐpedo fusik¸n kai logik¸n pìrwn

Autì eÐnai to pio qamhlì epÐpedo apì ta tèssera kai èqei na k�nei me touc pìrouc pou
summetèqoun sto Grid. H ènnoia tou {pìrou} sto OGSA eÐnai polÔ shmantik  kai
den eÐnai sugkekrimènh. Wc pìroc (resource) se èna Grid mporeÐ na jewrhjeÐ o epe-
xergast c enìc upologist , mèqri kai to tm ma upologist¸n miac meg�lhc etaireÐac.
EpÐshc ektìc apì upologistikèc mon�dec, summetèqoun kai mon�dec apoj keushc,
b�seic dedomènwn, diktuakèc upodomèc klp. Aut� pou anafèrjhkan parap�nw eÐ-
nai kurÐwc oi fusikoÐ pìroi. Ektìc apì autoÔc èqoume kai touc logikoÔc, k�poia
endi�mesa sust mata (middleware) pou, qrhsimopoi¸ntac touc fusikoÔc pìrouc,
prosfèroun stoiqei¸deic uphresÐec, ìpwc diaqeÐrish arqeÐwn   b�sewn dedomènwn,
sto parap�nw epÐpedo.
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2.8.2.2 EpÐpedo uphresi¸n IstoÔ

MÐa polÔ basik  je¸rhsh tou OGSA eÐnai ìti ìloi oi pìroi tou sust matoc antistoi-
qÐzontai me uphresÐec. 'Etsi h OGSI upodom  (Open Grid Services Infrastructure)
qrhsimopoieÐ sugkekrimènec, gnwstèc uphresÐec IstoÔ kai prwtìkolla ìpwc XML
kai WSDL gia na dhmiourg sei epafèc kai diasundèseic k�je Grid uphresÐac me touc
pìrouc tou sust matoc. H OGSI epekteÐnei tic dunatìthtec twn diktuak¸n uphre-
si¸n ètsi ¸ste na parèqei dunamikèc kai axiìpistec uphresÐec, ìpwc apaiteÐtai gia
th montelopoÐhsh twn pìrwn.

2.8.2.3 EpÐpedo uphresi¸n Plègmatoc

Oi uphresÐec IstoÔ kai oi dunatìthtec tou OGSI parèqoun th basik  upodom  gia
to epìmeno epÐpedo, autì twn uphresi¸n Plègmatoc. Aut  thn epoq  up�rqei meg�-
lh drasthriìthta proc thn kateÔjunsh prosdiorismoÔ kai protupopoÐhshc tètoiwn
uphresi¸n, ìpwc uphresÐec upologismoÔ, plhrofori¸n, pur na. Kaj¸c oi ulopoi -
seic aut¸n twn uphresi¸n ja arqÐsoun na emfanÐzontai, h OGSA arqitektonik  ja
gÐnetai ìlo kai pio qr simh, basizìmenh p�nta stic uphresÐec. Prìkeitai dhlad  gia
Service Oriented Architecture (uphresiostref c arqitektonik ), ìpwc perigr�fetai
sthn enìthta 2.9.
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2.8.2.4 EpÐpedo efarmog¸n Plègmatoc

Me to pèrasma tou qrìnou kai ìso oi Grid uphresÐec ja anaptÔssontai, kainoÔrgiec
efarmogèc basismènec sthn teqnologÐa Plègmatoc ja k�noun thn emf�nis  touc.
Autèc oi efarmogèc ja qrhsimopoioÔn mÐa   kai perissìterec Grid uphresÐec tou
prohgoÔmenou epipèdou.

2.9 Uphresiostref c Arqitektonik 

H prosarmog  k�poiwn uphresi¸n se mia efarmog  den eÐnai dÔskolh diadikasÐa kai
epiplèon anamènetai na d¸sei sthn efarmog  prìsjeta leitourgik� qarakthristik�.
Autì ìmwc den eÐnai arketì gia th dhmiourgÐa miac uphresiostrefoÔc arqitektonik c.

To prìtupo uphresiostrefoÔc arqitektonik c (Service Oriented Architecture
- SOA) eÐnai èna sqediastikì montèlo me kÔrio qarakthristikì thn enswm�twsh
logik c efarmog¸n mèsa se uphresÐec pou ja allhlepidroÔn mèsw epikoinwniak¸n
prwtokìllwn. B�sei autoÔ, h uiojèthsh se mia efarmog  SOA dom c shmaÐnei au-
tìmata thn apodoq  k�poiwn sqediastik¸n arq¸n kai prìsjetwn teqnologi¸n wc
basikoÔ tm matoc tou teqnikoÔ perib�llontìc thc.

Se epÐpedo sqediasmoÔ susthm�twn, h qr sh thc teqnologÐac twn Web services
odhgeÐ sthn uiojèthsh thc legìmenhc Service-Oriented arqitektonik c. Oi basikoÐ
rìloi kai leitourgÐec sthn arqitektonik  aut  parousi�zontai sto Sq ma 2.3. H
arqitektonik  aut  upodeiknÔei mia sqèsh exuphretht -pel�th (server-client) an�me-
sa ston paroqèa uphresi¸n (service provider, pou paÐzei to rìlo tou server) kai
ton aitoÔnta (service-requestor, pou paÐzei to rìlo tou client). O p�roqoc uphre-
si¸n eÐnai autìc pou parèqei thn uphresÐa deqìmenoc mhnÔmata ait sewn apì touc
aitoÔntec. EÐnai epÐshc upeÔjunoc gia th dhmiourgÐa thc perigraf c thc uphresÐac
(service description) kai th dhmosÐeus  thc se k�poio kat�logo-odhgì uphresi¸n
(Universal Description, Discovery and Integration - UDDI). O ait¸n thn uphresÐa
anazht� thn uphresÐa kai thn perigraf  thc se k�poio kat�logo uphresi¸n (service
registry) kai sth sunèqeia kaleÐ kat�llhla thn epijumht  uphresÐa. O kat�logoc
uphresi¸n fèrnei ousiastik� tic dÔo pleurèc, pel�th kai exuphretht , se epaf .

2.9.1 Genik� gia tic uphresÐec

Ton teleutaÐo kairì èqei gÐnei arket� meg�lh suz thsh gÔrw apì to jèma twn uph-
resi¸n twn efarmog¸n. Oi uphresÐec teÐnoun na gÐnoun tm mata thc efarmog c pou
ajroistik� sqhmatÐzoun to perib�llon aut c. Fusik� den apoteloÔn apl� èna kom-
m�ti thc efarmog c, all� èqoun qarakthristik� pou tic metatrèpoun se mèroc miac
arqitektonik c prosanatolismènhc stic uphresÐec (Service Oriented Architecture).

'Ena apì ta qarakthristik� aut� eÐnai h autonomÐa apì �llec uphresÐec. Autì
shmaÐnei ìti k�je uphresÐa eÐnai upeÔjunh gia to dikì thc eÔroc leitourgÐac kai ètsi
periorÐzetai kai exeidikeÔetai se sugkekrimènec epaggelmatikèc qr seic. Autìc o
sqediasmìc èqei wc apotèlesma th dhmiourgÐa anex�rthtwn mon�dwn, elastik� sun-
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dedemènwn metaxÔ touc me k�poio prìtupo plaÐsio epikoinwnÐac. ExaitÐac aut c thc
anexarthsÐac twn uphresi¸n sto plaÐsio autì, h programmatistik  logik  pou k�je
uphresÐa qrhsimopoieÐ, den qrei�zetai na prosarmìzetai se sugkekrimènh platfìrma
  teqnologÐa. EÐnai qarakthristikì twn uphresi¸n enìc plaisÐou, o polumorfismìc
twn mer¸n tou me tautìqronh omal  sunergasÐa.

2.9.2 UphresÐec IstoÔ

O pio eurèwc diadedomènoc kai epituqhmènoc tÔpoc uphresi¸n eÐnai oi uphresÐec IstoÔ
XML Services gnwstèc wc Web services. Autìc o tÔpoc uphresÐac èqei dÔo basikèc
proapait seic:

• EpikoinwnÐa mèsw prwtokìllwn Internet (kurÐwc HTTP)

• Apostol  kai l yh dedomènwn domhmènwn me XML

Kat� thn an�ptuxh tou montèlou twn Web services parousi�sthke h an�gkh gia th
dhmiourgÐa kainoÔrgiwn teqnologi¸n kai protÔpwn. 'Etsi epino jhke to SOAP pou
qrhsimopoieÐ thn XML gia th sÔntaxh twn mhnum�twn tou kai to WSDL pou eÐnai
mia gl¸ssa basismènh sthn XML kai h opoÐa qrhsimopoieÐtai gia perigraf  miac
uphresÐac IstoÔ. 'Etsi h ulopoÐhsh tètoiwn uphresi¸n apaiteÐ:

• Thn perigraf  thc uphresÐac analutik�, gia par�deigma me èna WSDL èggrafo

• Thn dunatìthta metafor�c dedomènwn domhmènwn me XML me qr sh tou prw-
tokìllou SOAP mèsw HTTP

EÐnai sunhjismèno mia uphresÐa na leitourgeÐ kai wc pel�thc (client/requestor) kai
wc p�roqoc (provider). Analìgwc loipìn me th drasthriìtht� thc k�je stigm , h
uphresÐa proslamb�nei ton kat�llhlo rìlo.
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2.9.3 Web Services Description Language (WSDL)

Oi uphresÐec IstoÔ qrei�zetai na orÐzontai me sugkekrimèno trìpo ètsi ¸ste na mpo-
roÔn na entopistoÔn kai na qrhsimopoihjoÔn apì �llec uphresÐec kai efarmogèc. Gia
autì to skopì dhmiourg jhke apì ton organismì W3C [5], mia gl¸ssa perigraf c
gnwst  wc Web Services Description Language (WSDL) h opoÐa basÐzetai sthn
XML. 'Ena WSDL èggrafo perièqei ìlec tic plhroforÐec sqetik� me ta dedomèna
eisìdou kai exìdou, tic mejìdouc kai ì,ti �llo qrei�zetai na gnwrÐzei k�poioc gia
thn akrib  qr sh miac diadiktuak c uphresÐac.

2.9.4 Simple Object Access Protocol (SOAP)

An kai arqik� eÐqe jewrhjeÐ wc h teqnologÐa pou ja gefur¸sei to kenì metaxÔ
anìmoiwn platfìrmwn basismènwn se RPC (Remote Procedure Call) epikoinwnÐa,
to SOAP èqei exeliqjeÐ sto pio diadedomèno prwtìkollo epikoinwnÐac gia th qr sh
uphresi¸n IstoÔ. EÐnai èna prwtìkollo gia antallag  mhnum�twn basismènwn sthn
XML. 'Ena m numa SOAP èqei mia sugkekrimènh morf  kai qrhsimopoieÐtai gia na
perigr�yei dedomèna ìpwc RPC kl seic. To m numa autì metafèretai metaxÔ twn
uphresi¸n kai twn efarmog¸n, qrhsimopoi¸ntac kurÐwc to prwtìkollo HTTP. Me
ton trìpo autì oloklhr¸netai to plaÐsio leitourgÐac kai epikoinwnÐac sthn SOA
dom , afoÔ me thn bo jeia thc perigraf c WSDL eÐnai efikt  h epikoinwnÐa kai
sunergasÐa opoiwnd pote uphresi¸n sto dÐktuo.

H basik  dom  enìc mhnÔmatoc SOAP eÐnai h parak�tw:

<soap:Envelope xmlns:soap="http://schemas.xmlsoap.org/soap/envelope/">
<soap:Body>

...

</soap:Body>
</soap:Envelope>

Eswterik� tou {s¸matoc} (Body) tou eggr�fou, enswmat¸netai h plhroforÐa
pou prèpei na metaferjeÐ apì th mÐa uphresÐa sthn �llh. H teqnologÐa pou qrhsi-
mopoieÐtai gia apomakrusmènh kl sh uphresi¸n eÐnai h SOAP-RPC (epèktash thc
teqnologÐac Remote Procedure Call) h opoÐa eis�gei sto SOAP m numa tic apaitoÔ-
menec plhroforÐec, sÔmfwna kai me to WSDL thc uphresÐac pou ja klhjeÐ. Genik�,
mèsa sto {f�kelo} tou SOAP mhnÔmatoc mporeÐ na metafèrjei opoiad pote plhro-
forÐa, arkeÐ na eÐnai domhmènh se XML kai bèbaia o paral pthc na gnwrÐzei p¸c na
apokwdikopoi sei to m numa autì.

2.10 SÔgkrish tou Plègmatoc me �llec

teqnologÐec

H dom  tou Grid apoteleÐ exèlixh �llwn dom¸n kai teqnologi¸n, ìpwc ta ka-
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tanemhmèna sust mata (distributed systems), o Pagkìsmioc Istìc (Web), oi upo-
logismoÐ omotÐmwn pìrwn (peer-to-peer computing) kai oi teqnologÐec dunamik c
eikonik c org�nwshc (dynamic virtualization). Parak�tw parousi�zontai oi omoiì-
thtec kai oi diaforèc thc teqnologÐac twn susthm�twn Plègmatoc me k�je mÐa apì
tic anwtèrw teqnologÐec:
Pagkìsmioc Istìc Ta Grids, ìpwc kai o Pagkìsmioc Istìc, krÔboun ìlh thn

poluplokìthta apì touc qr stec. Se antÐjesh ìmwc me to Web, to opoÐo apl�
qrhsimeÔei gia th dieukìlunsh thc epikoinwnÐac, ta sust mata Grid epitrèpoun
pl rh sunergasÐa, me skopì thn epÐteuxh koin¸n epiqeirhmatik¸n stìqwn.

Omìtima Sust mata Koinì stoiqeÐo twn omìtimwn susthm�twn kai twn susth-
m�twn teqnologÐac Plègmatoc eÐnai ìti epitrèpoun stouc qr stec na moir�zon-
tai arqeÐa. Se antÐjesh ìmwc me ta omìtima sust mata, ta Grids epitrèpoun
sunergasÐec poll¸n me polloÔc (many-to-many) kai den periorÐzontai sthn
antallag  arqeÐwn, all� qrhsimeÔoun gia sunallagèc k�je eÐdouc pìrwn.

Katanemhmèna Sust mata kai Sust�dec Ta Grids, ìpwc kai ta katane-
mhmèna sust mata kai ta clusters, enopoioÔn upologistikoÔc pìrouc. 'Omwc
ta Grids mporeÐ na eÐnai gewgrafik� katanemhmèna kai eterogen , se antÐjesh
me ta katanemhmèna sust mata kai ta clusters ta opoÐa apaitoÔn gewgrafik 
eggÔthta kai omoiogèneia twn susthm�twn.

TeqnologÐec eikonik c org�nwshc susthm�twn Ta Plègmata kai oi te-
qnologÐec eikonik c org�nwshc susthm�twn (virtualization) basÐzontai sthn
eikonik  org�nwsh pìrwn. Se antÐjesh ìmwc me autèc � oi opoÐec èqoun wc
stìqo thn org�nwsh miac autìnomhc eikonik c mhqan c � ta sust mata Grid
epitrèpoun thn eikonik  org�nwsh meg�lou arijmoÔ anìmoiwn kai apomakru-
smènwn pìrwn.

2.11 Ta pleonekt mata tou Plègmatoc

Pollèc etaireÐec epidi¸koun na axiopoi soun ta pleonekt mata thc shmerin c dom c
tou Grid ìson afor� sta oikonomik� ofèlh, qwrÐc na periorÐzontai se èna sÔsthma
pou den ja aux�netai sÔmfwna me tic an�gkec touc.

Gia na parèqoun stouc pel�tec th lÔsh pou qrei�zontai, oi epiqeir seic èqoun
na lÔsoun kurÐwc probl mata pou aforoÔn sthn asf�leia kai sthn poiìthta twn
uphresi¸n pou parèqoun ston pel�th. H platfìrma tou Grid mporeÐ na sundu�zei
touc perisseuoÔmenouc pìrouc se èna etairikì dÐktuo dhmiourg¸ntac èna isqurì Grid
pou mporeÐ na moirasteÐ kai na qrhsimopoihjeÐ apì om�dec sthn Ðdia thn etaireÐa,  
akìmh kai se om�dec gewgrafik� apomakrusmènec se sqèsh me thn etaireÐa. To pio
koinì teqnologikì stoiqeÐo pou ja mporoÔse na qrhsimopoihjeÐ wc tètoioc pìroc
eÐnai oi hlektronikoÐ upologistèc grafeÐou (desktop PCs), oi opoÐoi sun jwc de
leitourgoÔn sto mègisto twn dunatot twn touc. Sun jwc to posostì qr shc thc
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upologistik c touc isqÔoc antistoiqeÐ sto 10% twn dunatot twn touc, akìma kai
stic prwteÔousec epaggelmatikèc touc efarmogèc.

SunoyÐzontac, ta kÔria pleonekt mata thc teqnologÐac Grid, kurÐwc ìson afor�
sthn epiqeirhmatik  efarmog  thc eÐnai:

Qamhlìtero kìstoc upologismoÔ Oi di�forec platfìrmec Grid, an�loga
me ton prosanatolismì touc, dÐnoun thn dunatìthta ektèleshc perissìterwn
ergasi¸n me mikrìterec ependÔseic se dioÐkhsh kai se ulikì. To Grid kata-
fèrnei na belti¸sei ton lìgo apìdosh proc tim  se ènan organismì, all� to
apotèlesma exart�tai p�nta apì tic diast�seic tou organismoÔ autoÔ.

Grhgorìtera ereunhtik� apotelèsmata To pleìnasma isqÔoc pou prokÔ-
ptei apì thn platfìrma tou Grid, mporeÐ na d¸sei se ènan organismì thn
dunatìthta gia grhgorìtera apotelèsmata. An sugkekrimèna prìkeitai gia
etaireÐa, mporeÐ na thc d¸sei th dunatìthta na katakt sei megalÔtero merÐdio
agor�c.

KalÔtera apotelèsmata H aÔxhsh thc isqÔoc odhgeÐ pollèc forèc se anaje-
¸rhsh twn ereunhtik¸n prosanatolism¸n kai sth dokim  poll� uposqìmenwn
lÔsewn, pou sto pareljìn mporeÐ na eÐqan aporrifjeÐ lìgw periorism¸n se
qrìno kai qr ma. EpÐshc h isqÔc aut  mporeÐ na bohj sei ¸ste na prokÔ-
youn apotelèsmata kalÔterhc poiìthtac epitrèpontac megalÔterec analÔseic
kai dokimèc.

2.12 TomeÐc pou eunooÔntai apì thn te-

qnologÐa Plègmatoc

H teqnologÐa Grid èqei  dh efarmosteÐ se ereunhtikì epÐpedo se di�forouc tomeÐc
kai h qr sh thc anamènetai na diadojeÐ. Analutikìtera:

• Ston tomèa thc iatrik c, thc biologÐac kai thc genetik c h teqnologÐa Grid
mporeÐ na parèqei shmantikèc uphresÐec sth di�gnwsh noshm�twn kai sthn
axiìpisth di�gnwsh mèsw thc epexergasÐac iatrik¸n eikìnwn. Efarmogèc, ì-
pwc h di�gnwsh me th bo jeia iatrik¸n apeikonÐsewn kai h an�lush prwteðn¸n
kai biomoriak¸n mejìdwn, basÐzontai se meg�lo bajmì sthn automatopoihmènh
sugkèntrwsh kai epexergasÐa meg�lou ìgkou dedomènwn se pragmatikì qrìno,
kaj¸c kai sthn dianom  twn apotelesm�twn thc epexergasÐac se gewgrafi-
k� diasparmènec topojesÐec. Bèbaia oi efarmogèc autèc apaitoÔn idiaÐtera
isquroÔc upologistikoÔc pìrouc. H uiojèthsh thc teqnologÐac Plègmatoc
mporeÐ na d¸sei stic efarmogèc autèc touc pìrouc pou qrei�zontai ètsi ¸ste
na par�goun qr sima apotelèsmata, gr gora kai apodotik�.

• Oi agorèc qr matoc eÐnai apì touc nèouc tomeÐc pou èqoun arqÐsei na uiojetoÔn
thn teqnologÐa Grid. Tr�pezec, asfalistikèc etaireÐec, qrhmatisthriakèc epi-
qeir seic kai analutèc, ìloi èqoun th dunatìthta na belti¸soun thn poiìthta
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twn uphresi¸n pou parèqoun k�nontac qr sh thc teqnologÐac Grid. Oi teqno-
logÐec Grid mporoÔn na sumb�lloun idiaÐtera sth melèth qrhmatooikonomik¸n
analÔsewn kai sthn epÐlush sqetik¸n problhm�twn ìpwc tautopoÐhsh rÐskou
se ependutik� sqèdia, diadikasÐec, apait seic kai kìsth, kathgoriopoÐhsh, po-
sotikopoÐhsh, diaqeÐrish kai anÐqneush rÐskou.

• O episthmonikìc kai o ekpaideutikìc kl�doc apoteloÔn aut  th stigm  touc
kÔriouc qr stec thc Grid teqnologÐac. Ed¸ up�rqoun dÔo kathgorÐec qrh-
st¸n tou Grid. H pr¸th perilamb�nei ereunhtik� institoÔta kai tm mata pou
diex�goun èreuna p�nw sthn epist mh twn upologist¸n. H kathgorÐa aut 
den uiojeteÐ tic perissìterec forèc tic emporikèc lÔseic all� dhmiourgeÐ tic
dikèc thc. Ta mèlh thc jewroÔn touc eautoÔc touc kurÐwc parèqontec par�
katanalwtèc thc Grid teqnologÐac. H deÔterh kathgorÐa, pou sqetÐzetai ka-
t� kÔrio lìgo me th dhmìsia èreuna, jewreÐtai kurÐwc wc katanalwt c thc
Grid teqnologÐac. Tupik� paradeÐgmata ed¸, h NASA me ta diasthmik� thc
progr�mmata kai h fusik  uyhl¸n energei¸n, antikeÐmeno èreunac meg�lwn
institoÔtwn ìpwc to CERN. 'Alloi tomeÐc thc epist mhc, pou an koun stouc
suqnoÔc qr stec thc Grid teqnologÐac, eÐnai h qhmeÐa kai h mhqanik  pou pe-
rilamb�noun efarmogèc upologistik� apaithtikèc   efarmogèc pou sthrÐzontai
sthn exìruxh dedomènwn (data mining).

• O biomhqanikìc kai kataskeuastikìc tomèac apoteleÐ apodedeigmèna èna q¸-
ro, ìpou h efarmog  thc Grid teqnologÐac mporeÐ na apodeiqjeÐ exairetik�
wfèlimh. Sth autokinhtobiomhqanÐa, o sqediasmìc autokin twn kai forthg¸n
apaiteÐ gr gorouc kai beltistopoihmènouc pìrouc gia na epitaqunjeÐ. Sto
kataskeuastikì tomèa gÐnetai se meg�lo bajmì qr sh upologistik¸n proso-
moi¸sewn. Tupikèc efarmogèc pou eunooÔntai sthn perÐptwsh aut  eÐnai h
dunamik  twn reust¸n, o sqediasmìc me th bo jeia upologist , h an�lush
peperasmènwn stoiqeÐwn kai oi prosomoi¸seic sugkroÔsewn.
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Oi sumfwnÐec epipèdou uphresi¸n èqoun prwteÔonta rìlo se èna perib�llon
Plègmatoc pou basÐzetai sthn uphresiostref  arqitektonik . Sto kef�laio autì
dÐnetai arqik� ènac orismìc tou SLA kai gÐnetai mia sÔntomh istorik  anadrom . Sth
sunèqeia parousi�zetai h dom  kai o kÔkloc zw c enìc SLA. Tèloc analÔetai o
rìloc twn SLAs sto Plègma.

3.1 Orismìc tou SLA

'Ena SLA (Service Level Agreement   SumfwnÐa Epipèdou Uphresi¸n) eÐnai èna
sumbìlaio an�mesa ston paroqèa uphresi¸n kai ton pel�th, pou kajorÐzei tic le-
ptomèreiec thc uphresÐac pou ja prosferjeÐ.

To SLA kajorÐzei to genikì plaÐsio gia thn paroq  uphresi¸n, dhlad  tic u-
poqre¸seic tou paroqèa kai tou pel�th. Se èna SLA prosdiorÐzontai ta apodekt�
ìria tim¸n gia qarakthristik� ìpwc to epÐpedo diajesimìthtac enìc pìrou, h apì-
dosh kai h diajesimìthta miac uphresÐac. Epiplèon mporeÐ na kajorÐzei th qrèwsh
tou pel�th gia tic uphresÐec pou qrhsimopoieÐ kaj¸c kai tic kur¸seic pou endèqetai
na epib�llontai se perÐptwsh parabÐashc thc sumfwnÐac tìso apì thn pleur� tou
pel�th, ìso kai apì thn pleur� tou paroqèa uphresi¸n.

3.2 SÔntomh istorik  anadrom 

Ta SLAs qrhsimopoioÔntan apì ta tèlh thc dekaetÐac tou 1980 apì touc parìqouc
uphresi¸n stajer c thlefwnÐac wc mèroc twn sumbolaÐwn touc me tic epiqeir seic
stic opoÐec prosèferan tic uphresÐec touc. Argìtera, ta tm mata Information Te-
chnology (IT) twn meg�lwn epiqeir sewn �rqisan na qrhsimopoioÔn SLAs me touc
pel�tec touc � dhlad  me qr stec se �lla tm mata tic Ðdiac epiqeÐrhshc � ¸ste
na mporoÔn na sugkrÐnoun thn poiìthta uphresi¸n pou ìntwc parèqoun me aut  pou
èqoun desmeuteÐ na parèqoun. Mèsa apì th diadikasÐa aut  �rqisan na skèftontai
to endeqìmeno na parèqoun uphresÐec IT se k�poia exwterik  etaireÐa.

3.3 H dom  twn SLAs

'Ena SLA genik� perilamb�nei leitourgikoÔc kai mh leitourgikoÔc ìrouc. Oi leitour-
gikoÐ ìroi anafèrontai stic enèrgeiec pou prèpei na gÐnoun prokeimènou na prosferjeÐ
h uphresÐa ston pel�th (gia par�deigma poioi pìroi prèpei na qrhsimopoihjoÔn). Oi
mh leitourgikoÐ ìroi perigr�foun ousiastik� thn poiìthta thc uphresÐac pou ja pro-
sferjeÐ (gia par�deigma o qrìnoc antÐdrashc tou paroqèa uphresi¸n se mia aÐthsh
tou pel�th) [6].
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3.3.1 Up�rqousec prodiagrafèc gia SLAs

Stouc kìlpouc thc ereunhtik c koinìthtac tou Grid èqoun gÐnei pollèc prosp�jeiec
gia ton orismì thc dom c kai tou perieqomènou twn SLAs. Oi dÔo shmantikìterec
prosp�jeiec eÐnai h prodiagraf  WSLA (Web Service Level Agreement) thc IBM [7]
kai h pio prìsfath prodiagraf  WS-Agreement tou Global Grid Forum [8]. H
WSLA eÐnai mia gl¸ssa basismènh sthn XML (orÐzetai wc èna XML schema), h
opoÐa sqedi�sthke gia thn perigraf  SLAs me euèlikto kai exatomikeumèno trìpo.
To WS-Agreement eÐnai kai autì mia XML gl¸ssa pou qrhsimopoieÐtai gia thn
perigraf  miac sumfwnÐac metaxÔ enìc paroqèa kai enìc katanalwt  uphresi¸n,
kaj¸c kai gia ton prosdiorismì enìc prwtokìllou gia th dhmiourgÐa sumfwni¸n me
b�sh k�poia prìtupa sumfwni¸n (templates).

SÔmfwna me ta [9, 10] oi parap�nw prodiagrafèc epikentr¸nontai sta teqnik�
zht mata twn uphresi¸n, dhlad  stouc leitourgikoÔc ìrouc tou SLA kai den kalÔ-
ptoun ikanopoihtik� thn epiqeirhmatik  pleÔra tou zht matoc. ProteÐnetai loipìn
na dojeÐ b�roc stouc mh leitourgikoÔc ìrouc twn SLAs, pou eÐnai shmantikoÐ gia th
dhmiourgÐa miac sqèshc empistosÔnhc an�mesa ston pel�th kai ton paroqèa.

3.4 O kÔkloc zw c enìc SLA

H diadikasÐa pou akoloujeÐtai gia na dhmiourghjeÐ èna SLA eÐnai se genikèc grammèc
h akìloujh:

DhmiourgÐa enìc SLA Template Arqik� o p�roqoc uphresi¸n dhmiourgeÐ o-
rismèna prìtupa SLAs. Skopìc eÐnai na dhmiourghjoÔn prìtupa pou ja kalÔ-
ptoun tic basikèc an�gkec diafìrwn om�dwn qrhst¸n. EpÐshc ta prìtupa aut�
mporoÔn na qrhsimeÔsoun wc paradeÐgmata gia th dhmiourgÐa nèwn protÔpwn.
Sto st�dio autì, ta prìtupa den eÐnai orat� apì touc pel�tec.

DhmosÐeush kai Anak�luyh O p�roqoc dhmosieÔei èna prìtupo, dhlad  oi
pel�tec mporoÔn na to anakalÔyoun kai na doun touc ìrouc tou.

Diapragm�teush AfoÔ o pel�thc anakalÔyei èna prìtupo SLA pou ton endia-
fèrei, mporeÐ na diapragmateuteÐ touc ìrouc tou SLA me ton paroqèa, ¸ste
na prosarmostoÔn an eÐnai dunatìn stic an�gkec tou pel�th. To st�dio autì
den eÐnai upoqrewtikì, kaj¸c o pel�thc mporeÐ na sumfwn sei amèswc me èna
prìtupo kai na to upogr�yei. Gia na gÐnei h diapragm�teush prèpei na up�rqei
mia koin  gl¸ssa perigraf c twn ìrwn. EpÐshc prèpei na shmeiwjeÐ ìti o pa-
roqèac uphresi¸n eÐnai autìc pou upogr�fei teleutaÐoc th sumfwnÐa, dhlad 
autìc pou èqei ton teleutaÐo lìgo.

Upograf  'Otan oi dÔo pleurèc katal xoun se mia sumfwnÐa, tìte to SLA upo-
gr�fetai kai tÐjetai se isqÔ.
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ParakoloÔjhsh kai qrèwsh Gia k�je SLA pou èqei upografeÐ prèpei na pa-
rakoloujeÐtai se pragmatikì qrìno h qr sh pou gÐnetai, ¸ste afenìc na e-
lègqetai an parabi�zontai ìroi tou sumbolaÐou kai afetèrou na upologÐzontai
oi kat�llhlec qre¸seic.

{KleÐsimo} enìc SLA O paroqèac uphresi¸n   o pel�thc epilègei na terma-
tÐsei th qr sh enìc SLA. Sthn perÐptwsh aut , apostèllontai oi telikoÐ lo-
gariasmoÐ sto qr sth kai o pel�thc den mporeÐ plèon na qrhsimopoi sei autì
to SLA.

3.5 O rìloc twn SLAs sto Plègma

Ston tomèa twn susthm�twn Plègmatoc oi uphresiostrefeÐc arqitektonikèc apo-
ktoÔn ìlo kai megalÔterh shmasÐa kai protim¸ntai gia thn ulopoÐhsh nèwn empori-
k¸n efarmog¸n. Autì shmaÐnei ìti h paroq  kai h katan�lwsh uphresi¸n apokt�
prwteÔonta rìlo sth sunergasÐa metaxÔ diafìrwn organism¸n. Prokeimènou na e-
pitaqunjeÐ h gr gorh allhlepÐdrash metaxÔ twn organism¸n, prèpei h diaqeÐrish kai
h di�jesh twn pìrwn kai twn uphresi¸n na gÐnetai dunamik� kai autìmata. 'Otan
oi uphresÐec brÐskontai se diaforetikoÔc tomeÐc diaqeÐrishc, h periplokìthta thc
upodom c diaqeÐrishc aux�netai.

Gia na antimetwpisteÐ autì to z thma basizìmaste se èna plaÐsio diaqeÐrishc sto
opoÐo h empistosÔnh tou pel�th katoqur¸netai mèsw enìc sumbolaÐou me ton paroqèa
twn uphresi¸n, dhl�d  mèsw enìc SLA. Sthn perÐptwsh thc antikeimenostrefoÔc
arqitektonik c, k�je uphresÐa prèpei na èqei èna SLA.

Parìlo pou h antikeimenostref c arqitektonik  kai oi teqnologÐec Plègmatoc
èqoun arqÐsei na sunerg�zontai, up�rqoun orismèna empìdia pou prèpei na xepe-
rastoÔn. 'Ena Ðswc apì ta pio shmantik� eÐnai h eÔresh efikt¸n epiqeirhmatik¸n
montèlwn gia th qr sh pìrwn kai uphresi¸n sta plaÐsia aut c thc arqitektonik c.
En¸ ta {paradosiak�} Plègmata jewroÔn dedomènh thn amoibaÐa sunergasÐa metaxÔ
twn organism¸n, se èna epiqeirhmatik� bi¸simo Plègma h sunergasÐa aut  den eÐnai
dedomènh kaj¸c upeisèrqetai o emporikìc antagwnismìc. Ta SLAs ja mporoÔsan na
eÐnai to kleidÐ gia thn epÐlush autoÔ tou probl matoc. Prokeimènou na eÐnai qr sima
sta epiqeirhmatik� Plegmata, ta SLAs prèpei na epilamb�nontai tic an�gkec ìlwn
twn emplekìmenwn mer¸n thc emporik c sqèshc.
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Ta mesismik� (Middleware) gia to Grid eÐnai stoÐbec logismikoÔ pou sqedi�-
sthkan gia na parousi�zoun me ènan omoiìmorfo trìpo upologistikoÔc pìrouc kai
pìrouc dedomènwn pou den èqoun omoiogen  dom , ¸ste na mporoÔn na eÐnai pro-
sb�simoi apì to logismikì tou pel�th qwrÐc na eÐnai gnwstèc ek twn protèrwn oi
rujmÐseic tou sust matoc [12].

Sto kef�laio autì, parousi�zetai to mesismikì GRIA, to opoÐo qrhsimopoi jhke
gia thn ekpìnhsh aut c thc ergasÐac.

4.1 Orismìc kai qr sh tou GRIA

To GRIA (Grid Resources for Industrial Applications) eÐnai mia uphresiostref c
(service-oriented) platfìrma pou sqedi�sthke gia na uposthrÐzei B2B (Business to
Business) sunergasÐec, parèqontac uphresÐec me asfal , dialeitourgikì kai euèlikto
trìpo [13].

Prìkeitai gia èna open-source mesismikì to opoÐo qrhsimopoi¸ntac epiqeirhma-
tik� montèla epitrèpei stouc paroqeÐc uphresi¸n kai touc qr stec na anakalÔyoun
o ènac ton �llon kai na diapragmateutoÔn touc ìrouc gia prìsbash se upologi-
stikoÔc pìrouc. Esti�zontac se epiqeirhmatikèc mejodologÐec kai thn antÐstoiqh
shmeiologÐa, to GRIA dÐnei th dunatìthta stouc qr stec na problèpoun tic upolo-
gistikèc touc an�gkec pio apotelesmatik� apì �poyh kìstouc kai na anaptÔssoun
nèa epiqeirhmatik� montèla gia tic uphresÐec touc.

To GRIA qrhsimopoieÐ Grid Services, ta opoÐa apoteloÔn mia exeidikeumènh mor-
f  twn Web services, kai uposthrÐzoun drasthriìthtec me meg�lh di�rkeia kai auxh-
mènec apait seic pìrwn. Oi drasthriìthtec autèc mporeÐ na apaitoÔn th sunduastik 
qr sh pìrwn apì di�forouc paroqeÐc uphresi¸n kai endèqetai na diamoir�zoun touc
pìrouc autoÔc se qr stec apì diaforetikoÔc organismoÔc. Tètoiec drasthriìthtec
sunant¸ntai suqn� se epiqeirhmatikoÔc tomeÐc ìpwc oi epist mec ugeÐac kai ta oiko-
nomik�, all� kai sthn akadhmaðk  èreuna. EpÐshc mporeÐ na perilamb�noun pìrouc
ìlwn twn eid¸n: phgèc dedomènwn (data sources), apoj keush (storage), efarmogèc
kai epexergasÐa.

To GRIA eÐnai sqediasmèno ¸ste na uposthrÐzei tic basikèc apait seic twn
epiqeirhmatik¸n efarmog¸n:

• Oi p�roqoi uphresi¸n ja prèpei na èqoun th dunatìthta na leitourgoÔn ane-
x�rthta o ènac apì ton �llo kai na sunagwnÐzontai gia thn paroq  uphresi¸n
proc touc pel�tec.

• Oi pel�tec ja prèpei na èqoun th dunatìthta na elègqoun poiec uphresÐec
qrhsimopoioÔn, pìso kai poioc tic qrhsimopoieÐ.

• Oi uphresÐec ja prèpei na upakoÔoun se SLAs ètsi ¸ste oi p�roqoi na gnwrÐ-
zoun poiec uphresÐec ofeÐloun na parèqoun kai oi pel�tec na gnwrÐzoun poiec
uphresÐec touc prosfèrontai kai se poia tim .
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• H pareqìmenh asf�leia ja prèpei na eÐnai epipèdou emporik¸n efarmog¸n.

• Oi p�roqoi uphresi¸n ja prèpei na mporoÔn na leitourgoÔn mèsa sta ìria twn
sqetik¸n adei¸n logismikoÔ.

• Ta mhnÔmata pou antall�ssontai ja prèpei na akoloujoÔn ta sqetik� prìtu-
pa.

• To kìstoc leitourgÐac ja prèpei na eÐnai to el�qisto dunatì.

4.2 SÔntomh istorik  anadrom 

To GRIA project xekÐnhse to Dekèmbrio tou 2001 me saf  stìqo na eis�gei th qr -
sh tou Grid ston epiqeirhmatikì kai biomhqanikì kìsmo. O stìqoc autìc diaq¸rise
to GRIA apì tic upìloipec upodomèc gia Grid pou anaptÔssontan ekeÐnh thn epoq .
Wc shmantikìtera zht mata gia touc qr stec tou epiqeirhmatikoÔ kìsmou prosdio-
rÐsthkan h asf�leia, ta epÐpeda uphresi¸n (service levels) kai h dialeitourgikìthta.

Arqik� to GRIA prìteine thn enswm�twsh epiqeirhmatik¸n montèlwn kai mejo-
dologi¸n sthn  dh up�rqousa platfìrma Globus GT2 (Globus Toolkit 2). EkeÐnh
thn perÐodo to Globus  tan èna apì to pio epituqhmèna mesismik� gia Grid, all�
 tan akìmh prosanatolismèno stic apait seic thc akadhmaðk c koinìthtac. H ensw-
m�twsh ìmwc sto Globus parousÐase ex arq c pollèc duskolÐec, kaj¸c apodeÐqjhke
dÔskolh h ulopoÐhsh, h sunt rhsh kai h qr sh tou logismikoÔ.

Kat� th di�rkeia thc pr¸thc f�shc tou GRIA emfanÐsthke to Open Grid Servi-
ces Architecture (OGSA), opìte katèsth profanèc ìti h qr sh tou GT2 den  tan
plèon h kat�llhlh epilog , kaj¸c ja to antikajistoÔse sÔntoma to GT3/OGSA.
'Htan exÐsou profanèc ìti ja qreiazìtan arketìc kairìc mèqri to GT3 na jewrhjeÐ
ikanopoihtik� stajerì ¸ste na apotelèsei th b�sh gia epiqeirhmatik� - emporik�
sust mata. Up rqan bèbaia kai �llec platfìrmec mesismik¸n gia Grid (ìpwc to
UNICORE) pou  tan ekeÐnh thn epoq  diajèsimec   upì an�ptuxh, ìmwc den up rqe
omofwnÐa wc proc th makroprìjesmh biwsimìthta   thn katallhlìthta touc met�
thn parousÐash tou OGSA.

Sto shmeÐo autì (2002), to GRIA egkatèleiye thn arqik  prìtash gia enswm�-
twsh sto GT2 kai ulopoÐhse mia elafri� (lightweighted) upodom  gia Grid qrhsi-
mopoi¸ntac Web services prokeimènou na uposthrÐxei file-compute epexergasÐa se
èna emporikì B2B plaÐsio. H qr sh Web services  tan sunep c proc tic apait seic
tou epiqeirhmatikoÔ kìsmou kai proc thn apìfash thc koinìthtac Grid na anaptÔxei
Grid uphresÐec sa beltÐwsh tou montèlou twn Web services.

H pr¸th pl rhc èkdosh tou GRIA to 2003 eis gage logistik  thc qr shc (a-
ccounting of usage) kai timolìghsh. To oikonomikì montèlo antikatìptrize tic e-
piqeirhmatikèc praktikèc, apait¸ntac th dhmiourgÐa logariasmoÔ parìqou (supplier
account) prin apì opoiad pote timolìghsh   emporik  sunallag . H diadikasÐa au-
t  upost rize epiplèon diapragm�teush Poiìthtac Uphresi¸n (Quality of Service -
QoS) kai to epiprìsjeto qarakthristikì thc pro-egkekrimènhc lÐstac parìqwn.

51



H axiolìghsh tou sust matoc apì telikoÔc qr stec, od ghse ston prosdiori-
smì poikÐlwn apait sewn sqetik� me th diasÔndesh qr sth (user interface). Sto
èna �kro  tan oi qr stec pou apaitoÔsan diasÔndesh command-line, en¸ sto �llo
�kro autoÐ pou apaitoÔsan èna eÔqrhsto grafikì perib�llon. H èkdosh aut  tou
GRIA qrhsimopoioÔse mia diasÔndesh tÔpou �wizard� h opoÐa den mporoÔse na anta-
pokrijeÐ se autèc tic tìso diaforetikèc apait seic. Gia na up�rqei meg�lh euelixÐa,
sqedi�sthke èna client-side API, to opoÐo epètrepe stouc qr stec na gr�foun ta
dik� touc client-side progr�mmata gia efarmogèc qrhst¸n GRIA .

To GRIA v2 pou ekdìjhke stic arqèc tou 2004, pareÐqe autì to client-side API
mazÐ me èna mikrì arijmì apì graphical handlers gia touc qr stec pou den  jelan
na qrhsimopoi soun th diasÔndesh command-line. Autì to API eÐqe ulopoihjeÐ se
Java. EpÐshc pareqìtan mia sumplhrwmatik  diasÔndesh command-line prokeimè-
nou oi qr stec na mporoÔn na gr�foun scripts pou na efarmìzoun sto GRIA tic
epiqeirhmatikèc mejodologÐec.

H epìmenh èkdosh GRIA v3 eÐqe parìmoia arqitektonik  me thn prohgoÔmenh èk-
dosh, all� me plhj¸ra belti¸sewn sthn apìdosh kai th qrhstikìthta. Pio sugke-
krimèna, periel�mbane èna portal ’Enterprise Client’ (ulopoihmèno me to Java API),
¸ste o telikìc qr sthc na qrei�zetai mìno èna sun jh fullometrht  (browser) gia
na èqei pl rh prìsbash se ìlec tic leitourgÐec tou GRIA [14].

H epìmenh èkdosh GRIA v4 aplopoÐhse akìma perissìtero th diadikasÐa egka-
t�stashc kai qr shc tou mesismikoÔ. H èkdosh aut  pareÐqe pio eÔrwsth upodom 
gia Grid basismènh stic arqèc tou e-Commerce. Upost rize dhlad  mia leptomer 
epiqeirhmatik  mèjodo gia thn apìkthsh kai qrèwsh twn upologistik¸n pìrwn. H
èkdosh aut  gn¸rise meg�lh epituqÐa kai to montèlo logistik c/QoS pou qrhsimo-
poioÔse apodeÐqjhke ìti plhroÔse se ikanopoihtikì bajmì tic apait seic twn telik¸n
qrhst¸n. Par� ìla aut�, to montèlo perieÐqe atèleiec kai oi sumbibasmoÐ pou sun-
telèsthkan kat� thn ulopoÐhs  tou den  tan makroprìjesma apodektoÐ. Kaj¸c to
b�roc thc eujÔnhc gia thn orj  kai akrib  prìbleyh twn apait sewn QoS b�raine
touc qr stec, autoÐ eÐqan thn t�sh na tic uperektimoÔn. Apì thn pleur� touc oi
p�roqoi uphresi¸n den mporoÔsan na kalÔyoun tic uperbolikèc autèc apait seic,
gegonìc pou apotèlese stenwpì tou montèlou.

H trèqousa èkdosh tou GRIA v5 apoteleÐ thn pleìn stajer  kai leitourgik .
Parèqei arjrwt  kai euèlikth upodom  diaqeÐrishc, en¸ to logistikì montèlo èqei
epektajeÐ prokeimènou na epitrèpei thn topik  diaqeÐrish twn qrhst¸n apì touc
organismoÔc stouc opoÐouc an koun. H politik  thc uphresÐac QoS pou eÐqe eisaqjeÐ
sthn prohgoÔmenh èkdosh, antikatast�jhke apì thn uphresÐa diaqeÐrishc SLAs h
opoÐa mporeÐ na rujmisteÐ ¸ste na parakoloujeÐ, na periorÐzei kai na qre¸nei an�loga
me metrikèc qr shc kajorismènec apì ton p�roqo uphresi¸n. Ta SLAs epitrèpoun
th diapragm�teush twn ìrwn tou epipèdou uphresi¸n metaxÔ twn parìqwn kai twn
qrhst¸n, ¸ste oi qr stec na mporoÔn na dÐnoun realistikèc ektim seic twn anagk¸n
touc.

H an�ptuxh thc epìmenhc èkdoshc GRIA v6 anamènetai na xekin sei thn �noixh
tou 2008, all� to prìgramma twn ekdìsewn den èqei kajoristeÐ akìma. H èkdosh
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Σχήμα 4.1: Αρχιτεκτονική του GRIA

aut  ja jèsei akìma yhlìtera ton p qh sto jèma thc dialeitourgikìthtac sth qr sh
twn protÔpwn kai ja enswmat¸nei akìma isqurìtera montèla ergasiak c ro c (w-
orkflow) kai diaqeÐrishc, kajist¸ntac eÔkolh th rÔjmish poikÐlwn uphresi¸n ¸ste
na ikanopoioÔn diaforetikèc epiqeirhsiakèc apait seic [13].

4.3 Arqitektonik 

To GRIA parèqei ta ex c pakèta logismikoÔ, k�je èna apì ta opoÐa apeujÔnetai se
mia sugkekrimènh an�gkh miac epiqeÐrhshc:

• Basic Application Services

• Service Provider Management

• Client package

• Client Management

• OGSA-DAI application service

• Service Developers Toolkit

Sto sq ma 4.1 faÐnontai oi uphresÐec tou GRIA kai oi metaxÔ touc allhlepidr�seic.
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4.3.1 Basic Application Services

To pakèto autì epitrèpei se ènan organismì pou diajètei egkatast�seic cluster
computing na parèqei uphresÐec apoj keushc kai epexergasÐac dedomènwn. Gia to
skopì autì perilamb�nei mÐa uphresÐa dedomènwn (Data Service) kai mÐa uphresÐa
ergasi¸n (Job Service).

H uphresÐa dedomènwn dÐnei th dunatìthta stouc qr stec na aneb�zoun kai na
kateb�zoun arqeÐa dedomènwn apì ton paroqèa uphresi¸n kai epiplèon na metafè-
roun dedomèna metaxÔ twn uphresi¸n dedomènwn diaforetik¸n paroqèwn. EpÐshc
uposthrÐzetai diaqeÐrish twn dikaiwm�twn prìsbashc pou èqoun apodojeÐ se �llouc
qr stec   se �llouc paroqeÐc uphresi¸n.

H uphresÐa ergasi¸n epitrèpei se apomakrusmènouc qr stec na xekinoÔn, na
parakoloujoÔn   na termatÐzoun upologistikèc ergasÐec pou ekteloÔntai apì ton
paroqèa uphresi¸n. H uphresÐa aut  paÐrnei dedomèna eisìdou kai apojhkeÔei de-
domèna exìdou se mia topik  uphresÐa dedomènwn. H uphresÐa ergasi¸n mporeÐ na
rujmisteÐ ¸ste na uposthrÐzei di�forec efarmogèc, oi opoÐec èqoun epilegeÐ apì ton
paroqèa uphresi¸n.

Oi uphresÐec efarmog¸n (application services) mporoÔn na rujmistoÔn ¸ste na
mporoÔn na qrhsimopoihjoÔn qwrÐc o pel�thc na èqei logariasmì sto sÔsthma (un-
managed). Enallaktik�, mporeÐ h qr sh touc na periorÐzetai se eggegrammènouc
pel�tec pou èqoun upogr�yei k�poio sumbìlaio epipèdou uphresi¸n, opìte kai tic
diaqeirÐzetai to pakèto Service Provider Management.

4.3.2 Service Provider Management

To pakèto autì epitrèpei se ènan p�roqo uphresi¸n na uposthrÐzei SLAs kai an
eÐnai aparaÐthto, na qre¸nei gia th qr sh uphresi¸n. Autì gÐnetai mèsw enìc aploÔ
prwtokìllou diaqeÐrishc pou mporeÐ na qrhsimopoihjeÐ me uphresÐec efarmog¸n (gia
par�deigma me GRIA Basic Application Services). To pakèto autì perilamb�nei
mÐa UphresÐa Logariasm¸n (Trade Account Service) kai mia UphresÐa DiaqeÐrishc
SLAs (SLA Management Service).

4.3.2.1 Trade Account Service

H uphresÐa Trade Account analamb�nei th dhmiourgÐa kai th diaqeÐrish twn loga-
riasm¸n. K�je logariasmìc antiproswpeÔei mia sqèsh empistosÔnhc an�mesa ston
paroqèa uphresi¸n kai ton pel�th. O pel�thc eÐnai o k�toqoc tou posoÔ pou an-
tistoiqeÐ sto logarismì (budget-holder tou logariasmoÔ) kai eÐnai upeÔjunoc gia
thn prìsbash sto logariasmì ìlwn twn uphresi¸n. O pel�thc mporeÐ na epitrèyei
se �llouc na qrhsimopoioÔn uphresÐec kai na qre¸noun to logariasmì tou. EpÐshc
mporeÐ na parakoloujeÐ thn kat�stash tou logariasmoÔ tou kai tic qre¸seic pou
èqoun gÐnei ¸ste na epalhjeÔei thn orjìtht� touc. Oi uphresÐec twn opoÐwn h qr sh
qre¸netai, katagr�foun tic kat�llhlec qre¸seic sto logariasmì tou pel�th.
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O paroqèac uphresi¸n anajètei se k�je logariasmì èna pistwtikì ìrio ¸ste
na periorÐsei to oikonomikì rÐsko kai katagr�fei tic qre¸seic kai tic plhrwmèc pou
èqoun gÐnei sto logariasmì autì. H UphresÐa Logariasm¸n krat�ei suneq¸c stoi-
qeÐa gia ta qrèh twn pelat¸n (liability) kai elègqei na mhn xepernoÔn to pistwtikì
ìrio. An xeperasteÐ to ìrio autì, o logariasmìc suneqÐzei na katagr�fei tic qre¸-
seic tou pel�th. H kentrik  idèa gÔrw apì autì eÐnai na mporeÐ mia �llh uphresÐa na
elègxei to pistwtikì ìrio prin desmeujeÐ na parèqei tic uphresÐec thc sto qr sth.

H UphresÐa Logariasm¸n den antikajist� mia trapezik  uphresÐa. Katagr�fei
pos� pou o pel�thc ofeÐlei ston paroqèa uphresi¸n kai ìqi pragmatik� qrhmatik�
pos�. Den eggu�tai ìti autèc oi eggrafèc ja eÐnai pl reic kai 100% akribeÐc, kaj¸c
autì den eÐnai efiktì qwrÐc axiìpista dÐktua. Sunep¸c o paroqèac uphresi¸n den
mporeÐ na jewr sei ta pos� pou katagr�fontai apì thn UphresÐa Logariasm¸n wc
pragmatik� qrhmatik� pos� kai na ta qrhsimopoi sei gia sunallagèc. MporeÐ ìmwc
me b�sh aut� na kìyei apodeÐxeic pou ja staloÔn stouc pel�tec.

4.3.2.2 SLA Management Service

H uphresÐa aut  dÐnei th dunatìthta sto diaqeirist  uphresi¸n na orÐsei touc diajè-
simouc pìrouc (gia par�deigma CPUs, efarmogèc), na anajèsei tm mata twn pìrwn
stouc pel�tec mèsw SLAs kai na qre¸sei gia th qr sh twn pìrwn me b�sh thn ti-
mologiak  politik  ìpwc kajorÐzetai sta SLAs . Sto sq ma 4.2 parousi�zetai h
UphresÐa DiaqeÐrishc SLAs .

4.3.2.3 Oi metrikèc (metrics)

H uphresÐa diaqeÐrishc SLAs tou GRIA eÐnai sqediasmènh ètsi ¸ste na parousi�zei
meg�lh euelixÐa. Anakt� plhroforÐec sqetik� me th qr sh twn leitourgik¸n uphre-
si¸n, katagr�fei th qr sh aut  kai proairetik� efarmìzei periorismoÔc   qre¸nei
gia th qr sh. 'Omwc diaforetikèc leitourgikèc uphresÐec k�noun qr sh diaforetikoÔ
eÐdouc pìrwn kai sunep¸c prèpei na {dhl¸noun} sthn uphresÐa diaqeÐrishc SLAs th
qr sh diaforetik¸n metr simwn posot twn. Mia uphresÐa dedomènwn lìgou q�rh
ja dhl¸sei qr sh q¸rou sto dÐskou, en¸ mia uphresÐa ergasÐac ja anafèrei qr -
sh thc kentrik c mon�dac epexergasÐac (CPU). Autèc oi metr simec posìthtec eÐnai
gnwstèc wc {metrikèc} (metrics) kai antiproswpeÔontai apì URIs. H uphresÐa SLA
tou GRIA den katalabaÐnei th shmasÐa aut¸n twn URIs, apl� katagr�fei th qr sh
touc kai energeÐ an�loga me to p¸c èqei rujmisteÐ.

H qr sh twn metrik¸n katagr�fetai me dÔo trìpouc: stigmiaÐa kai sugkentrw-
tik�. Gia k�poiec metrikèc, ìpwc gia par�deigma h metafor� dedomènwn, h stigmiaÐa
mètrhsh ekfr�zetai kalÔtera wc rujmìc (wc bytes per second) kai h sugkentrwtik 
qr sh den èqei mon�dec qrìnou (bytes). Gia �llec metrikèc, ìpwc h CPU, h stigmiaÐa
mètrhsh eÐnai apl¸c h posìthta pou qrhsimopoieÐtai th qronik  stigm  thc mètrhshc
(gia par�deigma 3 CPUs) kai h sugkentrwtik  qr sh èqei kai qronik  di�stash (180
CPU.seconds). H uphresÐa SLA mporeÐ na k�nei metatropèc metaxÔ twn dÔo morf¸n.
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Σχήμα 4.2: Η Υπηρεσία Διαχείρισης SLAs στην αρχιτεκτονική του GRIA
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4.3.2.4 SLA Templates

'Ena SLA Template (prìtupo SLA) kajorÐzei poiec uphresÐec mporeÐ na qrhsimo-
poi sei ènac qr sthc, thn posìthta twn pìrwn kaj¸c kai to pìso ja qre¸netai
kai pìso suqn�. 'Enac p�roqoc uphresi¸n mporeÐ na orÐsei kai na ekdìsei poll�
diaforetik� SLA Templates.

'Ena SLA Template mporeÐ na brÐsketai se mia apì tic ex c dÔo katast�seic:

draft Sthn kat�stash aut  eÐnai oratì mìno apì to diaqeirist  thc uphresÐac.
MporoÔn na gÐnoun allagèc sto template kai met� na dhmosieuteÐ.

published Sthn kat�stash aut  eÐnai oratì apì ìsouc prosdiorÐzontai apì touc
kanìnec elègqou prìsbashc (access control rules). EpÐshc den mporeÐ na gÐnei
kamÐa epexergasÐa se èna dhmosieumèno template.

Kai stic dÔo parap�nw katast�seic eÐnai dunat  h antigraf , h exagwg  kai h
diagraf , en¸ epiplèon mporoÔn na prosdioristoÔn oi kanìnec prìsbashc.

Ta mèrh enìc SLA Template eÐnai ta ex c:

• Epigraf  kai Perigraf  (Label kai Description)

• PerÐodoc qrèwshc (Billing Period)

• Tèlh eggraf c, sundrom c kai Nìmisma (Signing Fee, Subscription Fee, Cur-
rency)
To tèloc eggraf c qre¸netai sto logariasmì ìtan sumfwneÐtai èna kainoÔr-
gio SLA, en¸ to tèloc sundrom c qre¸netai sto tèloc k�je periìdou qrèwshc
(epiplèon twn qre¸sewn pou èginan lìgw thc qr shc pìrwn).

• PerÐodoc isqÔoc (Validity Period)

• Epitrepìmenec UphresÐec (Permitted Services)
An h lÐsta aut  eÐnai ken , tìte ìlec oi leitourgikèc uphresÐec pou an koun
sthn om�da “sla-managed-services” mporoÔn na qrhsimopoihjoÔn me to SLA.

• PeriorismoÐ (Constraints)
K�je periorismìc periorÐzei th stigmiaÐa   th sugkentrwtik  qr sh miac me-
trik c. Up�rqoun dÔo eÐdh periorism¸n: periodikìc kai aìristoc (indefinite).
'Enac periodikìc periorismìc periorÐzei th qr sh miac metrik c kat� th di�rkeia
miac epanalambanìmenhc qronik c periìdou. MporeÐ na qrhsimopoihjeÐ gia na
periorÐzei th qr sh sto di�sthma miac hmèrac, gia par�deigma. AntÐjeta ènac
aìristoc periorismìc isqÔei apì th stigm  pou tÐjetai se isqÔ to SLA mèqri
thn paroÔsa qronik  stigm .

• IdiwtikoÐ PeriorismoÐ (Private Constraints)
Se orismènec peript¸seic ènac pel�thc jèlei h sumfwnÐa tou me ton p�roqo
na gÐnei me {epiqeirhmatikoÔc ìrouc} kai ìqi me teqnikoÔc. Dhlad  o pel�thc
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jèlei na prosdiorÐsei poio eÐnai to epijumhtì apotèlesma kai ìqi akrib¸c poioi
pìroi prèpei na qrhsimopoihjoÔn ¸ste na to epitÔqei autì. To GRIA to
petuqaÐnei autì me th qr sh twn idiwtik¸n periorism¸n.

• 'Oroi qrèwshc (Pricing Terms)
Sto tèloc k�je periìdou qrèwshc exet�zetai h qr sh enìc SLA kai upologÐ-
zetai o logarismìc. Oi qre¸seic mporeÐ na gÐnoun gia th sugkentrwtik  qr sh
miac metrik c   gia thn aÔxhsh thc mètrhshc miac metrik c kat� th di�rkeia
thc periìdou qrèwshc.

4.3.2.5 SLAs sto GRIA

O p�roqoc uphresi¸n dhmosieÔei orismèna SLA Templates. O pel�thc epilègei èna
apì ta prìtupa aut� SLAs, to opoÐo krÐnei ìti ikanopoieÐ tic an�gkec tou, kai eÐte
to upogr�fei amèswc eÐte eisèrqetai se mia f�sh diapragmateÔsewn me ton p�roqo
uphresi¸n prokeimènou na tropopoihjoÔn k�poioi ìroi tou sumbolaÐou, ètsi ¸ste na
antapokrÐnetai kalÔtera stic apait seic tou pel�th. An epiteuqjeÐ sumfwnÐa metaxÔ
twn dÔo mer¸n, upogr�fetai to SLA.

Sto GRIA èna SLA mporeÐ na brÐsketai se mia apì tic akìloujec katast�seic:

active Se aut  thn kat�stash h uphresÐa SLAs epexerg�zetai ait seic apì tic
leitourgikèc uphresÐec kai an den parabi�zontai oi ìroi tou SLA epitrèpei thn
ekkÐnhsh nèwn drasthriot twn.

suspended 'Otan èna SLA brÐsketai se aut  thn kat�stash den mporoÔn na xeki-
n soun nèec drasthriìthtec pou ja èqoun wc apotèlesma th qr sh pìrwn.

closing 'Otan èna SLA mpei se aut  thn kat�stash, ìlec oi trèqousec drasthriìth-
tec eidopoioÔntai na katastrafoÔn. To SLA paramènei se aut  thn kat�stash
mèqri na oloklhrwjoÔn ìlec oi drasthriìthtec kai na staleÐ o telikìc loga-
riasmìc. Den mporoÔn na xekin soun nèec drasthriìthtec sthn kat�stash
aut .

closed Se aut  thn kat�stash den mporoÔn na xekin soun nèec drasthriìthtec.

Oi metab�seic metaxÔ twn katast�sewn faÐnontai sto sq ma 4.3.

4.3.3 Client package

H efarmog -pel�th tou GRIA dÐnei th dunatìthta sto qr sth na qrhsimopoi sei
di�forec uphresÐec tou GRIA ìpwc apoj keush dedomènwn, epexergasÐa kat� dè-
smec (batch processing) kai sust mata b�sewn dedomènwn. EpÐshc epitrèpei thn
qr sh twn uphresi¸n diaqeÐrishc tou GRIA pou eÐnai aparaÐthtec ¸ste na gÐnetai
katagraf  kai qrèwsh twn �llwn uphresi¸n.
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Active

Suspended

Closing Closedrequest close close

suspend resume request close

Σχήμα 4.3: Μεταβάσεις μεταξύ των καταστάσεων ενός SLA

4.3.4 Client Management

To pakèto autì qrhsimopoieÐtai apì ènan organismì-pel�th gia dik  tou eswteri-
k  qr sh. Parèqei mia uphresÐa sundrom¸n (membership service), mia uphresÐa
idiwtik¸n logariasm¸n (private account service) kai mia uphresÐa Registry.

To Membership Service qrhsimopoieÐtai gia na diaqeirÐzetai om�dec qrhst¸n. Oi
diaqeiristèc mporoÔn na dhmiourg soun nèec om�dec kai na kajorÐsoun se poia om�da
an kei ènac qr sthc.

To Private Account Service kai to Registry Service parèqoun proc to parìn
parìmoia leitourgikìthta. Kai ta dÔo epitrèpoun th dhmiourgÐa registries kai thn
prìsjesh pìrwn ìpwc trade accounts, SLAs, data stagers. To Private Account Se-
rvice perilamb�nei epiplèon sunart seic exeidikeumènec sth diaqeÐrish logariasm¸n
kai SLAs , en¸ to Registry Service mporeÐ na qrhsimopoi sei mia b�sh dedomènwn
eXist wc pÐsw �kro (back-end).

4.3.5 OGSA-DAI application service

To pakèto autì èqei ulopoihjeÐ me b�sh to OGSA-DAI WS-I 2.2 [15]. Epitrè-
pei stouc pel�tec na èqoun prìsbash se pìrouc dedomènwn mèsw miac uphresÐac
GRIA, qrhsimopoi¸ntac tic biblioj kec tou OGSA-DAI. H uphresÐa aut  mporeÐ
na qrhsimopoihjeÐ mình thc gia na parèqei eleÔjerh (unmanaged) prìsbash stic
b�seic dedomènwn   mazÐ me to to pakèto GRIA Service Provider Management gia
na axiopoi sei thn uphresÐa qrèwshc kai SLAs pou prosfèrei to pakèto autì.

4.3.6 Service Developers Toolkit

To pakèto autì parèqei tekmhrÐwsh (documentation) kai deÐgmata k¸dika gia th
dhmiourgÐa Web services pou leitourgoÔn me tic uphresÐec kai touc pel�tec tou
GRIA.
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Resource Persistence
(Hibernate)Service

Dynamic Access Control
(PBAC)

Dynamic Management
(WS-Policy)

WS-Security (WSS4J)

WS-Addressing (Apache)

WS-I Basic Profile (Axis)

Web Container (Tomcat)

Java 1.5 Runtime Environment
Platform (Windows, SuSE, Fedora, Redhat, etc

Σχήμα 4.4: Η υποδομή των Web services στο GRIA

4.3.7 Upodom  twn Web services

Sthn èkdosh 5.1 tou GRIA ulopoieÐtai h upodom  twn Web services pou faÐnetai
sto sq ma 4.4

H stoÐba teqnologi¸n pur na (core technology stack) pou qrhsimopoieÐ to GRIA
eÐnai h ex c:

• Tomcat 5.5

• Axis 1.4

• WS-Addressing

• WSS4J 1.5

• Hibernate

4.3.8 Asf�leia

To GRIA qrhsimopoieÐ tic akìloujec teqnologÐec asfaleÐac:

Asf�leia epipèdou metafor�c (transport layer security) H diasf�lish
thc empisteutikìthtac twn mhnum�twn (message confidentiality) sto GRIA
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epitugq�netai me th qr sh tou prwtokìllou metafor�c HTTPS. EpÐshc upo-
sthrÐzetai pistopoÐhsh (authentication) tìso tou qr sth ìso kai thc uphre-
sÐac.

Asf�leia Epipèdou MhnÔmatoc (message layer security) Parèqetai me
to WS-Security, to opoÐo apoteleÐ èna sÔnolo apì epekt�seic SOAP pou
parèqoun akeraiìthta, empisteutikìthta kai pistopoÐhsh epipèdou mhnÔmatoc.

SAML tokens Prìkeitai gia èna XML standard gia thn antallag  dedomènwn
pistopoÐhshc kai exousiodìthshc metaxÔ enìc parìqou tautìthtac (identity
provider) kai enìc parìqou uphresi¸n (service provider) [16].

X.509 Pistopoihtik� Prìkeitai gia èna prìtupo thc ITU-T gia upodom  dhmì-
siou kleidioÔ (Public Key Infrastructure - PKI).

Process Based Acced Control (PBAC) EÐnai ènac mhqanismìc dunamikoÔ e-
lègqou prìsbashc. QrhsimopoieÐtai suqn� gia èlegqo prìsbashc se Web
services. Ta Web services dhmiourgoÔn pìrouc kai epitrèpoun stouc qr stec
na ektelèsoun k�poiec leitourgÐec me autoÔc. 'Otan ènac qr sthc prospajeÐ
na prospel�sei ènan pìro kal¸ntac mia leitourgÐa mèsw enìc Web service, to
sÔsthma PBAC elègqei an o qr sthc eÐnai exousiodothmènoc na qrhsimopoi-
 sei th zhtoÔmenh leitourgÐa se autìn ton pìro.
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Sta plaÐsia aut c thc ergasÐac qrhsimopoi jhke h èkdosh 5.1 tou GRIA kai pio
sugkekrimèna ta pakèta Basic Application Services, Service Provider Management
kai Client. Sto kef�laio autì perigr�fetai analutik� o trìpoc egkat�stashc kai
oi rujmÐseic pou qrhsimopoi jhkan gia k�je èna apì aut�. EpÐshc  tan aparaÐthth
h tropopoÐhsh orismènwn pakètwn tou sust matoc, gia autì perigr�fetai kai h
diadikasÐa dhmiourgÐac twn pakètwn apì ton phgaÐo k¸dika

5.1 ProapaitoÔmena

Gia thn egkat�stash twn pakètwn tou GRIA eÐnai aparaÐthta ta ex c:

• Apache Tomcat 5.5.x

• Java SDK 1.5.x

• 'Ena apì ta akìlouja leitourgik� sust mata: Windows XP, Windows 2003
Server, SuSE 9.3–10.2, Fedora Core 3, 4, 5. EpÐshc eÐnai dunat  h egkat�sta-
sh me mikrèc tropopoi seic se èna apì ta akìlouja leitourgik� sust mata:
Red Hat, Debian, Ubuntu, Mandriva.

• 'Enac fullometrht c IstoÔ (Web browser)

• 'Ena prìgramma gia aposumpÐesh sumpiesmènwn arqeÐwn

Sta plaÐsia thc ergasÐac aut c qrhsimopoi jhkan oi ex c ekdìseic twn parap�nw
logismik¸n:

• Apache Tomcat 6.0.13

• Java SDK 1.5.0 12

• To leitourgikì sÔsthma Windows Vista Business

• Mozilla Firefox 2.0.0.12

• To prìgramma WinRAR

Epiplèon gia th dhmiourgÐa miac Arq c PistopoÐhshc mporeÐ na qrhsimopoihjeÐ
to prìgramma XCA [17]. Gia thn paroÔsa ergasÐa qrhsimopoi jhke h èkdosh 0.6.3
tou progr�mmatoc.

Gia th dhmiourgÐa kai epexergasÐa twn keystores qrhsimopoi jhke to prìgramma
KeyTool GUI kai pio sugkekrimèna h èkdosh 1.7 tou progr�mmatoc.
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5.2 Egkat�stash tou pakètou Basic Appli-

cation Services

Ektìc apì ta proapaitoÔmena thc enìthtac 5.1, sthn perÐptwsh tou pakètou autoÔ
apaitoÔntai epipleìn ta ex c:

• Mia ulopoÐhsh thc gl¸ssac programmatismoÔ Perl [18]. Epilèqjhke h ulo-
poÐhsh ActiveState Perl 5.8.8.822 [19].

• H efarmog  ImageMagick pou qrhsimopoieÐtai wc test application [20]. Qrh-
simopoi jhke h èkdosh 6.3.6-Q8.

Gia thn egkat�stash tou pakètou autoÔ prèpei na gÐnei deploy ston Tomcat
to arqeÐo gria-basic-app-services.war. H parametropoÐhsh tou pakètou gÐnetai mè-
sw thc kentrik c istoselÐdac thc efarmog c pou eÐnai diajèsimh sth dieÔjunsh
http://localhost:8080/gria-basic-app-services/. Thn pr¸th for� pou anoÐgetai h
istoselÐda aut , emfanÐzetai èna m numa pou enhmer¸nei to qr sth ìti to pakèto
den èqei akìma rujmisteÐ kaj¸c kai sqetikèc odhgÐec. Sunoptik� h diadikasÐa pou
akoloujeÐtai eÐnai h ex c:

1. Arqik� prèpei na dhmiourghjeÐ ènac qr sthc ston Tomcat o opoÐoc ja èqei to
rìlo gria basic app services admin. Gia to skopì autì prèpei na prostejeÐ
sto arqeÐo $CATALINA HOME/conf/tomcat-users.xml mia gramm  k¸dika
pou orÐzei to nèo rìlo kai toul�qiston ènac qr sthc me to rìlo autì. Gia
par�deigma:

<?xml version=’1.0’ encoding=’utf-8’?>
<tomcat-users>

<role rolename="gria_basic_app_services_admin"/>
<user username="EnterAUserName"

password="EnterThePassword"
roles="gria_basic_app_services_admin"/>

</tomcat-users>

2. Epilog  tou fakèlou ston opoÐo ja apojhkeutoÔn oi rujmÐseic gia to pakèto
autì.

3. Egkat�stash kai parametropoÐhsh enìc keystore to opoÐo perièqei to idiwtikì
kleidÐ thc uphresÐac. Me autìn ton trìpo, o pel�thc mporeÐ na epalhjeÔsei
ìti ìntwc qrhsimopoieÐ thn uphresÐa pou jèlei.

Mèsw thc istoselÐdac diaqeÐrishc tou pakètou mporeÐ na dhmiourghjeÐ èna
keystore, dhlad  ènac q¸roc ston opoÐo apojhkeÔontai ta kleidi� gia tic di�-
forec uphresÐec. Sth sunèqeia to keystore pou dhmiourg jhke anoÐgetai me to
prìgramma KeyTool GUI prokeimènou gia na paraqjeÐ mia aÐthsh upograf c
pistopoihtikoÔ (Certificate Signing Request). Prìkeitai gia èna arqeÐo me
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epèktash .csr to opoÐo prèpei na upografeÐ apì mia Arq  PistopoÐhshc (Cer-
tificate Authority) thn opoÐa o pel�thc empisteÔetai. Mia Arq  PistopoÐhshc
mporeÐ na dhmiourghjeÐ me qr sh tou progr�mmatoc XCA. H aÐthsh pistopoÐh-
shc apostèlletai sthn Arq  PistopoÐhshc, h opoÐa stèlnei pÐsw ston pel�th
pou èkane thn aÐthsh dÔo arqeÐa me epèktash .crt: to pistopoihtikì thc Ðdiac
thc Arq c PistopoÐhshc kai to nèo upogegrammèno pistopoihtikì. Tèloc (me
th bo jeia tou progr�mmatoc KeyTool GUI eis�getai to upogegrammèno pi-
stopoihtikì sto keystore kai autì mporeÐ na gÐnei upload mèsw thc istoselÐdac
diaqeÐrishc.

4. ParametropoÐhsh tou Tomcat ètsi ¸ste na uposthrÐzei asfaleÐc sundèseic
(HTTPS Connections). Gia to skopì autì prèpei eisaqjeÐ to akìloujo tm -
ma k¸dika sto arqeÐo $CATALINA HOME/conf/server.xml, ¸ste na ener-
gopoihjeÐ to SSL ston Tomcat.

<Connector
port="8443" protocol="HTTP/1.1" SSLEnabled="true"
keystoreFile=
"C:\gria\basic-app-services\service-keystore.ks"

keystorePass="EnterThePassword"
keystoreType="JKS"
minProcessors="5" maxProcessors="75"
enableLookups="true" disableUploadTimeout="true"
acceptCount="100" debug="0" scheme="https" secure="true"
maxThreads="150"
clientAuth="false" sslProtocol="TLS"/>

5. Kajorismìc thc topojesÐac sthn opoÐa ja apojhkeuteÐ h b�sh dedomènwn.

6. Kajorismìc tou endpoint address gia thn uphresÐa, dhlad  to url me to opoÐo
ja eÐnai prosb�simh h uphresÐa apì to fullometrht .

Sth sunèqeia dhmiourg jhke mia uphresÐa Dedomènwn (Data Service) kai mia
uphresÐa Ergasi¸n (Job Service).

Prèpei na shmeiwjeÐ ìti sthn perÐptwsh thc uphresÐac Ergasi¸n ta platform
scripts pou eÐnai diajèsima wc paradeÐgmata (sto sumpiesmèno arqeÐo platform-
scripts.tgz), de leitourgoÔn sto leitourgikì sÔsthma Windows Vista, opìte èprepe
na gÐnoun k�poiec allagèc sta ex c arqeÐa pou perièqontai sto f�kelo platform-
scripts\rm local:

• getJobStatus.pl

• killJob.pl

• startJob.pl
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Πίνακας 5.1: Τιμές ID, Major, Minor Number για Windows

OS ID MAJOR MINOR
Win32s 0 - -
Windows 95 1 4 0
Windows 98 1 4 10
Windows Me 1 4 90
Windows NT 3.51 2 3 51
Windows NT 4 2 4 0
Windows 2000 2 5 0
Windows XP 2 5 1
Windows Server 2003 2 5 2
Windows Vista 2 6 0

Sta scripts aut� up�rqei h uporoutÐna checkOS h opoÐa elègqei thn èkdosh tou
leitourgikoÔ sust matoc. Pio sugkekrimèna sthn uporoutÐna aut  kaleÐtai h su-
n�rthsh Win32::GetOSVersion() h opoÐa epistrèfei mÐa lÐsta me ta ex c stoiqeÐa:
(STRING, MAJOR, MINOR, BUILD, ID). Dhlad  to GetOSVersion[1] antistoiqeÐ
sto major version number tou leitourgikoÔ sust matoc, to GetOSVersion[2] sto
minor version number. To ID eÐnai èna yhfÐo pou prosdiorÐzei to leitourgikì sÔ-
sthma. Oi timèc pou epistrèfei h sun�rthsh gia di�forec ekdìseic leitourgik¸n
susthm�twn Windows dÐnontai ston pÐnaka 5.1 [21].

H sunj kh pou elegqìtan arqik�  tan h ex c:

if (( $os_version[1] >= 5) and ($os_version[2] > 0)){
print "this platform can handle jobs\n";

} else {
die " error, this platform cannot handle jobs\n";

}

Sthn parap�nw perÐptwsh gÐnontai dekt� mìno ta leitourgik� Windows XP kai
Windows Server 2003, opìte ègine h ex c tropopoÐhsh ¸ste na lamb�netai upìyh
kai to leitourgikì Windows Vista:

if ((( $os_version[1] >= 5) and ($os_version[2] > 0))
or (($os_version[1]==6) and ($os_version[2]==0))){

print "this platform can handle jobs\n";
} else {

die " error, this platform cannot handle jobs\n";
}
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5.3 Egkat�stash tou pakètou Service Pro-

vider Management

H diadikasÐa egkat�stashc tou pakètou autoÔ eÐnai parìmoia me aut  tou pakètou
Basic Application Services. Sthn perÐptwsh aut  den eÐnai aparaÐthth h ulopoÐhsh
thc Perl, oÔte kai to prìgramma ImageMagick.

EpÐshc sta b mata 1 kai 4 o k¸dikac pou prèpei na eisaqjeÐ sta antÐstoiqa
arqeÐa diafèrei wc proc to ìnoma thc uphresÐac. Dhlad  to basic-app-services ìpou
emfanÐzetai prèpei na antikatastajeÐ me to service-provider-mgt.

5.4 Efarmog  Client

H efarmog  aut , apl� apaiteÐ thn aposumpÐesh tou arqeÐou gria-client-cli-5.1.zip se
èna nèo f�kelo. Sth sunèqeia apaiteÐtai h dhmiourgÐa enìc idiwtikoÔ kleidioÔ kai enìc
pistopoihtikoÔ pou ja upogr�yei mia Arq  PistopoÐhshc thn opoÐa ja empisteÔetai
o paroqèac uphresi¸n. H diadikasÐa eÐnai parìmoia me aut  pou akolouj jhke sthn
egkat�stash tou pakètou basic application services sto b ma 3. Gia to �noigma thc
efarmog c pel�th, ekteleÐtai apì gramm  entol¸n h entol  gridcli mèsa apì to
f�kelo thc egkat�stashc.

5.5 PhgaÐoc k¸dikac tou GRIA

O k¸dikac brÐsketai sto arqeÐo gria-5.1-src.zip to opoÐo kai prèpei na aposumpiesteÐ.
Sth sunèqeia, prokeimènou na gÐnei build to project, apaiteÐtai to logismikì Apache
Maven 2 [22]. Sthn ergasÐa aut  qrhsimopoi jhke h èkdosh 2.0.6 tou progr�mmatoc.

Gia na dhmiourghjoÔn ta pakèta tou GRIA apì ton phgaÐo k¸dika, prèpei na
ektelestoÔn mèsa apì to f�kelo ston opoÐo aposumpièsthke o k¸dikac, oi entolèc:

cd base
mvn install
cd ../gria
mvn install

Oi parap�nw entolèc dhmiourgoÔn ìla ta pakèta tou GRIA, dhlad  ta antÐstoiqa
arqeÐa .war. An endiafèrei mìno èna pakèto, tìte mporeÐ h deÔterh entol  mvn install
na ektelesteÐ mèsa apì to f�kelo tou pakètou autoÔ kai ìqi apì to f�kelo gria.

Sth sugkekrimènh perÐptwsh, qrei�sthke na k�noume allagèc mìno sto pakè-
to Service Provider Management, opìte k�je for� k�name build mìno to pakèto
autì. Prèpei akìmh na shmeiwjeÐ, ìti epeid  kat� th diadikasÐa dhmiourgÐac tou
pakètou autoÔ apì to maven k�poia tests den  tan epituq , qrhsimopoioÔsame thn
entol  mvn -Dmaven.test.skip=true install prokeimènou na gÐnei dhmiourghjeÐ
epituq¸c.
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Gia thn probol  kai thn tropopoÐhsh tou k¸dika qrhsimopoi jhke to plaÐsio
ergasÐac Eclipse v3.2.2 [23] sto opoÐo eÐqe prostejeÐ to Maven Eclipse Plugin [24]
prokeimènou na mporoÔn ta projects tou maven na eÐnai prosb�sima apì to Eclipse.
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Sto kef�laio autì perigr�fontai oi leitourgikèc kai mh leitourgikèc apait seic
tou sust matoc kaj¸c kai oi kÔriec sqediastikèc apof�seic pou el fjhsan.

6.1 O rìloc twn politik¸n

H trèqousa ulopoÐhsh tou GRIA den epitrèpei thn prosarmog  thc sumperifor�c
tou paroqèa apènanti stouc pel�tec. Skopìc thc ergasÐac aut c eÐnai h epèktash
tou GRIA ¸ste na uposthrÐzei diaqeÐrish twn SLAs me qr sh politik¸n (policies).
Dhlad , o paroqèac uphresi¸n ja mporeÐ na efarmìzei k�poia politik  stouc pel�tec
miac sugkekrimènhc kathgorÐac. Gia par�deigma, an ènac pel�thc jewreÐtai {kalìc},
me b�sh k�poia krit ria pou kajorÐzontai apì ton paroqèa uphresi¸n, tìte ja mporeÐ
na èqei orismèna pronìmia, ìpwc mikrìterh qrèwsh gia k�poiec uphresÐec.

Oi politikèc kajorÐzontai austhr� kai mìno apì ton paroqèa uphresi¸n. O
pel�thc den èqei kamÐa prìsbash se autèc ¸ste na tic tropopoi sei   na tic dia-
pragmateuteÐ me ton paroqèa uphresi¸n, ìpwc sumbaÐnei sthn perÐptwsh twn SLAs.
Gia thn akrÐbeia, o pel�thc de gnwrÐzei an efarmìzetai k�poia politik .

Prèpei na shmeiwjeÐ ìti oi politikèc den prèpei se kamÐa apolÔtwc perÐptwsh
na parabi�zoun to SLA pou èqei sumfwnhjeÐ me ton pel�th me trìpo pou den ton
wfeleÐ. Den mporeÐ gia par�deigma o paroqèac na efarmìsei mia politik  pou ja
qre¸nei ton pel�th perissìtero apì ìso èqei sumfwnhjeÐ sto SLA. Oi politikèc
qrhsimopoioÔntai mìno proc ìfeloc tou pel�th.

Bèbaia apì th diadikasÐa aut  wfeleÐtai kai o p�roqoc uphresi¸n, kaj¸c mpo-
reÐ na qrhsimopoi sei tic politikèc gia diafhmistikoÔc kai prowjhtikoÔc skopoÔc.
Epiplèon mporeÐ na d¸sei èna kÐnhtro stouc qr stec na eÐnai {kaloÐ} pel�tec.

6.2 H morf  twn politik¸n

Lamb�nontac upìyh ta parap�nw kaj¸c kai th morf  twn SLAs tou GRIA, kata-
l xame ìti mia politik  ja prèpei na problèpei ta ex c:

Antimet¸pish miac parabÐashc tou SLA. Sthn èkdosh 5.1 tou GRIA an
parabiasteÐ k�poioc ìroc tou SLA diakìptetai amèswc kat�llhloc arijmìc
twn ergasi¸n pou qrhsimopoioÔn th metrik  tou periorismoÔ pou parabi�sth-
ke, ¸ste h qr sh na epanèljei mèsa sto ìria pou prosdiorÐzontai apì to
sumbìlaio. Jewr same ìti ja èprepe na up�rqei dunatìthta diaforetik c
antÐdrashc. Gia par�deigma, efìson o p�roqoc èqei diajèsimouc pìrouc, o
qr sthc na enhmer¸netai ìti parabÐase k�poion ìro tou sumbolaÐou tou, all�
na tou epitrèpetai na suneqÐsei na qrhsimopoieÐ touc antÐstoiqouc pìrouc.

'Ekptwsh b�sei twn parabi�sewn tou SLA. To pl joc twn parabi�sewn
apoteleÐ èna mètro tou pìso kalìc eÐnai ènac pel�thc. An den parabi�zei
suqn� touc ìrouc tou SLA tou, o p�roqoc mporeÐ na ton antamoÐyei me mei¸seic
stouc logariasmoÔc pou tou apostèllontai.
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Efarmog  èkptwshc an�loga me th qr sh twn uphresi¸n. E�n ènac
qr sthc èqei qrhsimopoi sei arket� to teleutaÐo di�sthma tic uphresÐec pou
prosfèrei ènac p�roqoc (opìte èqei arket� èsoda apì ton pel�th autì), tìte
o p�roqoc mporeÐ na prosfèrei tic uphresÐec tou se kalÔterh tim  gia to
sugkekrimèno pel�th.

6.3 PoÔ efarmìzontai oi politikèc

Mia politik  profan¸c efarmìzetai telik� se èna SLA. 'Omwc ènac p�roqoc uphre-
si¸n mporeÐ na diaqeirÐzetai polÔ meg�lo arijmì SLAs opìte h sÔndesh tou k�je
enìc apì aut� xeqwrist� me mÐa politik , ja  tan mia qronobìra diadikasÐa. Mia pio
praktik  skèyh, pou antapokrÐnetai stic apait seic miac epiqeÐrhshc, eÐnai h sÔndesh
miac politik c me èna SLA Template. Sthn perÐptwsh aut , h politik  efarmìzetai
se k�je SLA pou proèrqetai apì autì to template. Opìte h sÔndesh miac poli-
tik c me èna SLA kai h efarmog  thc se autì prosdiorÐzetai mèsw thc sÔndeshc
thc politik c me to antÐstoiqo SLA Template. Sth sunèqeia, o ìroc {sÔndesh miac
politik c me èna SLA} anafèretai sthn sÔndesh thc politik c me to SLA Template
apì to opoÐo dhmiourg jhke to SLA.

Ektìc apì th praktik  eukolÐa pou prosfèrei h sÔndesh politik¸n me ta SLA
Templates eÐnai sunep c kai me th filosofÐa twn politik¸n. Pio sugkekrimèna, to
gegonìc ìti o k�je p�roqoc èqei th dunatìthta na k�nei diajèsima diaforetik� SLA
Templates an� pel�th eis�gei  dh mia morf  kathgoriopoÐhshc metaxÔ twn pelat¸n.
'Eqei sunep¸c nìhma na diathr soume thn kathgoriopoÐhsh aut  kai sthn efarmog 
politik¸n.

Mia politik  mporeÐ na sundejeÐ me èna SLA Template anex�rthta me thn kat�-
stash sthn opoÐa brÐsketai autì (draft   published). EpÐshc prèpei na shmeiwjeÐ ìti
h sqèsh metaxÔ politik¸n kai SLA Templates eÐnai èna proc poll�. Dhlad  k�je
qronik  stigm  mia politik  mporeÐ na sundèetai me èna   perissìtera SLA Templa-
tes en¸ èna SLA Template mporeÐ na eÐnai susqetismèno me mÐa mìno politik . Kat�
epèktash, afoÔ èna SLA proèrqetai apì èna mìno SLA Template, k�je stigm  èna
SLA mporeÐ na eÐnai susqetismèno me mÐa mìno politik .

6.4 Dunatèc Katast�seic miac politik c

H kat�stash mia politik c kajorÐzetai se sqèsh me to qrìno ènarxhc kai to qrìno
l xhc thc politik c. K�je qronik  stigm  pou prohgeÐtai tou qrìnou ènarxhc, h
politik  eÐnai anenerg  (inactive), dhlad  den èqei kamÐa epÐdrash sta SLAs me ta
opoÐa èqei susqetisteÐ, ìmwc k�poia stigm  sto mèllon prìkeitai na energopoihjeÐ.
K�je qronik  stigm  pou brÐsketai metaxÔ tou qrìnou ènarxhc kai tou qrìnou l xhc,
h politik  eÐnai energ  (active), dhlad  oi ìroi thc efarmìzontai sta SLAs me ta
opoÐa eÐnai sundedemènh. O qrìnoc l xhc kajorÐzei th met�bash apì thn energ  sth
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Inactive

Active

Expired

delete

delete

delete

Σχήμα 6.1: Διάγραμμα καταστάσεων για τις πολιτικές

lhgmènh (expired) kat�stash. Sthn kat�stash aut , h politik  den èqei p�li kamÐa
epÐdrash sta SLAs kai den prìkeitai na energopoihjeÐ sto mèllon.

Oi katast�seic miac politik c kaj¸c kai oi dunatèc metab�seic metaxÔ twn kata-
st�sewn faÐnontai analutik� sto UML di�gramma katast�sewn tou sq matoc 6.1.
'Opwc faÐnetai kai sto sq ma, mia politik  ìtan dhmiourgeÐtai mporeÐ na brÐsketai
sthn anenerg    sthn energ  kat�stash. Autì eÐnai logikì, kaj¸c den èqei nìhma na
dhmiourghjeÐ mia politik  me qrìno l xhc sto pareljìn. EpÐshc mia politik  mporeÐ
se opoiad pote kat�stash kai an brÐsketai na diagrafeÐ kai na metabeÐ sthn telik 
kat�stash.
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Sto kef�laio autì parousi�zontai leptomèreiec gia thn ulopoÐhsh tou sust -
matoc. Pio sugkekrimèna, sta plaÐsia thc ergasÐac aut c, prostèjhke k¸dikac sto
pakèto Service Provider Management ¸ste na dhmiourghjeÐ h upodom  gia th qr sh
politik¸n. EpÐshc tropopoi jhkan tm mata k¸dika, ¸ste na mporeÐ mia politik  na
sundèetai me èna SLA Template kai na efarmìzetai se ìla ta SLAs pou dhmiourg -
jhkan apì to template autì.

7.1 Dom  enìc ègkurou arqeÐou politik c

Oi politikèc eÐnai arqeÐa xml pou prèpei na èqoun th dom  pou parousi�zetai sth
sunèqeia.

• To root element prèpei na eÐnai <policyTemplate>.

• Prèpei na up�rqei mia etikèta (<label>) gia thn politik , kaj¸c epÐshc kai
mia perigraf  (<description>).

• O qrìnoc ènarxhc kai l xhc thc politik c (<startTime> kai <endTime> an-
tÐstoiqa) kajorÐzontai eis�gontac to ètoc, to m na, thn hmèra, thn ¸ra kai ta
lept�. Shmei¸netai ìti o m nac paÐrnei akèraiec timèc sto di�sthma [0, 11].

• Gia na kajoristeÐ h antÐdrash tou parìqou se mia parabÐash tou SLA up�rqei
mia lÐsta apì parabi�seic (<violations>). H lÐsta aut  mporeÐ na eÐnai ken 
  na perilamb�nei mÐa   perissìterec parabi�seic.

• K�je parabÐash perigr�fetai apì èna stoiqeÐo (<violation>) to opoÐo peri-
lamb�nei ta ex c:

– MÐa metrik  (<metric>). Qrhsimopoi jhke h Ðdia akrib¸c morf  gia tic
metrikèc me ta SLA Templates tou GRIA.

– 'Enan tÔpoc periorismoÔ (<type>). Lamb�nei thn tim  INSTANTANEOUS  
CUMULATIVE kai anafèretai ston tÔpo tou periorismoÔ (constraint) tou
SLA Template.

– MÐa enèrgeia (<action>) h opoÐa (toul�qiston proc to parìn) mporeÐ na
lamb�nei mÐa apì tic timèc kill kai notify. ProsdiorÐzei thn enèrgeia
pou ja gÐnei an parabiasteÐ ènac periorismìc me th metrik  kai ton tÔpo
pou prosdiorÐsthkan parap�nw.

K�je stoiqeÐo <violation> thc politik c anafèretai ousiastik� se èna stoi-
qeÐo <constraint> twn SLAs. Dhlad  èna stoiqeÐo <violation> antistoiqeÐ
se parabÐash enìc periorismoÔ tou SLA me thn Ðdia metrik  kai ton Ðdio tÔpo.
K�je stoiqeÐo <violation> prèpei na eÐnai monadikì, dhlad  na mhn pros-
diorÐzontai diaforetikèc enèrgeiec gia parabÐash tou Ðdiou periorismoÔ. Autì
shmaÐnei ìti h monadikìthta miac parabÐashc eÐnai sun¸numh me th monadikìthta
tou zeÔgouc metrik c - tÔpou.
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• AkoloujeÐ èna stoiqeÐo <history> sto opoÐo prosdiorÐzontai di�fora stoiqeÐ-
a tou pareljìntoc tou qr sth, ta opoÐa ja lhfjoÔn upìyh gia thn efarmog 
ekpt¸sewn. Perilamb�nei ta ex c:

– 'Ena stoiqeÐo <totalViolations> pou prosdiorÐzei ta ìria mèsa sto
opoÐa prèpei na brÐsketai o arijmìc twn parabi�sewn pou èqei k�nei
o qr sthc, prokeimènou na efarmosteÐ k�poia èkptwsh. Oi parabi�-
seic autèc anafèrontai stic pio prìsfatec periìdouc qrèwshc. O a-
rijmìc twn periìdwn aut¸n kajorÐzetai apì thn idiìthta (attribute)
numOfBillingPeriods. To stoiqeÐo <totalViolations> perilamb�nei
mia lÐsta (pijan¸c ken ) apì diast mata (Ranges), ta opoÐa orÐzontai
parak�tw.

– 'Ena stoiqeÐo <usage>pou prosdiorÐzei ta ìria mèsa sta opoÐa prèpei
na brÐsketai h qr sh pou èqei k�nei o pel�thc, prokeimènou na efar-
mosteÐ k�poia èkptwsh. To pedÐo autì anafèretai ousiastik� sto po-
sì pou pl rwse o qr sthc stic pio prìsfatec periìdouc qrèwshc. O
arijmìc twn periìdwn aut¸n kajorÐzetai apì thn idiìthta (attribute)
<numOfBillingPeriods>. To stoiqeÐo <usage> perilamb�nei mia lÐsta
(pijan¸c ken ) apì diast mata (Ranges).

• 'Ena di�sthma <range> antistoiqeÐ se èna di�sthma arijm¸n. H dom  eÐnai h
ex c:

– To k�tw �kro prosdiorÐzetai apì to <lowerBound>, to opoÐo prèpei na
eÐnai ènac mh arnhtikìc arijmìc. To di�sthma eÐnai kleistì sto �kro
autì.

– To �nw �kro prosdiorÐzetai apì to <upperBound>, to opoÐo profan¸c
prèpei na eÐnai megalÔtero   Ðso tou k�tw �krou. To di�sthma eÐnai
anoiktì sto �kro autì. EpÐshc an to �nw �kro eÐnai -1 tìte jewreÐtai
ìti isodunameÐ me to ∞.

– An h metroÔmenh posìthta eÐnai mèsa sto di�sthma pou prosdiorÐzetai
apì ta parap�nw pedÐa, tìte efarmìzetai mia èkptwsh pou orÐzetai apì
to <discount>. To stoiqeÐo autì ekfr�zei posostì epÐ toic ekatì (%),
opìte profan¸c paÐrnei timèc apì 0 èwc 100.

Dhlad  to stoiqeÐo

<totalViolations numOfBillingPeriods="3">
<range>

<lowerBound>0</lowerBound>
<upperBound>5</upperBound>
<discount>10</discount>

</range>
</totalViolations>
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prosdiorÐzei ìti an to pl joc twn parabi�sewn tou isqÔontoc SLA tic te-
leutaÐec 3 periìdouc qrèwshc an kei sto di�sthma [0, 5), tìte ja efarmosteÐ
èkptwsh 10%. Oi perÐodoi qrèwshc arqÐzoun na metr¸ntai apì th stigm 
pou efarmìzetai h politik  sto SLA. Met� thn parodo twn tri¸n periìdwn
qrèwshc, o metrht c twn parabi�sewn mhdenÐzetai kai h diadikasÐa epanalam-
b�netai gia tic epìmenec treic periìdouc qrèwshc. Dhlad  sto sugkekrimèno
par�deigma h èkptwsh efarmìzetai (an oi parabi�seic tou qr sth eÐnai entìc
twn orÐwn pou prosdiorÐzontai) k�je treic periìdouc qrèwshc.

Parak�tw dÐnetai èna par�deigma enìc ègkurou arqeÐou politik c:

<?xml version="1.0" encoding="UTF-8"?>
<policyTemplate>

<label>The label of the policy</label>
<description>The description of the policy</description>

<startTime>
<year>2006</year>
<month>11</month>
<dayOfMonth>10</dayOfMonth>
<hour>0</hour>
<minute>52</minute>

</startTime>

<endTime>
<year>2008</year>
<month>3</month>
<dayOfMonth>6</dayOfMonth>
<hour>21</hour>
<minute>57</minute>

</endTime>

<!-- A possibly empty list of violations-->
<violations>

<!-- A violation has a metric, a type and an action -->
<violation>
<metric type="RESOURCE">

<uri>http://www.gria.org/sla/metric/resource/disc</uri>

<description>
<description>disc space</description>
<instantaneous>amount of disc space</instantaneous>

</description>

78



<units type="BINARY">
<instantaneous>B</instantaneous>

</units>
</metric>
<type>INSTANTANEOUS</type>
<action>notify</action>

</violation>

<violation>
<metric type="RESOURCE">

<uri>http://www.gria.org/sla/metric/resource/disc</uri>

<description>
<description>disc space</description>
<instantaneous>amount of disc space</instantaneous>

</description>

<units type="BINARY">
<instantaneous>B</instantaneous>

</units>
</metric>
<type>CUMULATIVE</type>
<action>notify</action>

</violation>

</violations>

<!-- Take into consideration what the user has done
in the past, to apply a discount -->

<history>
<!-- according to the total violations the user made

recently, apply a discount
A possibly empty list of ranges -->

<totalViolations numOfBillingPeriods="3">
<range>

<lowerBound>0</lowerBound>
<upperBound>5</upperBound>
<discount>10</discount>

</range>
</totalViolations>

<!-- according to how much the user has payed recently,
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apply a discount
A possibly empty list of ranges -->

<usage numOfBillingPeriods="2">
<range>

<lowerBound>0</lowerBound>
<upperBound>10</upperBound>
<discount>2</discount>

</range>

<range>
<lowerBound>10</lowerBound>
<upperBound>1000</upperBound>
<discount>10</discount>

</range>

</usage>

</history>

</policyTemplate>

7.2 UlopoÐhsh twn politik¸n sto GRIA

'Otan mÐa politik  diabasteÐ apì èna xml arqeÐo, prèpei na dhmiourghjoÔn èna nèo an-
tikeÐmeno pou ja perièqei tic plhroforÐec thc politik c kai h antÐstoiqh kataq¸rhsh
sth b�sh dedomènwn.

Sto GRIA h antistoÐqish twn dom¸n thc Java sth b�sh dedomènwn gÐnetai me
qr sh tou Hibernate. Prìkeitai gia èna open-source logismikì pou antistoiqÐzei èna
antikeimenostrafèc montèlo pedÐou (object-oriented domain model) se mia sqesiak 
b�sh dedomènwn. Opìte, gia th dhmiourgÐa kai qr sh politik¸n  tan aparaÐthth h
dhmiourgÐa enìc nèou antikeimènou pou ja anaparist� tic politikèc kaj¸c kai twn
antÐstoiqwn arqeÐwn tou hibernate.

Analutikìtera, dhmiourg jhkan oi kl�seic PolicyTemplate, Violation kai
Range, kat� antistoiqÐa twn ìswn perigr�fhkan sthn enìthta 7.1. Sto sq ma 7.1
dÐnetai to UML di�gramma kl�sewn gia tic domèc autèc. Shmei¸netai ìti gia lìgouc
aploÔsteushc tou sq matoc, den emfanÐzontai oi mèjodoi setters kai getters twn
kl�sewn.

Sto shmeÐo autì axÐzei na sqoliasteÐ h pollaplìthta thc sqèshc metaxÔ twn
metrik¸n kai twn parabi�sewn. Mia parabÐash èqei mÐa akrib¸c metrik  kai mia
metrik  mporeÐ na up�rqei se dÔo to polÔ parabi�seic. Autì eÐnai katanohtì an
analogisteÐ kaneÐc thn an�gkh gia monadikìthta twn parabi�sewn ìpwc perigr�fhke
sthn enìthta 7.1 (monadikìthta tou zeÔgouc metrik c - tÔpou). O tÔpoc mporeÐ na
p�rei dÔo diakritèc timèc (CUMULATIVE, INSTANTANEOUS), opìte gia mia dedomènh
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PolicyTemplate
label
description
startTimeDate
endTimeDate
numOfBillingPeriodsForViolations
numOfBillingPeriodsForUsage
state
POLICY_TEMPLATE_RESOURCE_TYPE
CopyWithNullId
existsViolation
getDiscountForTotalViolations
getDiscountForUsage
hasExpired
isActive
isInactive

Violation
metric
type
action
compareTo
copyWithNullId
prettyPrint

Range
lowerBound
upperBound
discount
compareTo
copyWithNullId
prettyPrint
inRange
overlapping

Metric

*

*

1

0-2

Σχήμα 7.1: Διάγραμμα κλάσεων για τις πολιτικές

metrik , up�rqoun dÔo diaforetik� zeug�ria metrik c - tÔpou, sunep¸c up�rqoun
dÔo mìno diaforetikèc parabi�seic.

Epiplèon, ìpwc anafèrjhke sthn enìthta 7.1, orismèna pedÐa twn kl�sewn mpo-
roÔn na l�boun sugkekrimènec mìno timèc. Gia par�deigma sthn kl�sh Violation h
metablht  type mporeÐ na l�bei mÐa apì tic akìloujec dÔo timèc: INSTANTANEOUS
  CUMULATIVE. Gia na eÐnai eukolìteroc o èlegqoc thc egkurìthtac twn pedÐwn
aut¸n ìtan dÐnontai wc eÐsodo apì to qr sth, kaj¸c kai h prosj kh perissìterwn
dunat¸n tim¸n sto mèllon, orÐsthke gia k�je tètoia metablht  ènac antÐstoiqoc
tÔpoc. Ston pÐnaka 7.1 emfanÐzontai sugkentrwtik� oi metablhtèc autèc, oi timèc
pou mporoÔn na l�boun kai oi tÔpoi pou orÐsthkan.

7.3 DiaqeÐrish politik¸n

H diaqeÐrish twn politik¸n gÐnetai mèsw miac istoselÐdac pou eÐnai mèroc thc di-
ktuak c efarmog c tou pakètou Service Provider Management. H prìsbash sth
selÐda diaqeÐrishc twn politik¸n gÐnetai mèsw enìc sundèsmou me thn epigraf  Po-
licy Manager, o opoÐoc èqei topojethjeÐ sthn mp�ra plo ghshc pou brÐsketai sto
p�nw mèroc thc diktuak c efarmog c. H istoselÐda diaqeÐrishc twn politik¸n epi-
trèpei th dhmiourgÐa, antigraf  kai diagraf  politik¸n. Akìmh o qr sthc mporeÐ na
dei mia lÐsta me ìlec tic diajèsimec politikèc ìpwc epÐshc kai tic leptomèreiec miac
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Πίνακας 7.1: Τύποι Μεταβλητών

Variable Class Values User Defined Types

state PolicyTemplate inactive

active

expired

closed

PolicyTemplateState

type Violation INSTANTANEOUS

CUMULATIVE

UsageType

action Violation kill

notify

ActionType

epilegmènhc politik c.
Gia th diaqeÐrish twn politik¸n dhmiourg jhke èna nèo pakèto sto f�kelo sla/se-

rvice/src/java, to uk.ac.soton.itinnovation.grid.service.policy. To pakè-
to autì perilamb�nei thn kl�sh MyPolicyAdmin h opoÐa ousiastik� analamb�nei th
diaqeÐrish twn politik¸n mèsw thc parap�nw istoselÐdac. EpÐshc sto pakèto autì
brÐsketai h kl�sh PolicyServiceImpl h opoÐa eÐnai upeÔjunh gia th diaqeÐrish twn
politik¸n sto epÐpedo twn pìrwn. Dhlad , gia th dhmiourgÐa miac politik c apì èna
arqeÐo xml kai thn prosj kh thc sth b�sh dedomènwn, th diagraf  miac politik c
apì th b�sh, thn energopoÐhsh kaj¸c kai ton èlegqo thc kat�stashc miac politik c.

H diaforetik  leitourgÐa twn kl�sewn aut¸n mporeÐ na gÐnei perissìtero ka-
tanoht  me èna par�deigma. An o qr sthc epilèxei lìgou q�rh th diagraf  miac
politik c, h kl�sh MyPolicyAdmin emfanÐzei ta sqetik� mhnÔmata epibebaÐwshc kai
kaleÐ mejìdouc thc kl�shc PolicyServiceImpl prokeimènou na gÐnei ousiastik� h
diagraf  thc politik c, dhlad  na afairejeÐ apì th b�sh dedomènwn. Tèloc h kl�sh
MyPolicyAdmin anane¸nei to grafikì perib�llon (den emfanÐzetai plèon h politik 
sth lÐsta me tic diajèsimec politikèc).

Prèpei na shmeiwjeÐ ìti kat� th dhmiourgÐa miac politik c apì èna arqeÐo xml
gÐnetai èlegqoc thc egkurìthtac ìlwn twn pedÐwn. Ektìc apì touc aploÔc elègqouc
egkurìthtac twn tÔpwn kai twn tim¸n, elègqetai epiplèon ta diast mata pou mporeÐ
na perièqei to <totalViolations> na mhn epikallÔptontai. 'Omoia gia thn perÐptw-
sh tou <usage>. EpÐshc elègqetai k�je <violation> na eÐnai monadikì, dhlad  na
mhn up�rqoun dÔo parabi�seic me ta Ðdia <metric> kai <type>.

Epiplèon, den epitrèpetai h diagraf  miac politik c an eÐnai sundedemènh me èna
SLA Template. Ed¸ prèpei na shmeiwjeÐ ìti to GRIA den empodÐzei th diagraf 
enìc SLA Template ìtan up�rqoun SLAs pou èqoun dhmiourghjeÐ apì autì. H
antimet¸pish aut  ìmwc dhmiourgeÐ periplokèc sth leitourgÐa twn politik¸n kaj¸c
to SLA Template eÐnai o sundetikìc krÐkoc metaxÔ twn politik¸n kai twn SLAs. Gia
par�deigma an diagrafeÐ èna SLA Template tìte den up�rqei trìpoc ta SLAs pou
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èqoun dhmiourghjeÐ apì autì, na sundejoÔn me mia politik . Opìte tropopoi jhke
o k¸dikac tou sust matoc, ¸ste na mhn epitrèpetai h diagraf  enìc SLA Template
an up�rqoun SLAs pou èqoun dhmiourghjeÐ apì autì.

7.4 SÔndesh miac politik c me èna SLA

O qr sthc mporeÐ na sundèsei mia politik  me èna SLA Template mèsw thc up�r-
qousac istoselÐdac diaqeÐrishc twn SLAs tou Service Provider Management. H
istoselÐda aut  èqei tropopoihjeÐ ¸ste dÐpla se k�je SLA Template na emfanÐzetai
mia lÐsta me tic diajèsimec politikèc kaj¸c kai ta aparaÐthta koumpi� gia th sÔndesh
kai thn aposÔndesh miac politik c me to SLA Template. 'Otan mia politik  susqe-
tisjeÐ me èna SLA Template, tìte amèswc sundèetai kai me ìla ta SLAs pou èqoun
proèljei apì autì to template. Gia na eÐnai dunat  aut  h leitourgÐa, prostèjhke
mia metablht  policyTemplate sthn kl�sh SLATemplate kaj¸c kai mia metablht 
slaTemplate sthn kl�sh SLA pou dhl¸nei to template apì to opoÐo pro lje to
SLA.

Oi sqèseic metaxÔ twn kl�sewn aut¸n faÐnontai sto UML di�gramma kl�sewn
tou sq matoc 7.2. Gia lìgouc aploÔsteushc tou sq matoc, den emfanÐzontai oi
mèjodoi setters kai getters twn antikeimènwn.

7.5 Efarmog  miac politik c se èna SLA

'Otan mia energ  politik  eÐnai sundedemènh me èna SLA tìte profan¸c prèpei oi
ìroi thc na efarmostoÔn. Pr¸ta apì ìla, k�je for� pou parabi�zetai ènac perio-
rismìc tou SLA prèpei na elègqetai ti eÐdouc enèrgeia problèpei h politik . An den
up�rqei prìbleyh, tìte ekteleÐtai h prokajorismènh enèrgeia, dhlad  diakìptetai o
aparaÐthtoc arijmìc drasthriot twn (pou qrhsimopoioÔn th metrik  pou prosdiorÐ-
zetai ston periorismì pou parabi�sthke), prokeimènou h qr sh thc metrik c na eÐnai
mèsa sta epitrept� ìria. EpÐshc prèpei na metr¸ntai oi parabi�seic kai h qr sh
pou gÐnontai se k�je perÐodo qrèwshc kai ìtan per�sei o problepìmenoc arijmìc
periìdwn qrèwshc na upologÐzetai h èkptwsh pou ja efarmosteÐ.

7.5.1 Mètrhsh parabi�sewn

Sto GRIA up�rqei h kl�sh ConstraintManagerImpl h opoÐa elègqei poioi perio-
rismoÐ èqoun parabiasteÐ. O èlegqoc autìc gÐnetai se dÔo epÐpeda:

• 'Otan o qr sthc jèlei na xekin sei mia nèa drasthriìthta h opoÐa k�nei qr -
sh metrik¸n, elègqetai an h drasthriìthta aut  parabi�zei k�poion ìro tou
SLA. Gia par�deigma, èstw ìti sto SLA problèpetai ìti o qr sthc den mporeÐ
na qrhsimopoi sei perissìtera apì 2MB q¸rou apoj keushc. An o qr sthc
prospaj sei na aneb�sei èna arqeÐo megalÔterou megèjouc, tìte o periorismìc
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PolicyTemplate
label
description
startTimeDate
endTimeDate
violations
totalViolations
usage
numOfBillingPeriodsForViolations
numOfBillingPeriodsForUsage
state
POLICY_TEMPLATE_RESOURCE_TYPE
CopyWithNullId
existsViolation
getDiscountForTotalViolations
getDiscountForUsage
hasExpired
isActive
isInactive

SLA Template
description
startTimeDate
endTimeDate
permittedService
pricingTerms
billingPeriod
signingFee
subscriptionFee
currency
constraints
policyTemplate
SLA_TEMPLATE_RESOURCE_TYPE
copyWithNullId
makePublicCopy
removePolicyTemplate

SLA
slaTemplate
usagePerBillingPeriod
violationsPerBillingPeriod
lastConstraintsBreached
activitiesNotified
constraintManager
activities
billingPeriod
constraints
currency
startTimeDate
endTimeDate
lastBillTimeDate
permittedServices
terms
resourcePool
state
subscriptionFee
increaseViolationsForSLA
takeBilledAmmountForBillingPeriod
takeViolationsForBillingPeriod

* 1

*

0,1

Σχήμα 7.2: Διάγραμμα κλάσεων για SLAs, SLA Templates και πολιτικές
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autìc ja parabiasteÐ. Prin xekin sei loipìn h drasthriìthta aut , entopÐzetai
ìti ja up�rxei parabÐash kai den epitrèpetai h ekkÐnhsh thc drasthriìthtac.
O èlegqoc autìc gÐnetai sth mèjodo startActivity thc kl�shc pou proana-
fèrjhke.

• Den eÐnai dunatìn ìmwc na elegjoÔn ètsi ìloi oi periorismoÐ. Gia par�deig-
ma sthn perÐptwsh pou sto SLA up�rqei ènac periorismìc gia to qrìno pou
mporeÐ na qrhsimopoi sei o qr sthc th CPU. Gia na elegqjeÐ pìte ja para-
biasteÐ o periorismìc autìc, prèpei na elègqetai suneq¸c h qr sh thc CPU
kai ìtan per�sei to epitrepìmeno ìrio, na lhfjoÔn ta kat�llhla mètra. To
di�sthma stajmoskìphshc (polling interval) mporeÐ na oristeÐ apì to diaqeiri-
st  tou sust matoc. H proepilegmènh tim  (h opoÐa qrhsimopoi jhke se aut 
thn ergasÐa) eÐnai 20 deuterìlepta. H diadikasÐa aut  gÐnetai sth mèjodo
getActionsForSLA thc kl�shc ConstraintManagerImpl.

Oi mèjodoi pou anafèrjhkan parap�nw anÐqneuoun tic parabi�seic. Tropopoi-
 jhkan loipìn kat�llhla, ¸ste par�llhla me ton entopismì na gÐnetai kai kata-
mètrhsh twn parabi�sewn enìc qr sth. Analutikìtera, stic mejìdouc autèc kata-
skeuazìtan èna sÔnolo pou perieÐqe ìlouc touc periorismoÔc pou eÐqan parabiasteÐ.
Profan¸c to mègejoc tou sunìlou autoÔ antistoiqeÐ sto pl joc twn parabi�sewn.

Oi parabi�seic autèc èprepe na apojhkeÔontai kai sth b�sh dedomènwn. Gia to
skopì autì prostèjhke h metablht  List<Integer> violationsPerBP sthn kl�-
sh pou anaparist� ta SLAs. Prìkeitai gia mia lÐsta akeraÐwn, k�je stoiqeÐo thc
opoÐac antistoiqeÐ sto pl joc twn parabi�sewn pou ègine se mia perÐodo qrèwshc.
Dhlad  to pr¸to stoiqeÐo thc lÐstac antistoiqeÐ stic parabi�seic pou èginan thn
pr¸th perÐodo qrèwshc apì th stigm  pou energopoi jhke h politik . H lÐsta aut ,
met� thn p�rodo tou pl jouc twn periìdwn qrèwshc pou prosdiorÐzetai apì thn po-
litik  gia th mètrhsh parabi�sewn, adei�zei, ¸ste na exoikonomeÐtai q¸roc. Bèbaia
me th logik  aut , ja mporoÔse na eÐqe qrhsimopoihjeÐ apl� ènac akèraioc arij-
mìc pou ja aÔxane suneq¸c kai ja mhdenizìtan met� thn p�rodo twn aparaÐthtwn
periìdwn qrèwshc. H anapar�stash aut  eÐnai perissìtero apodotik , ìmwc me th
morf  thc lÐstac apojhkeÔetai perissìterh plhroforÐa (h katanom  twn parabi�se-
wn sto qrìno). H plhroforÐa aut  ja mporoÔse sto mellon na qrhsimopoihjeÐ gia
pio exeligmènec morfèc politik c.

EpÐshc prèpei na shmeiwjeÐ ìti h mètrhsh twn parabi�sewn enìc SLA de gÐnetai
suneq¸c, all� mìno ìtan eÐnai sundedemèno me mia energ  politik . 'Allwste mìno
sthn perÐptwsh aut  h mètrhsh èqei nìhma.

'Omwc h mètrhsh twn parabi�sewn me ton trìpo autì de lamb�nei upìyh thn
perÐptwsh pou h parabÐash enìc ìrou tou SLA den odhgeÐ se termatismì thc dra-
sthriìthtac, all� se eidopoÐhsh tou qr sth. An dhlad  o qr sthc parabi�sei ènan
ìro tou SLA tou gia ton opoÐo problèpetai apì thn politik  h enèrgeia notify,
o qr sthc enhmer¸netai sqetik�, ìmwc h drasthriìthta suneqÐzetai kanonik�. Au-
tì shmaÐnei ìti thn epìmenh for� pou ja elegqjeÐ an èqei gÐnei k�poia parabi�sh
tou SLA, h mèjodoc getActionsForSLA ja entopÐsei thn parabÐash xan�, kaj¸c h
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qr sh thc metrik c ja eÐnai ektìc twn epitrept¸n orÐwn. Dhlad  k�je parabÐash
ja prostÐjetai xan� sto sunolikì arijmì parabi�sewn k�je for� pou ja kaleÐtai
h getActionsForSLA (dhlad  k�je 20 deuterìlepta), gia ìso qronikì di�sthma
epitrèpetai apì thn politik  na {parabi�zei} o qr sthc to SLA tou.

Gia thn antimet¸pish tou probl matoc autoÔ prosjèsame sthn kl�sh SLA mÐa
metablht  Set<Constraint> lastBreached. Prìkeitai gia èna sÔnolo sto opoÐo
apojhkeÔontai oi periorismoÐ pou eÐqan parabiasteÐ thn teleutaÐa for� pou kl jhke
h getActionsForSLA. Opìte thn epìmenh for� pou ja klhjeÐ h sun�rthsh aut , ja
kataskeu�sei èna nèo sÔnolo (breached) me touc periorismoÔc pou ekeÐnh th stigm 
eÐnai parabiasmènoi kai sugkrÐnont�c to me to sÔnolo lastBreached mporoÔn na
entopistoÔn oi nèec parabi�seic, oi opoÐec kai prèpei na metrhjoÔn.

Pio analutik�, h tom  twn dÔo sunìlwn breached ∩ lastBreached perilamb�nei
touc periorismoÔc oi opoÐoi htan parabiasmènoi kai thn prohgoÔmenh for� pou ègine
èlegqoc, all� kai t¸ra. Oi parabi�seic autèc den prèpei na metrhjoÔn ek nèou. An
apì to sÔnolo twn nèwn periorism¸n pou parabi�sthkan, afairejoÔn oi periorismoÐ
pou  tan parabiasmènoi kai thn perasmènh for�, tìte brÐskontai oi periorismoÐ pou
t¸ra parabi�sthkan gia pr¸th for�, oi opoÐoi kai prèpei na metrhjoÔn. Dhlad 
oi parabi�seic prèpei na auxhjoÔn kat� arijmì Ðso me to pl joc twn stoiqeÐwn tou
sunìlou breached−breached∩lastBreached. Sto tèloc, to sÔnolo lastBreached
anane¸netai ¸ste na perièqei ta stoiqeÐa tou sunìlou breached. H diadikasÐa aut 
skiagrafeÐtai ston algìrijmo 1.

Algìrijmoc 1 Αλγόριθμος για σωστή μετρηση παραβιάσεων

if policyTemplate != null then
Set aSet = breached− breached ∩ lastBreached
numOfNewViolations = aSet.size()
if numOfNewViolations 6= 0 then
Αύξηση των παραβιάσεων του SLA

end if
lastBreached = breached

end if

Gia na leitourg sei o algìrijmoc autìc swst�, k�je for� pou kaleÐtai h mèjodoc
startActivity kai mia drasthriìthta parabi�zei ènan periorismì, o periorismìc
autìc prostÐjetai sto sÔnolo lastBreached tou SLA.

7.5.2 Antimet¸pish parabi�sewn

'Otan eÐnai sundedemènh mia energ  politik  me èna SLA prèpei gia k�je parabÐash na
elègqetai h enèrgeia pou prosdiorÐzei h politik  aut  gia th sugkekrimènh parabÐash.
Opìte o k¸dikac tropopoi jhke ¸ste na energeÐ me kat�llhlo trìpo (kill, notify)
an�loga me to ti problèpei h politik . O algìrijmoc 2 perigr�fei se genikèc grammèc
p¸c gÐnetai h epilog  thc kat�llhlhc enèrgeiac.
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Algìrijmoc 2 Αλγόριθμος για την επιλογή κατάλληλης ενέργειας

if policyTemplate == null then
Δεν υπάρχει συνδεδεμένη πολιτική.

Εκτελείται η προκαθορισμένη ενέργεια kill.
else

for all constraints that have breached do
if η πολιτική προσδιορίζει κάτι για αυτή την παραβίαση then

if η ενέργεια που προσδιορίζει η πολιτική είναι kill then
Διακοπή των δραστηριοτήτων.

else if η ενέργεια που προσδιορίζει η πολιτική είναι notify then
Συνέχιση της δραστηριότητας.

Ειδοποίηση του χρήστη.

end if
else
Η πολιτική δεν προβλέπει κάτι για αυτή την παραβίαση.

Εκτελείται η προκαθορισμένη ενέργεια kill.
end if

end for
end if

'Omwc me thn prosj kh aut c thc leitourgÐac, prokÔptei to ex c prìblhma: An
o qr sthc parabi�sei ènan ìro tou SLA tou gia ton opoÐo problèpetai apì thn
politik  h enèrgeia notify, o qr sthc enhmer¸netai sqetik�, ìmwc h drasthriìthta
suneqÐzetai kanonik�. Autì shmaÐnei ìti thn epìmenh for� pou ja elegqjeÐ an èqei
gÐnei k�poia parabi�sh tou SLA, h mèjodoc getActionsForSLA ja entopÐsei thn
parabÐash xan�, afoÔ h qr sh thc metrik c ja eÐnai ektìc twn epitrept¸n orÐwn.
Autì shmaÐnei ìti o qr sthc ja lamb�nei suneq¸c eidopoi seic gia ìso qronikì
di�sthma tou epitrèpetai apì thn politik  na {parabi�zei} to SLA tou.

H sumperifor� aut  eÐnai profan¸c anepijÔmhth. To idanikì ja  tan o qr sthc
na lamb�nei mÐa mìno eidopoÐhsh gia k�je drasthriìtht� tou pou parabi�zei ènan ìro
tou SLA. To prìblhma autì antimetwpÐsthke ìpwc kai to antÐstoiqo prìblhma me th
mètrhsh twn parabi�sewn (sthn enìthta 7.5.1). Dhlad  prosjèsame sthn kl�sh SLA
th metablht  Set<Activity> lastNotified. Prìkeitai gia èna sÔnolo sto opoÐo
apojhkeÔontai oi drasthriìthtec gia tic opoÐec eÐqe staleÐ eidopoÐhsh thn teleutaÐa
for� pou kl jhke h sun�rthsh getActionsForSLA. Thn epìmenh for� pou ja klh-
jeÐ h sun�rthsh aut , ja kataskeuasteÐ èna nèo sÔnolo (activitiesNotified) me
tic drasthriìthtec pou aut  th for� ja èprepe na eidopoihjoÔn kai sugkrÐnont�c to
lastNotified mporoÔn na entopistoÔn oi nèec drasthriìthtec, oi opoÐec kai prèpei
na eidopoihjoÔn. Profan¸c k�je nèa drasthriìthta pou eidopoieÐtai apo th mèjo-
do startActivity prèpei na eis�getai sto sÔnolo lastNotified tou antÐstoiqou
SLA.
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Management Action

execute

KillActivityAction
activity
cause
service
endpointReferenceType
KillActivityAction
toString
getEpr

NotifyActivityAction
activity
cause
endpointReferenceType
NotifyActivityAction
toString
getEpr

Σχήμα 7.3: Διάγραμμα κλάσεων για τις ενέργειες

Ed¸ prèpei na shmeiwjeÐ ìti oi mèjodoi startActivity kai getActionsForSLA
antimetwpÐzoun me diaforetikì trìpo tic parabi�seic. H startActivity den epitrè-
pei se mia drasthriìthta na xekin sei kai an èqei parabiasteÐ dhmìsioc periorismìc
dhmiourgeÐ mia exaÐresh PublicConstraintBreachException, en¸ an èqei parabia-
steÐ idiwtikìc periorismìc mia exaÐresh PrivateConstraintBreachException. Tic
exairèseic autèc tic qeirÐzontai kat�llhla oi mèjodoi pou kaloÔn th startActivity.
AntÐjeta h getActionsForSLA dhmiourgeÐ mia lÐsta me ìlec tic enèrgeiec pou prèpei
na gÐnoun (k�je enèrgeia antistoiqeÐ se mia drasthriìthta pou parabi�zei ènan pe-
riorismì tou SLA) kai sth sunèqeia ekteleÐ tic enèrgeiec autèc (h prokajorismènh
enèrgeia orÐzetai sthn kl�sh KillActivityAction).

H diaforetik  aut  antimet¸pish èprepe na diathrhjeÐ kai sthn perÐptwsh pou
problèpetai apostol  eidopoÐhshc sto qr sth gia mia parabÐash. 'Etsi orÐsthke
ènac nèoc tÔpoc exaÐreshc me to ìnoma NotificationConstraintBreachException
kai h startActivity dhmiourgeÐ mia exaÐresh tètoiou tÔpou ìtan parabi�zetai ènac
periorismìc kai prèpei na staleÐ eidopoÐhsh. EpÐshc dhmiourg jhke ènac nèoc tÔpoc
enèrgeiac NotifyActivityAction ¸ste na prostÐjetai sth lÐsta me tic enèrgeiec
sth mèjodo getActionsForSLA. Sta sq mata 7.3 kai 7.4 dÐnontai ta diagr�mmata
kl�sewn gia tic enèrgeiec kai tic exairèseic antÐstoiqa.

7.5.3 Mètrhsh thc qr shc

To mègejoc pou qrhsimopoi jhke sthn ergasÐa aut  wc mètro thc qr shc eÐnai to
sunolikì posì pou kaleÐtai na plhr¸sei o qr sthc sto tèloc k�je periìdou qrè-
wshc. 'Opwc sumbaÐnei kai me tic sunolikèc parabi�seic, to posì autì prèpei na
apojhkeÔetai kai sth b�sh dedomènwn. Gia to skopì autì prostèjhke h metablht 
List<BigDecimal> usagePerBP sthn kl�sh SLA. Prìkeitai gia mia lÐsta arijm¸n,
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ConstraintBreachException

PublicConstraintBreachException

PrivateConstraintBreachException

NotificationConstraintBreachException

Σχήμα 7.4: Διάγραμμα κλάσεων για τις εξαιρέσεις

k�je stoiqeÐo thc opoÐac eÐnai to posì pou antistoiqeÐ stic uphresÐec pou qrhsi-
mopoÐhse o pel�thc se mia perÐodo qrèwshc. H lÐsta aut , met� thn p�rodo tou
pl jouc twn periìdwn qrèwshc pou prosdiorÐzetai apì thn politik  gia th mètrhsh
thc qr shc, adei�zei, ¸ste na exoikonomeÐtai q¸roc.

H qrèwsh twn SLAs sto tèloc k�je periìdou qrèwshc gÐnetai sth mèjodo
sendBills thc kl�shc SLA. H mèjodoc aut  upologÐzei to posì tou logariasmoÔ
pou ja staleÐ sto qr sth. O k¸dikac thc mejìdou tropopoi jhke ètsi ¸ste to
posì autì na prostÐjetai apl� sth lÐsta usagePerBP.

7.5.4 Efarmog  èkptwshc

'Otan upologÐzetai o logariasmìc gia èna SLA sto tèloc k�je periìdou qrèwshc
(sth mèjodo sendBills thc kl�shc SLA), qrhsimopoioÔme thn plhroforÐa gia tic
parabi�seic kai th qr sh gia na upologÐsoume thn èkptwsh pou prèpei na efarmosteÐ.

Sthn perÐptwsh pou prèpei na efarmosteÐ èkptwsh lìgw sunolik¸n parabi�sewn
kai lìgw thc qr shc, oi ekpt¸seic autèc efarmìzontai diadoqik�. To telikì posì
met� thn efarmog  thc èkptwshc dÐnetai apì ton tÔpo:

x = (1− d1%) · (1− d2%) · x′

ìpou x′ to posì prin thn efarmog  thc èkptwshc, x to posì met� thn efarmog  thc
èkptwshc, d1 kai d2 ta dÔo posost� epÐ toic ekatì twn ekpt¸sewn. Profan¸c h
seir� efarmog c twn ekpt¸sewn den ephre�zei to apotèlesma.

Mia �llh epilog  ja  tan oi ekpt¸seic na prostÐjentai, dhlad  èkptwsh 20%
lìgw twn parabiasewn kai èkptwsh 30% lìgw thc qr shc na èqei sunolik  èkptwsh
50%. H prosèggish aut  eÐnai mh praktik , kaj¸c ja mporoÔse na prokÔyei eÔkola
èkptwsh megalÔterh apì 100%!
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Kef�laio 8

Sumper�smata - Mellontikèc
ExelÐxeic

Oi sumfwnÐec epipèdou uphresi¸n eÐnai zwtik c shmasÐac sto perib�llon Plègmatoc,
idiaÐtera gia th dieÐsdush thc teqnologÐac aut c ston epiqeirhmatikì tomèa. H qr -
sh politik¸n kajist� apotelesmatikìterh th diaqeÐris  touc, afoÔ prosfèrei ston
paroqèa uphresi¸n èna akìmh epÐpedo elègqou twn SLAs. Oi politikèc prosfèroun
èna euèlikto montèlo gia thn efarmog  thc epijumht c epiqeirhmatik c strathgik c.

H morf  pou orÐsthke gia tic politikèc sta plaÐsia aut c thc ergasÐac eÐnai
sqetik� apl  kai lamb�nei upìyh thc basikèc apait seic enìc epiqeirhmatikoÔ mo-
ntèlou. H morf  twn politik¸n ja mporoÔse na exeliqjeÐ, ¸ste na antapokrÐnetai
kalÔtera stic an�gkec tou epiqeirhmatikoÔ kìsmou. Gia par�deigma ja mporoÔsan
na sugkentr¸nontai plhrèstera statistik� stoiqeÐa gia th qr sh twn pìrwn kai twn
SLAs kai na dÐnetai h dunatìthta ston paroqèa uphresi¸n na rujmÐzei kalÔtera th
sumperifor� tou apènanti stouc pel�tec. EpÐshc ja mporoÔsan na oristoÔn nèec
enèrgeiec, pèra apì tic kill kai notify, ¸ste na mporeÐ o p�roqoc uphresi¸n na
prosarmìzei se megalÔtero bajmì thn antÐdras  tou se orismèna gegonìta ìpwc h
parabÐash ìrwn tou SLA. Gia par�deigma ja mporoÔse na oristeÐ mia enèrgeia pou
ja analamb�nei th meÐwsh thc qr shc enìc pìrou an parabiasteÐ ènac periorismìc
pou k�nei qr sh thc antÐstoiqhc metrik c. 'H akìma mia enèrgeia pou ja eidopoieÐ to
qr sth ìti èqei k�nei mia parabÐash, all� de ja tou epitrèpei na suneqÐzei ep' �peiron
th qr sh twn pìrwn aut¸n. Met� thn p�rodo orismènou qronikoÔ diast matoc, an
o qr sthc den èqei frontÐsei na epanafèrei th qr sh twn pìrwn mèsa sto ìria pou
problèpontai apì to SLA, o p�roqoc termatÐzei tic kat�llhlec drasthriìthtec.

Sto sÔsthma pou ulopoi jhke gia thn ergasÐa aut , se k�je SLA mporeÐ na
efarmìzetai k�je stigm  mÐa mìno politik . Autì ja mporoÔse na dieurunjeÐ, ¸ste se
èna SLA na mporoÔn na efarmìzontai pollèc politikèc tautìqrona. Sthn perÐptwsh
aut , ìroi diaforetik¸n politik¸n mporeÐ na èrqontai se sÔgkroush metaxÔ touc,
opìte eÐnai aparaÐthtoc o orismìc miac ierarqÐac politik¸n pou ja kajorÐzei poia
politik  èqei proteraiìthta kai poioi ìroi ja efarmostoÔn telik�. Sthn koruf 
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thc ierarqÐac aut c, ja mporoÔse gia par�deigma na up�rqei mia prokajorismènh
politik  pou ja isqÔei gia ìla ta SLAs. O diaqeirist c tou sust matoc ja mporeÐ
na efarmìzei se sugkekrimèna SLAs �llec politikèc oi opoÐec ja parak�mptoun thn
prokajorismènh politik    merikoÔc ìrouc thc mìno. Aut  h ierarqik  taxinìmhsh
twn politik¸n ja prosfèrei ston p�roqo akìma megalÔterh euelixÐa sth diaqeÐrish
twn SLAs.

'Ena akìmh b ma pou ja mporoÔse na gÐnei eÐnai na anaptuqjeÐ èna sÔsthma pou
me autìmato trìpo ja epilègei thn efarmog  thc kat�llhlhc politik c prokeimènou
na auxhjeÐ to kèrdoc tou paroqèa uphresi¸n. Bebaia autì proôpojètei thn Ôparxh
enìc epiqeirhmatikoÔ montèlou to opoÐo ja orÐzei ti eÐnai megistopoÐhsh tou kèrdouc
kai ja parèqei tic aparaÐthtec plhroforÐec gia thn an�ptuxh enìc algorÐjmou gia
thn epilog  thc swst c politik c.
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Par�rthma Aþ

ArqeÐa pou Dhmiourg jhkan  
Tropopoi jhkan

Aþ.1 ArqeÐa pou dhmiourg jhkan

'Ola ta arqeÐa pou dhmiourg jhkan an koun sto pakèto tou Service Provider Ma-
nagement. Parak�tw paratÐjetai mia lÐsta me ta arqeÐa aut�. Shmei¸netai ìti
dÐnetai olìklhro to monop�ti tou arqeÐou pou dhmiourg jhke mèsa sto f�kelo pou
perièqei ton k¸dika tou Service Provider Management (dhlad  to f�kelo gria-5.1-
src/service-provider-mgt).

• sla\common\src\java\uk.ac.soton.itinnovation.grid.service.
types\PolicyTemplate.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.service.
types\PolicyTemplate.hbm.xml

• sla\common\src\java\uk.ac.soton.itinnovation.grid.service.
types\PolicyTemplateState.java

• sla\common\src\java\uk.ac.soton.itinnovation.grid.service.
types\ActionType.java

• sla\common\src\java\uk.ac.soton.itinnovation.grid.service.
types\Range.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.service.
types\Range.hbm.xml

• sla\common\src\java\uk.ac.soton.itinnovation.grid.service.
types\Violation.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.service.
types\Violation.hbm.xml
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• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla\PolicyServiceImpl.java

• sla\service\admin\src\main\webapps\sla-admin\
uploadPolicyFile.jsp

• sla\service\admin\src\main\webapps\sla-admin\
policyTemplate.jsp

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla\MyPolicyAdmin.java

• sla\service\src\resources\policy-template-policy.xml

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.bizfacade\PolicyTemplateFacade.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.bizfacade\PolicyTemplateFacadeImpl.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.dao\PolicyTemplateDAO.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.dao.hibernate\PolicyTemplateDAOImpl.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.NotifyActivityAction.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.NotificationConstraintBreachException.java

Aþ.2 ArqeÐa pou tropopoi jhkan

Parak�tw paratÐjetai mia lÐsta me ta arqeÐa tou pakètou Service Provider Ma-
nagement pou tropopoi jhkan. Shmei¸netai ìti dÐnetai olìklhro to monop�ti tou
arqeÐou pou tropopoi jhke mèsa sto f�kelo pou perièqei ton k¸dika tou Service
Provider Management (dhlad  to f�kelo gria-5.1-src/service-provider-mgt).

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla\ConstraintManagerImpl.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla\ConstraintManager.java

• sla\service\admin\src\main\webapps\sla-admin\index.html
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• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.bizfacade\BizfacadeFactory.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.bizfacade.spring\SpringBizfacadeFactory.java

• release\src\main\webapp\WEB-INF\classes\
applicationContext.xml

• release\src\main\webapp\WEB-INF\classes\hibernate.cfg.xml

• sla\service\admin\src\main\webapps\sla-admin\editor.js

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.dao\DAOFactory.java

• sla\common\src\java\uk.ac.soton.itinnovation.grid.
service.types\SLATemplate.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.types\SLATemplate.hbm.xml

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.webadmin\SLAAdmin.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla\SLA.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla.bizfacade\SLAFacadeImpl.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla\ResourceWithUsageByMetric.hbm.xml

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla\SLAServiceImpl.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla\ResourcePool.java

• sla\service\src\java\uk.ac.soton.itinnovation.grid.
service.sla\UsageMessageHandler.java

EpÐshc tropopoi jhkan ta ex c arqeÐa (den an koun sto pakèto tou Service
Provider Management):

• platform-scripts\rm_local\startJob.pl

• platform-scripts\rm_local\killJob.pl

• platform-scripts\rm_local\getJobStatus.pl
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Sto par�rthma autì paratÐjetai o phgaÐoc k¸dikac twn shmantikìterwn kl�sewn
pou ulopoi jhkan kaj¸c kai ta basikìtera tm mata k¸dika pou tropopoi jhkan.

Bþ.1 H kl�sh PolicyTemplate.java

package uk . ac . soton . i t i n n o v a t i o n . g r id . s e r v i c e . types ;

public class PolicyTemplate extends GridResource {

private St r ing label ;
private St r ing d e s c r i p t i o n ;
// the s e d e f i n e the p o l i c y ’ s v a l i d i t y per iod
private Date startTimeDate ;
private Date endTimeDate ;
private Vio l a t i on [ ] v i o l a t i o n s = new Vio l a t i on [ ] {} ;
private Range [ ] t o t a l V i o l a t i o n s = new Range [ ] {} ;
private Range [ ] usage = new Range [ ] { } ;
private I n t e g e r numOfBil l ingPeriodsForUsage ;
private I n t e g e r numOfBi l l ingPer iodsForVio la t ions ;
private Pol icyTemplateState s t a t e ;
public stat ic f ina l St r ing POLICY TEMPLATE RESOURCE TYPE =

” http ://www. i t−innovat ion . soton . ac . uk/
g r id / r e sou r c e / po l i cy−template ” ;

private Logger l o g g e r = Logger . getLogger ( ge tC la s s ( ) ) ;

public PolicyTemplate ( ) {}

// s e t t e r s and g e t t e r s
public St r ing getResourceType ( ) {

return POLICY TEMPLATE RESOURCE TYPE;
}

public St r ing getLabe l ( ) {
return this . label ;

}

public void s e tLabe l ( S t r ing argLabel ) {
this . label = argLabel ;

}

public St r ing ge tDe s c r i p t i on ( ) {
return this . d e s c r i p t i o n ;

}

public void s e t D e s c r i p t i o n ( S t r ing a rgDesc r ip t i on ) {
this . d e s c r i p t i o n = argDesc r ip t i on ;
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}

public Pol icyTemplateState ge tS ta t e ( ){
return this . s t a t e ;

}

public void s e t S t a t e ( Pol icyTemplateState s t a t e ) {
this . s t a t e = s t a t e ;

}

public Vio l a t i on [ ] g e t V i o l a t i o n s ( ) {
return this . v i o l a t i o n s ;

}

public void s e t V i o l a t i o n s ( V io l a t i on [ ] a r gV io l a t i on )
throws GridFai lureExcept ion {
i f ( a rgV io l a t i on == null )

a rgV io l a t i on = new Vio l a t i on [ ] { } ;
this . v i o l a t i o n s = argV io l a t i on ;

}

public I n t e g e r getNumOfBi l l ingPer iodsForVio lat ions ( ) {
return this . numOfBi l l ingPer iodsForVio la t ions ;

}

public void se tNumOfBi l l ingPer iodsForVio la t ions ( I n t e g e r num) {
this . numOfBi l l ingPer iodsForVio la t ions = num;

}

public I n t e g e r getNumOfBil l ingPeriodsForUsage ( ) {
return this . numOfBil l ingPeriodsForUsage ;

}

public void setNumOfBil l ingPeriodsForUsage ( I n t e g e r num) {
this . numOfBil l ingPeriodsForUsage = num;

}

public Calendar getStartTime ( ) {
i f ( this . startTimeDate == null ) {

return null ;
} else {

GregorianCalendar gc = new GregorianCalendar ( ) ;
gc . setTime ( this . startTimeDate ) ;
return gc ;

}
}

public void setStartTime ( Calendar argStartTime ) {
i f ( argStartTime == null ) {
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this . startTimeDate = null ;
} else {

this . startTimeDate =
( ( GregorianCalendar ) argStartTime ) . getTime ( ) ;

}
}

public Calendar getEndTime ( ) {
i f ( this . endTimeDate == null ) {

return null ;
} else {

GregorianCalendar gc = new GregorianCalendar ( ) ;
gc . setTime ( this . endTimeDate ) ;
return gc ;

}
}

public void setEndTime ( Calendar argEndTime ) {
i f ( argEndTime == null ) {

this . endTimeDate = null ;
} else {

this . endTimeDate = ( ( GregorianCalendar ) argEndTime ) . getTime ( ) ;
}

}

public Range [ ] g e t T o t a l V i o l a t i o n s ( ){
return this . t o t a l V i o l a t i o n s ;

}

public void s e t T o t a l V i o l a t i o n s ( Range [ ] t o t a l V i o l a t i o n s )
throws GridFai lureExcept ion {
i f ( t o t a l V i o l a t i o n s == null )

t o t a l V i o l a t i o n s = new Range [ ] { } ;
this . t o t a l V i o l a t i o n s = t o t a l V i o l a t i o n s ;

}

public Range [ ] getUsage ( ){
return this . usage ;

}

public void setUsage ( Range [ ] usage ) throws GridFai lureExcept ion {
i f ( usage == null )

usage = new Range [ ] { } ;
this . usage = usage ;

}
//end o f s e t t e r s and g e t t e r s

/∗∗
∗ Returns a copy o f the Po l i cy Template t ha t w i l l be
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∗ independent o f the o r i g i n a l when h i be rna t ed .
∗ More p r e c i s e l y , the IDs o f the template , o f the
∗ v i o l a t i o n s and o f the ranges are s e t to n u l l .
∗ The metr i c s ( used by the v i o l a t i o n s ) are shared .
∗/

public PolicyTemplate copyWithNullId ( ) {

PolicyTemplate copy = new PolicyTemplate ( ) ;
copy . s e tLabe l ( this . getLabe l ( ) ) ;
copy . s e t D e s c r i p t i o n ( this . g e tDe s c r i p t i on ( ) ) ;
copy . setStartTime ( ( GregorianCalendar ) this . getStartTime ( ) ) ;
copy . setEndTime ( ( GregorianCalendar ) this . getEndTime ( ) ) ;
copy . setNumOfBil l ingPeriodsForUsage

( this . getNumOfBil l ingPeriodsForUsage ( ) ) ;
copy . se tNumOfBi l l ingPer iodsForVio la t ions

( this . ge tNumOfBi l l ingPer iodsForVio lat ions ( ) ) ;
copy . s e t S t a t e ( this . g e tS ta t e ( ) ) ;

L i s t<Vio lat ion > newVio lat ions = new ArrayList<Vio lat ion >() ;
for ( V io l a t i on v : this . g e t V i o l a t i o n s ( ) ) {

newVio lat ions . add ( v . copyWithNullId ( ) ) ;
}
try {

copy . s e t V i o l a t i o n s ( newVio lat ions . toArray (new Vio l a t i on [ ] { } ) ) ;
} catch ( Gr idFai lureExcept ion ex ) {

ex . pr intStackTrace ( ) ;
}

List<Range> newTota lVio lat ions = new ArrayList<Range >() ;
for ( Range r : this . g e t T o t a l V i o l a t i o n s ( ) ) {

newTota lVio lat ions . add ( r . copyWithNullId ( ) ) ;
}
try {

copy . s e t T o t a l V i o l a t i o n s (
newTota lVio lat ions . toArray (new Range [ ] { } ) ) ;

} catch ( Gr idFai lureExcept ion ex ) {
ex . pr intStackTrace ( ) ;

}

List<Range> newUsage = new ArrayList<Range >() ;
for ( Range r : this . getUsage ( ) ) {

newUsage . add ( r . copyWithNullId ( ) ) ;
}
try {

copy . setUsage ( newUsage . toArray (new Range [ ] { } ) ) ;
} catch ( Gr idFai lureExcept ion ex ) {

ex . pr intStackTrace ( ) ;
}
return copy ;
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}

/∗∗
∗ Given a metr ic ’ s u r i and a con s t r a i n t type ,
∗ f i n d s i f t h e r e i s a matching v i o l a t i o n
∗ in t h i s p o l i c y temp la te .
∗ <p>
∗ I f a v i o l a t i o n i s found re turns the type o f the
∗ ac t i on t ha t needs to be taken , e l s e re turns n u l l .
∗ @param metricURI The URI o f the metr ic
∗ @param type The type o f the c on s t r a i n t breached
∗ @return The ac t i on t ha t needs to be taken
∗/

public St r ing e x i s t s V i o l a t i o n ( S t r ing metricURI , S t r ing type ){
St r ing ac t i on = null ;
V i o l a t i on [ ] v i o l a t i o n s = this . g e t V i o l a t i o n s ( ) ;
l o g g e r . i n f o ( ” metr ic URI = ”+metricURI+” type = ”+type+”\n” ) ;

for ( int i =0; i<v i o l a t i o n s . l ength ; i ++){
i f ( v i o l a t i o n s [ i ] . getMetr i c ( ) . getURI ( ) . equa l s ( metricURI )

&& v i o l a t i o n s [ i ] . getType ( ) . equa l s ( type ) ){
ac t i on = v i o l a t i o n s [ i ] . getAct ion ( ) ;
return ac t i on ;
//by d e f i n i t i o n , the metr ic ’ s u r i and the type de f i n e
// unambiguously a v i o l a t i o n so ,
// i f one i s found , i t ’ s the on ly one .

}
}
return ac t i on ;

}

/∗∗
∗ Finds the d i s coun t t ha t shou ld be app l i ed , g i ven the
∗ number o f v i o l a t i o n s .
∗ @param v i o l a t i o n s The number o f v i o l a t i o n s done
∗ @return The d i scoun t t ha t w i l l be app l i e d
∗/

public Double ge tDi scountForVio la t i ons ( I n t e g e r v i o l a t i o n s ){

for ( int i =0; i<t o t a l V i o l a t i o n s . l ength ; i ++){
i f ( t o t a l V i o l a t i o n s [ i ] . inRange ( v i o l a t i o n s . doubleValue ( ) ) ) {

return t o t a l V i o l a t i o n s [ i ] . getDiscount ( ) ;
}

}
return 0 . 0 ;

}

/∗∗
∗ Finds the d i s coun t t ha t shou ld be app l i ed , g i ven the
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∗ amount t ha t was b i l l e d to the user .
∗ @param amount The amount t ha t i s b i l l e d to the user
∗ @return The d i scoun t t ha t w i l l be app l i e d
∗/

public Double getDiscountForUsage ( BigDecimal amount ){

for ( int i =0; i<usage . l ength ; i ++){
i f ( usage [ i ] . inRange ( amount . doubleValue ( ) ) ) {

return usage [ i ] . getDiscount ( ) ;
}

}
return 0 . 0 ;

}

/∗∗
∗ Checks i f t h i s p o l i c y temp la te has exp i r ed .
∗ @return True i f the p o l i c y temp la te has exp i r ed .
∗/

public boolean hasExpired ( ){
GregorianCalendar now = new GregorianCalendar ( ) ;
i f (now . ge tT imeInMi l l i s ()>=this . endTimeDate . getTime ( ) ) {

return true ;
}
else return fa l se ;

}

/∗∗
∗ Checks i f t h i s p o l i c y temp la te i s i n a c t i v e .
∗ @return True i f the p o l i c y temp la te i s i n a c t i v e .
∗/

public boolean i s I n a c t i v e ( ){
GregorianCalendar now = new GregorianCalendar ( ) ;
i f (now . ge tT imeInMi l l i s ()<=this . startTimeDate . getTime ( ) ) {

return true ;
}
else return fa l se ;

}

/∗∗
∗ Checks the s t a t e o f t h i s p o l i c y temp la te
∗ @return −1 i f t h i s p o l i c y temp la te i s i n a c t i v e
∗ 0 i f i t ’ s a c t i v e
∗ 1 i f i t has exp i r ed
∗/

public int i s A c t i v e ( ){
GregorianCalendar now = new GregorianCalendar ( ) ;
i f (now . ge tT imeInMi l l i s ()<=this . startTimeDate . getTime ( ) ){

return −1;
}
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else i f (now . ge tT imeInMi l l i s ()>=this . endTimeDate . getTime ( ) ){
return 1 ;

}
else return 0 ;

}
}

Bþ.2 To arqeÐo PolicyTemplate.hbm.xml

<?xml version=” 1 .0 ”?>
< !−−
/////////////////////////////////////////////////////////////////
// //
// Created By: Katerina Marazopoulou //
// Created Date: 2008−03−10 //
// //
/////////////////////////////////////////////////////////////////
−−>

< !DOCTYPE hibernate−mapping PUBLIC
”−//Hibernate / Hibernate Mapping DTD 3.0//EN”
” h t t p : // h ibe rnate . s o u r c e f o r g e . net / hibernate−mapping−3.0 . dtd”>

<hibernate−mapping
package=”uk . ac . soton . i t i n n o v a t i o n . g r id . s e r v i c e . types ”>
<c l a s s name=” PolicyTemplate ” t a b l e=” Pol icyManager Pol icyTemplate ”>

<id name=” resourceID ”>
<generato r c l a s s=” uuid ”>

<param name=” separa to r ”>−</param>
</ generator>

</ id>

<property name=” l a b e l ”/>
<property name=” d e s c r i p t i o n ”/>
<property name=” startTimeDate ” a c c e s s=’ f i e l d ’ />
<property name=”endTimeDate” a c c e s s=’ f i e l d ’ />
<property name=” numOfBil l ingPeriodsForUsage ”/>
<property name=” numOfBi l l ingPer iodsForVio la t ions ”/>

<property name=” s t a t e ”>
<type name=
”uk . ac . soton . i t i n n o v a t i o n . g r id . s e r v i c e . types . EnumUserType”>

<param name=”enumClassName”>
uk . ac . soton . i t i n n o v a t i o n . g r id . s e r v i c e . types . Pol icyTemplateState

</param>
</ type>

</ property>
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<array name=” v i o l a t i o n s ” cascade=” save−update”>
<key column=” Pol icyTemplate id ”/>
<index column=” idx ” />
<one−to−many

c l a s s=”uk . ac . soton . i t i n n o v a t i o n . g r id . s e r v i c e . types . V io l a t i on ”/>
</ array>

<array name=” t o t a l V i o l a t i o n s ” cascade=” save−update”>
<key column=” Pol icyTemplate id ”/>
<index column=” idx ” />
<many−to−many

c l a s s=”uk . ac . soton . i t i n n o v a t i o n . g r id . s e r v i c e . types . Range”/>
</ array>

<array name=” usage ” cascade=” save−update”>
<key column=” Pol icyTemplate id ”/>
<index column=” idx ” />
<many−to−many

c l a s s=”uk . ac . soton . i t i n n o v a t i o n . g r id . s e r v i c e . types . Range”/>
</ array>

</ c l a s s>
</ hibernate−mapping>

Bþ.3 H kl�sh MyPolicyAdmin.java

package uk . ac . soton . i t i n n o v a t i o n . g r id . s e r v i c e . p o l i c y ;

/∗∗
∗ Manages the p o l i c i e s through the web−app l i c a t i o n .
∗/

public class MyPolicyAdmin {
private HttpServ letRequest r eque s t = null ;

private stat ic Logger l og = Logger . getLogger ( MyPolicyAdmin . class ) ;
private Logger the s i sLog = Logger . getLogger ( ” t h e s i s ” ) ;
private Po l i cySe rv i c e Imp l p o l i c y S e r v i c e = new Po l i cySe rv i c e Imp l ( ) ;
private PDP pdp =

(PDP) ImplementationFactory . g e t S i n g l e t o n I n s t a n c e (PDP. class ) ;

private int editorIDCount = 0 ;
private int editorSubIDCount = −1;
private St r ing ed i tor ID ( )
{return editorIDCount + ( editorSubIDCount == −1 ? ”” : ” , ”
+ editorSubIDCount ) ; }

public MyPolicyAdmin ( HttpServ letRequest r eque s t ) throws Stop {
this . r eque s t = reques t ;

}
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/∗∗ Checks whether t h i s r e que s t i s a POST reque s t t ha t asks
∗ to upload a new po l i c y , copy or d e l e t e an e x i s t i n g p o l i c y .
∗ @return A succe s s message , or n u l l i f no ac t i on was performed
∗/

public St r ing processPOST ( )
throws Stop , GridFai lureExcept ion , Fi leUploadException ,
IOException , XPathExpressionException {

l og . i n f o ( ”PolicyAdmin . processPOST ( ) ” ) ;
i f ( Fi leUpload . i sMult ipartContent ( r eques t ) ) {

return uploadFi leData ( ) ;
}
i f ( r eque s t . getParameter ( ” f i n i s h . p o l i c y . template ” ) != null ){

St r ing resourceID =
reques t . getParameter ( ” f i n i s h . p o l i c y . template . resourceID ” ) ;

try{
de l e t ePt ( resourceID ) ;

} catch ( Gr idFai lureExcept ion e ){
throw new Stop ( ”Could not d e l e t e Po l i cy template ’ ”

+ resourceID + ” : ” + e . getMessage ( ) ) ;
}
return ” Po l i cy template ’ ” + resourceID

+ ” ’ was s u c c e s s f u l l y de l e t ed . ” ;
}
i f ( r eques t . getParameter ( ”copy . p o l i c y . template ” ) != null ) {

St r ing resourceID =
reques t . getParameter ( ”copy . p o l i c y . template . resourceID ” ) ;

try {
copyPt ( resourceID ) ;

} catch ( Gr idFai lureExcept ion e ){
throw new Stop ( ” Error copying Po l i cy template : ”

+ e . getMessage ( ) ) ;
}
return ” Po l i cy template s u c c e s s f u l l y copied . ” ;

}
return null ;

}

/∗∗
∗ Copies the p o l i c y temp la te wi th the g iven id in t o a
∗ new one . The new po l i c y temp la te has a new id and a new l a b e l .
∗ The new id i s c rea t ed au t oma t i c a l l y and the l a b e l ’ s new va lue
∗ i s g i ven by the user .
∗ @param The id o f the p o l i c y temp la te t ha t w i l l be cop ied
∗/

private void copyPt ( St r ing resourceID )
throws GridFai lureExcept ion {

St r ing label =
reques t . getParameter ( ”copy . p o l i c y . template . l a b e l ” ) ;
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Biz facadeFactory f a c = Biz facadeFactory . i n s t ance ( ) ;
PolicyTemplateFacade pol icyTemplateFacade =

fac . getPol icyTemplateFacade ( ) ;
S t r ing newID =

policyTemplateFacade . copyTemplate ( resourceID , label ) ;
}

private St r ing uploadFi leData ( )
throws Stop , GridFai lureExcept ion , Fi leUploadException ,
IOException , XPathExpressionException {
// Check t ha t we have a f i l e upload r e que s t
DiskFi leUpload upload = new DiskFi leUpload ( ) ;
L i s t i tems = upload . parseRequest ( r eques t ) ;

F i l e I t em templa t eF i l e = null ;
S t r ing f i l eTyp e = null ;

for ( int i = 0 ; i < i tems . s i z e ( ) ; i++) {
Fi l e I tem item = ( Fi l e I tem ) items . get ( i ) ;
i f ( item . isFormFie ld ( ) ) {

i f ( item . getFieldName ( ) . equa l s ( ”add . p o l i c y . template ” ) )
f i l eTy pe = item . getFieldName ( ) ;

} else {
i f ( t emp la t eF i l e != null )

throw new RuntimeException ( ” Mult ip l e f i l e s uploaded : ”
+ item . getFieldName ( )
+ ” and ” + templa t eF i l e . getFieldName ( ) ) ;

t emp la t eF i l e = item ;
}

}
i f ( t emp la t eF i l e == null ) {

throw new Stop ( ”No form data in submiss ion ( t h i s may be due ”
+” to g e t t i n g logged out be f o r e submitt ing ) . ” ) ;

}
i f ( t emp la t eF i l e . g e t S i z e ( ) == 0){

throw new Stop ( ” S p e c i f i e d f i l e not found or could not be opened . ”
+”<br>Please s p e c i f y a v a l i d xml f i l e to upload . ” ) ;

}
Document xmlDoc = F i l e U t i l s . parseXML( templa t eF i l e . getInputStream ( ) ) ;
i f ( f i l eTyp e . equa l s ( ”add . p o l i c y . template ” ) ){

try {
p o l i c y S e r v i c e . createPolicyTemplateFromDoc ( xmlDoc ) ;

} catch ( Gr idFai lureExcept ion gex ) {
throw new Stop ( ” Error with Po l i cy template upload : ” , gex ) ;

}
return ” Po l i cy Template added” ;

}
return ”” ;

}
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/∗∗
∗ De l e t e s a p o l i c y temp la te . F i r s t checks i f the p o l i c y temp la te i s
∗ a s s o c i a t e d wi th an s l a temp la te and i f not i t d e l e t e s the p o l i c y
∗ t emp la te .
∗ @param resource Id The id o f the p o l i c y temp la te to be d e l e t e d
∗ @throws GridFai lureExcept ion
∗/

private void de l e t ePt ( St r ing r e s ou r c e Id ) throws GridFai lureExcept ion
{

Sess ionFactory f a c t o r y = S ing l e tonSe s s i onFac to ry . getFactory ( ) ;
S e s s i on h ibSe s s i on = f a c t o r y . openSess ion ( ) ;

try
{

Transact ion tx = h ibSe s s i on . beg inTransact ion ( ) ;

Pol icyTemplate pt =
( PolicyTemplate ) h ibSe s s i on . get ( PolicyTemplate . class , r e s ou r c e Id ) ;

L i s t r e s u l t =
h ibSe s s i on . createQuery ( ” s e l e c t s laTemplate . id ”

+”from SLATemplate s laTemplate ”
+ ”where slaTemplate . pol icyTemplate . id ”
+ ”= : ptID” )
. s e t S t r i n g ( ”ptID” , r e s ou r c e Id ) . l i s t ( ) ;

i f ( r e s u l t . s i z e () >0){
throw (new GridFai lureExcept ion

( ” Po l i cy Template in use . Cannot d e l e t e i t ” ) ) ;
}

for ( V io l a t i on v : pt . g e t V i o l a t i o n s ( ) ){
h ibSe s s i on . d e l e t e ( v ) ;

}

pt . s e t V i o l a t i o n s (new Vio l a t i on [ 0 ] ) ;

for ( Range r : pt . g e t T o t a l V i o l a t i o n s ( ) )
h ibSe s s i on . d e l e t e ( r ) ;

pt . s e t T o t a l V i o l a t i o n s (new Range [ 0 ] ) ;

for ( Range r : pt . getUsage ( ) )
h ibSe s s i on . d e l e t e ( r ) ;

pt . setUsage (new Range [ 0 ] ) ;

tx . commit ( ) ;
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}
f ina l ly
{

h ibSe s s i on . c l o s e ( ) ;
}
p o l i c y S e r v i c e . de l e tePo l i cyTemplate ( r e s ou r c e Id ) ;

}

/∗∗
∗ Shows the l i s t wi th the uploaded p o l i c y t emp la t e s in the
∗ management webpage .
∗ @throws IOException
∗/

public void showPol icyTemplateList ( Writer out ) throws IOException
{

St r ing [ ] Po l i cyTre source s = pdp . getResources
( PolicyTemplate .POLICY TEMPLATE RESOURCE TYPE, null , null ) ;

S t r ing [ ] s t a t e s = new St r ing [ Po l i cyTre source s . l ength ] ;
for ( int i=0 ; i<Pol i cyTre source s . l ength ; ++i )

s t a t e s [ i ] = pdp . ge tProce s sS ta t e ( Po l i cyTre source s [ i ] ) ;

Se s s ionFactory f a c t o r y = S ing l e tonSe s s i onFac to ry . getFactory ( ) ;
S e s s i on h ibSe s s i on = f a c t o r y . openSess ion ( ) ;

try
{

out . wr i t e ( ”<tab le><tr><th>Pol i cy Template ID</th><th>Label</th>”
+ ”<th>State </th><th>Actions </th></tr>” ) ;

int shown = 0 ;
for ( int i=0 ; i<Pol i cyTre source s . l ength ; ++i )
{

shown++;
St r ing r e sou r c e = Po l i cyTre source s [ i ] ;
S t r ing s t a t e = s t a t e s [ i ] ;

Pol icyTemplate pt =
( PolicyTemplate ) h ibSe s s i on . get ( PolicyTemplate . class , r e s ou r c e ) ;

i f ( pt==null ){
out . wr i t e ( ”<tr><td co l span =’4’>Could not f i n d Po l i cy ”

+ ”Template ” + re sou r c e + ”</td></tr>” ) ;
continue ;

}

St r ing resourceID = pt . getResourceID ( ) ;

// check and change s t a t u s
Po l i cySe rv i c e Imp l p o l i c y S e r v i c e = new Po l i cySe rv i c e Imp l ( ) ;
p o l i c y S e r v i c e . checkPtState ( pt ) ;
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h ibSe s s i on . saveOrUpdate ( pt ) ;

the s i sLog . i n f o ( ” s t a t e type = ”+pt . ge tS ta t e ( ) ) ;
the s i sLog . i n f o ( ” s t a t e pdp = ”+s t a t e ) ;

out . wr i t e ( ”<t r id =’row . ” + ed i tor ID ( ) + ” ’>\n” ) ;
// c l i c k on the resource id to see the temp la te ’ s d e t a i l s .
out . wr i t e ( ”<td><a h r e f =\”pol icyTemplate . j sp ? r e sou r c e=”

+ resourceID + ”\”>” + resourceID + ”</a></td>” ) ;
out . wr i t e ( ”<td>”+pt . getLabe l ()+”</td>” ) ;
out . wr i t e ( ”<td>”+pt . ge tS ta t e ()+”</td>” ) ;
out . wr i t e ( ”<td>” ) ;
out . wr i t e ( ”<a c l a s s =’button ’ h r e f =’ j a v a s c r i p t : copyPt (\” ”

+ ed i tor ID ( ) + ” \” , \”” + resourceID
+ ” \” , \”Copy o f ” + pt . getLabe l ( )
+ ”\”) ’>Copy</a> ” ) ;

out . wr i t e ( ”<a c l a s s =’button ’ ”
+ ” h r e f =’ j a v a s c r i p t : showDeletePtWarning (\” ”
+ ed i tor ID ( ) + ” \” , \”” + resourceID
+ ”\”) ’> Delete </a> ” ) ;

out . wr i t e ( ”</td>” ) ;
out . wr i t e ( ”</tr >\n” ) ;

editorIDCount++;
}
i f ( shown == 0) {

out . wr i t e ( ”<tr><td co l span =’4’>”
+”No Po l i cy Templates</td></tr>” ) ;

}
out . wr i t e ( ”</tab le >\n” ) ;

editorIDCount++;
}
f ina l ly
{

h ibSe s s i on . c l o s e ( ) ;
}

}

/∗∗
∗ Prin t s a v i o l a t i o n
∗ @param v The v i o l a t i o n to p r i n t
∗ @return The s t r i n g wi th html r e s u l t
∗/

private St r ing makeViolationHTML ( Vio l a t i on v ){
St r ing output=v . p r e t tyPr in t ( true ) ;
return ”<tr><td>” + v . getMetr i c ( ) . getURI ( ) + ”</td><td>”
+ output + ”</td><td>” + v . getAct ion ( ) + ”</td></tr>” ;

}
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private St r ing makeRangeHTML( Range r ){
St r ing output=r . p r e t tyPr in t ( true ) ;
return output ;

}

/∗∗
∗
∗ @param po l i cy ID The id o f the p o l i c y temp la te to p r i n t
∗ @return The s t r i n g wi th the html r e s u l t
∗ @throws IOException
∗ @throws Stop
∗/

public St r ing pr intPol i cyTemplate ( S t r ing po l i cyID )
throws IOException , Stop{

Ses s i on h ibSe s s i on =
S ing l e tonSe s s i onFac to ry . openThreadLocalSess ion ( ) ;

S t r ing output = ”” ;
S t r ing s t a t e = pdp . ge tProce s sS ta t e ( po l i cyID ) ;
try{

PolicyTemplate pt =
p o l i c y S e r v i c e . getPol icyTemplate ( h ibSess ion , po l i cyID ) ;

Po l i cySe rv i c e Imp l p o l i c y S e r v i c e = new Po l i cySe rv i c e Imp l ( ) ;
p o l i c y S e r v i c e . checkPtState ( pt ) ;
the s i sLog . i n f o ( ” s t a t e type = ”+pt . ge tS ta t e ( ) ) ;
the s i sLog . i n f o ( ” s t a t e pdp = ”+s t a t e ) ;

h ibSe s s i on . saveOrUpdate ( pt ) ;
output+= ”<h2>” + pt . getLabe l ( ) + ” ( ” + s t a t e + ”)</h2>” ;
output+= ”<div c l a s s =’ s e c t i o n ’>\n” ;
output+= ”<tab le >\n” ;
output+= ”<tr><th>Fie ld </th><th>Value</th></tr >\n” ;
output+= ”<tr><th>Resource ID</th><td>”

+ pt . getResourceID ( ) + ”</td></tr >\n” ;
output+= ”<tr><th>Descr ipt ion </th><td>” ;
output+=

( pt . g e tDe s c r i p t i o n ( ) != null ? pt . g e tDe s c r i p t i on ( ) : ”” )
+ ”</td></tr >\n” ;

output+= ”<tr><th>Star t Time</th><td>” ;
output+=

( pt . getStartTime ( ) != null ? pt . getStartTime ( ) . getTime ( ) : ”” )
+ ”</td></tr >\n” ;

output+= ”<tr><th>End Time</th><td>” ;
output+=

( pt . getEndTime ( ) != null ? pt . getEndTime ( ) . getTime ( ) : ”” )
+ ”</td></tr >\n” ;

output+= ”<tr><th>State </th><td>” ;
output+= pt . ge tS ta t e ( ) + ”</td></tr >\n” ;
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output+= ”</tab le >\n” ;

S t r ing outputV = ”” ;
try{

outputV+=”<tab le>”
+”<tr><th co l span =’3’> Actions upon Vio la t i ons </th></tr>”

+”<tr><th>Metric </th><th>Type</th><th>Action</th></tr>” ;
TreeSet<Vio lat ion > s o r t e d V i o l a t i o n s = new TreeSet<Vio lat ion >() ;
s o r t e d V i o l a t i o n s . addAll ( Arrays . a s L i s t ( pt . g e t V i o l a t i o n s ( ) ) ) ;
int shown = 0 ;
for ( V io l a t i on v : s o r t e d V i o l a t i o n s ) {

shown++;
outputV+= makeViolationHTML ( v ) ;

}
i f ( shown == 0) {

outputV+=”<tr><td>No Rules f o r Act ions upon V i o l a t i o n s ”
+”</td></tr>” ;

}
outputV+=”</tab le>” ;

}catch ( Exception e ){
throw new

GridFai lureExcept ion ( ” Error in d i s p l a y i n g v i o l a t i o n s ” , e ) ;
}
output+=outputV ;

St r ing outputTV = ”” ;
try{

outputTV+=”<tab le>”
+”<tr><th co l span =’2’>Total v i o l a t i o n s f o r SLA ( l a s t ”
+ pt . getNumOfBi l l ingPer iodsForVio lat ions ( )
+” b i l l i n g pe r i od s )</th></tr>” ;

TreeSet<Range> sortedTerms = new TreeSet<Range >() ;
sortedTerms . addAll ( Arrays . a s L i s t ( pt . g e t T o t a l V i o l a t i o n s ( ) ) ) ;
int shown = 0 ;
for ( Range r : sortedTerms ) {

shown++;
outputTV+= ”<tr><td>”+makeRangeHTML( r)+”</td></tr>” ;

}
i f ( shown == 0) {

outputTV+=”<tr><td>No Total V i o l a t i o n s term</td></tr>” ;
}
outputTV+=”</tab le>” ;

}catch ( Exception e ){
throw new GridFai lureExcept ion ( ” Error in ”

+” d i s p l a y i n g p r i c i n g terms ” , e ) ;
}
l og . i n f o ( ”Kate : outputTV = ”+outputTV ) ;
output+=outputTV ;
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St r ing outputUsage = ”” ;
try{

outputUsage+=”<tab le>”
+”<tr><th>Usage ( l a s t ”
+pt . getNumOfBil l ingPeriodsForUsage ( )
+” b i l l i n g pe r i od s )</th></tr>” ;

TreeSet<Range> sortedUsage = new TreeSet<Range >() ;
sortedUsage . addAll ( Arrays . a s L i s t ( pt . getUsage ( ) ) ) ;
int shown = 0 ;
for ( Range r : sortedUsage ) {

shown++;
outputUsage+= ”<tr><td>”+makeRangeHTML( r)+”</td></tr>” ;

}
i f ( shown == 0) {

outputUsage+=”<tr><td>No usage</td></tr>” ;
}
outputUsage+=”</tab le>” ;

}catch ( Exception e ){
throw new GridFai lureExcept ion ( ” Error in d i s p l a y i n g ”

+ ” permitted s e r v i c e s ” , e ) ;
}
output+=outputUsage ;

} f ina l ly {
S ing l e tonSe s s i onFac to ry . c l o s eThreadLoca lSe s s i on ( ) ;

}

output += ”</div>” ;
return output ;

}
}

Bþ.4 H kl�sh PolicyServiceImpl.java

package uk . ac . soton . i t i n n o v a t i o n . g r id . s e r v i c e . p o l i c y ;

public class Po l i cySe rv i c e Imp l {

private Logger l og = Logger . getLogger ( ge tC la s s ( ) ) ;
private Logger the s i sLog = Logger . getLogger ( ” t h e s i s ” ) ;
private PDP pdp =

(PDP) ImplementationFactory . g e t S i n g l e t o n I n s t a n c e (PDP. class ) ;

public Po l i cySe rv i c e Imp l ( ){
try {

ensurePo l i c i e sDep loyed ( ) ;
} catch ( Gr idFai lureExcept ion e ) {

e . pr intStackTrace ( ) ;
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}
}

public void ensurePo l i c i e sDep loyed ( ) throws GridFai lureExcept ion {
PBACUtils . ensureDeployed (

PolicyTemplate .POLICY TEMPLATE RESOURCE TYPE,
” po l i cy−template−p o l i c y . xml” ) ;

}

public St r ing createPolicyTemplateFromDoc ( Document xmlDoc )
throws GridFai lureExcept ion {

PolicyTemplate pt = null ;
Element root = xmlDoc . getDocumentElement ( ) ;
try {

pt = Ax i sUt i l s . elementToObject ( root , Pol icyTemplate . class ) ;
} catch ( RuntimeException rex ) {

try {
pt = getOldPolicyTemplateFromDoc ( xmlDoc ) ;

} catch ( XPathExpressionException xex ) {
throw new

GridFai lureExcept ion ( ” Error par s ing Po l i cy template ” , xex ) ;
}

}
PolicyTemplateFacade ptFacade =

Biz facadeFactory . i n s t anc e ( ) . getPol icyTemplateFacade ( ) ;
S t r ing resourceID = ptFacade . saveNewTemplate ( pt ) ;
return resourceID ;

}

/∗∗
∗ Parses an xml f i l e and c r ea t e s a new Po l i cy Template .
∗ @param xmlDoc The xml f i l e to parse
∗ @return The Po l i cy Template c rea t ed from the xml f i l e
∗ @throws GridFai lureExcept ion
∗ @throws XPathExpressionException
∗/

private PolicyTemplate getOldPolicyTemplateFromDoc ( Document xmlDoc )
throws GridFai lureExcept ion , XPathExpressionException {

i f ( ! xmlDoc . getDocumentElement ( ) . getTagName ( )
. equa l s ( ” pol icyTemplate ” ) )

throw new GridFai lureExcept ion (
+ ” I n c o r r e c t Po l i cy Template document . ”
+ ” Document root element must be ’ pol icyTemplate ’ not ’ ”
+ xmlDoc . getDocumentElement ( ) . getTagName()+” ’ ” ) ;

Pol icyTemplate p o l i c y t = new PolicyTemplate ( ) ;

l og . i n f o ( ”Making PolicyTemplate from xml document . ” ) ;

114



XPathFactory Xfactory=XPathFactory . newInstance ( ) ;
XPath xPath = Xfactory . newXPath ( ) ;
S t r ing label = getTextContent ( xPath , ”/ pol icyTemplate / l a b e l ” ,

xmlDoc , XPathConstants .NODE) ;
S t r ing desc = getTextContent ( xPath ,

”/ pol icyTemplate / d e s c r i p t i o n ” ,
xmlDoc , XPathConstants .NODE) ;

p o l i c y t . s e tLabe l ( label ) ;
p o l i c y t . s e t D e s c r i p t i o n ( desc ) ;
GregorianCalendar startTime = new GregorianCalendar (

I n t e g e r . pa r s e In t ( getTextContent ( xPath ,
”/ pol icyTemplate / startTime / year ” ,
xmlDoc , XPathConstants .NODE) ) ,

I n t e g e r . pa r s e In t ( getTextContent ( xPath ,
”/ pol icyTemplate / startTime /month” ,
xmlDoc , XPathConstants .NODE) ) ,

I n t e g e r . pa r s e In t ( getTextContent ( xPath ,
”/ pol icyTemplate / startTime /dayOfMonth” ,
xmlDoc , XPathConstants .NODE) ) ,

I n t e g e r . pa r s e In t ( getTextContent ( xPath ,
”/ pol icyTemplate / startTime /hour” ,
xmlDoc , XPathConstants .NODE) ) ,

I n t e g e r . pa r s e In t ( getTextContent ( xPath ,
”/ pol icyTemplate / startTime /minute” ,
xmlDoc , XPathConstants .NODE) )

) ;
startTime . s e tLen i en t ( fa l se ) ;
p o l i c y t . setStartTime ( startTime ) ;

GregorianCalendar endTime = new GregorianCalendar (
I n t e g e r . pa r s e In t ( getTextContent ( xPath ,

”/ pol icyTemplate /endTime/ year ” ,
xmlDoc , XPathConstants .NODE) ) ,

I n t e g e r . pa r s e In t ( getTextContent ( xPath ,
”/ pol icyTemplate /endTime/month” ,
xmlDoc , XPathConstants .NODE) ) ,

I n t e g e r . pa r s e In t ( getTextContent ( xPath ,
”/ pol icyTemplate /endTime/dayOfMonth” ,
xmlDoc , XPathConstants .NODE) ) ,

I n t e g e r . pa r s e In t ( getTextContent ( xPath ,
”/ pol icyTemplate /endTime/hour” ,
xmlDoc , XPathConstants .NODE) ) ,

I n t e g e r . pa r s e In t ( getTextContent ( xPath ,
”/ pol icyTemplate /endTime/minute” ,
xmlDoc , XPathConstants .NODE) )

) ;
endTime . s e tLen i en t ( fa l se ) ;
p o l i c y t . setEndTime ( endTime ) ;
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// check i f the s t a r t time i s < than the end time
i f ( p o l i c y t . getStartTime ( ) . compareTo ( p o l i c y t . getEndTime())>=0){

throw new
GridFai lureExcept ion ( ” Star t time must be be f o r e the end time . ” ) ;

}
// check i f the p o l i c y temp la te i s exp i r ed when crea ted .
GregorianCalendar now = new GregorianCalendar ( ) ;
i f (now . compareTo ( p o l i c y t . getEndTime())>=0){

throw new
GridFai lureExcept ion ( ”The p o l i c y template i s a l r eady exp i red . ” ) ;

}

//Add Vio l a t i on s
ArrayList<Vio lat ion > vL i s t = new ArrayList<Vio lat ion >() ;

NodeList vNodeList =
( NodeList ) xPath . eva luate ( ”/ pol icyTemplate / v i o l a t i o n s / v i o l a t i o n ” ,

xmlDoc , XPathConstants .NODESET) ;
vL i s t = getVio lat ionsFromNodeList ( vNodeList ) ;

p o l i c y t . s e t V i o l a t i o n s ( vL i s t . toArray (new Vio l a t i on [ ] { } ) ) ;

//Add range f o r t o t a l v i o l a t i o n s
ArrayList<Range> t o t a l V i o l a t i o n s L i s t = new ArrayList<Range >() ;

NodeList tvNodeList =
( NodeList ) xPath . eva luate (

”/ pol icyTemplate / h i s t o r y / t o t a l V i o l a t i o n s / range ” ,
xmlDoc , XPathConstants .NODESET) ;

t o t a l V i o l a t i o n s L i s t = getRangesFromNodeList ( tvNodeList ) ;

p o l i c y t . s e t T o t a l V i o l a t i o n s ( t o t a l V i o l a t i o n s L i s t . toArray (new Range [ ] { } ) ) ;

// Set b i l l i n g pe r i od s
St r ing numOfBi l l ingPer iodsSt rForVio la t ions =

( St r ing ) ( xPath . eva luate ( ”/ pol icyTemplate / h i s t o r y / t o t a l V i o l a t i o n s ”
+”/ @numOfBil l ingPeriods ” , xmlDoc ,
XPathConstants .STRING ) ) ;

I n t e g e r numOfBi l l ingPer iodsForVio la t ions =
new I n t e g e r ( numOfBi l l ingPer iodsSt rForVio la t ions ) ;

p o l i c y t . s e tNumOfBi l l ingPer iodsForVio la t ions
( numOfBi l l ingPer iodsForVio lat ions ) ;

//Add range f o r usage
ArrayList<Range> usageL i s t = new ArrayList<Range >() ;

NodeList usageNodeList =
( NodeList ) xPath . eva luate ( ”/ pol icyTemplate / h i s t o r y / usage / range ” ,
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xmlDoc , XPathConstants .NODESET) ;
u sageL i s t = getRangesFromNodeList ( usageNodeList ) ;

p o l i c y t . setUsage ( usageL i s t . toArray (new Range [ ] { } ) ) ;

// Set b i l l i n g pe r i od s
St r ing numOfBi l l ingPer iodsStr =

( St r ing ) ( xPath . eva luate ( ”/ pol icyTemplate / h i s t o r y / usage /”
+” @numOfBil l ingPeriods ” ,
xmlDoc , XPathConstants .STRING ) ) ;

I n t e g e r numOfBi l l ingPer iods = new I n t e g e r ( numOfBi l l ingPer iodsStr ) ;
p o l i c y t . setNumOfBil l ingPeriodsForUsage ( numOfBi l l ingPer iods ) ;

l og . i n f o ( ”makePolicyTemplate ” +p o l i c y t ) ;
return p o l i c y t ;

}

private St r ing getTextContent (XPath xPath ,
S t r ing query , Document xmlDoc , QName type ) {
try {

return XMLUtils . getChi ldCharacterData (
( Element ) xPath . eva luate ( query , xmlDoc , type ) ) ;

} catch ( Exception ex ) {
throw new RuntimeException ( ex ) ;

}
}

private St r ing getTextContent (XPath xPath ,
S t r ing query , Element element , QName type ) {
try {

return XMLUtils . getChi ldCharacterData (
( Element ) xPath . eva luate ( query , element , type ) ) ;

} catch ( Exception ex ) {
throw new RuntimeException ( ex ) ;

}
}

/∗∗
∗ Creates a l i s t o f Ranges from a c o l l e c t i o n o f nodes
∗ t h a t in the xml f i l e r ep r e s en t a l i s t o f ranges . In
∗ a po l i c y ’ s xml f i l e , t h e r e are two d i f f e r e n t l i s t o f
∗ ranges : <t o t a lV i o l a t i o n s > and <usage >.
∗ @param rNodeList
∗ @return
∗ @throws GridFai lureExcept ion
∗ @throws XPathExpressionException
∗/

private ArrayList<Range> getRangesFromNodeList ( NodeList rNodeList )
throws GridFai lureExcept ion , XPathExpressionException {
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XPathFactory Xfactory=XPathFactory . newInstance ( ) ;
XPath xPath = Xfactory . newXPath ( ) ;
ArrayList<Range> r L i s t = new ArrayList<Range >() ;
for ( int i=0 ; i < rNodeList . getLength ( ) ; i++) {

Element element = ( Element ) rNodeList . item ( i ) ;
Double lowerBound =

Double . parseDouble ( getTextContent ( xPath , ” lowerBound” ,
element , XPathConstants .NODE) ) ;

Double upperBound =
Double . parseDouble ( getTextContent ( xPath , ”upperBound” ,

element , XPathConstants .NODE) ) ;
Double d i scount =

Double . parseDouble ( getTextContent ( xPath , ” d i s count ” ,
element , XPathConstants .NODE) ) ;

// check i f d i s coun t i s between 0−100
i f ( d iscount <0 | | discount >100){

throw new
GridFai lureExcept ion

( ” Discount va lue s must be between 0 and 100 . ” ) ;
}

// check i f lower bound i s >=0
i f ( lowerBound <0){

throw new
GridFai lureExcept ion ( ”Lower bound must not be negat ive . ” ) ;

}

// check i f lower bound i s <= than upper bound
i f ( upperBound!=−1 && lowerBound>upperBound ){

throw new
GridFai lureExcept ion

( ”Lower bound must be <= than the upper bound . ” ) ;
}

Range r = new Range ( ) ;
r . setLowerBound ( lowerBound ) ;
r . setUpperBound ( upperBound ) ;
r . s e tDi scount ( d i scount ) ;

r L i s t . add ( ( Range ) r ) ;

for ( int j =0; j<i ; j ++){
i f ( r L i s t . get ( i ) . over lapp ing ( r L i s t . get ( j ) ) ){

throw new
GridFai lureExcept ion ( ”Ranges must not be over lapp ing . ” ) ;

}
}
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}
return r L i s t ;

}

/∗∗
∗ Creates a l i s t o f V io l a t i on s from the <v i o l a t i o n s > element
∗ o f the p o l i c y ’ s xml f i l e .
∗ @param v i o l a t i onNodeL i s t The NodeList t h a t
∗ r ep r e s en t s the <v i o l a t i o n s > element
∗ @return A ArrayLis t wi th the V io l a t i on s
∗ @throws GridFai lureExcept ion
∗ @throws XPathExpressionException
∗/

private ArrayList<Vio lat ion > getVio lat ionsFromNodeList
( NodeList v i o l a t i onNodeL i s t )
throws GridFai lureExcept ion , XPathExpressionException {

XPathFactory Xfactory=XPathFactory . newInstance ( ) ;
XPath xPath = Xfactory . newXPath ( ) ;
ArrayList<Vio lat ion > vL i s t = new ArrayList<Vio lat ion >() ;
for ( int i=0 ; i < v i o l a t i onNodeL i s t . getLength ( ) ; i++) {

Element element = ( Element ) v i o l a t i onNodeL i s t . item ( i ) ;
S t r ing ac t i on = getTextContent ( xPath , ” ac t i on ” ,

element , XPathConstants .NODE) ;
S t r ing type = getTextContent ( xPath , ” type ” , element ,

XPathConstants .NODE) ;
V io l a t i on v = new Vio l a t i on ( ) ;
v . s e tMet r i c ( getMetricFromDoc ( ( NodeList ) xPath . eva luate ( ” metr ic ” ,

element , XPathConstants .NODESET) ) ) ;
v . s e tAct ion ( ac t i on ) ;

v . setType ( type ) ;
vL i s t . add ( v ) ;

for ( int j =0; j<i ; j++){
i f ( vL i s t . get ( i ) . getMetr i c ( ) . getURI ( ) . equa l s
( vL i s t . get ( j ) . getMetr i c ( ) . getURI ( ) )
&& vLi s t . get ( i ) . getType ( ) . equa l s ( vL i s t . get ( j ) . getType ( ) ) ){
throw new

GridFai lureExcept ion ( ” D i f f e r e n t v i o l a t i o n s on the ”
+”same metr ic and with the same ”
+” type are not a l lowed . ” ) ;

}
}

}

return vL i s t ;
}

/∗∗
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∗ Creates a Metric from a c o l l e c t i o n o f nodes t ha t r ep r e s en t
∗ a metr ic in an xml document ( namely the <metric> element ) .
∗ @param elements The n o d e l i s t t h a t r ep r e s en t s the metr ic
∗ @return The Metric c rea t ed
∗ @throws XPathExpressionException
∗/

private Metric getMetricFromDoc ( NodeList e lements )
throws XPathExpressionException {

Element element = ( Element ) e lements . item ( 0 ) ;
XPathFactory Xfactory = XPathFactory . newInstance ( ) ;
XPath xPath = Xfactory . newXPath ( ) ;

Metric metr ic = new Metric ( ) ;
S t r ing u r i = getTextContent

( xPath , ” u r i ” , element , XPathConstants .NODE) ;
S t r ing d e s c r i p t i o n = getTextContent

( xPath , ” d e s c r i p t i o n / d e s c r i p t i o n ” ,
element , XPathConstants .NODE) ;

S t r ing p l u r a l D e s c r i p t i o n = getTextContent
( xPath , ” d e s c r i p t i o n / p l u r a l ” ,

element , XPathConstants .NODE) ;
S t r ing in s tan taneousDes c r i p t i on = getTextContent

( xPath , ” d e s c r i p t i o n / ins tantaneous ” , element , XPathConstants .NODE) ;
S t r ing cumulat iveDesc r ip t ion = getTextContent

( xPath , ” d e s c r i p t i o n / cumulat ive ” , element , XPathConstants .NODE) ;
S t r ing ins tantaneousUni t s = getTextContent

( xPath , ” un i t s / ins tantaneous ” , element , XPathConstants .NODE) ;
S t r ing cumulat iveUnits = getTextContent

( xPath , ” un i t s / cumulat ive ” , element , XPathConstants .NODE) ;
S t r ing metricType = ( St r ing )

( xPath . eva luate ( ”@type” , element ,
XPathConstants .STRING ) ) ;

S t r ing unitType = ( St r ing )
( xPath . eva luate ( ” un i t s /@type” , element ,

XPathConstants .STRING ) ) ;

metr ic . setURI ( u r i ) ;
metr ic . s e t D e s c r i p t i o n ( d e s c r i p t i o n ) ;
metr ic . s e t P l u r a l D e s c r i p t i o n ( p l u r a l D e s c r i p t i o n ) ;
metr ic . s e t In s t a n ta n eo u s De s c r i p t i o n ( in s tan taneousDes c r i p t i on ) ;
metr ic . s e tCumulat iveDescr ipt ion ( cumulat iveDesc r ip t ion ) ;
metr ic . s e t In s tantaneousUn i t s ( in s tantaneousUni t s ) ;
metr ic . setCumulat iveUnits ( cumulat iveUnits ) ;
metr ic . setType ( metricType ) ;
metr ic . setUnitType ( unitType ) ;

return metr ic ;
}
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/∗∗
∗ Ret r i e v e s the p o l i c y temp la te wi th the s p e c i f i e d id .
∗ @param se s s i on
∗ @param resourceID The id o f the p o l i c y temp la te to r e t r i e v e .
∗ @return The po l i c y temp la te wi th the s p e c i f i e d id
∗ @throws GridFai lureExcept ion
∗/

public PolicyTemplate getPol icyTemplate ( Se s s i on s e s s i on ,
S t r ing resourceID )

throws GridFai lureExcept ion {
PolicyTemplate pt =

( PolicyTemplate ) s e s s i o n . get ( Pol icyTemplate . class , r e sourceID ) ;
i f ( pt == null )

throw new
GridFai lureExcept ion ( ”Could not f i n d Po l i cy Template ”

+ resourceID ) ;
return pt ;

}

/∗∗
∗ Changes the p o l i c y temp la te ’ s s t a t e from i n a c t i v e to a c t i v e .
∗ @param resourceID The id o f the p o l i c y temp la te to a c t i v a t e
∗ @throws GridFai lureExcept ion
∗/

public void act ivatePo l i cyTemplate ( S t r ing resourceID )
throws GridFai lureExcept ion {
try{

pdp . lockForAdmin ( resourceID , ” a c t i v a t e ” ) ;
//pdp . s i g n a l ( resourceID , ” a c t i v a t e ” ) ;

Ses s i on s e s s i o n = S ing l e tonSe s s i onFac to ry . openThreadLocalSess ion ( ) ;

try{
pdp . s i g n a l ( resourceID , ” a c t i v a t e ” ) ;
Transact ion tx = s e s s i o n . beg inTransact ion ( ) ;
Pol icyTemplate pt = getPo l i cyTemplate Inte rna l ( resourceID ) ;
the s i sLog . i n f o ( ”3 s e t t i n g s t a t e o f p o l i c y template to a c t i v e ” ) ;
pt . s e t S t a t e ( Pol icyTemplateState .ACTIVE) ;
s e s s i o n . saveOrUpdate ( pt ) ;
tx . commit ( ) ;

}
catch ( Gr idFai lureExcept ion e ) {

i f ( s e s s i o n . getTransact ion ( ) != null )
s e s s i o n . getTransact ion ( ) . r o l l b a c k ( ) ;

throw e ;
}
catch ( Throwable e ) {

i f ( s e s s i o n . getTransact ion ( ) != null )
s e s s i o n . getTransact ion ( ) . r o l l b a c k ( ) ;
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throw new GridErrorException ( ”” , e ) ;
}
f ina l ly {

S ing l e tonSe s s i onFac to ry . c l o s eThreadLoca lSe s s i on ( ) ;
}

} f ina l ly {
pdp . unlock ( resourceID ) ;

}
}

/∗∗
∗ Changes the p o l i c y temp la te ’ s s t a t e from ac t i v e to exp i r ed .
∗ @param resourceID The id o f the p o l i c y temp la te
∗ @throws GridFai lureExcept ion
∗/

public void expiredPol icyTemplate ( S t r ing resourceID )
throws GridFai lureExcept ion {
try{

pdp . lockForAdmin ( resourceID , ” e x p i r e s ” ) ;
//pdp . s i g n a l ( resourceID , ” e xp i r e s ” ) ;

Ses s i on s e s s i o n =
S ing l e tonSe s s i onFac to ry . openThreadLocalSess ion ( ) ;

try{
pdp . s i g n a l ( resourceID , ” e x p i r e s ” ) ;
Transact ion tx = s e s s i o n . beg inTransact ion ( ) ;
Pol icyTemplate pt = getPo l i cyTemplate Inte rna l ( resourceID ) ;
pt . s e t S t a t e ( Pol icyTemplateState .EXPIRED) ;
s e s s i o n . saveOrUpdate ( pt ) ;
tx . commit ( ) ;

}
catch ( Gr idFai lureExcept ion e ) {

i f ( s e s s i o n . getTransact ion ( ) != null )
s e s s i o n . getTransact ion ( ) . r o l l b a c k ( ) ;

throw e ;
}
catch ( Throwable e ) {

i f ( s e s s i o n . getTransact ion ( ) != null )
s e s s i o n . getTransact ion ( ) . r o l l b a c k ( ) ;

throw new GridErrorException ( ”” , e ) ;
}
f ina l ly {

S ing l e tonSe s s i onFac to ry . c l o s eThreadLoca lSe s s i on ( ) ;
}

} f ina l ly {
pdp . unlock ( resourceID ) ;

}
}
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/∗∗
∗ De l e t e s the p o l i c y temp la te wi th the g iven id .
∗ @param resourceID The id o f the p o l i c y temp la te
∗ t h a t w i l l be d e l e t e d
∗ @throws GridFai lureExcept ion
∗/

public void de le tePo l i cyTemplate ( S t r ing resourceID )
throws GridFai lureExcept ion {
try{

pdp . lockForAdmin ( resourceID , ” f i n i s h ” ) ;
pdp . s i g n a l ( resourceID , ” f i n i s h ” ) ;

} f ina l ly {
pdp . unlock ( resourceID ) ;

}
}

/∗∗
∗ Requires a Hibernate s e s s i on and an open t ran sac t i on .
∗/

private PolicyTemplate ge tPo l i cyTemplate Inte rna l ( S t r ing r e s ou r c e Id ) {
PolicyTemplateDAO policyTempalteDao =

DAOFactory . i n s t anc e ( ) . getPolicyTemplateDAO ( ) ;
Pol icyTemplate pt =

policyTempalteDao . f indByResourceId ( r e s ou r c e Id ) ;
i f ( pt == null ) {

throw new GridErrorException ( ”Can ’ t f i n d p o l i c y template ’ ”
+ re sou r c e Id + ” ’ ! ” ) ;

}
return pt ;

}

/∗∗
∗ Checks i f the s t a t e o f the p o l i c y temp la te shou ld
∗ be changed . This happens i f the s t a t e i s ACTIVE
∗ but the temp la te ’ s end time has passed or i f the
∗ s t a t e i s INACTIVE but the curren t time i s a f t e r
∗ the temp la te ’ s s t a r t time .
∗ @param pt The p o l i c y temp la te to check
∗/

public void checkPtState ( PolicyTemplate pt ){
// shou ld be t r an s i t i o n e d to exp i r ed
i f ( pt . g e tS ta t e ( ) . equa l s ( Pol icyTemplateState .ACTIVE)

&& pt . hasExpired ( ) ){
try {

this . expiredPol icyTemplate ( pt . getResourceID ( ) ) ;
} catch ( Gr idFai lureExcept ion e ) {

l og . i n f o ( ”Could not s e t pt to exp i red s t a t e ” ) ;
the s i sLog . i n f o ( ” could not s e t pt to exp i red s t a t e ” ) ;
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e . pr intStackTrace ( ) ;
}

}
// i s i n a c t i v e and shou ld be t r an s i t i o n e d to a c t i v e
else i f ( pt . g e tS ta t e ( ) . equa l s ( Pol icyTemplateState . INACTIVE)

&& ! pt . i s I n a c t i v e ( ) ){
try {

this . ac t ivatePo l i cyTemplate ( pt . getResourceID ( ) ) ;
} catch ( Gr idFai lureExcept ion e ) {

l og . i n f o ( ”Could not s e t pt to a c t i v e s t a t e ” ) ;
the s i sLog . i n f o ( ” could not s e t pt to a c t i v e s t a t e ” ) ;
e . pr intStackTrace ( ) ;

}
}

}
}

Bþ.5 H kl�sh SLA.java

Bþ.5.1 H mèjodoc sendBills

//This i s the method t ha t f i n a l l y b i l l s the account
// i t i s c a l l e d at the end o f each b i l l i n g per iod
// check here i f the p o l i c y temp la te s p e c i f i e s a d i s coun t
public void s e n d B i l l s ( L i s t<Per i odB i l l > b i l l s )
throws GridFai lureExcept ion {

SLAServiceImpl s l a S e r v i c e =
( SLAServiceImpl ) ImplementationFactory . g e t S i n g l e t o n I n s t a n c e

( SLAServiceSOAP . class ) ;
S t r ing resourceID = this . getResourceID ( ) ;
TradeAccountConversation account =

s l a S e r v i c e . getAccount ( this . getAccount ( ) ) ;

//Katerina Marazopoulou : code added
// check i f the p o l i c y temp la te s p e c i f i e s a d i s coun t
PolicyTemplate pt = s l a t . getPol icyTemplate ( ) ;

i f ( pt !=null ){
// every time we use a p o l i c y template ,
//we must check i f i t has exp i r ed

Po l i cySe rv i c e Imp l p o l i c y S e r v i c e = new Po l i cySe rv i c e Imp l ( ) ;
p o l i c y S e r v i c e . checkPtState ( pt ) ;

i f ( ! pt . g e tS ta t e ( ) . equa l s ( Pol icyTemplateState .ACTIVE)){
pt = null ; // the pt i s e xp i r ed or inac t i v e , so i gnore i t

}
}
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Double d i scount = 1 . 0 ; // t o t a l d i scount ,
// to be mu l t i p l i e d d i r e c t l y wi th the amount

Double d i scount1 = 0 . 0 ; //%di scount due to v i o l a t i o n s
Double d i scount2 = 0 . 0 ; //%di scount due to usage
i f ( pt !=null ){ // the r e i s a p o l i c y temp la te

//compute the usage f o r t h i s b i l l i n g per iod
BigDecimal curPr i c e = BigDecimal .ZERO;
for ( P e r i o d B i l l b i l l : b i l l s ) {

t h e s i s B i l l . i n f o ( ” B i l l : ” + b i l l ) ;
cu rPr i c e = curPr i c e . add ( b i l l . g e tPr i c e ( ) ) ;

}
this . getUsagePerBP ( ) . add ( curPr i c e ) ;

i f ( pt . g e t T o t a l V i o l a t i o n s () != null ){
// the r e i s a p o l i c y temp la te and t e l l s something
// about t o t a l v i o l a t i o n s

// take in t o cons i d e ra t i on the s l a ’ s t o t a l v i o l a t i o n s
i f ( pt . getNumOfBi l l ingPer iodsForVio lat ions ( ) . equa l s

( this . v io lat ionsPerBP . s i z e ( ) ) ) {
// i t ’ s time to app ly the d i s coun t
di scount1 =

pt . ge tDi s countForVio la t i ons ( this . takeViolat ionsForBP ( ) ) ;
//we c l e a r the l i s t so we can s t a r t count ing
// v i o l a t i o n s f o r the next s e t o f s p e c i f i e d
// b i l l i n g pe r iod s
vio lat ionsPerBP . c l e a r ( ) ;

}

// a f t e r computing the discount ,
// c r ea t e the next e lement f o r the v i o l a t i o n ’ s l i s t
this . getVio lat ionsPerBP ( ) . add (new I n t e g e r ( 0 ) ) ;

}

i f ( pt . getUsage () != null ){
// the r e i s a p o l i c y temp la te and t e l l s something
// about t o t a l amount b i l l e d to the user

// take in t o cons i d e ra t i on the t o t a l amount
// b i l l e d the l a s t x b i l l i n g pe r iod s
i f ( pt . getNumOfBil l ingPeriodsForUsage ( ) . equa l s

( usagePerBP . s i z e ( ) ) ) {
di scount2 =

pt . getDiscountForUsage ( this . takeBilledAmountForBP ( ) ) ;
usagePerBP . c l e a r ( ) ;

}
}
// f i nd the t o t a l d i s coun t
di scount = (100 − di scount1 )∗ (100 − di scount2 )/10000 ;
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}
//Katerina Marazopoulou : end o f code added

i f ( account != null ) {
try {

for ( P e r i o d B i l l b i l l : b i l l s ) {
l o g g e r . debug ( ” B i l l : ” + b i l l ) ;
BigDecimal p r i c e = b i l l . g e tPr i c e ( ) ;
//Katerina Marazopoulou : code added
//compute the f i n a l b i l l ,
// t a k ing the d i s coun t in t o cons i d e ra t i on
p r i c e = p r i c e . mult ip ly (new BigDecimal ( d i s count ) ) ;
//Katerina Marazopoulou : end o f code added
St r ing message = ” Period ”

+ isoDate . format ( b i l l . g e tS ta r t ( ) . getTime ( ) )
+ ” to ”
+ isoDate . format ( b i l l . getEnd ( ) . getTime ( ) )
+ ” :\n”
+ b i l l . g e tDe s c r i p t i o n ( ) ;

account . b i l l ( null , p r i c e , b i l l . getCurrency ( ) ,
resourceID , message ) ;

this . s e tLas tB i l lT ime ( b i l l . getEnd ( ) ) ;
}

} catch ( RemoteException ex ) {
i f ( Ax i sUt i l s . remoteExcept ionIs ( ex ,

Act ionCurrent lyUnavai lab leExcept ion . class ) ) {
// then the account may be c l o s ed or suspended
// e t c and we must suspend the SLA
St r ing msg = ”Cannot b i l l to account ” +

ConversationID . getURLReferenceFromEPR ( this . getAccount ( ) )
+ ” because b i l l a c t i on i s unava i l ab l e . SLA i s ”
+ this . getResourceID ( ) ;

throw new GridFai lureExcept ion (msg , ex ) ;
} else {

throw new GridErrorException ( ” Fa i l ed to b i l l account ”
+ ConversationID . getURLReferenceFromEPR ( this . getAccount ( ) ) , ex ) ;

}
}

}
}

Bþ.6 H kl�sh ConstraintManagerImpl.java

Bþ.6.1 H mèjodoc getActionsForSLA

private List<ManagementAction> getActionsForSLA (SLA s l a ) {
UsageReportFacade usageFacade =

Biz facadeFactory . i n s t anc e ( ) . getUsageReportFacade ( ) ;
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List<ManagementAction> a c t i o n s = new ArrayList<ManagementAction >() ;
Set<Act iv i ty > ac t i v i t i e sToHand l e = new HashSet<Act iv i ty >() ;
Map<SLA, Lis t<Act iv i ty >> act iv i t i e sBySLA =
new HashMap<SLA, Lis t<Act iv i ty >>();

Metr ic metr ic ;
double amount ;

GregorianCalendar now = new GregorianCalendar ( ) ;

// f i nd which ( i f any ) o f the SLA ’ s c on s t r a i n t s have been breached
Set<Constra int> breached = new HashSet<Constraint >() ;

for ( Constra int c o n s t r a i n t : s l a . g e tCons t ra in t s ( ) ) {
metr ic = c o n s t r a i n t . getMetr i c ( ) ;
try {

i f ( c o n s t r a i n t . type == UsageType .INSTANTANEOUS) {
amount = usageFacade . getRate ( s l a . ge t Id ( ) ,

metric ,
now . ge tT imeInMi l l i s ( ) ) ;

} else { // UsageType .CUMULATIVE
amount = usageFacade . getUsageInPer iod ( s l a . ge t Id ( ) ,

metric ,
( ( GregorianCalendar ) c o n s t r a i n t .
findTimeSpan (now ) [ 0 ] ) . ge tT imeInMi l l i s ( ) ,
now . ge tT imeInMi l l i s ( ) ) ;

}
i f ( c o n s t r a i n t . hasBreach ( amount ) ) {

breached . add ( c o n s t r a i n t ) ;
}

} catch ( I l l ega lArgumentExcept ion ex ) {
// means t ha t the con s t r a i n t i s not v a l i d at t h i s time
//or we have had no usage on t ha t metr ic : j u s t i gnore

}
}

//Katerina Marazopoulou : code added

SLATemplate s l a t = s l a . g e t S l a t ( ) ;
Pol icyTemplate pt = null ;

pt = s l a t . getPol icyTemplate ( ) ;
i f ( pt !=null ){

// every time we use a p o l i c y template ,
//we must check i f i t has exp i r ed
Po l i cySe rv i c e Imp l p o l i c y S e r v i c e = new Po l i cySe rv i c e Imp l ( ) ;
p o l i c y S e r v i c e . checkPtState ( pt ) ;

i f ( ! pt . g e tS ta t e ( ) . equa l s ( Pol icyTemplateState .ACTIVE)){
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pt = null ; // the pt i s e xp i r ed or inac t i v e , so i gnore i t
}

}

i f ( pt !=null ){ // the r e i s a p o l i c y temp la te
// count v i o l a t i o n s
Set<Constra int> a = new HashSet<Constra int >() ;
a . addAll ( s l a . getLastBreached ( ) ) ;
//a conta ins the v i o l a t i o n s t ha t were breached the l a s t time
Set<Constra int> b = new HashSet<Constra int >() ;
b . addAll ( breached ) ;
//b conta ins the v i o l a t i o n s t ha t were breached t h i s time
a . r e t a i n A l l ( breached ) ;
//now a i s the i n t e r s e c t i o n o f the two s e t s
b . removeAll ( a ) ;
//now b conta ins on ly the new con s t r a i n t s
int numOfNewViolations = b . s i z e ( ) ;

i f ( numOfNewViolations >0){
s l a . increaseVio lat ionsForSLA ( numOfNewViolations ) ;

}
}

//renew the l a s t breached s e t o f the s l a
//whether t he r e i s a p o l i c y or not
try {

Ses s i on c u r r e n t S e s s i o n =
S ing l e tonSe s s i onFac to ry . getFactory ( ) . ge tCurrentSes s i on ( ) ;

s l a . setLastBreached ( breached ) ;
c u r r e n t S e s s i o n . saveOrUpdate ( s l a ) ;

} catch ( Gr idFai lureExcept ion e ) {
e . pr intStackTrace ( ) ;

}

//a s e t t ha t w i l l conta in the a c t i v i t i e s t h a t need to be n o t i f i e d
Set<Act iv i ty > checkI fToNot i fy = new HashSet<Act iv i ty >() ;
boolean not i f i c a t i onFound = fa l se ;
//Katerina Marazopoulou : end o f code added

for ( Constra int c o n s t r a i n t : breached ) {
metr ic = c o n s t r a i n t . getMetr i c ( ) ;

S t r ing debug = ”” ;

I t e r a t o r <Act iv i ty > i t e r = s l a . i t e r a t e A c t i v i t i e s ( ) ;

i f ( c o n s t r a i n t . type == UsageType .CUMULATIVE) {
// we must k i l l a l l a c t i v i t i e s in the SLA with
//a non−zero ra t e f o r the cons t ra ined metr ic
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while ( i t e r . hasNext ( ) ) {
Act iv i ty a c t i v i t y = i t e r . next ( ) ;
i f ( usageFacade . getRate ( a c t i v i t y . ge t Id ( ) ,

metric ,
now . ge tT imeInMi l l i s ( ) ) > 0) {

ac t i v i t i e sToHand l e . add ( a c t i v i t y ) ;
debug += ”\n” + a c t i v i t y . getResourceID ( ) ;

}
}

} else { // i t l im i t s ra t e
// We must k i l l enough a c t i v i t i e s in the SLA with
// a non−zero ra t e f o r the cons t ra ined metr ic .
// Po s s i b l e s t r a t e g i e s :
// 1 . Sort by a c t i v i t y s t a r t time and add
// the newest to the k i l l s e t t i l l we have enough .
// 2 . Sort by usage o f the metr ic and add
// the sma l l e s t to the k i l l s e t t i l l we have enough .
// 3 . . . .

// This i s cho ice 1 :

// choose s u f f i c i e n t ’ cand ida te s ’ to b r ing the ra t e down
// doub le s laRate = s l a . getRate ( metric , now ) ;
double s laRate = usageFacade . getRate ( s l a . ge t Id ( ) ,

metric , now . ge tT imeInMi l l i s ( ) ) ;

while ( i t e r . hasNext ( ) ) {
Act iv i ty a c t i v i t y = i t e r . next ( ) ;
double ac t i v i t yRat e = usageFacade . getRate ( a c t i v i t y . ge t Id ( ) ,

metric , now . ge tT imeInMi l l i s ( ) ) ;

i f ( a c t i v i t yRat e > 0) {
ac t i v i t i e sToHand l e . add ( a c t i v i t y ) ;
debug += ”\n” + a c t i v i t y . getResourceID ( ) ;
s laRate −= a ct i v i t yR at e ;
i f ( ! c o n s t r a i n t . hasBreach ( s laRate ) ) {

break ;
}

}
}

}

//Katerina Marazopoulou : code added

i f ( pt==null ){ // no po l i c y temp la te as soc ia t ed ,
//do whatever you were doing b e f o r e p o l i c i e s

for ( Ac t i v i ty a c t i v i t y : a c t i v i t i e sToHand l e ) {
a c t i o n s . add (new K i l l A c t i v i t y A c t i o n ( a c t i v i t y ) ) ;

}
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}
else { // the r e i s a p o l i c y temp la te

St r ing ac t i on =
pt . e x i s t s V i o l a t i o n ( metr ic . getURI ( ) , c o n s t r a i n t . getType ( ) ) ;

i f ( ac t i on !=null ){ // v i o l a t i o n e x i s t s
i f ( ac t i on . equa l s ( ” k i l l ” ) ){

for ( Ac t i v i ty a c t i v i t y : a c t i v i t i e sToHand l e ) {
a c t i o n s . add (new K i l l A c t i v i t y A c t i o n ( a c t i v i t y ) ) ;

}
}
else i f ( ac t i on . equa l s ( ” n o t i f y ” ) ){

checkI fToNot i fy . addAll ( a c t i v i t i e sToHand l e ) ;
no t i f i c a t i onFound = true ;

}
}
else {//do whatever you were doing b e f o r e

for ( Ac t i v i ty a c t i v i t y : a c t i v i t i e sToHand l e ) {
a c t i o n s . add (new K i l l A c t i v i t y A c t i o n ( a c t i v i t y ) ) ;

}
}

}
} //end o f c on s t r a i n t for−l oop

i f ( no t i f i c a t i onFound ){ // the r e are a c t i v i t i e s to n o t i f y
Set<Act iv i ty > act1 = new HashSet<Act iv i ty >() ;
act1 . addAll ( s l a . g e t A c t i v i t i e s N o t i f i e d ( ) ) ;
// act1 conta ins the a c t i v i t i e s t ha t were n o t i f i e d the l a s t time
Set<Act iv i ty > act2 = new HashSet<Act iv i ty >() ;
act2 . addAll ( checkI fToNot i fy ) ;
// act2 conta ins the a c t i v i t i e s t ha t need to be n o t i f i e d t h i s time
act1 . r e t a i n A l l ( act2 ) ;
//now act1 i s the i n t e r s e c t i o n o f the two s e t s
act2 . removeAll ( act1 ) ;
//now act2 conta ins on ly the new a c t i v i t i e s
int numOfNewToNotify = act2 . s i z e ( ) ;

i f ( numOfNewToNotify>0){// the r e are new a c t i v i t i e s to n o t i f y
for ( Ac t i v i ty a c t i v i t y : act2 ){

a c t i o n s . add (new Not i fyAct iv i tyAct i on ( a c t i v i t y ) ) ;
}

}
}

//renew the a c t i v i t i e s N o t i f i e d s e t
//whether t he r e i s a p o l i c y temp la te or not
s l a . s e t A c t i v i t i e s N o t i f i e d ( ac t i v i t i e sToHand l e ) ;
//Katerina Marazopoulou : end o f code added
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return a c t i o n s ;
}

Bþ.6.2 H mèjodoc startActivity

//Katerina Marazopoulou : changed so i t throws
// Not i f i ca t i onCons t ra in tBreachExcep t i on
public void s t a r t A c t i v i t y (SLA s la , Set<Constraint> ac tCons t ra in t s )
throws Publ icConstra intBreachExcept ion ,

Pr ivateConstra intBreachExcept ion ,
Not i f i ca t i onCons t ra in tBreachExcept i on {

UsageReportFacade usageFacade =
Biz facadeFactory . i n s t anc e ( ) . getUsageReportFacade ( ) ;

Set<Bound> appl icableBounds =
new HashSet<Bound>(Arrays . a s L i s t (
new Bound [ ] {Bound .GT, Bound .GE, Bound .EQ} ) ) ;

Metr ic metr ic ;
GregorianCalendar now = new GregorianCalendar ( ) ;

GregorianCalendar startTime ;
GregorianCalendar [ ] timeSpan ;
double usage , r a t e ;

Set<Constraint> pConstra ints = new HashSet<Constraint >() ;
Set<Constraint> breached = new HashSet<Constra int >() ;

for ( Constra int ac tCons t ra in t : a c tCons t ra in t s ) {
i f ( ! s l a . c o n s t r a i n s ( ac tConst ra in t . getMetr i c ( ) ) ) {

continue ; // we don ’ t cons t ra in t h i s metr ic
}
i f ( ! appl icableBounds . conta in s ( ac tConst ra in t . bound ) ) {

continue ;
}
i f ( ! ac tConst ra in t . i s I n d e f i n i t e ( ) ) {

continue ;
}
pConstra ints . add ( ac tConst ra in t ) ;

}

// Our s t r a t e g y i s to check the c on s t r a i n t s as they are
// now and not to l ook in to the f u t u r e . So i f a minimum
// ra t e i s requ ired , we check i f we have t ha t ra t e
// capac i t y now . I f a minimum usage i s r e qu i r ed and we
// have an i n d e f i n i t e c on s t r a i n t on the SLA, we check i f
// the con s t r a i n t can accomodate the usage t a k ing in t o
// account a c t i v i t i e s up to now . I f a minimum usage i s
// requ i r ed and the SLA con s t r a i n t i s p e r i o d i c or f i x e d
// then we can make no dec i s i on on t ha t b a s i s as we don ’ t
// know when the usage w i l l occur .

for ( Constra int pConstra int : pConstra ints ) {
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metr ic = pConstra int . getMetr i c ( ) ;
startTime = ( GregorianCalendar ) pConstra int . getStartTime ( ) ;
// t h i s s t a r t time w i l l a lways be the r i g h t one as we only
// a l l ow pConstra int to be an i n d e f i n i t e c on s t r a i n t

for ( Constra int s l a C o n s t r a i n t : s l a . g e tCons t ra in t s ( ) ) {
i f ( s l a C o n s t r a i n t . getMetr i c ( ) . equa l s ( metr ic ) ) {

//So pConstra int and s l aCons t r a in t cons t ra in the same metr ic
try {

timeSpan = s l a C o n s t r a i n t . findTimeSpan ( startTime ) ;
i f ( pConstra int . type == UsageType .INSTANTANEOUS

&& pConstra int . hasBreach ( 0 ) ) {
i f ( s l a C o n s t r a i n t . type == UsageType .INSTANTANEOUS) {

r a t e = usageFacade . getRate ( s l a . ge t Id ( ) , metric ,
startTime . ge tT imeInMi l l i s ( ) ) ;

// b a s i c a l l y we need to check i f the ra teL imi t
// in pConstra int i s l e s s than the ra teL imi t in
// s l aCons t r a in t minus t h i s ra t e
i f ( ! s l a C o n s t r a i n t . canAccommodate ( pConstraint ,

r a t e ) ) {
breached . add ( s l a C o n s t r a i n t ) ;

}
} else i f ( s l a C o n s t r a i n t . type ==

UsageType .CUMULATIVE) {
// We don ’ t know when the usage i s
// requ i r ed so we can only r e j e c t i f we
// have 0 usage l e f t a t the s t a r t time o f
// the proposed con s t r a i n t .
usage = usageFacade . getUsageInPer iod ( s l a . ge t Id ( ) ,

metric ,
timeSpan [ 0 ] . ge tT imeInMi l l i s ( ) ,
startTime . ge tT imeInMi l l i s ( ) ) ;

i f ( s l a C o n s t r a i n t . getLimit ( ) − usage <= 0) {
breached . add ( s l a C o n s t r a i n t ) ;

}
}

}
i f ( pConstra int . type == UsageType .CUMULATIVE

&& pConstra int . hasBreach ( 0 ) ) {
i f ( s l a C o n s t r a i n t . type == UsageType .CUMULATIVE) {

i f ( s l a C o n s t r a i n t . i s I n d e f i n i t e ( ) ) {
// check remaining usage in the con s t r a i n t per iod
// ( but the s l aCons t r a in t i s i n d e f i n i t e so the
//” con s t r a i n t per iod ” i s from the beg inn ing )
usage = usageFacade . getUsage ( s l a . ge t Id ( ) , metric ,

startTime . ge tT imeInMi l l i s ( ) ) ;
// b a s i c a l l y we need to check i f the usageLimit
// in pConstra int i s l e s s than the usageLimit
// in s l aCons t r a in t minus t h i s usage
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i f ( ! s l a C o n s t r a i n t . canAccommodate ( pConstraint ,
usage ) ) {

breached . add ( s l a C o n s t r a i n t ) ;
}

} else {
// We don ’ t know when the usage i s
// requ i r ed so we can only r e j e c t i f we
// have 0 usage l e f t a t the s t a r t time o f
// the proposed con s t r a i n t .
usage = usageFacade . getUsageInPer iod ( s l a . ge t Id ( ) ,

metric ,
timeSpan [ 0 ] . ge tT imeInMi l l i s ( ) ,
startTime . ge tT imeInMi l l i s ( ) ) ;

i f ( s l a C o n s t r a i n t . getLimit ( ) − usage <= 0) {
breached . add ( s l a C o n s t r a i n t ) ;

}
}

} else i f ( s l a C o n s t r a i n t . type ==
UsageType .INSTANTANEOUS) {

//Non−zero usage i s requ ired ,
// r e j e c t i f the ra t e l im i t i s 0
i f ( s l a C o n s t r a i n t . getLimit ( ) == 0 . 0 ) {

breached . add ( s l a C o n s t r a i n t ) ;
}

}
}

} catch ( I l l ega lArgumentExcept ion ex ) {
}

}
}

}

//Katerina Marazopoulou : code added

SLATemplate s l a t = s l a . g e t S l a t ( ) ;
Pol icyTemplate pt = null ;

pt = s l a t . getPol icyTemplate ( ) ;

i f ( pt !=null ){
// every time we use a p o l i c y template ,
//we must check i f i t has exp i r ed
Po l i cySe rv i c e Imp l p o l i c y S e r v i c e = new Po l i cySe rv i c e Imp l ( ) ;

p o l i c y S e r v i c e . checkPtState ( pt ) ;

i f ( ! pt . g e tS ta t e ( ) . equa l s ( Pol icyTemplateState .ACTIVE)){
pt = null ; // the pt i s e xp i r ed or inac t i v e , so i gnore i t

}
}
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boolean publ icBreach = fa l se ;
boolean found = fa l se ;

S t r ing pubMsg = ”From s t a r t A c t i v i t y pub l i c : ”
+”The proposed a c t i v i t y breaches the se c o n s t r a i n t s : ” ;

S t r ing privMsg = ”From s t a r t A c t i v i t y p r i v a t e : ”
+”The proposed a c t i v i t y breaches the se c o n s t r a i n t s : ” ;

S t r ing n o t i f i c a t i o n = ”From s t a r t A c t i v i t y N o t i f i c a t i o n : ” ;

i f ( breached . s i z e () >0){

//renew the breached s e t
s l a . getLastBreached ( ) . addAll ( breached ) ;

i f ( pt==null ){ // no po l i c y temp la te a s soc ia t ed ,
//do whatever you were doing b e f o r e p o l i c i e s

pubMsg += ( ”\n no p o l i c y template a s s o c i a t e . K i l l them a l l ” ) ;
for ( Constra int bCon : breached ) {

i f (bCon . i s P r i v a t e ( ) ) {
privMsg += ”\n” + bCon . p r e t tyPr in t ( ) ;

} else {
publ icBreach = true ;
pubMsg += ”\n” + bCon . p r e t tyPr in t ( ) ;

}
}

// I f any o f the breached c on s t r a i n t s are p u b l i c
// then we throw a pu b l i c breach excep t i on
// hide the p r i v a t e breaches i f a t a l l p o s s i b l e

i f ( publ icBreach ) {
throw new Publ icConstra intBreachExcept ion (pubMsg ) ;

} else {
throw new PrivateConstra intBreachExcept ion ( privMsg ) ;

}
}
else { // the r e i s a p o l i c y temp la te

pubMsg += ( ”\n there i s a p o l i c y template ” ) ;

// the r e i s a p o l i c y template , so s t a r t count ing the v i o l a t i o n s
s l a . increaseVio lat ionsForSLA ( breached . s i z e ( ) ) ;

for ( Constra int bCon : breached ) {

St r ing ac t i on = pt . e x i s t s V i o l a t i o n (bCon . getMetr i c ( ) . getURI ( ) ,
bCon . getType ( ) ) ;

i f ( ac t i on !=null ){ // v i o l a t i o n e x i s t s
i f ( ac t i on . equa l s ( ” k i l l ” ) ){

pubMsg += ( ”\n p o l i c y says to k i l l ” ) ;
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i f (bCon . i s P r i v a t e ( ) ) {
privMsg += ”\n” + bCon . p r e t tyPr in t ( ) ;

} else {
publ icBreach = true ;
pubMsg += ”\n” + bCon . p r e t tyPr in t ( ) ;

}
}
else i f ( ac t i on . equa l s ( ” n o t i f y ” ) ){

n o t i f i c a t i o n += ”\n∗∗∗∗This i s a n o t i f i c a t i o n ! ”
+”The f o l l o w i n g c o n s t r a i n t was breached : ”
+ bCon . p r e t tyPr in t ( ) ;

found = true ;
}

}
else {//do whatever you were doing b e f o r e

pubMsg += ( ”\n p o l i c y says nothing f o r t h i s cons t ra in t , ”
+ ” so I ’ l l k i l l i t ” ) ;

i f (bCon . i s P r i v a t e ( ) ) {
privMsg += ”\n” + bCon . p r e t tyPr in t ( ) ;

} else {
publ icBreach = true ;
pubMsg += ”\n” + bCon . p r e t tyPr in t ( ) ;

}
}

}
}

// I f any o f the breached c on s t r a i n t s are p u b l i c
// then we throw a pu b l i c breach excep t i on
// hide the p r i v a t e breaches i f a t a l l p o s s i b l e

i f ( found ){
throw new Not i f i ca t i onCons t ra in tBreachExcept i on ( n o t i f i c a t i o n ) ;

}
else i f ( publ icBreach ) {

throw new Publ icConstra intBreachExcept ion (pubMsg ) ;
} else {

throw new PrivateConstra intBreachExcept ion ( privMsg ) ;
}

}
//Katerina Marazopoulou : end o f code added

}
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