AncTpakr

Ce nmo6Gp3vor pasBoj Ha HHTepHETOT MU HA MpEXHHUTE TEXHOJIOTHH
BOOMNIUTO, OJ eJHa CTpaHa, Kako W ce mnorojseMuoT 6poj Ha HHTepHer
MpoBajAepH U PaJJMKaJIHOTO HaMa/lyBame Ha LieHUTe 3a UHTepHeT npucTan, oj
Jpyra cTpaHa, NpHAOHecoa 3a pamnuvjeH Mopact Ha OpojoT Ha HEeroBuTe
KOPHCHHIIH, KBAJHTETOT H KBAHTHTETOT HAa pacloJIOK/JHBaTa COAPXHHA, HA

noHyaeHuTe Web cepBrCH, HO U Ha HHTeH3UTeTOT Ha UHTepHeT coobpakajor.

Toa ce pgo/mkM Ha cé mnorosieMara JAOCTAalHOCT U PacnoJIOKAMBOCT Ha

ST EPCKMTE XapABEpPCKM pecypcH, 3rojieMeHHUTe MOMHOCTHM 3a HUMBHO
EESSTE=DHO MNMOBDP3IVES
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KyllyBalke W pa3MeHa Ha NpoM3BOAM, yeayru v MHQOpMaLMH npeky
€/IEKTPOHCKUTE MpExH, BKAYYYBajKH Tro u HHrtepuer. [lojaBaTta Ha
C/IEKTPOHCKAaTa KOMepIHja NpeKy HejsuHMTe ABa OCHOBHH MopaanuteTH, B2B
(Business-to-Business) u B2C (Business-to-Consumer), OTBOPH HOBH XOPHU30HTHU
W TIOCTaBH coceMa HOBHM CTaHJap/AH, HOBH AUMEH3HH, HOBH OJJHOCH, HO 3a4YHA U
HOBH npobieMu M gunemwu Mery JBeTe HHBOJIBUPAHH CTPaHH, KaKo Ha
TEXHHYKO-TEXHOJIOUIKO, TaKa U Ha XyMaHo (couujanno, on LITECTBEHO) HHUBO.

EdexTHBHOCTA Ha HHTepHeT-3acHOBaHOTO A€NI0BHO paboTeme 6apa
npoAnaboyeHo pasbuparme Ha HHTepakuujata Mefy Web cucremure 323
©/IEKTPOHCKa TProBuja, off e/lHa, U NMOBeAEHUETO Ha KynyBayuTe BO HOBOTO,
€/IEKTPOHCKO WM online okpyKyBarbe, OA Apyra cTpaHa.

Taka, nnanupamero, H360poT H KOHQHrypUpaweTo Ha pecypcuTe
(xapaBep, COPTBEp), HEONmXoAHM 3a HenpeuyeHa W e¢ukacHa pa6ora Ha
onpenenen Web cajr 3a enextponcka TProBHja, UMaaT eCeHLHjalHO 3HAYCHE U
BaXHOCT U GapaaT noceeTeHocT, pabora, BHUMaHUe M NpuMeHa Ha 3Haemwa
CTEKHAaTH HH3 0GEMHHM HCTpaXKyBama. [Ipuroa, kuyuyen npobaeM e pga ce
NMpEeABHAX ,Kora” BO MJHMHA HHBOTO Ha AKTHBHOCT, O/IHOCHO paboTHOTO
ONTOBapyBame, Ke ro npesacUTH CUCTEMOT (mocroen wuau Bo dasza Ha
AH3ajHUpaLE), U ONpe/ie/lyBambeTo Ha HajepeKTHBHUOT HAYMH 32 OJ10XKyBaH:€
Ha €BEHTya/IHaTa NnojaBa Ha NpPe3acHTEeHOCT RO TEKOT Ha BpemeTo. OTTyKa e
JaCHO Jleka pemaBameTo Ha npobseMuTe of BakBa pHpoJa Heu30eKHO BoAAT
KOH pa3Boj H KOpHCTeHe Ha MOJIeNH 3a NMpeArKnuja Ha neppopMaHcuTe Ha
AAaJIeH CUCTeM.

Oa apyra crpana, nak, ce MojaBM HOB npodusa Ha MOTpouyBay, HapeyeH
»€JIEKTPOHCKH KynyBay", Uau e-Kynysau (e-Customer, e-Consumer, e-Shopper),
Koj cnenndu4HO ce ofHecyBa BO cuTe $asu Ha online npouecor ua KynyBame,
Bo Buptyennoro OKpyXyBame, o00e36eqyBawmeTo Ha 3a10BOJICTBOTO Ha

e-Kynysauure ocranyea pga 6uje HajBHCOK NpHOPHTET, Hako TOAa He e

peseMatbe aleKBaTHH MapKeTHHLIKH [10Te3H. HMmajku ja npegsus BpeaHOCTa

Ha TaKBHUTe CO3HaHMja, cé MOOPOjHH ce HCTpaXxKyBamaTa KoM ce $oKycupaar Bp3
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apeKy

M2 Mpoy4yyBamk-e€TO Ha CJ0XKEHHUOT Npodua Ha UHTepHET KynyBayoT U HA HEFOBOTO
= B2R OlHeCyBambe.
— [loarajku TOKMY oJ OBHe jABe IIpeMHCH, MNPUPOJAHO Ce HaMeTHa
A notpebara 3a peasiM3alyja Ha eHO CeondpaTHO UCTPAXKYBake, YHjaLUTO KpajHa
ED Ha en e febpUHUpPakETO UHTErpajHa paMKa 3a aHa/iM3a Ha nepgopmabHJIHOCTA
Bo (performability) Ha koHuentyaseH Web cajT 3a esieKTpoHCKa TProBHja,
+ Gapa 3aCHOBAaHa BpP3 pa3BOj U eBajyalidja HAa CTOXaCTHYKH MOJe/l Ha MOBe/leHHeTo
B oo Ha eJIeKTPOHCKMTe KynyBauHM. [lpeky aHanu3zata Ha nepdpopMaHCHTE,
BsoTO, Ha/leXKHOCTa M pacnoJIOKJIUBOCTA HA €/1eH TaKOB CHMCTeM BO LieJIMHA (raefaH
KaKo crpera ,4OBeK - MalllMHa") MoXKe [ja ce ofnpeAie/In U CTeNeHOT Ha HerosarTa
DeuTe neppopMabUIHOCT, KaKO MepKa Ha Heropara CHnocoOHOCT Ja H3BpLIYBa
- KOpHCcHa pabora.
e OBa UCTpaKyBame NMOTBPAHU [leKa NOCTOH rojieMa JAUCIpPONopuHja Mery
- Ce MoroJieMMoT 6p0j COBpeMeHHU CUCTEMH 3a eJIeKTPOHCKA TProBHja H HUBHATAa
- Cé moroJieMa KOMIUJIEKCHOCT, Of, €fHa, W peJlaTHBHO MaJIMOT 6poj MojeH
Bro (QHAJIMTHYKU H/HUNH CUMYJALMCKH), pa3BHEHH 3a aHa/iM3a Ha MEpPKHTEe Ha
- neppopMadbUJIHOCTA HA BaKBUTe CUCTEMH (neppopMaHCH, BEpOJOCTOjHOCT,
—_ Ha/le’KHOCT M PacnojioXKJIMUBOCT), 04 Apyra CTpaHa.
e Bo HajrosemuoTr Opoj cayyad, ¢oKycoT e cTaBaH HCKJAY4YHBO Bp3
. MEepKUTe Ha MepdopMaHCH, JojieKa MoJeJIMpakeTo M eBaJyalujaTa Ha
. OCTAaHATHTE KOMIIOHEHTH Ha nepPopMabMIIHOCTA MK BOOIUITO He € NpaBeHa,
WJIM e TIpaBeHa BO 3aHeMapJ/iMBo Man obeM. OBa e coceMa pa3bHpJ/IHBO, aKO ce
. MMa BO npeaBuj ¢akToT wTo nomnysapHute Web cajToBM 3a eNeKTpOHCKa
er), TProBMja, KOMLITO NPUMaaT MHJIHOHHK 6apama AHEBHO, YeCTO Ce COoYyBaaT €O
K EKCTPEMHO BHCOKHM BpeJHOCTH Ha BpeMHHATa HAa OAroBOp, cocTojb6a WITO e
el HW3BOp Ha QpycTpalHH 3a MHOry e-KynyBauu W npeaiMeT Ha 3arpyWXeHOCT Ha
5 MeHaMeHTOT Ha MHory Web cajroBu. HmMeHo, eneH o4 HajropJMBHTE
ke npobJsieMHd, CO KOM Ce cOoOo4YyBaaT aJMHHHCTPAaTOPHTE Ha CHCTEeMHUTe 3a
o, €JIeKTPOHCKa TpProBHja, € HeaJeKBaTHOTO JHWMEH3HOHHpawe Ha IT
% MHPpACTPYKTypaTa Ha Ha4YyUH J1a 06e36e4 U 3aip>KH TaKBO HUBO Ha KBaJIMTET
i Ha cepBucuTe (Quality of Service, QoS), kakBo wTo OGapaat (M ouyekyBsaar)
& HUBHHTe KOpUCHHLHM. OBOj mpeauM3BHMK Oapa KOHTHHYHPAHO cJie/iee Ha
& neppopMaHcuTe Ha HUBHUMTe Web cajroBu u Ha Web ycayrure wro THe rH

HypaaT. /loceraliHUTe HCTpaXKyBara BO OBOj NpaBel| ce ABWXKAT 0/ NaplHjaJiHu
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COT/IEAYBaba  Ha BJIMjJAHHETO Ha ONpedesieHH KOMIOHEHTH H/HWIH
KOHQHrypHupama Bp3 neppopMaHCHTE Ha LENHOT CHCTEM, Ma cé /0 pa3Boj Ha
IPEAHKTHBHH MOJAE/H, IITO Ce 3aCHOBaaT BP3 pa3/M4YHMU MPpUOJH U ynoTpeba
Ha pas/IMMHU TeXHHKH. HajmosnaTu Bo oBaa cdepa ce aHaIUTHYKHTE MO eu
3a NpOLEHKa Ha neppopMaHCHUTE HA CHUCTEMMUTE 33 €JIEKTPOHCKA TProBHja,
Pa3BHEHH O cTpaHa HAa Menascé & Almeida (20004, 2002), wto ce TeMenar Ha
ynorpebaTa Ha TeopujaTa Ha BEPOJaTHOCT M Ha TEOPHjaTa Ha MPEeXXH 0/l peJJOBH
Ha 4ekawe (Queueing Networks, QNs). Twe, co npumeHa Ha OCHOBHHTe
ONEPaTHUBHH 3aKoHoMepHocTH (Utilization Law, Forced Flow Law, Service
Demand Law, Little’s Law u Response Time Law), umaar Pa3sBHEHO AaHAJIHTHYKU
NPEAHNKTHUBHU MOJIEJIM M TOA KAKO HAa HUBO H3 Lesn cucreM (co 6ECKOHEYHU U
KOHEYHH peflOBH Ha YeKame, C0 GECKOHEYEeH M KOHeyeH 6poj Ha KoOpHCHUIK),
TaKa M Ha HHBO Ha XapABepPCKU KOMIOHEHTH (kaj oTBOpPeHH W 3aTBOpeHw
CHCTEMH, CO pabOTHHM ONTOBapyBama ILUTO BKJ/Iy4yBaaT eJHa WJIM I[0BeKe
knacu). Ho, 3a npouenka Ha NepPOPMaHCHTE Ha CUCTEMHTE €BHAEHTHH ce U
HCTpaXCyBaraTa HACOMEHH KOH Pa3BOj HAa NMpPeAMKTHBHH MOJieJIH, 3aCHOBAHHU
Bp3 ynoTpebaTa Ha HEBPOHCKH MpexH (neural networks) u fuzzy noruxa (fuzzy
logic), pasuu knacu Ha npouecute Ha MapkoB (Markov processes) U BepHIUTe
Ha Mapkos (Markov chains), Ho, cé [I0Y1€CTO, U Ha pa3HM KJIACHU CTOXACTHYKH
[leTrpu-Mpexu (Stochastic Petri Nets, SPNs). Taka, na npumep, Christensen et gl
(1999) Bo cBOMTE HayyHH HCTPaXyBakba HMaaT pasBUEHO NPEAMKTHBEH MOJe
3a IUVIaHHpawe Ha KanauuTteTuTe Ha Web CEpBEpUTE IITO ce 3acHOBA Ha
ynorpebata Ha BpemeHckwu Xuepapxucku 060eHu [letpu-mpexu (Timed
Hierarchical Coloured Petri Nets, THCPNs). Brosso et al. (2002a; 2002b)
fnpeanaraat ynorpe6a Ha XML [leTpu-mpexu (Petri Net Modeling Language,
PNML) 3a cumyaupawe Ha Web 6asupaHu cucremu. Xu & Shatz (2001)
NPpEABUAYBAAT ynoTpeba Ha areHT-6asHpaH Mogen Ha [Terpu-mMpexa (G-Net),
Alofieka nak Mitrevski et al. (2002) umaar PasBHEHO KOHIlEeNTyaJHa paMKa 3a
aHa/IM3a Ha NepQOPMaHCHUTe, 3aCHOBAHA BP3 MO/JleJIHpalke Ha MOBEeJEeHUEeTo Ha
KynyBayuTe co ynorpeba Ha KJiacaTa Ha /AeTepMHUHUCTHYKH U CTOXaCTHYKH
lerpu-mpesxu (Deterministic and Stochastic Petri Nets, DSPNs).

Ox Apyra crpaHa, nak, €BajyalujaTa Ha MEpPKHTe Ha BEpPOJOCTOjHOCT
(dependability) e 3acranena so M30/IMpaHH Cay4YaH, U TOA 3a OAMEJHH,

CellHPHUYHH KOMIIjyTepCKH CHCTEMH, [10/leKa TEXHUKHUTE 3a MOJeNHpame M
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eBaJlyaljja HajyecTo ce TeMeJaT Bp3 ymnoTpeba Ha cheuHjalIUu3UpaHHUTE
MpyMcTand Ha ynorpeb6a Ha CcepuUCKo-napasesHu OJ0OK JWjarpaMd Ha
HaaexHocTa (Reliability Block Diagrams, RBDs), ppBaTa Ha oTKa3H (fault trees),
rpadoBUTe Ha HagexHocT (reliability graphs), Kako W napaJie/iHO-CepHCKHUTE
aMKJIMYHK HacouyeHH rpadoBu (series-parallel acyclic directed graphs).
Robidoux et al. (2010) npeanaraatT AHHAMHUYKH OJIOK AHjarpaMH Ha HaJEXKHOCT
(Dynamic Reliability Block Diagrams, DRBDs), kako npoliHpyBate Ha OOHYHHTE
6JI0K JMjarpaMy Ha HaJeXHOCT, KOMIUTO NMoToa ce KOoHBepTHpaaT Bo OboeHu
[Tlerpu-mpexu (Colored Petri Nets, CPNs), co uen aa ce M3BplLIHM JHHaAaMHYKa
aHa/M3a Ha OMXejBUOpaJIHUTE CBOjCTBA, a CO TOA U HA KOPEKTHOCTA HAa MOAEe/N0T
(Xu et al,, 2009). Wei et al. (2011), nak, npezeHTHpa XMepapXucka MeTo/a IUTO
rd KOMOMHHpA NpeJHOCTHTE U Ha OJIOK AHjarpaMuTe Ha HaAexHoCT, U Ha GSPN
[leTpu-MpexkuTe, 3a KBAHTHQHIUpPAKkE HAa Ppacnosok/JMBOCTAa U HA/IEXHOCTA.
Callou et al. (2012) ro npuMeHyBaaT NPHUCTANOT HA XMEPAPXHCKA KOMIO3HIIHjaA
3a eBaJlyHpame Ha BepO0CTOjHOCTA Ha CJIOXKEHH apXUTEKTYPH, CO NPpHUMeHa Ha
OJ10k gujarpaMmuTe HAa HagexHOCT U GSPN Iletpu-moaenure.

UcTto Taka, 3a Moje/dpalme MW eBajJyWparke Ha MepKUTe Ha
BEpPO/IOCTOJHOCT CE€ MOYeCTO Ce KOPUCTAT M MOOMNIUTH TEXHHKH, 3aCHOBAHHU Ha
MaTeMaTUYKH MOJeJIM, KaKBM LUTO Ce, HA NpUMep, BepHrure Ha Mapkos
(Markov chains) v nony-MapkoBuTe BepurH (semi-Markov chains), MoaenuTe Ha
MapkoB co HarpagyBawe (Markov reward models) (Sahner et al, 1996;
Donatiello & Grassi, 2001; Pattipati et al,, 2001), noay-MapKoBHUTe MOAENH CO
HarpajayBamwe (semi-Markov reward models) (Ciardo et al., 1992), MapkoBure
pereHepaTHBHHM MOJeJIKM €O HarpagyBatwbe (Markov regenerative reward models)
(Logothetis & Trivedi, 1997), kako u kom6uHaTOpHUTE Moaenu (combinatorial
models) (Veerarghavan & Trivedi, 1994). MHory 4yecTo 3a oBaa HaMeHa ce
KOPHUCTAT U MpPEeXHUTEe 0/ peloBHU Ha YeKame (Product-Form Queuing Networks,
PFQNs) (Sahner et al., 1996).

PesysnTaT Ha cUTe OBHE HUCTPaXKyBama Ce MNPeAHKTHBHHU MO/JIeJH,
XeTeporeHu Ccrnopej MNPUCTANOT, METOAO0JIorMjaTa, poOYCHOCTA, COAPXKHUHATA,
MOXXHOCTHUTE, TOYHOCTA U KBAJIMTETOT, OM/IejKH ce pa3BHEeHHU CO NMpPHMEeHa Ha
pa3/JIMYHHU TeXHUKH. HajroseMHOT Aen o HUB ce POKYCHPAHH UCKIYYHBO Bp3
eBaJjiyalidjata Ha neppopMaHCUTE Ha KOMIIjYyTEPCKUTE CUCTEMH, o[ eKa MHOTY

Mana 6poj M ajpecHpaaT OCTAaHATHUTE acneKTH Ha nepdopmabusHocTa Ha




CUCTEMHUTE 3a eJIeKTPOHCKA TProBHja. YiuTe noMas e 6pojoT Ha HCTpaxyBarma
KOMIUTO HWMaaT 3a uen ondpakake M HAa MeEpKHTE Ha BEPOAOCTOJHOCT
(HafleXKHOCT M PaCMoJIOK/JIMBOCT) HA CHCTEMHUTE 33 €JIEKTPOHCKAa TProsHja.
OcobeHO e Ba)KHO Ja ce MOoTeHUHpa M (GAKTOT WITO BO CHTE AOCEramiHu
MCTpaXKyBaltba He e HanmpaBeH 00MJ Jla Ce Kpeupa CTOXaCTHYKH NpeAHKTHBEH
MO/ieJ/1 IUTO e 3aCHOBaH Bp3 online noBegeHHeTo Ha e-KynyBayuTe.

CuTe nmorope HaBeJIeHHW COIJie/lyBatha NpeTcTaByBaa [A0BOJIEH NOTTHK H
OrpoMeH MOTHB 3a peajiM3Hpare Ha 0Ba WCTpaXKyBaibe, YHjAIUTO CYIITHHA
NpeTcTaByBa pa3BojoT Ha e/leH 3a0KPYXKeH, e/IMHCTBEH, XOMOreH, HHTerpupaH
CUCTeM O0Jf CTOXacTHYKH TNpeJMKTHUBHH MOJleJIM 33 TMpOLEeHKa Ha
nepdpopMabUIHOCTA HAa COBPEMEHUTE CHCTEMM 3a €JIeKTPOHCKAa TpProBHja,
3aCHOBaH Bp3 ynoTtpe6aTta Ha ¢opMaJU3MOT HA CTOXACTHYKUTE [leTpH-MpexH.
EpanyauujaTta, mnak, Ha 6pojHuTe MepKM Ha mnepGOpMaHCH H Ha
BEpO/IOCTOjHOCTA, € peajn3upaHa NpeKy peuaBarbe Ha cToxacTHikuTe [leTpH-
MOJIEJIM CO NMPHUMeHa Ha coQpTBEpPCKO NMPOrpaMcKo pasBOjHO OKPYXyBarme LITO
0BO3MOXYBa MNHUIIYBalke Ha MpOrpaMcku Koj 3a u3rpajgba M H3BpIlyBarbe
CUMYJIAaLMCKH MOJIE/IH CO JUCKPeTHH HacTanu (Discrete-Event Simulation, DES),
3aCHOBaHHM BP3 NapajiurmaTa Ha akTHBHU NPOIIECH.

'naBHUTE NPUAOOGMBKY HA OBOj HAyYHO-UCTPAXKYBAYKH TPYJ MOXaAT /ia
ce cy6/1MMHUpaaT BO CJIeITHUBE TOUYKH:

1. 3a pas/siMKa oJ] CMTe JAOCerallHH MpPHCTanH, KOHWITO ja TpeTupaaT
npo6neMaTHKaTa Ha eBajJyalHja Ha MepKuTe Ha mnepdopmMabHIHOCTA Ha
CUCTEMUTE 3a €eJIeKTPOHCKA TProBHja Ha MnapuujajieH U XeTeporeH Ha4uH,
NpBHaT € NPOMOBHPaH HOB, OPUIHHAJIEH, CeondaTeH, MHTerpupaH U XOMOTreH
MpUCTan, 3aCHOBAH Bp3 H3rpajba v eBajyalidja Ha CTOXaCTUYKH NPEJIUKTHBHH
Mojenyd, npeky ynorpeba Ha COO/ABETHH rpadUUKH M MaTeMaTHYKH
bopMasM3MH, U HUBHO pellaBame Co ynorpeba Ha KOMIjyTepCKH CHMYy/IaliH
CO AUCKpPETHH HacTaHU. HOBUOT YHMKATEH NMpPHCTaN e BO LeJIOCT U UCKIIYYHBO
$oKycHMpaH Bp3 CHCTEMHTe 3a eJIeKTPOHCKAa TProBuja, M ce OJJIMKYBa CO
po6ycHOCT, YHHPHUIIMPAHOCT U reHepaJM3MpaHoOcCT;

2. llpyuMeHeTHTE KOHLENTH U METO/0JIOTHH NMPBNAT U BO IEJIOCT Ce
3aCHOBAaT BP3 AUHAMHYKOTO M CTOXaCTHYKOTO NnoBe/ieHue Ha e-KynyBauuTe 3a
BpeMe Ha CeCMMTe Ha KymnyBawe npeky WHTepHer, Oujejku: i) mpsmar e

KOPUCTEH CTOXaCTHYKH MoJie/l HA NoBejeHHeTo Ha e-KynyBauuTe, WITO BO
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LLeJIOCT I'0 OTC/IMKYBa JIOTHYKHOT pejocie] Ha cneipHUyHHTEe aKTHBHOCTH 32
BpeMme Ha online cecHUTe Ha KynyBatbe; ii) MpBNaT € U3BPLIEHO KBaJIUTATHBHO
M KBAaHTHTAaTHBHO rpynupame Ha e-KynyBauuTe BO meT JUCjYHKTHH KJacH,
criopej, HUBHUTE CpPOAHM WWAOGJIOHKM Ha online noBeaeHue; iii) npsnat e
AeduHupaHo paboTHOTO onToBapyBawe (workload characterization) Ha Koj
6MJI0 reHepHYKH CUCTEM 3a eJIeKTPOHCKA TProBHja, NPeKy cnenHULHPABETO
Ha TH. KapaKTEPHUCTHYHH ONepaTHBHH MnpoduiaH, WTO ro JgedHHHpaaT
y4eCTBOTO Ha e-KynyBa4yuTe 0/l pa3/IM4YHH KJIACH BO PA3/IMYHH MPOMOPLIUH;

3. llpBnaTt, npu npoy4yBamkeTO Ha KOMIUIEKCHHOT KOHLENT Ha
neppopmMabU/IHOCTA HA CHCTEMHUTE 3a eJIeKTPOHCKA TProBHja, € NPOMOBHMPaH
TH. IPHUCTAll HA XHepapxXHucKa KoMIiio3uuuja (hierarchical composition approach),
MpH PpasBOjOT HAa YHUKATHHU CTOXAaCTHYKH TMOJMOJENH CO KOUIUTO cCe
MMILJIEMEHTHPAAT OAJIe/THUTE KOMIIOHEHTH Ha nepdpopMabHIHOCTA, M Toa:
neppopmancure (performances) n Bepogoctojuocta (dependability), ogqHoCHO
HagexxHocta (reliability) w pacnosoxauBocta (availability). Cute oBHe
CTOXaCTHYKH MOAMOJENH Ce eBaJyUpaHH HYMEPHYKH, CO CHUMyJallih Co
AUCKPETHH HaCTaHH, U TIOBTOPHO, KOPHCTEJKH ro cToxacTUYKHOT [leTpu-mMomen
Ha online noBe/ieHneTo Ha e-KynyBaynTe 3a BpeMe Ha CecHjaTa Ha KYNYBakbe;

4. OBa ucTpaxyBame npeTrcTaByBa NpB 00 3a NPOMOBHMpalbe Ha
XMOpHU/IEH NIPUCTAN NpPH eBajyaldjaTa Ha MepKHUTe Ha nepdopMabHIHOCT Ha
CHCTEMHUTE 3a €JIEKTPOHCKa TProBHja, IUTO Cé COCTOM BO ymnoTpebara Ha
$opmManu3MOT Ha KjaacuTe Ha JlerepMuHHCcTHYKM M CroxacTMuku [letpu-
Mmpexxu (DSPNs) n na 'enepanusupanute Croxacruuku IleTpu-mpexxu (GSPNs)
3a Mo/le/IMpar€ Ha NOBEKe KJAYy4YHH acleKTH Ha KPajHo CJIOKEeHUTe CUCTEeMH 3a
€/IEKTPOHCKA TProBHJa, a BOEJAHO € MPHMEHET M HOB [PHCTAN 3a pellaBaibe Ha
OBHE KJIaCH CTOXaCTHYKH [leTpH-MpexH Co KOpUCTee Ha NPOorpaMCcKH ja3uk 3a
CAMyJallHj)a €O [MCKpDeTHM HaCTaHH, 3aCHOBaH HAa aKTHBHM NpOLECH
(SimPy/Python);

5. Co nprMeHa Ha NpPUCTAaNOT Ha CHMYJ/IMPalbe CO AMCKPETHH HACTaHH,
[IPBNAT € U3rpajieH MOHOJIMTEH CUMYJIALIMCKH MOJie/1 Ha KJIHeHT-cepsep (client-
server, (/S5) WHTepakuujata Mmery e-KynyBauuTe, ofi eaHa, U CHCTEeMOT 3a
€JIEKTPOHCKA TProBH)a, 0/ Apyra CTpaHa, Kako OCHOBA 3a eBaJslyaliija Ha 6pojHH
MEpKH Ha neppopMaHCH, KapaKTepUCTHYHM 3a mnapajgdrmara Ha

€/IEKTPOHCKaTa TProBHja, M TOA KaKO Ha CTpaHaTa Ha KJAHeHTOT (client-side),
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TaKa M Ha CTpaHaTa Ha cepBepoT (server-side). Cumynauuckuor MoJes ce
TEMEAM Bp3 ynoTpe6aTa Ha CTOXaCTHYKHMOT [lerpu-mMmomen ua online
nosegenneTo Ha e-KymysaumTe 323 SPEME Ha cecwjaTa Ha KynyBame npeKy
HuTepueT, Ho u Bp3 CTOXaCTHYKHOT MOJen Ha CHCTeMOT 33 eJIEKTPOHCKaA
TProBHja, peanusupan NMPEKy ynorpebaTta Ha gujarpamuTre Ha KJIHEHT-CepBep
HHTepakuujarta (Client-Server Interaction Diagrams, CSIDs) 3a CéKoja NOBUKaHa
e-Commerce ¢yukumja, u Toa 323 Pa3/IH1HK ONepaTUBHHU Npoduau U pasJinyeH
HHTEH3HTeT Ha joarame Ha e-Kynyeauure Bo cucremor. IlpuToa, ocobeno
BHHMaHHWe MM e nocBeTeHo Ha 7w, AC/IOBHO-ODHEHTHPAaHU MepKH Ha
neppopmancu (business-oriented performance metrics), MPH WITO 3a NpBOAT e
OMHIIaHAa MeToj0/I0OTHMjaTa 3a HUBHO IPECMETYBawke BpP3 OCHOBA Ha
ONpejfesieHH MepKH Ha nepdopmancu, a06ueHu co CHMyJlauMjata co
AMCKPETHH HactaHu. Op [IPHMEHaTa Ha eJeH BakoB KOH3HCTEHTEeH,
YHUQHUMpaH, ceondaTen, TEMEJIEH M mnpej €€, HayyHO 3aCHOBaH npUcran,
NpouseryBaat GpojHu COrjIefAyBamwa M 3aKAY4OLM LITO ce Bo ¢yHKIHMja Ha
€BajlyalinjaTa Ha neppopmMabUIHOCT] fla CHCTEMHTe 3a e/IeKTPOHCKa TProBHja.

PasBuenuTe renepuuky CTOXaCTUYKH MOJIE/IH, KAKO U pe3yJTaTuTe oj
€BajlyallHjaTa Ha pas3/IMYHUTe MEPKH Ha nepdopmabuiHocTa, npeTcTaByBaar
H€ CaMO cosMHA 0CHOBA 3a NpoueHka Ha KaKoB 6MJI0 cucTeM 3a €JIEKTPOHCKA
TProBHja, NOCTOEH MK BO da3za Ha AH3aJHHUpakbse, TYKYy H OTBOpaaT WIHUpOK
MPpOCTOp 32 HATAMOIUHH HCTpaXKyBama M npoanaboyysarma Ha CO3HaHHjaTa BO

chepaTa Ha [/IaHUpaeTo Ha KanauutetuTe. Kako NpB 06MA 04 Bakos BU/J,

Kny4nu 36oposu: [Teppopmabunnocr, [leppopmancy, Bepogocrojuocr,
HapgexHocr, Pacnonoxnusoct, Cucremu 38 €JIEKTPOHCKAa  Tprosuja,
Moaenupame, EBanyanuja, [loBesenne Ha €/IEKTPOHCKHTE KymyBayu,

CroxacTHyku [TeTpu-mpexu, Cumynupame co AUCKPETHH HaCTaHu
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e Abstract

'4eH .

eHO The ever-incréasing pace in development of Internet and network

Ha related technologies, as well as the steadily growing number of Internet Service
IT e Providers (ISPs), including the radical decrease of prices for Internet access,

Ha ' have contributed in rﬁpid increase of the number of Internet users, the quality

hn and the quantity of online contents available, and Web services offer, but have
reH, | also resulted in boosting the Internet traffic intensity. All of these have resulted
ram, from the vast proliferation and availability of computer hardware resources, the

H2 | rising abilities for interconnectivity and the high levels of interoperability,
fa. which have been considered a paramount of the contemporary information

on society. The glﬂbalizatinn trends, which have already prevailed all over the
vl world, and the resulting effects of the ‘global village’, are considered not merely
a a consequence of the new technological achievements, but also a generator of
- even more dynamic development.

- As a result of such rapid dynamics, on the loom of the new millennium,
HIL [nternet has grown into a powerful medium, which has profoundly changed the
Ty way people cﬂmmunicﬁte, exchange information, and finally, do business.

o Internet has initiated a global information, communication, as well as
- business revolution, which are considered fundamental pillars of the new,

o digital economy. It has offered practically unlimited options and possibilities to
- companies and users, promoting the new business environment into a crucial
re, factor of the modern way of doing businesses and the companies’ profitability,

but also an essential factor for their survival.
In fact, Internet was a promoter of the brand new e-Commerce and

T e-Business paradigms, through the usage of the World Wide Web. The electronic
ia, commerce, as being a process of doing business among entities (companies,
. people) by means of adequate methodologies and procedures, encompasses

selling, buying and exchange of products, services, and information via

electronic networks, including Internet. The appearance of the two basic
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e-Commerce modalities, B2B (Business-to-Business) and B2C (Business-to-
Consumer), has opened new horizons. Besides establishing new standards, new
dimensions, and new relationships, it has also raised up new problems and
dilemmas between the two involved subjects, both on a technical /technological
and human/social /public levels.

The effectiveness of running an Internet based business requires a
profound and thorough understanding of the interaction between Web based
e-Commerce systems and the behavior of e-Customers in the new, electronic,
on-line surrounding, as well. Planning, choosing and configuring resources
(hardware, software), that are necessary for uninterrupted and efficient
operation of an e-Commerce Web site, have an essential meaning and an
importance, and require considerable amount of devotion, work, attention and
appliance of knowledge, gained through excessive research activities. The key
problem is to predict ‘when’ in the future the activity levels, i.e. the future
workload levels, will saturate the system (either existing one or in a design
phase), and finding out the most effective way of delaying it in time, as much as
possible. Therefore, the solution of such problems inevitably leads towards
development and usage of models for prediction of the performances of a given
system.

On the other hand, a brand new profile of a customer, or a shopper, has
emerged (e-Customer, e-Consumer, e-Shopper), who behaves in a quite specific
manner in all phases of the online shopping process. Ensuring the satisfaction of
such a shopper in a virtual environment remains the highest priority, albeit it is
neither a simple, nor an easy task. The understanding of the decision-making
process’ complexity while shopping online, which is a result of the compound,
unpredictable and stochastic behavior of the e-Customer, has always been
extremely important for Creating e-Business strategies and making adequate
marketing decisions. Having on mind the immense value of such a knowledge,
more and more research endeavors focus on studying the complex profile of the
Internet shopper and his/her behavior recently.

Having into account these two premises, the need for conducting a
comprehensive research on this subject has naturally evolved, with an ultimate
goal to define an integral framework for performability analysis of a conceptual

e-Commerce Web site, based on development and evaluation of a stochastic
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model of e-Customer’s online behavior. The underlying idea is that the analysis
of the performances, as well as the reliability and availability issues of such a
system viewed as a whole entity, i.e. viewed as a "human - machine” unity, can
lead towards determination of the level of its overall performability, as a
measure of a system'’s ability to perform.

This research endeavor has recognized the fact that there is a great
disproportion between the ever increasing number of the contemporary
e-Commerce systems and their raising complexity, and the relatively limited
number of models (analytical and/or simulation based ones), developed for
analysis of performability measures, which encompasses both the performances
and dependability (reliability and availability) measures of such systems.

In most cases, only performance measures have been put in focus, while
modeling and evaluation of other performability components’ measures either
has not been conducted at all, or has been done in a very limited volume. This is
quite understandable, regarding the fact that popular e-Commerce Web sites,
that accept millions of request per day, are forced to delay their answers very
often, which results in extremely high values of the response time being
observed/experienced. This unpleasant situation is a source of frustration for
many e-Customers, and a subject to worry about for management teams of
many e-Commerce Web sites. In fact, the most profound problem that
e-Commerce system administrators face with is the inadequate dimensioning of
the IT infrastructure in their efforts to assure and retain such a quality of service
(QoS) levels that are both requested and expected by their users. This challenge
requires a continuous assessment of both Web sites’ performances and Web
services they offer.

Up-to-date research regarding these issues range from partial
assessments of particular components’ and configurations’ impacts upon
system'’s performances, to development of predictive models, based on various
approaches and appliance of different techniques. The most important
contribution in this area are the analytical models for assessment of the
performances of e-Commerce systems, developed by Menascé & Almeida
(20004a, 2002), based on the utilization of the probability theory and the theory
of queuing networks. By using the basic operational laws, i.e. the Utilization

Law, the Forced Flow Law, the Service Demand Law, the Little’s Law and the
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Response Time Law, they have developed a series of analytical predictive
models both on a level of a whole system (including infinite and finite-capacity
queues, as well as infinite and finite number of users), and also on a particular
hardware components level, as well (for open and closed systems, with
workloads that include one or more classes). However, there are also many
research endeavors for performance evaluation of systems that utilize
predictive models that take advantage of neural networks and fuzzy logic,
various classes of Markov processes and Markov chains, as well as different
classes of Stochastic Petri Nets. For instance, Christensen et al. (1999) have
developed a predictive model for capacity planning of Web servers, using Timed
Hierarchical Coloured Petri Nets. Brosso et al. (2002a; 2002b) propose the
usage of XML Petri Nets (Petri Net Modeling Language, PNML) for simulating
Web based systems. Xu & Shatz (2001) propose an agent-based model of a Petri
Net (G-Net), whilst Mitrevski et al (2002) have developed a conceptual
framework for performance analysis, based on e-Customers’ online behavior
modeling, using the class of Deterministic and Stochastic Petri Nets (DSPNs).

On the other hand, the assessment and evaluation of the dependability
measures have been carried out in a limited number of isolated cases, including
separate and specific computer systems, while the modeling and evaluation
techniques are mostly based on utilization of specialized approaches, such as:
series-parallel Reliability Block Diagrams, (RBDs), reliability fault trees,
reliability graphs, as well as the series-parallel acyclic directed graphs. For
instance, Robidoux et al. (2010) propose Dynamic Reliability Block Diagrams
(DRBDs), as an extension to ordinary Reliability Block Diagrams, that are
afterwards converted into Colored Petri Nets (CPNs) in order to perform
dynamic analysis of the behavioral characteristics, and the correctness of the
model, as well (Xu et al,, 2009). Wei et al. (2011) have presented a hierarchical
method that combines the advantages of both the Reliability Block Diagrams
and the class of the Generalized Stochastic Petri Nets (GSPNs) for quantifying
the availability and reliability. Callou et al. (2012) apply the approach of
hierarchical composition for evaluating dependability measures of complex
architectures, utilizing block diagrams and GSPNs.

Nonetheless, many common techniques, based on mathematical models,

are being used more often for modeling and evaluating of dependability
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measures, including Markov chains and semi-Markov chains, Markov reward
models (Sahner et al, 1996; Donatiello & Grassi, 2001; Pattipati et al., 2001),
semi-Markov reward models (Ciardo et al, 1992), Markov regenerative reward
models (Logothetis & Trivedi, 1997), as well as combinatorial models
(Veerarghavan & Trivedi, 1994). More often, Product-Form Queuing Networks
(PFQNs) (Sahner et al.,, 1996) are being used for these purposes, too.

As a result, various predictive models, which are heterogeneous by
approaches, methodologies, robustness, substance, possibilities, accuracy, and
quality, have been developed by appliance of various techniques. The majority
of them are focused' exclusively on performance evaluation of computer
systems, while considerable smaller number of them addresses the
performances of e-Commerce systems. Still, there are a few researches that have
aimed at dependability measures (reliability and availability) of e-Commerce
systems. It is also worthy to point out the fact that within all models that have
been developed so far, there was no attempt to create a stochastic predictive
model based on the e-Customer’s on-line behavior.

All of these previously mentioned aspects have been a sufficient impulse
and a huge motive to carry out this research, whose essence is the development
of a complete, unique, integrated system of stochastic predictive models for
performability evaluation of the contemporary e-Commerce systems, based on
the formalism of Stochastic Petri Nets (SPNs). The evaluation of numerous
performance and dependability measures has been carried out through solving
SPN models by appliance of a software programming environment that allows
writing a program code for development and executing discrete-event

simulation (DES) models, based on the paradigm of active processes.

The main contributions of this research can be summarized as follows:

1. Compared to all existing approaches, which treat the problem of
performability evaluation of e-Commerce systems in a partial and
heterogeneous way, a new, original, holistic, integrated and homogeneous
approach has been promoted within this dissertation for the first time, based on
building and evaluation of stochastic predictive models, through the usage of
corresponding graphical and mathematical formalisms, and their solving by

using computer simulations with discrete events. This brand new and unique
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approach, which is entirely and solely focused on the e-Commerce systems, is
robust, unified and general by virtue;

2. The applied concepts and methodologies rely entirely on the dynamic
and stochastic behavior of e-Customers during their online shopping sessions,
since: i) a stochastic model of e-Customer’s online shopping behavior has been
used, for the first time; ii) a qualitative and a quantitative classification of
e-Customers have been carried out for the first time, taking into account their
similar patterns of online shopping behavior; iii) a workload characterization of
an arbitrary generic e-Commerce system has been defined for the first time,
through the specification of characteristic operating profiles, that define the
participation of various classes of e-Customers in the mix, in various
proportions;

3. For the first time, the hierarchical composition approach has been
promoted in studying the complex concept of performability of e-Commerce
systems, for developing stochastic sub-models that implement its particular
components, including the performances and dependability (reliability and
availability);

4. This research is the first attempt that promotes a hybrid approach to
evaluation of performability measures of e-Commerce systems, relying on the
usage of the classes of Deterministic and Stochastic Petri Nets (DSPNs) and
Generalized Stochastic Petri Nets (GSPNs) for modeling various key aspects of
the extremely complex e-Commerce systems, as well as the promotion of the
new approach to solving those classes of stochastic Petri nets using a
programming language for discrete-event simulation, based on active processes
(SimPy/Python);

5. For the first time, a monolithic simulation model of the client/server
interaction between e-Customers and e-Commerce system via Internet has been
built, to evaluate numerous performance measures inherent to the e-Commerce
paradigm, both on the client- and the server-side. A special attention has been
given to derivation and evaluation of business-oriented performance measures.

A plethora of concluding remarks that are closely related to the
e-Commerce systems’ performability evaluation issues came out as a result of

such a consistent, unified, robust, thorough and scientifically based approach.
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The originally proposed methodology, along with the obtained results, as
well as the cunclusiuns that have been drawn from, set up new frontiers in the
sphere of capacity planning, and also give a considerable contribution in the
field of performability evaluation of e-Commerce systems. As being a first
attempt of this kind, this approach opens many new possibilities and raises
many new unanswered questions which impose the need for further and long-
term exploration of not only e-Commerce systems and e-Customers’ online
shopping behavior, but also the tools and techniques for addressing the wide
spectrum of issues related to performability modeling and evaluation of systems

an e-Commerce paradigm relies on.
Keywords: Performability, Performances, Dependability, Reliability,

Availability, e-Commerce systems, Modeling, Evaluation, e-Customer’s online

behavior, Stochastic Petri Nets, Discrete-Event Simulation
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