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The problem of growth of the mobile data traffic and the number of services becomes
global, moreover, volume and frequency of control traffic transmitted through the network
areincreasing, and thereforethere is a need for its effective management to ensure the quality
of service required by users and optimal use of mobile network resources. In such
circumstances, the load on the server that is created in the process of establishing the
connection and its serving has its considerations. Wide range of modern information
communication systems implies stagewise processing of incoming requests. In response to a
request such systems perform a sequence of data processing actions, including, in general,
number of steps. Likewise the billing system of mobile telecommunication operator involves
performing succession of operations. Each service provided by the operator or service
provider to the customers is charged using a distinct scheme, thus a billing system is a
bottleneck in the service provisioning. This paper is devoted to the problems of multiple stage
multiple resource multiple service systems. Dynamic resource provisioning in multi-stage
systems is a useful technique for handling the variations seen in communication systems
workloads. Virtualization technology allows to implement this approach. It is non-trivial to
extend provisioning mechanisms designed for single-stage scenarios to multi-stage scenarios.
Classical approaches may merey shift the bottleneck to another downstream stage. For
another thing, in the networks various stages may be located on the same physical machine,
and thus it is necessary to consider a common pool of the resources. An analytic model of a
system would be attractive as it would be able to evaluate system char acteristics under a wide
range of conditions, and to be computed comparatively easily. It is also can incorporate
numerical optimization techniques for system design. Moreover, thereisa need in formulation
and solving of the multi-criteria problem of resource allocation among different nodes with
consider ation for beside the failure probability other criteria— such asthe cost of utilization of
additional amount of resources (i.e. cost of activation of the additional server) or benefit from
the certain service provisioning and so on. In this paper we argue that dynamic provisioning of
multi-stage infor mation communication systems raises new challenges not addressed by prior
work on provisioning single-stage systems. An extended dynamic provisioning technique for
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multi-stage multi-resource multi-service systems that employs a flexible queuing model to
deter mine how much resour ces to allocate to each stage of the system is proposed. The whole
system is modelled as sequence of multidimensional Markov chains. Since the numerical
evaluation of the closed-form failure probability in such system will become numerically
intractable for a large number of traffic classes, a simpler approximate method of calculation
for the state probabilities of the traffic model described is used. To evaluate the proposed
technique M athcad system is used. T he effectiveness of the method is confirmed by simulation
example for the system with two service types, two resource types and three stages. The
proposed model is very general and can be used for analysis of different systems.
Key words: cloud computing, multi-stage system, queuing system, resour ce allocation

Beryn
Haiimupumii criekTp cydacHUX iH(pOpPMaIifHUX CHCTEM MacOBOrO OOCIYrOBYBaHHS Iepeadadac
rmoeranHy o0poOky 3anuTiB (puc. 1), a cucrema Tapudikaiii oreparopa MOOLILHOIO 3B’ SI3KY — BUKOHAHHS
MEBHUX oOrmepalliii. Pi3HOMaHITHICTh IMOCIYr Ta BHUIQJKOBICTh MPOIECY HAJXO/PKCHHS 3asBOK Ha iX
Tapudikaiito poOUTh OUTIHTOBY CHCTEMY BY3bKHUM MiCIIEM.

TenexomyHikawiiiHa cucrema

BXiguuii OTiK 3asBOK| Buxinauii moTik 3asBOK

Puc. 1. Cucmemu 6azamoemantoi 06podku ingopmayii

[cHYIOTH pi3HI MiAXOAM 10 YHPaBIiHHSA KUTBKICTIO BHJAUIEHUX PECYPCiB Ul KOXHOI ITiJCHCTEMH:
¢ikcoBani Ta amantuBHi. ChOromHi Bce OLTBIIOI MOMyNspHOCTI HaOyBae BHUKOPHCTAHHS BIpTyaJIbHHX
CepBepiB, SIK1 JIETKO HANAIITOBYIOThCA ITiJ] 3MiHY HaBaHTa)XEHHS Ta J03BOJISIFOTH pealli3yBaTh aJanTHBHUHA
migxig. Tlpouec ympaBmiHHA pecypcaMH € CKIaJHHM 3aBIaHHSM Yepe3 KOJNMBaHHA pPoOOYOro
HaBaHTaxkeHHs. OHaKk 0araTo HaBaHTaXXEHb B JaTAallCHTPaX 3a3BHYail MalOTh MEPIOUYHI A0I0HH, IPOTE
BUHUKATHMYTh 1 BIAXWICHHS BiJl ICTOPHYHUX MoJielied depe3 HemependaueHi (pakTopu, Taki sK MMKOBi
HaBaHTaXeHHs Toio [1]. Uepe3 MIHIMBICTh HaBaHTa)KEHHS, 110 3a3HAIOTh CY4acHI CHCTEMH, PO3MIIIICHHS
BIpTyaJIbHUX MAIllMH TOBUHHO TOCTIHHO B PEKHMI PEaNbHOr0 4acy omnTuMmizyBatuch [2]. BpaxoByroun
TPYAHOILII Yy TMPOrHO3yBaHHI MIKOBUX HAaBaHTa)KEHb, CHCTEMa MOBHHHA BHKOPHCTOBYBATH KOMOIHAIIIO
JMHAMIYHOTO HAaJaHHS pEeCcypciB Ta YNpaBIiHHS 3aldTaMd, 100 BYACHO BiIpearyBaTH Ha 3MiHH
HaBaHTaXeHHs [3]. 3pemToto, HaJaHHs pecypciB He € 6e3KOITOBHUM [1]; iICHYIOTh pi3HI MOB’s13aHI 3 IHM
BUTpATH 1 pu3nku. YacTe BUKOHAHHS MPOIETYPH HAJaHHS PECYpCiB CIPHYUHSE BTPATH 1 POIYKTHBHOCTI,
it eneprii. YacTi nepionuuHi BMHUKaHHS Ta BAMUKAHHS TIOTYKHOCTI CEpBEpiB BUKIUKAIOTh ““3HOIICHHS, 1110
MOJK€ MPHU3BECTH 10 BIIMOBH cepBepa i mepeboiB y o0ciayropyBanHi. ToMy mpoBaiiiepy MaloTh CIIpaBy 3
KOMIIPOMICOM IIIOJ0 CHEProcEKTUBHOCTI — MIHIMI3AIIE CIOKHBAHHS €HEprii 3 OJHOYACHHM
3abesneueHHsM SLA (Service Level Agreement) [2].

JluHamiuHe HaJaHHS PECypCiB — BUIUICHHS 1 3BUIbHEHHS CEpBEPIB IS MPOrpaM — BHBYAJIOCT B
KOHTEKCTI TIpOrpaM OJHOTO PiBHA, TOMI SK y Tpolleci BHBUCHHs OaraTOpiBHEBUX MPUKIAHHUX MPOTpam
InTepHery yBara 3ocepeKyBanach Ha MUTAaHHAX YHPaBIiHHS JOCTYIOM JUISl MIATPUMKH IUILOBOTO 4Yacy
BINOBIMI, ajie¢ 3aJa4i BUIUICHHS pECypCiB HE po3MIaganuch. Po3IIMpeHHS MEXaHI3MIB BULICHHS
pecypciB, po3poOieHuX i OOCIyrOBYBaHHS CEpPBICIB B OJMH €Tal, Ha OaraTtopiBHEBI CIeHapii €
HETPHBIANBLHOIO 3ajaueto. KimacuuHi migxoau MOXYTh TPOCTO 3MICTUTH BYy3bKe Miclle Ha IHIIMH piBeHb
[3]. BomHouac, sik mpaBuIiio, BUBYAIOTH CHCTEMH 3 €IMHUM THIIOM pecypciB. 3ajadi po3noairy pecypciB y
cucremMax OaraToeranHoi 00OpOOKH PO3TISIIAIOTHCS TIEPEBaXKHO JIISl IHTEPHET-CHCTEM, TOJI K Taki 3a/adi
BHHHUKAIOTh B Pi3HUX cepax, 30KpemMa B IMpoleci poOOTH cepBepiB omepaTopa MOOUIBHOIO 3B’s3Ky. B
OUIBIIOCTI POOIT eTany PO3TIBIIAIOTHCS HE3AISKHO a00 3 He3aleXHUMH ITyJaMu pecypciB [3, 4]. [Ipote B
Mepexax pi3Hi eTany MOXKYTb pO3MIllyBaTHCh Ha ofHiN (i3nyHil MammHi. B Takux BHmaakax HEOOXiIHO
PO3MJISIATH 3arajibHUM MyJ pecypciB, 1 BUHHMKAE JOAATKOBA 3ajava — 3ajada ONTHMAJIbHOIO PO3MOILTY
3arajibHUX PECypcCiB MiX PI3HUMH €TaraMH.
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3ayBakuMo, IO JOMUIbHIIIE 3aCTOCOBYBATH OJHOPA30BE MPHHUHATTS PIICHHS PO JOCTYII Mij 4ac
HAJXOKEHHSI 3amuTy. Take oIHOpa30Be pINIEHHsS JoNoMarae yHWKHYTH BTPaT PECYpCiB y pe3ynbTati
YaCTKOBO OOCTY)KEHUX 3aITUTIB, SIKi MOXKYTb OyTH BTpadeHi Ha Mi3HIIINX PIBHSIX.

3HauHy KUIBKICTh JOCIIDKEHb 3MIHCHEHO 3 BUKOPUCTAHHSIM TEopii MacoOBOro 0OCIyroBYBaHHS IS
MojenoBaHHs. Yepe3 TpymHOIII B MaTEeMaTHYHOMY MOJENIOBaHHI CKIQJHUX XapaKTEPHCTHK Tpadiky
(mampuknaza, OaraToeranmHOi OOpOOKM 3asBOK) OLIBIIICTH JOCHIDKEHb B JITEpaTypi BHKOHAHO 3
BHKOPHCTaHHSM IMiTallifHOIO MojeaoBaHHsA. Hampukiian, poOora, BUKOHaHAa B [5], IPYHTYETbCsS Ha
iMiTamiHid Mopeni. OJHAaK peTenbHA peaiizallii KOKHOI JeTalli KOHKPETHOI CHUCTEMH 30UIbIIye
CKJIQJIHICTh MOJIEINI 1 3HMKYE SPEKTHBHICTD, 1 TaKa MOJECIb, K MPaBUIO0, MOXKE OyTH 3aCTOCOBaHA JIMIIE B
oyXKe oOMeKeHHX cuTyallisax. OTKe, aHaNITHYHA MOJIENIb CUCTEMHU OyJe NMPUBAOJIMBOIO, OCKLIBKH BOHA
3MOJKE OI[IHUTH XapaKTEPUCTHKH CUCTEMH B IIMPOKOMY Jialla30Hi yMOB 3a JOMYCTUMHH Yac, J03BOJIHTH
3aCTOCOBYBATH IIiJ1 4acC MPOSKTYBAHHS CUCTEMH METO/IH YHCIOBOI ONTHMI3allii.

AKTyallbHOIO € 3ajada IMOOYJOBM AaHAJIITHMYHOI MOJENiI CHUCTEMH 3 KUIbKOMa THIAMH IIOCIYT,
KUJTbKOMa THIIAMU BHKOPHUCTOBYBAHUX PECYPCIB Ta KiTbKOMA eraraMu 00CIyrOBYBaHHS 3alUTiB, OCOOIHUBO
y chepi MoOUTBHHX Mepex 3B’s3Ky. CkorT J[KopmaH BBIB METOJ MOJCIIOBAHHS CHUCTeM 3 OaraTbMma
THUTIAMH CEPBICIB Ta pecypciB y [6]. V crarTi MOAN(IKOBAaHO Ta PO3IIUPEHO 3aIPOIIOHOBAHUIA METOJI JUIS
3a1adi 0araToeTalrHOTO BHJUICHHS PECypCiB Ta 3acTOCOBAHO HOTO Ui YHPAaBIIHHS JaTa-ICHTPOM
orepaTopa MoOUTEHOTO 3B SI3KY.

Mogaean cucreMu
Hexait ko)xHOMY cepBicy MOTpiOHa MeBHa KUIbKICTh pecypciB Mepexi. Takumu pecypcamu MOXYTh
OyTH KaHanM 3B’SI3Ky, OIEpPAaTHBHA TaM’siTh, MPOIECOPHHIA dac, aAuckoBui mpocrip. Hexair K — me
KUIBKICTh BY3JIB CHCTEMH. 3MOJCIIOEMO cucTeMy sK K-BUMipHHH naHIor MapkoBa, cTaH SKOT'O
BI3HauaeThest Tak: Z=( Z%,..., Z%), ne Z nosnauae cran By3na j.
Koxen By3o0i 3 jaHitora GyHkijioHaabHUX OJIOKIB (pHC. 2), kil 00po0JIsie 3asiBKY, MOJCITIOETHCS
Tak, SK TIOKa3aHO Ha puc. 2. I[HTEHCHMBHICTh HAJXOKCHHS 3asfBOK HA KOXXKEH HACTYIMHHU OJOK
PO3PaxOBYEThCS SK IHTCHCHBHICTh HAJIXOMKCHHS 3asBOK Ha IIOMNEpPenHili OJIOK, IOMHOXXEHA Ha
HMOBIPHICTD YCIIIIHOTO 0OCITYrOBYBaHHS 3asIBKH ITUM MOIEPEIHIM OJIOKOM.
AL Pogent 2P

obca obca

2t
_'\ Byson 1 _'\ Byszon 2 B

res y3001 K
— —|

Puc. 2. Mooenv cucmemu

K-1 —
APt AK.p

obca

Konu My MomentoeMo cucteMy oHJIaiiH-Tapudikallii, nepeadadaeThes, M0 XapakTep HaJaXOPKEHHS
3afBOK Ha TapH(ikailii0o BU3HAYAETHCSA XapaKTEPOM iHIlliai3allii BUKIMKIB aOOHEHTAMU TeIEKOMYHIKAI[IHHOT
Mepexi. Y KIaCHYHOMY BHIAJKYy TaKH XapakTep BiIIOBIa€ MyacCOHIBCBKOMY MOTOKY. JMCHHILTIHH
00CITyrOByBaHHS OKpPEMHUX THITIB CEpBICIB Mepen0avyaroTh BiANPABICHHS TOBTOPHUX 3asBOK Ha
TapudikaIlito yepe3 3aJaHuil iIHTepBall Yacy, OJHaK, OCKUIbKH KUIbKICTh 3asIBOK, K1 OJJHOYACHO HAJXOSTh
Ha OOCITYrOBYBaHHs, BEIMKa, TO B MOJENi NOBTOPHI 3asBKM Ha Tapu(ikalifo po3rIsIaroThesl SK HOBI,
OCKUTBKH MTPOXOJISATH OTHAKOBY TPOIEAYPY 00CIyrOBYBaHHS.

PosristremMo cuctemy 3 N TrmaMu cepBiciB. st 00poOku KOXKHOMY cepBicy OTpiOHAa MHOXKHHA 3 M
TUMIB pecypciB. 3asBKM Ha OOCIYrOBYBaHHS HAQJXOMATH SK HE3aJEXKHI MyacCOHIBCHKI MOTOKH. Koxna
3asgBKa 3aliMae HEOOXiNHY KUIBKICTh 3aJlaHOrO pecypcy Ha BHUIAJKOBUH OJHAKOBO PO3MOIiICHHH
MPOMDKOK Yacy, III0 Ma€ EKCIOHCHIIHHUN pO3MOAT 1 HE 3aJeKUTh BiA IHIIMX 3HAYCHb 4Yacy
o0cnmyroByBaHHS. MU MOJEITIOEMO 110 CHCTEMY SIK JIAHIIOT MapKoBa i BHKOPHCTOBYEMO TaKi MO3HAYCHHS.
Jst By3na j, j=1,2,...K:

A — MaTpus posmipom (M X N), [ Y CTOBIILI | BU3HAYEHO KiMBKICTh KOKHOTO 3 M THIIIB Pecypeis,
110 morpebye cepsic i

b/ — BeKTOp TOBKHHOK M, [0 BH3HAYAE KiTBKICTh PECYPCIB KOKHOTO THITY B CHCTEM;

- ( Sl nj), IHTEHCUBHOCTI HaJIXOJKCHHS 3asIBOK Ha 00CITyrOBYBaHHS,

mM— (M, ..., M), inTencuBHOCTI 06CITyrOBYBaHHS;
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ri— (r oo nj), HaBaHTa)XECHHsI, BUBHAYAECTRCS SIK I =1 mi;

X — (le, v an), CTaH CHCTEMH, JIE X} — KinbKicTh 3asBOK THIY i, 10 0OPOOITIOIOTECS CHCTEMOIO;

Z —{X | AX £ b}, 10670 X 3aBOK MOKYTH OXHOYACHO OGPOGIIOBATHCE JOCTYITHIMH PECYpCaMH;

Fl - {Xj | X1 Z but (le, o X1, an) | Zj}, MMOBHA MHOJKHHA THITY CEpPBiCY i, TOOTO MIMHOKHHA
CTaHiB MHOXHHHU Z), TAKUX, 1O HAJXODKCHHS 3asBKU TUITY | CIPHYMHHTS ii BIIKUIAHHS;

El—{X| X1 Zbut (x/, ..., x—1, x{) | Z}}, nopoxus MuOXmHa /1 cepBicy THIY i

7(X) — crarioHapHi IMOBIPHOCTI.

ITpumyIeHHs CTOCOBHO MPOIECIB HAJXOMKEHHS Ta OOCIyroBYBaHHS MalOTh JIAHIIOr MapkoBa 3
MIPOCTOPOM CTaHIB Z) 3 {HTCHCHBHOCTSIMH 1(50] C0)i §1:

T if xT F! andy:(le,...,)gj +1,...,xnj)
i

ry =_|l_>gjmj,if xI E/ andyz(xlj,...,xj - 1,...,xnj). (1)
-Ifo,else

Jlaniror MapkoBa 3BOpOTHHIA 1 Mae 100pe BigoMy (popMy CTaIiOHAPHOTO PO3MOALTY:

= 0O e o

BukopucToBytour OTpUMaHHWH CTaI[iOHAPHHIA PO3IMONIN, HMOBIPHICTh YCHIIIHOTO OOCIYrOBYBaHHS
P! na Bysni | au1s cepsicy i MOKHa OOUHCIIUTH SIK:

P =1-3p, (x), wherel ={xj|ij Fij}. 3)
|

[HTEHCHBHICTh HA/IXO/DKEHHS 3asBOK Ha 0OCIyrOBYBaHHS [UIs By3ia J, j=2,...K MOKHA BUpa3uTH sIK:
V=@ P07 L R.

OCKUIBKM YHUCIIOBUH PO3PaxXyHOK AOOYTKIB CTaHE HEPO3B’SI3HUM JUIS BEIIMKOI KIJIBKOCTI KJaciB
Tpadiky, MO)KHA 3aCTOCOBYBATH TPOCTIIi PEeKYpCUBHI a00 MPUOIM3HI METOM PO3PaxyHKy HMOBIpHOCTEH
CTaHIB MOJIEII.

MogentoBaHHS 3alIPOIIOHOBAHOIO BHUIIE METOAY IpoBeaeHO B cucteMi Mathcad 3 BUKOPHUCTaHHSIM
YHCIOBOI Tponeaypd 3 [7], 1O OCHOBaHa Ha TPHHIMUII YKPYIHEHHsI CTaHiB, ISl 3HAXOKCHHS
CTAIlIOHAPHOr0 PO3MOALUTY. AJIFOPUTM MPOMNOHOBAHOI NPOIEHypH Iependavae HasBHICTH JBOX THIIIB
CEPBICIB y CUCTEMI i MICTUTHME HaBEICHI HUXKYe KPOKHU JJIs 3HAXOKCHHS CTAI[lOHAPHOTO PO3MOALTY Ha
KO>KHOMY BY3JIi CHCTEMH OOCITyTOBYBAHHSI, 10 PO3TIISAAETHCA.

Kpok 1. Posrmsmaerscst posmieruieHHs (a3oBOro IpoCTOpy CTaHiB Z 3a 3HAYEHHSAMH JPYroi
d

xomnonentn: Z2'=JZ,', 2 12, =gt g'.
g=0
z, ={(f.9)1 2': 1 =0.¢},g=0.d.
c=maxX1j,C={X1j|XjT Z'Ux,’ = }, dzmgxxzj,Dz{xzj|ij Zj}.

Kpok 2. Bei mikpocTanu 3 migkiacy Zgj 00’€IHYIOTHCS B OIMH yKpyIHeHuii cran <g>, g=0,1,...,d.
Bci Taki ykpyImHeHi cTaHu yTBOPIOIOTh YKPYITHEHY MOJEIb 3 IPOCTOPOM CTaHiB 2! ={< g> :g= O,_d} .

Kpoxk 3. 3HaxoasTh cTalioHapHUN PO3MOILUT BCEPEINHI PO3IICIICHUX KiaciB Zgj, 0=0,1,....d.
Crauionapny Hmosipricts crany (f,g) ycepemuni knacy Zg MoKeMO BH3HAYMTH 32 JOMOMOTOI0
¢dbopmynu Epnanra:
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psg(f)z—' f=0l,. 4)

Kpoxk 4. 3HaxomaTh e1eMeHTH TopoLKy0U0i Matpuii Q=0(<g>,<g’>) — yKpyIIHEHOT MOEITI.
EnemenTH mopopKkyrouoi MaTpuIli BU3HAYAEMO SIK:

q(<g>,<g'>)=(5;1 q((f,g)(f.g")ps?(f), (5)
f.o)i Z,'
(1971 2,

ne q((f,9),(f.g+ )=r Jg.

Kpoxk 5. BuznavaeTscs cramioHapHui po3moain ykpymHernoi mogeni #(<g>), g=0,1,...,d, e n(<g>)
O3HayYae cralioHapHy HMOBIPHICTb CTaHy <O>.

[Ipu pOMy yKpyITHEHA MOJIENb SIBJISIE COOO0 OJHOBHMIPHHM JIAHITIOT 3 TIOPO/DKYIOUOK MATPHUIICIO
Q. CramionapHy WMOBIPHICTh CTaHIB YKPYITHEHOT MOJICITI BU3HAYAEMO 3a JOIIOMOI'OI0 TaKMX BHUPA3iB:

p((g))=p((g- 1)a((g-1).(g)).g=12.....d

p((9)=1; §°1q(<1h- e : (6)

Kpok 6. CrarioHapHHii PO3IMOILUT BUXIAHOTO IBOBUMIPHOI'O JIAHIIOTa BU3HAYAETHCS SIK:
p'(f.9)@ps’(f)p((9)).(f.0)T Z'. (7

OTpuMaHHS CTaIlIOHAPHOTO PO3MOILTY Aa€ 3MOT'Y OOYHCIIUTH HMOBIPHICTh BIZIMOB Ta ONTHMIi3yBaTH
ii sk YHKIIIFO BiJl KIIBKOCTI PeCypCiB, BUALICHUX KOKHOMY BY3IIY 13 3arajibHOro Mmyiy pecypciB. 3agamo
HUTBOBY (YHKIIiFO IMOBIPHOCTI HEYCITIITHOTO 0OCTYroByBaHHs (HMOBIpHICTH BifiMOB) F sk (yHKIiIO Bin
KUIBKOCT1 PeCypCiB, BUALUICHUX KOXKHOMY BY3Y,

Ao

5
-O PJ ®)

=1

F(b'.07,...0° ) =¢

QJO:
>0

ne P} o6uncroerses 3a (dopmyioro (3); KUIBKICTh peCypCiB, BUIUICHUX KOXKHIH MIICUCTEMI, TYT € HEIBHO,
y opMi (ha3oBOro MpocTopy craHiB Z sk 0OMEKEHHS KITBKOCTI CEPBICIB KOXKHOTO THITY, 110 MOXYTh OyTH
00CITy’>K€H1 OJTHOYaCHO.
Hexait nano B — BekTOp IOBXWHOIO I, 1[0 BU3HAYAE 3arajibHy KUTBKICTh PECYpPCIB KOKHOTO THITY B
cucTeMi. 3ajaya onTUMi3alii MaTUMe BUTJISL;
min F (b',b?,...,b% )
)

3a obmexcenns g b £B
i
Pe3ynbTaTi MO/IENIOBaHHS CHCTEMH 3 JIBOMa THIIAMH CEPBICIB, TPhOMa By3JIaMH Ta JIBOMa THIIAMH
pecypciB TMoKa3aid, MO MOXJIMBO OTPUMATH BHIpAlll Yy THUCSYi pa3iB, BUKOPUCTABIIN JHHAMIYHY
MPOLEAYPY MEPEPO3NOILTY PECYPCIB MK €TanaMH Y pasi 3MiHM IHTEHCHBHOCTI BXIJHOT'O HaBaHTAKCHHS,
TOOTO PO3MOJINISAIOYA PECYPCH BIAMOBIAHO N0 3HAa4YeHHs BHpa3y (9). Burpam 3amporioHOBaHOTO BHIIE
METO/y TOpIBHSHO 3 METOAOM, 3a SKHM PECypCH pO3MOJIUIIOTBCS MDK erarnaMu  piBHOMIpHO,
MPOUTIOCTPOBAHO Ha MPUKIAl puc. 3. 3HAUEHHS BUTPAIIY BiJl 3aCTOCYBaHHS 3alpONOHOBAHOTO METOIY
3MIHIOETBCSL Yy pasi 3MIHM KOH(Qirypamii cucTemMH, TOMY 3ajlaya BH3HAYEHHS YMOB JOIUILHOTO
3aCTOCYBaHHS METOY Ha IIPaKTHIIl Oy/ie IPeMETOM MOATBIIOTO JOCTIPKEHHS.
3a3HaunMo, 10 BU3HAYEHA BUILE MOJICIb € YHIBEPCAIbHOIO 1 MOYKE BHKOPHUCTOBYBATUCH JUTS aHAIII3Y
pi3HUX cUCTeM. 3ampOIOHOBAaHUN IHCTPYMEHT MOXE 3aCTOCOBYBATHUCH B MailOyTHBOMY Uil PO3B’SI3aHHS
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3a]a4i ONTHMaJIbHOTO PO3MOJIUTY PECYpCiB MK PI3HUMH By3JIaMU. METOI0 allrTOpUTMY HaJlaHHS PECyPCiB €
BHJIJICHHS JIOLUIBHOI KUIBKOCTI PecypciB Ui KOXXHOTO By3Jia (eTamy) CHUCTeMH, Tak, I1mo SLA
(MMOBIpHICTh BiZIMOBH) 33JI0BOJIBHSETHCS HABITh 32 HASIBHOCTI IMMKOBOTO HABAHTaKEHHSI.

10000 20000 30000' Liooov 50000 100000
0,1 |

0,01
0,001 |
0,0001 |
0,00001 |
0,000001 |
0,0000001

| ——Opn HAMIPTHOMY posnoXis
| —=npn gixcosanomy posmomimi

Puc. 3. Umosipricmo 8iomosu 6 06¢ye08y6anHi
3a 3MIHU IHIMEHCUBHOCTNE HAOXOOJICEHHSL 3aNUMI8 ) J102apUpMIUHOMY Macuimaoi

KpimM TOro, BHKOPHCTOBYIOUH 3alpOINOHOBaHY MOJIENIb, MOXJIMBO aHATITHYHO CHOPMYIIOBATH i
pO3B’si3yBaTH OaraToKpuTepiajbHy 3allady pPO3IMOJUIY PEecypCciB 3 ypaxyBaHHIM, OKpIM HMOBIpPHOCTI
BI]MOBHM, W IHINIMX KpPUTEPiiB — TaKUX SK BAapTICTh 3aIy4EHHs JOJATKOBOrO 00’eMy pecypciB (ToOTO
BapTiCTh YBIMKHEHHS JOJIATKOBOTO cepBepa) abo BHIrO/a BiJ HaJaHHS TOrO Y IHIIOTO CEPBiCY TOIIO.
3arajapHy IpodIeMy pO3MOILTY PeCypCiB MOXKHA 3aIIUCATH TaK:

max u(b,P,L). (10)

bl B(P)

Tyt uinboBa ¢yHkiis € ¢ynkiiero kopucHocti U(b,P,L), sika BuU3HAa4Yae KOPHCHICTH MaTpHILi
b=(b',..., b) @it Bexropa mapamerpis P 3 Barowo L, mo € BeKTOPOM BaroBux KOe(il[ieHTIB IS Pi3HHX
nmapamerpiB 3 P; pe3ynbpTaToM mpoiiecy BUOOPY € MaTpHIlsl PO3IOILUTY PECYPCiB MK PI3HUMH BY3JIaMH, IO
HaifKpale 3aJ0BONbHSAE BHMOTM CHCTeMH. MHOXKHHA JONYCTHMHX 3HaueHb DI B(P) € MHOXHHOIO
JOCTYITHHX 00’ €MIB pecypciB.

Bucnorok

VY poboTi BcTaHOBJIEHO, IO AMHAMIYHE HAaJaHHS pecypciB y OaratoeTamHUX TEJICKOMYHIKAI[IHHUX
CHCTEMax CTaBUTh HOBI 3aJladi, He PO3B’s3aHi y MOIMEPEHIX JOCTIPKEHHIX CUCTEM HaJaHHS PECcypCiB.
3anponoHOBaHO PO3MIMPEHUH JAWHAMIYHUA METOJ YIPaBIIHHS pecypcamu Ui 0araTOeTaliHUX CHCTEM,
KM 3aCTOCOBYE THYUYKY aHaIITHYHY MOJENb CHCTEMH MAacOBOTO OOCIYroBYBaHHS Ui BU3HAYCHHS
KUIBKOCT1 pecypciB, SIKy HEOOXIAHO HaJaTH KOXKHOMY €Taly CHCTeMH. B MomajibIIuX JOCTIIKECHHSIX
3alpONOHOBAHUI METOJ, MOXKHA PO3IMIHMPUTH Yy MepKax O0araTOKpUTepialibHOI 3a1avi  yrnpaBIiHHS
pecypcamu Ta mpobaeMu BU3HAUCHHS MOMEHTY, KOJIHM CJIiJl 3aIlyCKaTH aJITOPUTM IEePepO3MOIiTy PecypciB.
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