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3 BHUKOPHCTAHHAM MeTOAY AMHAMIYHOrO0 NPOrpaMyBaHHSl Po3po0JieHO e(deKTUBHMI
004YMCIIOBATBHUM AJTOPUTM ONTHMAJBHOIO PO3NOALIY 3aBAaHb MIK KOMII' I0TepaMH Mepeski
Ta PO3B A3aHO YMCJIOBMI NPUKJIAA, SAKUIH JAeMOHCTPYE e(eKTHBHICTH 3aNpONOHOBAHOIO
AJITOPUTMY.

Kui04oBi cjioBa: onTUMAJBLHUI PO3MOAii, KOMI I0TEPHA Mepeka, MeTOH JUHAMIYHOI0
NporpamMyBaHHs, 004NCII0BATbHI AJITOPUTMHU.

The efficient computational algorithm for optimal allocation of tasks between computers
on the network has been developed. It has been designed by using dynamic programming
method. The numerical example that demonstrates the effectiveness of the proposed algorithm
has been solved.

Key words. optimal distribution, computer network, dynamic programming methods,
computation algorithms.

Beryn

[Ipobnemy 3poctanHs mOTped B OOUYHMCIIOBAIBHUX Pecypcax Ta OJHOYACHE MPAarHEHHS CKOPOTHTU
BUTPAaTH Ha OOJIQJHAHHS MOXKHA BUPIIIMTUA 3aBIskud BrpoBapkeHHI0 GRID-texHosoridd, sk 06a30Boi
TEXHOJIOTII PO3MOAUICHUX O0YHCICHB, Y HPOIEC MOOYI0BH OOYHMCIIOBAILHUX CHCTEM. 3aMICTh 3HAYHHX
BUTpaT KomTiB Ha cynepkoMmi toTep GRID-TexHonorii 103BOJSIOTP BHKOPHCTATH MOTY)XHOCTI BXKE
HAsIBHUX KOMII'IOTEPIB Y MEpeXi oprasizailii, OCKUIbKH CEPeIHE 3aBaHTAKCHHS IXHIX IPOLECOPIB, SK
MPaBWIO, HE TMEPEBUINYE JEKUILKOX BiACOTKIB. OCOONMBO II¢ Ba)JIMBO I MiAIPUEMCTB, IO
BHUKOPUCTOBYIOTh BENHKI 1H(OpMamiiHO-00UMCIIIOBANbHI PECYpCH, fAKI IUHAMIYHO BHIUIAIOTHCS TS
PO3B’sI3aHHS TPOMI3AKHUX 3ajad, B HayKOBiH, 1HIyCTpiaibHil, aMIHICTpaTUBHIA Ta KOMepLilHii cdepax
nisutbHOCTI. 3acTocyBaHHs TexHodoriii GRID no3possie OynyBaTu cucTeMy YHpaBiHHS PO3MOAUICHHUMHU
OOYHNCIIOBAJBHUMH pecypcaMu. Y Takii CHTyalii KOPHCTyBadeBi BXKE HE BaXIHBO, Ha SKOMY
KOHKPETHOMY BY3JIi MEPEkKi pPO3B’S3YETbCS HOro 3ajada: BiH IPOCTO CIIOXKUBAE TIEBHY KINBKICTh
BIpTyaJbHOT TPOLIECOPHOI MOTY>KHOCTI, HasiBHOI B Mepexi. GRID-cucremu rapMoHINHO JOIMOBHIOIOTH
HU3KY OOYHMCIIOBAIBHUX apXiTEKTyp, IO BHUKOPUCTOBYIOThCS cborofgHi. ¥ GRID uac B3aemonmii Mixk
BYy3JIaMH BUMIPIOETHCSI MIJTICEKYHJIAMH W CEKYHJIaMH, TOMY TaKi CHCTEMH HE MPU3HAYEH] JJIsi PO3B’ I3aHHS
napajelibHuX 3ajlad, a HalliJIeHi 37c¢OiIbIIOr0 Ha BUKOHAHHS IAKETHHUX 3aBllaHb, KOJIM KOXHE OKpeMe
3aBJIaHHS BUKOHY€ETHCS HA OJIHOMY By3i [1].

[MutaHHsAM MOzENIOBaHHS PI3HMX AacMeKTiB (QYHKIIOHYBaHHsS PO3MOAUICHHX CHCTEM, 30KpeMa
noOynoBannx Ha GRID-texHounorii, Ta mpoOieMaM CHCTEMHOi iHTerparii HPUCBSYEHO POOOTH TaKHX
BITYM3HSHUX Ta 3apyObkHMX ydeHux: M. f. baprima, B.B. BoeBoagina, M. 3. 3rypoBcbKoro,
B. M. Kosais, O. 5. Matosa, O. A. I1asnosa, O. B. I1anarina, C. 1O. fxosiaesa, I'. I'. Llerenuxka, |. Foster,
L. Fusco, D. Menasce, L. Hluchy, B. Javadi, R. Buyya Ta in.

3 obOuucmoBaneHoro mormsiny GRID-cucremn 3a BiamoBigHOI opraHizamii 00YHCIIOBAIBHOTO
mpoliecy JAl0Th 3MOTY 3a MPUHHATHUIA Yac 3arajioM po3B’s3aTH JIBa KIIACH 3aj]ad: 3ajiayi, B IKUX MOXIIUBE
napayenbHe BUKOHaHHsI OOYHMCIIOBAIBLHOTO Tpoliecy, abo MOTOKY 3ajad, JUlsl SKHX pOo3MapalieliOBaHHS
HeMoxtHBe. MoIMBHI BapiaHT ogHOYacHOTO 00cmyroByBaHHS GRID-crcreMoro TBOX BU3HAUEHUX BUIIE
tuniB 3amad. Tomy mnpu ynpasiiHHi GRID-cuctemoro rocrae 3aBaaHHs oOpraHizailii 004HMCICHbB, 10
3a0e3meuye iX ONTUMaATbHUN pexuM. Sk HacHimok, MmMoOymoBa Ta MOCHIIKEHHS OINTHMI3aIliiHIX
Mojesel, OB’ si3aHuX 3 (YHKI[IOHYBaHHSIM KOMII'IOTEPHUX MEpEeX, € aKTyalbHOI Ta BaXKIHBOIO
npo0JIEeMOr0, SIKa PO3TIIAETHCS Y POOOTI.
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MareMaTHYHA NOCTAHOBKA l'lpOﬁ.TleMI/I.

Hexait HeoOXiHO pO3MOAUIMTH M 3aBlaHb OJHAKOBOI CKJIQJHOCTI cepel N KOMII I0TepiB
Ky, Ky, ..., Ky Mepexi (koMIT'foTepd MOXKYTh MaTH HE OJHAKOBY IMOTYXHiCTh). BiloMo 4ac BHKOHaHHS
3aBJaHb Ha KO)KHOMY KoMl totepi. Hexaii ti(x;), i = 1,2,...,n, — ac BuKkoHaHHA X; = |, ] = 1,2,...,m, 3aB1aHb
Ha i-My xomm’torepi K;. 3aBmaHHs MOJSra€ B TaKOMYy PO3IMOiIi 3aBIaHb Cepell KOMII'IOTEpiB, 100
CyMapHWiA Yac BUKOHAHHS 3aBAaHb OyB MiHIMaJTbHHM.

Skmo mo3HauMTH uepe3 X, i =1,2,...,N KiABKICTh 3aBAaHb, IO IUIAHYETHCS BUKOHATH Ha i-My
KOMIT'FOTEpi, TO MaTeMaTHYHa MOJIC)Ib MAaTUME BUTJIS;
n
T=>%(x)— min (1)
i=1
3a yMOB
n
ZXi:m, xe{l2,...m},i=12...n 2)
i=1

Jlist po3B’si3yBaHHs ocTapiieHoi 3a1a4i (1)—(2) BUKOpHUCTaEMO METOJT IMHAMIYHOTO MporpamMyBaHHs [2].

@opMyII0OBAHHSA 00YHCTIOBAIILHOIO AJTOPUTMY

[Tosnauumo gepes Ti(x;), i =1,2,...,n, — cymapHuii yac BukoHaHHs Xj = J, j = 0,1,...,m, 3aBganp Ha
nepmux | komn’otepax Ky, Ky, ..., Ki, a gepe3 Ti*(x;), i = 1,2,...,n, — cymapHuii yac BUKOHAHHS 3aBJaHb y
pasi ontuManeHOrO posmoaity X; = j, j = 0,1,...,m, 3aBnanb cepex nepmux i komm’rorepis Ky, Ky, ..., Ki.

Bukonanns 3aBaaHHs po3i0’eMo Ha N KPOKIB.

Ha nepmomy kpori BU3HauaeMo MiHIMAIbHUH 4Yac y pa3i BUKOHaHHS X; = j, j = 0,1,2,...,m, 3aBnanp
Ha nepuomy komm’'orepi K;. Ha mpyromy kpoui BH3Ha4aeMO MiHIMANbHUI 4ac y BUNAAKYy BUKOHAHHS
Xj=]J, j=0,1,2,...,m, 3aBnanp Ha nepmux gBox komm’torepax Ki, K,. I T.1. Hapemri, Ha n-my kpomi
BHM3HAYa€EMO MIiHIMaJIbHMN Yac y pa3l BUKOHAHHS M 3aBmaHb Ha N komm rotepax Ky, Ky, ..., K, Ha
nepuomMy Kpoui npuiimemo T, (Xj ) =t (Xj ), Ti*(xj ) =t (Xj ), j=01,....m.

Ha npyromy xpoui:
t,(0)+T, (x; -0),

Tz(xj)z G (1)+T, (Xj _1)' i TZ*(X-)= min{tz(k)+T1*(xj —k)},;umj =0,1,...,m.

V7 ozk<j

t,(%;)+T, (0).
Bsaraui, na s-my kpori (S = 3,4,...,n — 1)
tS(O)+TS*_1(Xj—O),
()= SO0 i (0+ 77 (3 -k, A =04,

0<k< j

t,(X;)+ T4 (0).
Ha ocrannboMy N-My Kpowi J0cHTb o6uuciuta T, (M) i Tn* (m), ze

t, (0)+ T,y (m),
t,(1)+ T, (m-1)

To(m)=

i T, (m)=0rsr?<|snm{tn (k)+Tn_1(m—k)}.
tn (m) +Tn*—1(0)'
OnTUMabHUE PO3MOILT M 33134 cepe N KOMIT IOTePiB MEpekKi BU3HAYAEMO TaK.
Hexait T,*(m) mocsirae minimymy st K =1y toni |; 3aBmanp Tpeba BUKOHYBAaTH Ha OCTaHHBOMY
n-my xomm’torepi K, [ami HeoOXximHO po3moiiauti M-l; 3aBmane cepex mepumx N-1 komm’roTepiB
Ki, K, ...,  Kya. Hpunyctumo, mo T*, 1(m-l;) mocsrae minimymy s k = 1. Ile o3nauae, mo |, 3aBmann

166



Tpeba BukoHyBaTH Ha (N-1)-My komm' rotepi Ki.q. Sxmmo T* o(m(11+,)) mocsrae minimymy mnst K = I3, To 13
3aBlaHb HEOOXigHO po3B s3yBatd Ha (N-2)-my komm totepi Kno. [T Hexait T*(me(li+H+...+,0))
nocsirae Miimymy st K = |3, Toni |1 3aBaanb Tpeba BUKOHYBaTH Ha Apyromy komir rotepi K. Haperri,

[n = m(I;+H+...+l1) 3aBaanb Tpeba BUKOHYBATH Ha mepinoMy KoM otepi K.
MiHiMalbHAN CyMapHHUi Yac BUKOHAHHS BCiX 3aBJaHb CTAHOBUTUME T,* (M) OAUHHUIb.

Yucnouii npuk/iaj peanizanii aJiropurmy

Hns neMoHcTpawii anropuTMy pO3INISIHEMO TecTOBMH mnpukian. HeoOximHO po3moinuTu BiciM
3aBJaHb OJHAKOBOi CKJIQJHOCTI cepell TPhOX KOMIT I0TepiB Mepexi. Yac BHUKOHAHHS 3aBIaHb KOKHUM
KOMIT' FOTEPOM 3aJIeXKHO BiJI IX KiJIBKOCTI IoJIaHo y Tadi. 1.

Tabauysa 1
Yac BUKOHAHHA 3aBAaHb KOMI’I' HTEpaMu Mepemi
ti (X)) X
0 1 2 3 4 5 6 7 8
(X)) 0 5 7 9 11 14 17 21 25
to(x)) 0 3 6 9 14 17 21 25 29
t3(x;) 0 4 5 6 8 11 15 19 24

Ha nepmomy kpoui anropurmy npmitmemo T,(j) =T, (j)=t,(j), j =0,1,..., 8.

*

Ha apyromy kpoui BusHauaemo: T,(0)=T, (0)=t,(0)+T, (0);
,(D+T,(0), _. _ .
T (1){22 o T =infe (0T (110}

T,(2) =1 ,(1)+T, (1), T,(2)=min{t,(k)+T, (2-k)};

n!
—_
w
~
Il
3.
5
——
—t
N
—
=
~
_+_
_i
—_
©
=~
~
—

T, (5)= min{t2 (K)+T, (5- k)};
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t,(6)+T; (0),
t(5)+T (),
t,(4)+T1 (2),

{tZ(k)+T1* (6_ k)};

min
0<k<6

(3), T, (6)=

*
1

+T

(6)=1,(3)

(0),

t(7)+Ty (1),

t,(6)+T, (2),

T

(3).

*
1

+T

t2(5)

{t(K)+T, (8-K)}.

=min
0<k<8

1 (5),
t,(2)+T; (6),

+T

t(3)

t () +T, (7),

t,(0)+T; (8),

(8)=16(4)+T, (4), T (8)

Pesynbratu o0unciieHs HaBeIeHO y Tab. 2.

Tabnuys 2

PesynbTaTn 004nCiIeHb 32 APYTHM KPOKOM AJITOPUTMY

—_—

Zwiofm o ® Mo D3 9 o|I I 3N -
i

—_

x
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s |tolowow~ow~olow~ g
S—"

*Tl

—

X <

Z | mojmolomojloowmo|lToomo
A

X [NOo|HO|lNHO|mNAO|F M N O
< |- — N ™ <
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IIpoooeoicenns maon. 2

1 2 3 4 5
5 17 0 17
4 14 5 19
5 3 9 7 16
2 6 9 15
1 3 11 14
0 0 14 14"
6 21 0 21
5 17 5 22
4 14 7 21
6 3 9 9 18
2 6 11 17"
1 3 14 17
0 0 17 17"
7 25 0 25
6 21 5 26
5 17 7 24
7 4 14 9 23*
3 9 11 20
2 6 14 20"
1 3 17 20"
0 0 21 21
8 29 0 29
7 25 5 30
6 21 7 28
5 17 9 26
8 4 14 11 25
3 9 14 23"
2 6 17 23"
1 3 21 24
0 0 25 25
t,(8)+T, (0),
t(7)+T, (1),
t(6)+T, (2),
t(5)+T, (3),
Ha tpersomy kpomi T;(8) =1t (4)+T, (4), T, (8)= ggklgs{g (k)+T, (8- k)}
t(3)+T, (5),
t(2)+T, (6),
(1) +T, (7).
t,(0)+T,(8),
PesynbraTtn o0unciieHs HaBeIeHO y Tab. 3
Tabnuys 3
Pe3ysabTaTu 004uc/IeHb 32 TPETIiM KPOKOM aJrOPUTMY
Xj k ts (k) T, (% —k) T3 (x;)
8 24 0 24
7 19 3 22
6 15 6 21
5 11 9 20
8 4 8 11 19
3 6 14 20
2 5 17 22
1 4 20 24
0 0 23 23
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I3 Tabn. 3 Gaunmo, wo T, (8) =19 i mocsraerbes ws K = 4. e 03navae, w0 40TUPH 3aB1aHHs Tpeba

BUKOHYBAaTH Ha TPEThOMY KOMII I0TEpi. 3aIUIIMIOCh PO3MOIIIMTHA YOTHUPH 3aBAAHHS Cepell MEPIIUX IBOX
KOMIT'FOTepiB. [3 Tabx. 2 Gaunmo, 110 T, (4)=11 i nocsiraetbest it K = 0. Ile o3Havae, 1m0 Ha APyromy

KOMIT I0Tepi He MOTPIOHO BUKOHYBATH 3aBJlaHb, 2 YOTHPH 3aBJaHHS HEOOX1THO BUKOHYBATH HA MEPLIIOMY
KOMIT FOTepi. 3arajbHUi YaC BUKOHAHHS BCIX 3aBJIaHb CTAHOBUTH 19 OMHUILL Yacy.

BucHoBKkH Ta NEPCINEKTUBU MOAAJIBIINX HAYKOBUX pOSBiIlOK

Konuenuiss GRID opienToBaHa Ha CTBOPEHHS KOMII IOTEPHOI iHPPACTPYKTYpH HOBOTO THUILY, LIO
3abe3neuye rinodaibpHy iHTerpanito iHpopManiiiHux 1 o0uncIoBaIbHUX pecypceiB, To0To GRID BucTymae
YHIBEPCAJIbHOIO €(EKTUBHOIO 1HPPACTPYKTYPOIO I BUCOKONPOIYKTUBHHUX PO3MOAIICHUX OOYHMCIICHb Ta
00poOku maHux. Sk Hacmimok, akTyanbHicTh gocmimkeHb GRID-TexHomoriii ta cucreM He BHKIIMKAE
CYMHIBiB, 1 ToMy B po0oTi Oyn0 31iHCHEHO MaTeMaTH4Hy IMOCTAHOBKY 3aJadi ONTUMAaJbHOTO PO3MOILTY
3aBJaHb MK KOMIT I0TEpaMH MEPEeXi 3 BpaxyBaHHIM IXHIX MOXKJIMBOCTEH Ta 3alpOIIOHOBAHO e€(eKTHUBHUI
O0YHCIIOBAJIBHAN aJTOPUTM BHKOHAHHS LBOTO 3aBAAHHs, IO TPYHTYETHCA HAa METOAl JUHAMIYHOTO
nporpaMyBaHHs. 3a3HA4YMMO, IO BUOIp METOAy MOOYZOBU PO3B’SI3aHHS [MOCTABJICHOI 3a/1a4i BH3HAYABCS
XapakTepoM MaTeMaTuyHoi Mojeni. st memoHcTpamii eeKTHBHOCTI 3alpOIOHOBAHOTO alTOPUTMY
3MIHCHEHO MOOYAOBY PO3B’sI3aHHS TECTOBOI 3a/1a4i. SIK BUIHO 3 HABEJICHOT CXEMH PO3B’SI3aHHS, aJITOPUTM €
IPOCTUM JIO peanizallii 00’ €KTHO-Opi€HTOBAaHOI MOBOIO MporpamyBaHHA. [IpeqMeToM Halux MoJalbIInX
JOCTIDKEHb 3 1€l TpOOJeMAaTUKH € IHTErpailis 3ampOIOHOBAHOIO OOYMCIIOBAIBHOIO ATOPUTMY B
mporpaMHe 3abe3rneueHHs, ke 3/1iiCHIoE kepyBaHHs pecypcamu GRID-cucremu.
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