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1., AnA CTATUCTUUYECKMX M3IMepeHMi M BLIBOAOB B HacTOAWllee BpeMA
gce Gonbwe W Gonbwe MCROMNbL3YWTCA BACKTPOHHBE BHUMCAWTENbHbE
M3WKWHH .

B Benrepckol HapopgHolt Pecnybnuke Mb pasnnuaeM 4 Tuna sapauv,
rge NpoOMCXOBUT MawumHHas 06paboTKa AaHHBX M CTaTUCTUUECKME

MeTOoAabl OKA3bBaWTCA HYXHBMWU M MONE3HBIMU,

1. Wameperue u ynpaBjeHune npoueccos,

2. ¥npaBneHyecKne W IKOHOMUUECKME MNpoUueccCh Ha NpefgnpUATHAX
M 3aBOJax,

3. TocypapcTBeHHas CTaATUCTUKAE,

L, HayuHse © TeXHWMUECKWE PacuyeTh.

B poxknage noapobHO M3y4yawTcA Te MeTOAH WM cpepcTBa, KoToOpse

BaWT BO3MOMHOCTL 23¢HOeKTHMBHO pellaTh NOCTaBfieHHHEe 3afjaudu.

B sagavyax M3MepeHWMs M YNpPpaBNeHWA Npoueccamum MCNONbL3YyWTCA

B OCHOBHOM, Manbe MallMHe C BO3MOKHOCTAMW paboTh B peanbHoM
macuTabe BpeMeHM. MaTeMaTMueckKuM annapaToM ABAAETCA CFaTUC-
TMKa Cry4yaliHbX NpPOLECCOB WNM BPEMEHHHX PAAQOB /cTOXacTuuecKue
avddeperumanbHme ypaeHedusn/. Bpema oB6paboTKu M OTBETa W3-

MepAeTCA B CeKyHAaax.

Ha npepnpuaTMax cTaTucTuueckasa ofpaboTka BefeTCA B OCHOBHOM
B TAKWUX 3ajavax KaK yhnpaBleHWMA ¢ pecypcamMu MU B KOHTpONe
npouwseogcTBa. MaTemMaTMuYecKMe MOJENW B OCHOBHOM OepyTcA M3
TEOpWUM HAGEMHOCTWM, MAaccoBOroc oBcnNyKMBaHWMA W, MHOMFOMEPHOTOQ
aHanMsa. McrnonbaywTcAa cneuymManbHee nNakeTh OporpaMM M Ha

GonbWMX MawuHax MRporpaMMHbie cucTemb gnAa Ba3 JaHHBX.
Bpema o6pafoTKM M OTBeTa M3MEepAETCA B 4yacax M AHAX.

B rocyflapCTBEHHOW CTaTMCTUKe B OCHOBHOM McnNonab3ywTcAa Goneuwwne

cneyvbMuUecKrMe NakeTs MNPOrpaMM M MporpaMMmHse cuctemb 6a3 AaHHHX
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BEDOHTHOCTHHE MOAennM B BLIHUCIUTENbHKX CUucTeMax

/ MARK IV. IDS.. IDMS/. MaTteMatruueckuit annapaT: MHOTOMEPHHN aHanus
M BpeMeHHbe pAagw.

Bpema oc6paboTkm u OFBeTa M3MepAeTCA B MeCAyax.

B HayuHHX pacueTax B OCHOBHOM KUCMNOAb3YyEeTCA nakerT MpOrpaMM Kak

BMDP. -Marematuuedruii annapaT cneunduueckwii. Bpema o6paboTiu u

OTBeTa ABNAET.CA HeONpeAelleHHbIM,

2. NOBEREHUE TNPOrPAMM U MYNbTUNPOTPAMMUP OBAHKUE

2.1. KoHTpons . u pécnpegeneHue PECYPCOB NamMATH B BHUDPTYabHOMN
CUCTEME C MYNbTHUNPOTPaMMHLIM DEeXUMOM ARMAETCS OAHWM M3 rnasHbIX
33pa4 BHIUMCNUTENLHOW MaTeMaTWKW. BupTyanbHan naMATL MOMeT
OfpenennwTbLCA KAK ONEPaTUBHAA NaMATL MUMUTALUOHHOMN BHUMCAU~
-Teanoﬁ MawuHbl . CopepxaHume MHOOPMAUWM OTHENbHLX NPOrpamMM
pacnpegeneHo Ha GDOKH-OAMHaKOBOFO pasMepa, KQTODHE-H&SHBa;
WwTCA cTpanuuamu /page /. PeaynbTavts yApaBleHWA ¢ NaMATbLR Gop-
MUDYOTCA B TepMMHak CTpaHuu. Tak Ha3uWBaeManm NOCNEROBATENbHOCTb.
pebepeHUuUi Ei’ 52,... /reférence string / onpegenseycs ‘
CNneayoumum obpasoM § =i ecnuM B MOMeHT t B npoyecce paboTw
nortpebosanoces cogepxanme i- W cTpaHuuw /i=1,2... ,n w

t=1,2, ... /. 37Ta nocneposBaTenbHOCTS MCNONb3YeTCA ANA ONMCAHMA

NOBEAEHMA Nporpamm,

Y®e ynoMaHyTtas pabouam 4yacTb nporpammu 0B03HaYaeT To MHO-
WMECTEO CTpaHWy, KOTOPOE OONKHO BBTL B OfepaTWMBHOW NaMATH,
uTob oQecreunTs onpepencHHL YPCBeHb AnA 23ddeKTMBHON paboTw
nporpamMm, llpakTuuecKuM onpepgeneHuem paouel vacTu nporpamm
38HWMENUCb MHOrMe aBTODH, HO Bée NOMNBITKK HMEDT:OHMCBTenb“

HbIM XapakKTep MoKa He gagum CTPOro CTOXacTuUeCKYKW XapaKTepuaa-

UM NOCNEefOBaTENBLHOCTH gt

OcHosHbe Tunw nosBeaeHUnA NpOrpaMM, KoTopeoe BCTPEYaAWTCA Ha

NpakTuKke chegypuyuue,



M. APATO

a/ & ABNAETCA HEe33BMCUMOM NOCNEROBATENLHOCTLY € OAMHAKOBBIM
t

pacnpegeneduem /independent reference string/:P{£t=i}=pi

B/ £t oBbpasyeT yenb MapKoBa C pPeKYDPPEHTHHMM COCTORAHMAMU ¥
CBOWCTBOM NepemewnBaHusa. MaTpuua nepexogos {pij}:{P(£t+1=ﬂ

[€,210}  we sasucur o1 t.

¢/ LRU cTak Mopens, rpe B ONepaTMBHOM NaMATHM HA NEepBOM MecTe
CTOMT Ta CTpaHMya, KOTOpPas BH3bHBanack nocnegHuit pas. flpwu
BH3OBE 5—qﬁ CTpaHuue /B ONepaTWBHOM MNaMATM nNoMelaeTcs
m < n crtpaHuuy/, ecnu i < m,cTpanWMuya nepemewaeTcA Ha nNepBoe
MecTo v T-~pe no (i=1)-¥ cTpaHuuye CABMHYTCA H3 OfHO MeCTO
HUKe, OCTanbHbe CTPaHMUL OCTAHYTCA Ha MecTe, ecnu 1 > m
CTpaHMua Cco BCNOMOraTenbHOW NaMaTM /CO BTOPOro ypoBHR/
GepeTcA Ha 1-oe u m-as cTpaHuua BwbBpacusBaeTcs Ha BTOPOW
YpOBeHB NAaMATH, OCTANbHbLIE CTpaHWMyw Ha OQHO MECTO HUXKe
CABMHYTCA. B3ATMe CTpaHWUub CO BTOPOro YPOBHA HA3WBaeTCA
cTpaHuuyHoi ownbkon /page fault/. Mpepanonaraetca, uTo 06-
paleHne K cTpaHuuaMm cregywuee: BepPOATHOCTL BLIB3OEBa C 1-0ro
MeCTa paBHa g, u nNocnejpoBaTeNbHLe BH3OBH ABAANTCA He3aBW-

CHUMBIMM .

MocneaHuin TMN noBefeHus fporpaMm asnAaeTcs obobweHueM cnepyw-~
Wen cXeMmb: i-8 CTpaHWua B MOMEMT t uMeeT BEpPOATHOCTbL BHSORA
ai(>0), a8 MOTOM 3T8 CTpaHWua Bo3bBaeTcCH vi pas,viwmeeT reo-

MEeTpUUECKOe pacnpepenerHuve

P{v.=k } = ¢(1-b.)b5 "} (0<b.<1)
8| 1 1 - 1—

CTatucTuyeckne aHanuae NOKasHBanNKW, UTO HU OAWH M3 YHOMAHYTHX
MOpenen He ONUCHBAaET, C AOCTATOYHON TOUHOCTHK, NOBeAeHMe

NporpaMm.



BepOHTHOCTHHe MOAenNnk B BLUMCAMTENbHLX CUCTEeMax

PaccmaTpuBaeTcs cneaywwas 3agaya aBTOMATMUYECKOTO YNpaeBneHun
B ONEpaUMOHHOW cucTeMme, KOraa npejgnonaraeTcl/, UYTO gBA MNpPUH-
HHMNna noeejgeHMA NpPOrpaMM UYepeagywTCRA B CNydyYalHHe MOMEHTL
BpemeHn. MpepnonoxuMm, uTOo C Mopgensw nosefeHusa a/ cuctema
paboraeT cnyuvadiHoe Bpemsa EZ’ notom paboTaeT B pemume ¢/

chydawWHoe BpeMsA EZ CHOBa B pemKuMe a/ B ANUTENnLHOCTHU

c..
3

’

MNycTs T oboaHauaeT BepOATHOCTL COBHTWUA, UTO B HauvafbHb
MOMeHT cucTeMa paboTaeT B pexume a/. Ecnm oBosaHauum

cnyua#iHeii npoyecc

1 B MomeHT t paboTaeT pewmum a/

need= g~ 4 MOMeHT t paboTaeT pewum c/

TO OH He nopgnexnmtT HabndpeHuw, HabpwpaeTcs TONbKO npouecc

pedepeHUumnii 51, 52,.... No npegnowxeHuwp

P{nte) = 1} = 5 ,
0

M KpoMe TOro, pagW YNpOWEeHuA, NpeAnoONOHMMM, uToO EEHHHMHuft

ABNAKTCA HE33BUCHUMBIMM CNyJdYaWlHbIMK BEHMHMH&MM C OOUMHAKORBEM
K1
P{,= k} = p  "(1-p),

pacnpefencHueM

rae © < p < 1 uaBeCTHAR KOHCTAaHTA.

Ha ocHoBaHuw HabnigeHwui 51, Ez,n.. Hapo HaWTH Takyw noc-

telOoBaTEeNbHOCTL MapKOBCKMX MOMEHTOB C1, 52,... UuTo ecnu

t GUKCMDOBAHHKLH MOMEHT BpeMeHW M
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Ny = { maxn: T, + ... +C_ <t}

TO MNpW YCNOBHH

<
E N, <t

rge ¢ PUKCMpOBaHHAA KOHCTAaHTAa, MUWHMMHU3MPpYETCA MaTeMaTHueCKoe

OXMaaHve

t
EC [ Xg ds).
0 .
3pecs :
1 s<E £ < s<f +~ € +E_<s<f +E_4f .-
X ={ npu 858, 8,8 55848, B aGssh 4508,
S 0 B OCTanbHBIX CNy4Yasx
T.e. X T 1 ecnu pewenue no HabAWAEHMAM OTHOCUTENbBHO DEWWUMA

paloTH He COOTBETCTBYET MCTUHHOMY pewuMy.

SamedaHue 1. B oTOl 3apaue Henb3A B3ATbH TY ¥e OYHKUMID

pMcKa, kax 2T0 cpenanu B nyHKTe 2.1, pasnaaku, TakK KakK B TOWH
3afaye nNpegnonaraeTcA, HTO MMEeTCA BO3MOMHOCTbL npu obHapywe-
HMM pasnagkuM nNpOBepATb NPOM3OWNAE N OHa MM HeT. B HactTorRuwen
sapade TAaKOW BO3MOXMHOCTM HET M NHO3TOMY Henb3A OTAENbHO MHHM-
MHW3UPOBATD E(Q1-O), E(t1+22~;1|?1+22§C1) cen .

TouHOE pewerMe BTOW 3apaud Heu3BecCcTHO. B ToMm cnydae, roraa
T:%_ >> 1, ' T.€. CHMCTeMa gonNro HaxXoguTCA B OAHOM DEeXu=—
Me TNpuMeHAeM MeTOa MNOCNefOBaTEeNbLHOrO aHanusa gnAa pasnuuUeHWA
ABYX rnnotel? chneagywuyus obpaaom. MycTe Pa) COOTBETCTBEHHO

Pe)oﬁoaHauamT pacnpepeneHuAa Npu pexnMe a/, cooTBeTcTBeHHO c/.

BuiBupawrcs aHadeHun b1 < b TakmMm oBpaszoMm, uytobu
b, < Log PEE ., B
1 A ' PC(E1,---1§ J 2

M NepBui BHXOA y 33 Npefenamu [b1}B2]Mmen MaTeMaTHMUeCcKHne

OMVaHWA "1 11
EV =—=—, E VYV = —=—,
a ng 1-p b ng 1-p

rAe P, 3ajaHHOe umucno (>1). Nochne NpuHHETMA pewenun oTbBpacw-

BawWTCA npegsayue Habnogenwa & M cHOBa NPUMEHAETCA nNpepas-—

1
AywanAa npoueagypa. Ecauw v >> T-p To oTEGpaceBawTCA nNpeasgyuyme




BEDOHTHOCTHb]E MOAennM B BLIUMCNUTENbLHBIX CUCTEeMax

HabGnogenwns u npoyecc NocnefoBaTeNnbHOTO peWeHWA 33HOBO Ha~

YnHaeTCA.

3amevyauue 2, HeunsBecTHH NpocThe, HO AOCTATOUHO MOWHbE,
KpuTepuu ANA pasnvuua LBYX FMNOTe3: He3aBWCMMaA MOgenb

a/, u- - Mopenes c/f.

2.2 B 2TOM NyHKTE paccMaTpMBaeM 3afauu CBA3aHHHE C B3EMKHY THMHM
NUHeRHbMM CceTAMU, rae obcnyxupawnline NpUBOPH CBRIAHM Mexay

coboid n BpeMAa 0GCNYXKMBAHMA HE SKCMNOHEHUManbHOE.

PopMynMpOBKaM TaKoOro Twna sagau c Pa3HLIMM YCTPOWCTBaMM, Kak
HanpuMep HeHTpanbHLBE NpoOuyeccopH, KaHanw BEBOJa M BHBOQAA,
NynbTe nONnb30BaTenei, KOMMYTATOPH M T.A., Mb YHe TNDPUMBHKNW.
Yto6u nokasaTtk cuny CTOXacTMUYeCKOro asanuaa noxamém CpQMH
npuMep, rpe cucrtemaMmn obcnyxusavma ABNRNTCA npoyecce ob-
PaboTKKM, KOTOpPHE MCNONbL3YRT pasHue pecypce BHYMCNUMTENbHOM
cucTembl. Takum obpasom npubopom oBCNyHMMBaHMA ecCTb nporpamMMa

M NpegMeT Hawero M3yuJdeHwuA MaTeMaTuueckoe obecrneudeHus. B Ma-
TeéMaTMueckoM ofecneyeHUu NPOM3BECTU UBMEeHEHMA HAMHOIMO Refrve
4YeM B ycTpohcTBax. llycTb paccMaTpuBaeTCs ManeHbKas amumcnwg
TENbHAaA MAaWMH3 C HECKOMNbKUMU gMCTNINEefAMU, OAHWUM LEeHTPaNbHLM
NpoyeccopoM, ¢ gUCKaMu wu MaerTHuMM neHTaMy ANA OAHOBPEMEHHQrQ
BBOA& AAHHBIX MM NPOFPaMM Ha MaArHMTHLIE NEeHTH. TaKWMe CUCTeMbl
MCHNONb3YNTCA BMECTO M3BECTHHX NepQOKaApTOUHHX YCTPOWCTE, uUToGH
CYWECTBEHHO COKPaATUTSL speMéHHuﬁ WHTEpPBan MeXAy BBOAOM K MNpo-
BepKOW panubx. flpeanonoxum, uTo GHUKCNPpYWTCA CTAaHZEPTHHE, HO
P83HOrO Tuna PopMaTH /MOKHO NpPefcTaBMTh KaKUENApCKUe, OTHeT-

Hele fOKyMeHTH/. B nmaMmATHM HaxopATCcA pasHbe Tunwb NpOrpamMMm:

1. cynepeuzopw gnAa ynpasBneHuA aucnneamu,
2. nporpamMmel ansa paboTu u CnoBapAMM M pasHbMM hopMaTamu,

3. nporpammu gns paBoTwe c dakinamu,

'Y



M. APATO
L. nporpamme ans oBpaboTkwu LaHHBIX ,

Bce aTu nporpaMmel Mnu Mx Tunb cnywaTt ANA [aHHEX pPEeKOPAOB
obcnyxnBawymmn npubopamm u YTOGH peKopAab 3adUKCUMPOBANMCL HAa
MEBTHUTHYID NEHTY AONKHE MHOrO pas npebuBaTb Ha 3TUX Npu-
6opax. Mocne o6cnykuBaHua Ha opHoM npubope pexopp
/TpeGoBanue/ ¢ onpepeneHHLIMK BEPOATHOCTAMM MOKET MEPEexXOaWTh
Ha apyroi npubop. UYTobw chopMynuposaThb 3apavy, uiMm utTobw
onpejenvTe COCTOAHME CeTHM, a4 3TO O3HAaJYaeT u4UMChHa ni(t),
i=1, 2, ..., M, TpeboBanui B npubopax B MoMenwT t,

Hago paTte uucno npubopoe M, umcno TpeBoraHuii N, MaTpuyuy
Nepexoga (pij)’ MHTEHCUBHOCTSD ui(i =1,2,...,M) pacnpegenenue
ofcnysmsaHus TpeboBaHuli npubopaMm. Cxema ANA BHWEONUCAHHOMN

CMCcTeMmb NpoOrpaMM MNNNCTPUPYETCA Ha pUCYHKe 1.

B ToMm cnydae korga Bpema oBcnywuBanua Ha pPaszHux npubopax
MMEET NOKasaTenbHEH 3aKOH XOpPOWO M3BECTHO /CM. HanpuMmep

[101/, uTo cTaumoHapHoe pacnpejeneHue COCTORHMA CHCTEMB MOMHO

nonyunte B popme M b. nj
R G )
* iz Yy ;
e Peng,eva,ny © M n,- 7 .§ n; =N
1 m 5 plL i=1
oD 1I (u )
-1 "1
rge p_-I ABNAECTCA pewWeHMeM CUCTEMbl
M
p. = I p P. » 1 =1,2, ... , M,

Mph HOpMMPYyKWEM YCNOBMM I P, 1. 3Tv dOpMYyNH NOKasLBAKT,4YTO
cncTeMa B npepene BegeT céGn KakK COBOKYMNHOCTb M He3sapu-
CnMbX npubopos.

U3 MHOTOUMCNEHHBX NpuUBnUXeHUH Ans obwero cnyyas korpa pac-

NnpepeneHUA He ABNALTCA NOKa3aTENbHbLIMY 30eCb HANOMHUWM ABa.



BepoRTHOCTHuEe MOQenn B BBUMCNUTENBbHBX CUCTemax

flepsoe npubnuxeHwe ANR CTAUMOMAPHOFO PEXMMA WCNONb3yeT pe-
3YNnbTaTe IKCNOHeHUMBHanbHLIX pacnpegeneHuil B chepywuedl hopMe.
Ecnu B dopmyne (¥*) hopMupywoumuii muHomuTens nMeeT GoOpMy
(1-pi/pi) ana i-oro npuBopa, T.e.

Pi My
pi(ni) = (1—pi/ui)(ﬂ:) ,
To npubop MoxeT paccMaTpueaTbcA Kak mogens M/M/1. B ToM

cnyqae Korpa HOPMHDYDMMM MHOXKTeneM enbupaeTcn
// Z(p/u )k ‘T.e. ans g-oro npm60pa

Pi(ny) = (pi/u) 1/ z Cp./u.)
. k=0

TO npubop MOKHO paccMaTpuBaTh Kak M/M/1/N mMopens, rpe un-

K

TEHCUEBHOCTbE BXOAHOFQ NOTOKA pi’ MHTEHCHMBHOCTSE OGCﬂyHHBaHHH

U,

j» M N ABRReTCA pasMepoOM ANWHB Ouepeaw.

B obuem cnyuae npepnonaraetca, 4yTo CTALMOHAPHLBIK peXuMM TakKiKe
pacnapaeTca Ha M oTAenbHBX KOMMNOHEHTOB, rge 4-i npubop

MOXHO paccmaTpueaTe kak M/G/1 wunu M/G/1/N (cM[131)y.

BTopuM MeTopoM ABRAeTcs npubnuseHue umcen TpebBosaHuuil B OT-
AenbHuX' ApuBbopax BUHEPOBCKWMM NpoueccoM /cM. [101, [11/. 31oT
OAXOAQ MCNONbL3OBANCA TONBKO ANA CUCTEM ¢ ABYMA npubBopamu u

N Tpeboeanuii. MNycTe o06osHavawT By Wy MHTEHCMBHOCTH ob~

CnyWMBaHuA, n KO3DOUUMEHTH Bapuayuh

2, 2 2r, 2
= / = /
k1 g (“1)r k2 g (”2)'
BeeneMm BenuumHb
a = Myt b o= 1k1+“2 2

/cHock u kKosdbduuueHT AMdOy3un/, Torpa gnAa umcna TpeBoBaHuMA
k vy nepsoro npubopa nonyuaertcs (x=k/N) , u4TO B cTauywo-

HapHOM PEKMME BEPOATHOCTbL NYCTON CHCTEMb paBHa PpP=zq -
U
- u1 + @ NNOTHOCTb BEPOAHTOCTHWANA x wWMeeT Bug
2 .
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2a
Ho b

Belno 6n kenaTenbHo -paszpabovTarte guody3uoHHoe -Apubnunenve -AnA-

cxeM M3obpameHHBX Ha PUCYHKe 2.
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3. ON PLACEMENT OF RECORDS IN LINEAR STORAGE J

In a recent paper McKeltar and Wong [3] raised the problem
to allocate a set of records R1, RZ""’Rn in a Lineqr
storage in such a way that the expected acces time is
m1n1m1zed when the acces probabilities are not known.

When the consecutive accesses §1s Bpy ane Eyr ..

(E = i when at time moment t the i-th record Wwas
accesSed) are independent, identically distributed, with

probability distribution

\ P {(:"t = i} = p.i
“and {pi} (i = 1,2,...,n§]are known the optimal solution
to minimize the cxpocted{distance between consecutive
request
_ n
E(D) = _E p.p. d{i,j)
S . it
Rl 1,]=1

(where d(i,j) denotes the distance between records R and
R ) is well known. It is the so called ergan pipe arrange—'
mentu If we assume, that for simplicity Pe X Py X ... X Py

14



We make now the following two remarks (using the Eunclidean

disténce)f

[—

a) for uniform distribution (pj'= ; 3=1,2,...n), or

= 3

for random placement of the records,

o o It

__6313‘

Eu(D). ~
b) Wwhén p, = 2]
j nin+1) 7
.arrangement

the linear growing case,and in optimal

E (D) ~ I : (2)

(see e.g. formula. (16) in [3]). In -both cases n + =,

| Let fi(t) denote the frequency of‘access of record R_i

until time t . Then

ko
7'4 L]

™3

i=1

and if we are waitfng, for all sccosses of tha n pessrds

15



n _ o .
T= % f. (1) ; o , (4)
. 1
g=1 ‘ ,
where f.(T) > 1, 4 = 1,2,...,n.

T is the first time (random variable) when all

records were accessed. From the law of lLarge numbers

f. (1) folt) ! _
) = ~ P, | o (5)
n 0t o
I f,(t)
§=21
and : o ,
' n fi(t)f.(t) n , .
z 5 I d¢i,i) ~ I PP dCizj)  (6)
i,5=1 t | i,i=1 1

For the random variable T the same is true (see e.g.
RENYI [471) |

(1) S - .
- . [« I8 . ) ’ (5’)

énd

f.(Tif.(T)
q J

5.
i, ‘T2_ '

dei,j) = | (6%)

0T F, (T |
= I ——— d(i,j) ~ I Pip; dCi,j).
i i :

£

From the above assumptions we see that fhe random
variables fo(t), i =1,2,...,n, are poL{homially
distributed. (Théy cannet b¢ uniformly and indepen=
dently diétr1butcd_as it was assumed 1in f3]ﬁ3. Later
in[3] ss4=7. it is assumed that f,(t) are polinomially

\‘.' ’

Sy g e e
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distributed, and further that the original distribution is
p; = %, in which case does not exist the problem, because
our formula (1) is true.) :

First of all we recall the following statement, which
the reader may find in book.[Z] (Ch. I, § 2, theorem 1,
p. 18). '

Lemma 1. When p; = %-(f.= 1,2,000,n) and n + &, the
expegtation

nl l n .
ECt) = EC X f,¢1)) =n I +.n loghn, )
i=4 | i=1
and variance
n 2 .
DZ(T)= n2 T —% - ET ~%—-'n2 - n Log n. (8)
1 4 '

Remark 1. From (7) and (85~we get that

. . . 5 | | B
EC X f.C'r))2 =E(T)2‘~ [%— + Logzn]n2 f>‘ . (9)
Ci=1 ] - i eV
_ -

"r@ n Log n;

which contradicts formula (12) in [31, where the authors
got the wrong -
n : 2
n n
E( E f.)7 ~ g + T
suymptoties pesult. C(Further it has te be Retised that
in their basic Lemma (64) the authors in [3] take expectation

17



in the following form

VE(-g) ~.E_(El_?_
-n E{n)

and this is:one of the reasons that the lLemma cannot be

,Vatid') . )

Remark 2. As the basic lemma in [3] is wrong theorems 2.

and 3. are also wWrong. That‘thg "theorems" are not truéd

" can be easily seen from the following simple consideration.

The average value of distance is distribution dependent

~ when {pi} is* known, it remains distribution dependent in

case, when {pi} is not known._For uniform distribution
(or approximatly uniform distribution) it is %‘ and
cannot be improved!. Of course when the number of accesses

to records is- n Llog n the Llaw of Large numbers works and

:, for d1str1but1on in (2) the opt1mat stat1c placement gives

~ asymptotically

30 ".':J.,

 Remark 3. Lemma 1. shows that time until all the records

_accessed has expectation n [6gin; It may be’proved (see

[2] p.20) that more exactly’

Lim P'{—%—” - log n < x} = e .
n+ ,

Remark 4. Let we have a pot1nom1al distribution Py (+~

- and Py i Py 2 < --- 2P, with ta. =Py 00 . (t » ©), and

o, < % - Log n <05, then 1f u(t) is the number of not

1
accessed records

P {utt) =0} = e 10 5 o
o o e, n e, p,i_'-h
' ‘wh,er‘e' (1= ‘%)f'» (—-:;l;) and Llim I ""'1;) =0» T

b gl

(_1>91 + 0, pn,n < C.(s00 t1]}.

' The quest1on of dynam1c pLacement of ‘records remained open.

2

18



We want to return to this question.in a separate paper.

{1]

[2],

133

[4]
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4. ANALYTICAL METHODS IN DISTRIBUTED SYSTEMS

In a packet switched network there are two possibilities
to send k packets from node 0 to node N [fon a real
line/. In the first case a/ all the packets are moving

together, and in the other case b/ the packets are

&

at time O

-4
WU b_T U R A L L L
012 3 . k=1 N
at time t
(case b)
L mome o mom bmeomomo 1o voy o4y
Yoy yygoTT 1 & 1 1 T
01 2 k=1 N
at time t
Fig. 1.

(case a)

moving independently /if one can do it/. After &t mo-
ments /or time/ one may have the situtation which is
described on Fig.l. For simplicity let us assume that
we have k balls /at time moment t=o/ on the points
0, 1, ..., k-1. Each ball has the possibility to move

right with probability l-p and to remain on the same

20



place with probability p. In the first model /model a//
the balls are connected, this means they can mo¥e only
together, and the probability to make 1 step is

k

dy =(l-p>

and after time t to make i steps is

£ i t—-1i
(1) o (1-q,) -
In the second model /model b// a ball, on place j, with

probability p, under condition that it is possible or

with probability 1, under condition it is impossible.

Let T denote the time when the first ball [which is at
time moment t=o in O/ will be in N. What is the expec-

tation:
ET

in case a/ and b/? It is easy to prove that in case
a/ we have _

o . ‘N iJy i l—qﬁ
B = 1 (N+i)(Nil)qk (1-gfd® = N++D g =

i=o
i S ok
d
On the other side it can be proved that
Eb T ﬁ_EaT
bt the exact value of EbT is not known. This exercise
is only a simple example for analytical methods in

distributed systems. In the following we shall discuss

some other problems of distributed systems.
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A growing interest exists in distributed systems, and
there is little doubt that distributed computing will
be the primary systems architecture of the future.
Systems are evolving toward a greater diffusion of
processing power and databases.

The advantages of decentralised computing can be further
enhanced by linking the distributed parts through

electronic communications.

There are
af/ centralized systems,
b/ decentralized systems,
¢/ variations on the centralized/decentralized

structures.

Distributed systems /main features/:

- multiple processors having general purpose computing
compatibilities,

- communication links /joften only intermittent/

among processors;

- relatively weak interactions among the distributed

subsystems;

22



- considerable contralized coordination in the design

and operation of the separate processing subsystems.

1. Distributed processing without local database

Ceﬁtral
) c,

X

Local
proc.

2. Hierarchical systems

deal
proc.

with non-shared local databases

Local
proc.

Local
‘proc.
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3. Fully distributed network

CENTRALIZATION OR DECENTRALIZATION

1. Centralization /advantages arnd disadvantages/

hardware economies of scale,
operating economies of scale,
more .  powerful capabilities,
demand smoothing,

reduced number of facilities,
development of professional staff,

increased system integration.

2. Decentralization

greater control by users,

increased motivation and involvment of users,
economies of specialization,

permits exploitation of low-cost minicomputers,
permits small increments to capacity,

reduces communication costs,

reduced interactive response| time,

increased reliability,

increased predictability of costs.
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3. Distributed systems

'ADVANTAGES: economies of scale,
increased efficiency,
demand smcothing,
incorporation fuser - technical
expertise/,
integration of information proces-
sing,

' integfati—n:@f organizational ac-—

tivities,
~greater user control,
reduced communication cost,
reduced response time,
reliability.

HAzARDS F creeping escalation,
hidden costs,
duplication and incompatibility,
incompetent design,

suboptimization.

Distributed systems are not simple extensions of monolithic
systems.
There are computer systems [special purpose or general/
which are operating in a noncentralized manner.Packet-
-switching computer communication networks are examples
of distributed systems.
In such systems two kinds of resources must be considered:
1. system resources [multiplexing is required/
2. user resources.

An example for 2. is distributed data-base sharing.
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In recent years much attention has!been focused on the
development of distributed systems. Among the many fac-—
tors that motivate this interest are the desire to share
resources and the need to achieve higher system per-

formance and reliability.

- Computer systems carry out two different kinds of acti-

vities

(1) Operation activities [compilers, assdmblers,
programs/
(2) Decision - making activities / schedules, resource

manager/ .

Distributed systems are formed through a more or less loose-
coupling of autonomous subsystems, each of which is assig-
ned to perform a specific subtask of the global system

task. Cooperation among such units is needed and each unit

behaves as a simple computer installation.
In this paper we try to give some aspects of

a/ resource allocation problem, resource management,

optimal file allocation,

b/ scheduling, performance problems.
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On of the problems when we design distributed computer
systems is the scheduling of jobs among processors in
the system.

The cbjective is to achive systeme balance, with a
resultant performance increase, by automatically
shifting jobs from heavity loaded processors to

lightly loaded processors in the system.

Load balancing can be done statistically, or dynamically
as the load and the state of the system changes. Dyna-
mic load balancing have taken two different approaches.
One is a combinatorial optimization problem. Joles

are reassigned dynamically by monitoring the state

of the system.

The other approach is to develop gueuing models to
analyze the pérformance of the systems incorporating
simple job routing policies that automatically

shift jobs.
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TWO PROCESSOR DISTRIBUTED COMFUTER SYSTEM
with load balancing

A o (1)
A (i) —
W)

Join random queue without channel

transfer.

queue 1. processor 1.
@ »  DISPATCHER 2>
23 assigns an
arriving job
job to the shorter
dispatcher (:) quene.
queue 2. processor 2.

Join shorter gueue without channel

transfer.

(35

Join shofter queue with channel

transfer.

28



Join random queue with channel transfer.

2

Instantanecus channel transfer.

2

Single féstﬁprocessor system.

4y

(5>

(&)
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Pij(t) = P{Xl(t)= i, X,(t) = jl}

/Xi(t) is the number of jobs_in_queue i/. The KOLMOGOROV
equations can be written in the ordinaryv way and the steadiy

state equations can be used for the followin&wéhéiacteriétics.
b A e el = o j__ T

Utilization of the processors (U): U = A/M ,

Average queue length (L) ,

Mean job turn around time (Tiiﬁﬂiéh by Little law

AT = L 4is in.
In case W =1 the foilqwﬁng valuesrdf T?
A
Mode 0.1 . 0.2 0.5 0.9
1. 1.11 1.25 2.00 10.00
2. 1.02 1.06 | 1.42 5.47
3 1.02 1.05 1.39 5.35
4.
5. 1.01 1.064 1.33 5.26
6. 0.56 0.63 1.00 5.00

RESOURCE MANAGEMENT

l. In a single computer installation the resource mana-
gement task is normally performed by the operating

system and by the operator.

Relationship will exist between workload /input/ and -
computer performance, which depends on resource stra-

tegies. Resource management strategy allows intervention
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on scme parameters, by which one can ;gngjthe system.

- computer workload

- performance y = Blm,w)

pooF

- parameters

gla,w)—- cost function

g(a,w) = inf gla,w)
aE M

Resource management in computer network

vy = Pi(ai, Wi ui) u; - interaction variable
/e.g. amount of ex-—
9; < gi(ai’ Wy ui) change workload at i/
would reflect network con-
i=1,2,...,n figuration and routing
algorithmus
g(é, w, u = inf _ gla, w, W
a €M

There are two ways to overcome the conflict between

global and local optimum control on resources:

a/ Entrusting the global resource management task
to just one decision making unit within the

network /scentralized approach"/.

b/ New decision-making unit /.coordinator"/ whose
goal is hierarchically coordinate the local

computer systems.
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FILE ALLOCATION IN ON INFORMATION NETWORK

Transactions with the multiple-located file give rise

a/ quarry traffic to a simple copy

b/ update traffic to every copy

a. =

{1 file is in i-th mode
i

.0 otherwise LCASEY’S MODEL]

Costs: communication costs for querry and update file

storage costs.

djk - communication cost,

0y - storage cost’

I - the index set having a file copy|
A - 4
n
C = ¥ (% r.d.,, +qg.min d. )+ %' o
tot 501 ker I 3% D ger KT ger K
q5 ~ volume of querry
i - volume of update

1

HIERARCHICAL ROUTING AND FLOW CONTROL POLICY

(for packet switched networks)

Management of traffic flow in a computer network can be
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divided into two main tasks:

al message routing,
b/ flow control.

a/ Message delay or cost_is a commonly used parameter to

design routing policy.

b/ Buffer size is the parameter for flow control algo-

rithms.

It is desirable to study them jointly. Channel traffic
intensity as a common parameter [it is closely related
to delay and gqueue length/ is used to jointly optimize

the routing and flow control,

ROUTING UPDATES IN PACKET SWITCHED NETWORKS

Routing decisions in packet switched networks are often
based upon congesﬁion}updates passed around the network.
There is a natural conflict in the selection of the up-

date period [T/: -
S
- make T small to have Idecisions on recent informa-

tion,

— make T large to minimize the overhead.
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A Decision
>} every

LT sec \\N :
]

A, = k — 72

u T

Poisson stream of data traffic with rate _ld}is agﬁqmga$
Decisions are made every T seconds as to which server
to route to, based on which server had the smallest.queue
at the beginning of the T-period. All packets are routed

to'the chosen sexrver for the entire T-pericd.

The overhead [updating the queue information every T
secconds/ shall be simply modeled as an additional Poisson
k

stream with rate hu = T

' R
All service times are mutually independent exponential with|

i . It is assumed

K

hd + 2ku < 2U.

The Au-streams represent update packets to accomplish
node-to-node transfer of congestion information accroos
the two links S1 and S2.

Other representations of the input process and the up-
date overhead can be visualized [updates arrive deter-
ministically, preemptive priority, different service
times/.
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