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MOAENIOBAHHA TA ONTUMI3ALIA MAPAJNEJNIBHOIO AOCTYMY AO
IHPOPMALUII DAUNIB BA3 OAHUX ANA BATATONPOLECOPHUX EOM

Bonoaumup JlicoBeub, Mpuropin Llerenuk

JIbBiBCHKMIT HalliOHANBHUN YHIBepcuTeT iMeHi [BaHa Ppanka,
ByJI. YHiBepcuTeTChKa, 1, JIbBiB, 79000, e-mail: kafmmsep@franko.lviv.ua

Pestome: ¢ cmammi posenanymo memoo m-napaneibHo20 NOclioo8HO20 nepensidy ma 06a eapianmu Mmemooy m-
napanenbHozo OI0YHO20 NOWLYKY, OPIEHMOBAMI HA IX 6UKOPUCMAHHA 6 OA2amOnpOYeCOPHUX CUCMEMAx Osi NOULYKY
iHopmayii y patinax 6az oanux. Jocniodceno eghexmusHicmeb yux memooie 01s GI0OMUX 3AKOHIE PO3NOOLTY
tLmogipHocmeti 386epmanus 0o 3anucie. 3a Kpumepiil eeKmueHocmi 83amo MmamemamuyHe CHOOIBAHHS KIIbKOCHI
napanenvHux NOPIBHsAHb, He0OXIOHUX 01 nowyky 3anucy y ¢aini. IIpogedeHo nopieHANbHUL AHANIZ epeKmUBHOCmI
Memooig i 015 KONMCHO20 PO32IAHYMO20 3AKOHY DPO3NOOITY UMOBIDHOCMEU 36epMAHHA 00 3ANUCI8 B8USHAYEHO CBill
Hatikpawutl memoo. 1106y0oeano onmumanvui cmpamezii NOWYKYy 3anucie 8 nociioosnux ¢haiinax, saxi 36epicaromoca y
308HIWHIN nam’smi 6aeamonpoyecopnoi EOM. 3a kpumepitl onmumanibHOCmi NPULHAINO MAMEMamuite CnooieanHs

3a2anbHO20 Yacy, He0OXIOH020 OJisL NOULYKY 3anucy y aiii.

KuarouoBi ciioBa: bacamonpoyecopni cucmemu, mamemamuune MOOEI0BANHS, NAPANETbHUL ROWYK, OA3U OAHUX.

BCTYN

CTBOpEHHS MapaleTbHUX OOYHCITIOBATHHIX CHC-
TEM € CTPATeriYHUM HAMPsSMKOM PO3BHTKY OOYHC-
JTIOBAJILHOT TeXHIKMU. lle BUKIMKAHO OOMEKEHICTIO
MAakKCUMAaJIIBHO MOXJIMBOI IIBHUIAKOMII 3BHUYAHUX
mocmigoBaux EOM, a Tako HasBHICTIO OOYHMCIIIO-
BabHUX 33ja4, JJIS PO3B’S3yBaHHS SIKUX MOKJIH-
BOCTI iCHYIOUMX 3acO0iB OOUYMCIIOBAILHOI TEXHIKH
HEJIOCTATHI.

[IpoGiemMa CcTBOpEHHS  BHUCOKOMPOTYKTHBHHX
O0YHCITIOBAJIbHAX CHCTEM HAJICKUTh JIO TEpeltiky
HaWCKJIATHIIINX HAYKOBO-TEXHIYHMX 3amad. OpraHi-
3allisg MapajielbHUX OOYMCICHb 3IHCHIOETHCS, B
OCHOBHOMY, 33 PaxyHOK YBEISHHsS HaTUIIKOBUX
(hyHKIIOHATHPHUX TPUCTPOIB  (AEKUTHKOX TIpOIIe-
copiB). SIKkmo 3AIACHUTH TOAUT aJTOPUTMIB, SIKI
3aCTOCOBYIOTBCS, Ha iH(OpMamiiHO-He3aIeKHI Jac-
THHU i OpraHizyBaTH BUKOHAaHHS KOXXHOI YaCTHHHU
00YHNCIICHh HAa PI3HUX MpOoIlecopax, TO MOXKHA TIPH-
CKOpUTH TMpolec O04YMCIeHb. Takuil  Mmiaxif
JO3BOJISIE BHKOHYBaTH HEOOXigHI OOYMCIEHHS 3
MEHIIMMHK 3aTpaTamu 4dacy. OpeprkaHHS MaKCH-
MaJIbHO-MOXKJIUBOTO  MPUCKOPEHHS  OOMEKY€EThCS
TINBKM ~ KUIBKICTIO  HAasgBHUX  MPOLECOpPIB 1
“He3aNeKHNX "~ YACTHH aJITOPUTMY.

3aBISKU BUCOKIM HAJIMHOCTI Ta MPOAYKTHUBHOCTI
Oaratorporiecoppi  EOM  mUpoOKO  BUKOPHUCTO-
BYIOTBCS JUTS TIIATPUMKY W OpraHizallii BeMUKux 0a3
maaux (bJ1). Ilpm po3B’s3yBaHHI PI3HOMAaHITHHUX

3a1a4 13 BHKOpUCTaHHSAM bBJ] OCHOBHMI akieHT
MIEPEHOCHUTHCS 3 TIPOIeaAyp 00poOku iHpopmarlii Ha
NpOLeypH OpraHizamii 30epeKeHHsST Ta TOIIYKY
iHpopmanii B HuMX. ToMy NpPOXYKTHBHICTbH
00YHCITIOBAILHUX CHCTEM, OPiEHTOBAHUX Ha pPOOOTY
3 BeymkuMHu b/, y 3HauHIA Mipi BH3HAYAETHCS
e(EeKTHBHICTIO METOJIB TapajielbHOrO TIOIYKY
iadopmarii B /1.

1. METOAU NAPAJIENBbHOIO NOLWYKY
TA IX EOEKTUBHICTb

Po3rnsnaroThCst HACTYIHI METOAU MAPaJICIbHOTO

noumyky — 3amuciB y  gaitmax  BJl s
Oararorponecopaux EOM [1-5]:
e METOJ  Mm-NapaieiabHOr0  MOCIIJOBHOTO
neperssiny;

e I[IepIIMH BapiaHT METOAY M-MApPAIEIBHOTO
OJI0YHOTO MOIIYKY;

e Ipyruéi BapiaHT METOJAY mM-MAPaJICIEHOTO
OJIOYHOTO TIOIITYKY.

[IpoBomuThCs aHaNi3 ehEKTHBHOCTI IUX METOIIB
JUIL  pI3HUX 3aKOHIB PO3MOAUTY HMOBipHOCTEMH
3BEpTaHHA JI0 3amuciB (piBHOMIpPHOTO, “OiHapHOTO”,
3inda # y3ararbHEHOr0, YAaCTKOBHM BHUIAIKOM
SKOTO € PO3MOJLI, IO HAOIMKEHO 3aJOBOJIbHAE
npasmwio “80-20” [6-9]). 3a kpuTepili ePeKTUBHOCTI
MPUIMAEThCSI MaTeMaTWYHE CIHOJIBaHHS KUTBKOCTI
MapaJieTbHUX TOPIBHAHD, HEOOXITHUX IS TOITYKY
3amucy y Qaiii.
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3ayBaKUMO, MO y BHIAJAKY OJHOIPOIECOPHUX
EOM edekTuBHICTD METOMAIB MOUIYKY Ui PI3HUX
3aKOHIB pO3MOALTY HMOBIpHOCTEH 3BEpTaHHS [0
3amuciB, a TakoXX TOPIBHSIHHS METOMIiB  3a
edexTuBHICTIO gociuimkeHo B [10]. Jeski 4acTKOBI
BHIIAJKU €()EKTHMBHOCTI METOJIB PO3IISIHYTO B [0,
71.

JocmimkeHHs e(heKTHBHOCTI METOJIIB
napaebHOro MOLTYKY MPOBENICHO IIE
PIBHOMIpHOTO pO3MOJiTy HMOBIpHOCTEH 3BEpTaHHS
0 3amuciB 1 TaKWX B3aKOHIB HEPIBHOMIPHOTO
pO3M0aiTy HIMOBIPHOCTEH, SIK:

e “OiHapHHA” pO3MOALT

1 _— 1
D, :?, i=LN-1, py :—2N71 ,
Jie pi — UMOBIPHICTE 3BEpTaHHS 10 i-ro 3amucy, N —
KUIBKICTh 3aluCiB y (aiii;
e 3akoH 3inda

1 . T
pi=——si=LN,
iH,
|
Ac HN = Z_’
o k
e  y3arajbHEHHI 3aKOH PO3MOILTY
1 =1, N
pi = TN oo 1= ) B
1(0) ()
I"H
ge ¢ (0<c¢<l) — Oyap-skuii mnapamerp 1
Y1
() _
Hy' = —.
i1 k
Posrnsremo METOJI m-TapaneabHOro

MOCHIIOBHOTO MEpPeryisimy.

[pumyctumo, 1o a0 cKiaay 6araTonpornecopHol
EOM Bxomare m TIPONECOpPiB, SKi MPaIIOIOTh
nmapaieilbHO Ta MAalOTh CIUJIbHE TMOJie Tam STi.
IIponymepyemo TPOIIECOPH HATYpaTbHUMHU
guciamu Bix 1 10 m. CyTh MeTOIy m-TIapajieIbHOTO
MOCTIIOBHOTO ~ MEperysiy TOiiara€e B TaKOMY.
Po3i6’emo Bci 3anucu ¢aiiny yMOBHO Ha OJIOKH TI0
3amuciB y koxkHoMy. Hexait N = n - m — KiIbKicTh
3anuciB y Qaiii, ne n — KiapKicTh 0yokiB. Tomi npu
BUKOPUCTAaHHI  m-TapajelbHOTO  IMOCHiIOBHOTO
Mmeperisiiy  mpolec  MOMmyKy — 3amucy — Oyne
CKIIaZaTHCs 3 HU3KW KpokiB. Ha meprmomy kporti i-
Wi Tporecop Meperyisifae 3HaYeHHs Kio4a i-To
3amucy. [Ipu 11bOMy MpoIiec Meperisiny Moxe OyTH
yCcmimHuM  abo HeycmimHuM. JIJIs  BU3HAYEHHS
“YCIIITHOCTI” BCi MPOIECOPU MOBHHHI OOMIHSATHUCS
iHpopMariero. Y pasi yCHimHoOro neperisagy mporec

MOIITYKY 3aBEPINYETHCA. Sxmio TeperJsiI
HEYCIIIIHWIA, TO Ha APYroMy KpoIl i-uil mpouecop
neperisiiae 3Ha4eHHs Kiova (m + §)-ro 3amucy i T.
n. Ha (k + 1)-my xpomi (y BHIMAAKY HEYCIITHOTO
meperisigy Ha k-My Kpoii) i-Wil  mporecop
neperssiae 3HaueHHs Kiaoua (km + i)-ro 3amucy. B
HACIIIIOK BUKOHAaHHA HE OuTbllle HIK 7 KPOKIB
MIyKaHUH 3ammc Oyae 3HAWAeHO, SKIIO BiH
Mmictuteest y Gaitmi. Sxmo p; — HMOBIpHICT
3BepTaHHs A0 i-ro 3amucy ¢aiina, To MaTeMaTHYHE
criomiBaHHSA FE KIUTBKOCTI IMapaielbHUX TOPIBHSIHB,
HEOOXIZIHUX UId TOWIYKYy 3amucy y  aiini,
BUPaXa€eTbCA HOPMYIIOI0

n m
E= ZZZPMW./ .
i=1 j=1

MaremaTu4yHe CHOMIBaHHS y BUIAAKy Pi3HHX
3aKOHIB PO3MOAITY WMOBIPHOCTEH 3BEpTaHHS JO
3aIMCiB Ma€ HACTYNHUH U [1, 2]:

e  pIBHOMIpHUIT O30T

e  “OiHapHMIA” PO3MOALT

E=—2 ;
2" -1
e 3axoH 3inga
pe (e N LY )
N m 2 m

ne C,=0.5In27;

e  y3araJbHEHHUI PO3MOJILI

1-c _ (¢)
1 H(C’+N 1 c, _a (n)

E=
(¢) N 1-c ?
Hy I-c(2-c¢ n
Ie
© en 1 5
a“(n=H,"———n"".
2—c
30kpema, SKIOI0 HWMOBIPHOCTI 3BEpPTaHHS IO

3aIUCiB 3aI0BUTBHSIOTH 3aK0H 3imnga, TO 3aJIeKHICTh
MaTeMaTHYHOTO CIO/IBaHHS KUTBKOCTI TMapaienbHIX
MOPIiBHSAHB, HEOOXITHUX IS TOIIYKY 3aIucy, Bif
PI3HOI KUTBKOCTI MPOIIecOpiB IMOKa3aHa Ha puc. 1.
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3akoH 3inga

MaremaTH4YHe CIOIIBaHHS
N
—
=)
2

1 2 4 5 10 20

Kinpxicts mp omrecopis

Puc. 1 - MatemaTnyHe cnoAiBaHHA KilbKOCTI
napaJjieJbHUX NOPiBHSIHb, HEOOXIAHUX /I MOLIYKY
3anmcy, y BUNaJgKy po3noaijay iiMmoBipHocTei
3BepTaHHA 10 3aNUCiB 32 3akoHOM 3indga, pizHoi
KinbKocti nponecopis i N = 10°

Ha migcraBi mopiBHSHHS ¢(PEKTUBHOCTI METOIY

mociioBHOTO  mepernsimy  (m=1) 1 Merony
m-TrapanerbHoOro MOCITiZIOBHOTO nepersiLy
JIOXOJMMO BHCHOBKY, [0 pO3MAapasieIIOBaHHS
METOAy  IOCTINOBHOTO  TeperjsiLy Beae o
MiABUIICHHS! €(QEeKTUBHOCTI MPHOIM3HO B 7 Pa3iB
JUIE  BCIX  PO3IJISIHYTHX  3aKOHIB  PO3MOJILTY
WMOBIpHOCTEH 3BEepTaHHS JO 3alHCIiB, KpiM
“OinapHoro”.

Y Bumaaky mnepmoro BapiaHTy meroay M-
napajejabHoro 0JJ0YHOIr0 MOIIYKY BBaXXaeEMO, IIO
3aMKCH BIOPSAIKOBAHOTO (haiina po30uTi Ha 1 OJIOKIB
0 Sm 3aIlUCIB y KOKHOMY 1 MOLIYK 3amucy y Qaiiii
3MIHCHIOEMO TakuM dYuHOM. CIIOYaTKy IIyKaeMo
ONOK, SKUM MICTHTh INYKaHWUH 3aluc, ULISIXOM
MeperisiLy m OCTaHHIX 3anmuciB OmokiB. [licist uporo
MIOITYK TPOAOBKYEMO Yy JIOKalli30BaHOMY OJori 3a
JOIIOMOTOI0 METOY M-IapaelIbHOrO MOCiI0BHOTO
neperisaay. MaTeMaTu4yHe CroniBaHHsA FE KiJIBKOCTI
MapajenbHuX TOPiBHAHb, HEOOXITHUX ISl TONIYKY
3amucy y (ailn, 3amMmeMo Yy BHIVBIAI CYMH
MaTeMaTHYHOTO CIIO/iBaHHS KUTBKOCTI MapaieIbHuX
MOPIBHSIHb, HEOOXIMHUX Ui JIOKai3amii OJIOKY,
SKMA MICTUTh IIYKaHUM 3ammc, i MaTeMaTH4YHe
CTHOMIBaHHS KUIBKOCTI MapajieibHUX IOPIBHSIHD,
HEOOXiAHUX AJIS MOLIYKY 3aluCy B JIOKalTi30BaHOMY
osoni. Tomi

E= Z(k + i)p(k-l)ms+(i—1)m+j .

MatemaTU4He CIIOAIBaHHSA KiIBKOCTI TIOPiBHSHB
JUTSI pO3TISTHYTHX 3aKOHIB PO3IOAUTY HMOBIpHOCTEH
3BEpTaHHs [0 3amuciB Oyae matu Takuid BUILA [3]:

e piBHOMipHHII po3MOALT

E:%@+D+%&+U;

e  “OiHapHHIT” pO3MOALT

E:2 -5 2 ;
2™ -1 2" -1
e 3akod 3imda
1 1
E=—/|2H, +n+(s—1) =Inn+C, |-
H, 2
1
—Eln(ns)—C1 s
me C,=05In2x;

e  y3araJbHEHHH PO3MOIiNI

1 2H(c)_N176 l—C

E:H](VC) Mo—e 2—cn_
(- S
e
s

a“ (n)y=H'" 5 n—",

a'(ns)=H " —%(ns)z_” .

Skmo WMOBIPHOCTI 3BepTaHHA [JO 3aIlUCIB
3aJIOBUTBHAIOTE PIBHOMIPHHN 3aKOH PO3MOALTY, TO
3aJIEKHICTE MaTEMAaTUYHOIO CHOMIBaHHA KUIBKOCTI
napajenbHUX NOPIBHAHB, HEOOXITHUX UIS MOLIYKY
3ammcy, BiJl pi3HOI KIIBKOCTI MPOIECOPiB MOKa3aHa
Ha puc. 2.

E PiBHOMIp HUIT p O3TIOALN

500

400
300 -
200 -

100 -

5 10 20 40 50 100
Kinbkicts mporiecopis
Puc. 2 - MaremaTn4yHe CoAiBaHHS KiJIbKOCTI
napaJieJibHUX NOPiBHAHb, HEOOXIAHUX /IS MOIIYKY
3amucy, y BUNaJKy piBHOMiIpHOIo 3aKOHY pPo3MoJiTy
HMoOBipHOCTeli 3BepTaHHS 10 3anuCiB i pi3HOI
Kkinbkocri nponecopis aust N = 10°
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ITopiBHIOIOUH €(PEKTHBHICTD METOAY OJIOYHOTO
nomyky [10] Ta MeTony m-mapaneabHOro 6JI0YHOTO
MOLIYKY, pOOMMO BUCHOBOK, II0 pO3MapaseiOBaHHs
MeTOAy OJIOUHOTO MONIYKY Ui BCiX PO3MIISHYTHX
3aKOHIB pO3MOALTY HMOBIPHOCTEH 3BEpTaHHS IO
3aMuciB, OKpIM “‘OiHapHOr0”, CYTTEBO MiABUIIYE
e(eKTUBHICTh. A y BUMAAKY “OiHapHOr0” 3aKOHY
po3MoAlTy WMOBIpHOCTEH 301IBIICHHS KUTBKOCTI
MIPOIIECOPIB HE MiABHILYE eheKTUBHOCTI POOOTH.

Y pa3i agpyroro BapiaHTy MeToxy M-
napaJjgejbHOro 0JJ0YHOr0 MOLLYKY IpUiiMaeMo, 110
3anucH (aiina po30uTi Ha nm OJIOKIB 1O Sm 3aIUCIB
y KOXHOMY, TOIi KiJbKIiCTh 3amuciB y Qaim Oyne
N= snm®. Tlomyk 3amucy y Gaiii 3aifcHIOETBCS
HacTynHUM 49uHOM. CITOYaTKy IIyKaeThes OJIOK,
SKHA MICTUTh HIYKAaHWW 3alKC, BUKOPUCTOBYIOUH
METOJ M-TMapajeIbHOr0 TMOCHTIOBHOIO MEPErisay
cepen OcCTaHHIX ejeMeHTiB OiokiB. Ilicms mporo
MOLIYK TIPOJOBXKYETHCS B JIOKATI30BaHOMY OJIOII
TaKOX 3a JONOMOTOI0 METONy m-Tapaie’IbHOro
MOCJTIOBHOTO neperysiy. Marematuyne
criofiBaHHs £ KiJTBKOCTI TMapajelbHUX IOPIBHSHD,
HEOOXiAHUMX JUIA TOINYKYy 3amucy y  aiini,
MPEJCTaBUMO Y BUINISAAI CYMH MAaTEMaTHYHOTO
CIIOMIBaHHSA KUIBKOCTI TapaJIeTbHUX IOPiBHSIHE,
HEOOXIMHUX I JIoKaji3alii OJOKy 3amuciB, 1
MaTeMaTHYHOTO CIOIBAHHS KITBKOCTI MapaienbHUX
MOPiBHAHB, HEOOXIMHWX IJIs TIONIYKy 3alucy B
JIOKaJTi30BaHOMY OJIOLIi:

m S

n m
k= Z z k Z Z p(k—l)mzs—(l—l)ms-#(i—l)m-#j

k=1 =1 i=l j=1

nm N m

+ z Z z P tyms+(ityms )

k=l i=l j=1

SBHMI BUpa3 MaTEeMaTUYHOTO CHOZIBaHHS Y
BHIIAJKy Pi3HHMX 3aKOHIB pO3MOJLTY HMOBipHOCTEH
3BEPTAHHS JI0 3aITKCiB Oyme MaTu BUTIIAL [4]:

e  PIBHOMIPHHI pO3ITOILT

1 1
E=—m+D)+—(s+1);
S D+ (s+1)

e “OiHapHMI” pO3MOALT

2\
2M5 —g 2" s

E=—; + ——
2ms_1 2m_1 2ms_1

5
e 3akoH 3inda

1 1
E:H— 2HN +n+551n(nm)—

N

1 1
—Elnn —Eln(nms)+ C(s-2)],

ne C,=0.5In27;
e y3araJbHCHHiT PO3IOIT
Nl—(?

2H](\,”)+—[1
l1-c¢

1
_H](V”)

—-C

E n+

—C

. sa' (nm) _a''(n) _a" (nms)

1-¢

(nm)" n (nms)"™

ac

1

2—c

a'(nms)=H™" — L(nms)“ .
2—c

a(c) (nm) — H}Ec—l) _ (nm)Z—c ,

S

30kpeMa, SKIOI0O HWMOBIPHOCTI 3BEpPTaHHSI IO
3alUCiB  3aJOBUTBHSIOTH  y3aralbHEHHH  3aKOH
po3moniny, TO  3aleXHICTh  MaTeMaTHYHOTO
CIOJIIBaHHS KUTBKOCTI TapalelbHUX IOPIBHSHB,
HEOOXIZIHUX JUIS TIOUIYKY 3ammcy, BiIl pi3HOi
KiJIBKOCTI MPOIEcOopiB OKa3aHa Ha puc. 3.

E Y3aranbHeHHH PO3ITO T

200,00

150,00 B 02

W c=04
W c=0,6
E c=0,8

100,00 -

50,00 -

0,00 -
5 10 20 40 50 100
KinekicTts mponecopis

Puc. 3 — MatemaTn4He cCOAiBaHHA KIIBKOCTI
napaJjieJJbHUX NOPiBHSAHb, HEOOXITHUX /ISl MOLIYKY
3aMHCYy, Y BUIAJAKY y3araJlbHEHOI0 3aKOHY PO3NOALILY
HMOBIpHOCTel 3BepTaHHS 10 3aNKCIB i pi3HOI
Kkinbkocti nponecopis aast N = 10°

Skmo TmopiBHATH  e(EeKTHBHICTH  IEPLIOrO
BapiaHTy m-TapajelbHOro OJOYHOTO MOUIYKy Ta
JIPYyroro  BapiaHTy m-TIapajebHOTO  OJIOYHOTO
MOUIYKY, TO MPUXOAMMO JO TaKOr'O BHCHOBKY: NpH
m =1 mepmmi Ta APYyTUH BapiaHTH METONy NalOTh
ONHAKOBY e€(EKTHBHICTh;, ajie 13 3pOCTAHHIM
KIJIBKOCTI  MpolecopiB  €)eKTHUBHICT  PYToro
BapiaHTy MeETOAY 3HAa4YHO 3POCTAa€ MOPIBHSIHO 3
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e(heKTHBHICTIO TTEPIIOTO BapiaHTYy.

B pesynbTaTi aHamizy METOJIB m-apajieibHOTO
MOCTIIOBHOTO MEperjsily, MepIoro Ta Ipyroro
BapiaHTIB  m-TapalielbHOTO  OJIOYHOTO  TIOUIYKY
3amuciB y Qainax b/l mpuxoaumMo 10 BUCHOBKY, IO
o0uIBa  BapiaHTH  METOLy  m-TIApaJIeNbHOTO
OJIOYHOTO TIOMIYKY € 3HAaYHO e()eKTUBHIIIMMHU BiJ
METOAY Mm-TIapajeabHOr0 IOCIIJOBHOIO NEPErysiny,

JUIE  BCIX  PO3IJSIHYTHX — 3aKOHIB  PO3MOILTY
WMOBIDHOCTI ~ 3BepTaHHS 1O  3allUCiB, KpiM
“OimaprHoro”. TakoxX Mg BCiX 3aKOHIB PO3IMOMLTY

HMOBipHOCTEH, KpiM “OiHapHOTr0”, Ipyruil BapiaHT
METOAY m-TApaNeNIbHOr0 OJIOYHOTO MOUIYKy €
edeKTUBHIMNA, HiX mnepmmid. Jns po3risHyTHX
METOIB TapaJIeILHOTO IONIyKy B TaOi. 1 HaBeneHi
3HAYeHHS MAaTeMaTHYHOTO CIOMIBaHHA KiTBKOCTI
MapajelbHuX TOPiBHAHb, HEOOXITHHUX ISl TOIIYKY
samucy y Gaitmi, skmiit Mictuts N = 10° 3amucis, y
BUMAJKy PO3IONUTY WMOBIPHOCTEW 3BEpPTaHHS [0
3amuciB 32 3akOHOM 3inda Ta pi3HOI KITBKOCTI
TIPOTIECOPIB.

Ta6aunsa 1. MaTteMaTHuHe coAiBaHHSA KiJIbKOCTI
napaJjieJbHUX NOPiBHSAHb, HEOOXIAHUX /I MOLIYKY
3anucy y pailii, 175 po3rJsiHyTHX MeTO/IiB
MApaJieJIbHOTO MOUIYKY Y BUNAAKY PO3MOILTY
HMOBIpHOCTel 3BePTaHHS /10 3alMCIiB 32 3AKOHOM
3inda Ta pisHoi kinbKocTI Mponecopis

[MapanensHi METOM MOLIYKY
S T— 1-i1 BapianT | 2-if BapiaHT
m Heperss 6J104HOTO 6s104HOTO
MOIITYKY MOIIYKY

1 69479,99 303,93 303,93

2 34740,25 211,09 152,58

4 17370,39 146,62 76,92

5 13896,42 130,39 61,80
10 6948,49 90,62 31,57
20 3474,54 63,04 16,48
40 1737,57 43,95 8,95
50 1390,18 39,16 7,46
100 695,41 27,43 4,48

2. ONTUMATIbHI CTPATETTI

BukopucToBytoun = MeTOx  m-TIApAJICNIBHOTO
NOCHIJOBHOTO  TEperjsily HamMu  [oOyJ0BaHO
ONTUMAJbHI  CTpaTerii MmapajeiabHOTO  MOUIYKY
iH(opMaIii y MoCIiJOBHUX YHOPSAKOBaHUX (haiiimax
0a3 nmaHux, o0 30epiraeTbesi y 30BHIIIHIN mam’sTi
EOM, 5o cknagy sIKOro BXOISTH m MPOLECOpIB, AKi
NPAIOIOTh TapalelbHO 1 MAroTh CIIUJIBHE TIOJIe
am’ATi.

[punyctumo, mwo ¢aitn, skuii Mictute N
3aIUCiB, MOAICHUI Ha 71 OJIOKIB, Y KOKHOMY 3 SIKUX
¢ ml 3anucis. Hexait ay = by + dyml — yac yuranus
0JIOKY 3aIMCIB B OCHOBHY IaM’sIThb, 1i¢ by, dy — AesKi

CTali; fy — 9ac BUKOHAHHS OTepartii m-mapaaeiabHOro
MOCHIIOBHOTO TEperysily 3aluciB B OCHOBHIMH
nam’siTi; p; — IMOBIPHICTb 3BEpTaHHSA 10 i-TO 3aIHCY
Gaiina, F;, — MaTeMaTHYHE CIOMIBAHHS 3arajlbHOTO
4yacy, HEOOXIJHOTO IS TOIIYKY 3amucy y Gaiii.
[pwuiiMaemo, 0 JJIs MOIMIYKY 3aMKCy BiI0yBa€ThCS
MOCTiIOBHE YHUTaHHS OJIOKIB 3alHCiB B OCHOBHY
maMm’saTh 1 IX m-TapajelbHUA  TOCIiJOBHHI
nepersa. Toxmi

n

E = ikao +[tk =D+, }x

k=1 i=1 j=l

X P ktyml+(i=tym+j *

Jns E, 3HaiiieHO SBHUM BHUpPAa3 Yy BUIAAKY
PO3TISHYTHUX 3aKOHIB pO3MOIiTy HWMOBIpHOCTEH
3BEpPTaHHS [JO 3alMCiB 1 BHM3HAYEHO 3HAYEHHS
napaMeTpiB 7 1 /, 32 AKUX MaTeMaTH4YHE CIOIBaHHS
Jocsirae MiHiMyMmy [5].

e PiBHOMIipHMIA po3noin

dON) [N j
+ + —+1 |,
n m

¢byHkuis E, nocsirae MiHIMyMy TIpA

E,:% (n+1)-(b0

n=(dyN/by)"'?.
e “binapHuii” posmonin
(b +d ml)+ 2 ty.

Jlist BU3HAYCHHS IMapameTpa /, 3a SIKoro (QyHKITis
E, nocsrae MiHIMyMy, OTPUMA€EMO PiBHSHHS

2" =1+ ml+b—0 In2.
0

e 3axoH 3inga

E, _ L (HN +n—%lnn—CIIbo

dONj
+ +
n

+ HN+E—llnE—Cl)tO ,
m 2 m

ne C,=0.5In27;
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Jns  HaOmKeHOro  OOYMCIICHHS  3HAYCHHS
napamerpa 7, 3a IKoro E, mocsirae MiHIMyMy, MaeMo
PiBHSIHHS

2n° —n= N

(2H, +1-Inn-2C)).

0

®  y3araJbHEHUU PO3MOJIINT

l—c/  _
PR R
H(c) N I-c \2-c¢
N
(c) d.N
AR WRY P +[H(C)+
nl—C 0 n N
Nl et dONim
+ —+ tO ,
l-c |2—-cm (N/m)l_c
1e
a(ny=H'" b n>.
! 2—c

ITapamerp n,
MiHIMyMY,
PIBHSHHS:

3a sxoro ¢yHKIiS FE, mocsrae
MOXEMO BH3HAYUTH 3 HACTYITHOTO

- +(2—c)- n+ 2_cﬁN a'(n)=

0

=(2- c)% Nn'"“HY +

0

T_cn nedoy (@@ +1) - (n)).
s y

30kpema, SIKIIO HMOBiIpHOCTI
3aMuCiB  3aJOBUIBHSIIOTh  y3arajJbHEHUH  3aKOH
po3noginy, N = 10%, bo/dy = 20, To 3HaueHH:
napametpa / 300paxkeHi B Ta01. 2.

Ha Bigminy Bim mapamerpa [/, ONTHMAaJIbHI
3HAYEHHS TMapamerpa #, 3a SKHX MaTeMaTHYHe
CHOJIBAaHHS 3arajbHOr0 Yacy, HEOOXITHOTO JJis
MOIIyKy 3amucy y aimi, mocsrae MiHIMyMmy, HE
3aJekarh BiJl KUTBKOCTI TPOLECOPIB, a 3alexaTh
JWIIe BiA 3MiHM 3aKOHY PO3MOJiNTy HMOBipHOCTEH
3BEpTaHHs /IO 3alUCIB JJIS BCIX 3aKOHIB PO3IMOALTY,
KpiM “OiHapHOTO”. 3okpema, 3aIIeXKHICTh
ONTUMAJBHOTO 3HAUCHHS IMapaMeTpa 7 BiJ 3MiHH
3aKOHY pO3MOMAITY WMOBIPHOCTEW 3BEpTaHHSA JI0
samacis s N = 10° i by/dy = 20 300pakeHO

3BEPTaHHA [0

BIZIITOBITHO HA pHC. 4.

Taduuus 2. OnTuMaibHi 3HaYeHHs mapamerpa | y
BUNAJKY y3arajbHeHOT0 3aKOHY PO3IO/IiIy
HiMoBipHOCTeili Ta pi3HOI KiJILKOCTI Mpouecopin

m c=0.2 c=0.4 ¢=0.6 ¢=0.8
1| 4201,68 | 3831,42 | 3278,69 | 242131
2 | 2100,84 1915,71 1639,34 1210,65
4 | 105042 957,85 819,67 605,33
5| 840,34 766,28 655,74 484,26
10 | 420,17 383,14 327,87 24213
20 | 210,08 191,57 163,93 121,07
40 105,04 95,79 81,97 60,53
50 84,03 76,63 65,57 48,43
100 42,02 38,31 32,79 24,21

OnTMManbHi 3Ha4YeHHs NnapameTpa n

800
700 -
600
500

n 400
300

200
100
0 -

= 002c04c06c080=

3akoH po3noginy

Puc. 4 — OnTumanbHi 3HaYeHHs mapaMeTpa n'y
Bunaaky N = 10°Ta bo/dy = 20 njs1 TAKHX 3aKOHIB
po3noaiy iMOBIpHOCTel 3BepTAHHS 10 3aNKCiB:

piBHOMipHOrO (¢c=0), y3aranbHeHoro ta 3inda (c=1)

3. BAICHOBKU

PosrisHyTO METO] m-napajeIbHOTO
MTOCITIIOBHOTO TIEPETJIAAY Ta JBa BapiaHTH METOIY
m-TapajenbHOT0 OJIOYHOTO TOIIyKy. JlocmimkeHo
e(PEeKTUBHICTh [UX METOJIB JUIsl TaKUX 3aKOHIB
p03noz[iny HMOBIpHOCTEH 3BEpTaHHS /IO 3alKCIB fK:
piBHOMIpHU#, “OiHapHuit”, 3inda i y3araibHeHUH,

YaCTKOBUM BWITAJIKOM SKOTO € PO3IMOALI, IO
HaOMMKEHO 3alloBOJIbHsIE mpaBmio “80-20”. 3a
KpuTepiii  epeKTHBHOCTI  B3ATO  MaTeMaTHJHE

CTHOAIBaHHS KUIBKOCTI TapajelbHUX IOpPIBHSHb,
HEOOXIMHUX I TIOIIyKy 3amucy y  aiii.
[IpoBeneHo mMOPIBHANBHUN aHANi3 €()EKTUBHOCTI
METOMIB 1 I KOXKHOTO PO3TJSIHYTOTO 3aKOHY
po3moily HMOBIpHOCTEH 3BEpPTaHHS JO 3aIlKCIB
BHU3HAYECHO CBill HAWKpAIIUNA METOJ.

[MoOynoBaHO oONTHMalbHI CTparerii MOUIyKYy
3aMUciB B MOCTIIOBHUX (aiiiax, sKi 30epiraloTecs y
30BHIIIHIN mam’ati GararompouecopHoi EOM, ams
PI3HHX 3aKOHIB PO3ITOAUTY HMOBIPHOCTEH 3BEpTaHHS
JI0 3amuciB. 3a KpuTepiii eQeKTHBHOCTI B3STO
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MaTeMaTH4YHe  CIOMAIBaHHS  3arajJbHOrO  4acy,
HEOOXIHOTO JyIs TOWIYyKy 3amucy y (aiimi.
Busnaueni 3HaueHHS mapaMmeTpiB, 3a  SKHX
MaTeMaTH4YHe CITO/IiBaHHS AOCSATAE MiHIMyMY.
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Abstract: In this article the m-parallel method of sequential field searching and two variants of m-parallel block field
searching method are offered. These methods are oriented to be used in multiprocessing system for information
searching in files of database. We research the effectiveness of these methods for different probability distribution law
of field access. The mathematical expectation of number of parallel comparisons necessary for field searching in files is
taken as a criterion of effectiveness. The effectiveness of the methods is compared and analyzed. The best of offered
methods is founded for every considered probability distribution. Optimal strategies of field searching in sequenced
files stored in external memory of multiprocessing system are made. In this case the mathematical expectation of total
time needed for field searching in files is taken as a criterion of effectiveness.

Keywords: multiprocessing system, mathematical modeling, parallel searching, database.

1. THE METHODS OF PARALLEL
SEARCHING AND THEIR
EFFECTIVENESS

The following methods of parallel field searching
in files of database for multiprocessing system are
considered [1-4]:

e method of

searching;

o the first variant of m-parallel block field

searching method,;

o the second variant of m-parallel block field

searching method.

We analyze the effectiveness of these methods
for different probability distribution law of field
access (discrete uniform, binomial, Zipf and
generalized the partial occasion of witch is the
probability distribution approximately satisfying the
rule “80 — 20” [5-7]). The mathematical expectation
of number of parallel comparisons necessary for
field searching in files is taken as a criterion of
effectiveness.

Let’s consider the
sequential field searching.

Suppose that multiprocessing system consists of
m processors working parallel and having common
memory. Let’s enumerate the processors by natural
numbers from 1 to m. The main point of the method
of m-parallel sequential field searching is the
following. Divide conventionally all fields of file

m-parallel  sequential field

method of m-parallel

into blocks and each of them includes m fields. Let
N = n - m is the number of fields in file, where # is
the number of blocks. When method of m-parallel
sequential field searching is used the field searching
will consist of the next steps. On the first step the
processor number i searches the value of the key of
field number i. In this case the process of searching
can be successful or failed. Each processor must
exchange data with other processors on every step.
In case of successful searching the field searching
process is finished. In case of failed searching the
processor number i searches the value of the key of
filed number (m + i) on the second step etc. If the
field searching is failed on the step number & then on
the step number (£ + 1) the processor number i
searches the value of the key of filed number
(km + 7). If the required field is located in the file
then it will be found after » steps. If p; is probability
of access to field number i then mathematical
expectation £ of number of parallel comparisons
necessary for field searching in files is calculated by
following formula

n m

E= ZZZ’P«-W :

=1 j=1

In case of using the first variant of m-parallel
block field searching method we suppose that the
fields of ordered file are divided into n blocks each
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of them includes sm fields. Then the filed searching
will be done in this way. First of all we search the
block including the needed field by looking the last
m fields of file. After that we continue the searching
in the located block by the method of m-parallel
sequential field searching. The mathematical
expectation £ of number of parallel comparisons
necessary for field searching in files lets write as the
sum of mathematical expectation of number of
parallel comparisons necessary for block location
which includes the needed field and mathematical
expectation of number of parallel comparisons
necessary for field searching in the located block.
Then

n N m

Z (k + i)p(k_l)ms+(i—1)ﬂ1+J )

k=l =1 j=1

E=

In case of using the second variant of m-parallel
block field searching method let suppose that the
fields of ordered file are divided into nm blocks and
each of them includes sm fields. Then the number of
fields of file will be N = snm® Then the field
searching will be done in the following way. First of
all we search the block including the needed field by
using the method of m-parallel sequential searching
among the last elements of blocks. After that we
continue the searching in the located block by the
method of m-parallel sequential searching. The
mathematical expectation £ of number of parallel
comparisons necessary for field searching in files
lets write as the sum of mathematical expectation of
number of parallel comparisons necessary for block
location which includes the needed field and
mathematical expectation of number of parallel
comparisons necessary for field searching in the
located block:

EZZk[zzp}

k=1 1=1 =1 j=1

N m

nm
+ Z z Z IP (k1) ms+ ity m+ J

k=1 i=l j=1

2. THE OPTIMAL STRATEGIES

Using the method of m-parallel sequential field
searching we create the optimal strategies of parallel
information searching in sequenced ordered files of
database that are stored in external memory of
multiprocessing system. Suppose that
multiprocessing system consists of m processors
working parallel and having common memory.

Suppose that file including N fields is divided
into n blocks and each of them includes m! fields.
Let ag = b + doml is the time of block field reading
in the RAM, where by, dy are some constants; g is
the one step time of the method of m-parallel
sequential field searching in the RAM; p; is the
probability of access to field number i, E; is the
mathematical expectation of total time needed for
field searching in file. Let suppose that first of all the
field blocks are read to RAM from external memory
and then m-parallel sequential searching method is
used. Then

n | m

2> tkay +[(k =11 + i }x

=1 =l j=1

E =
k

X p(k—l)ml+(i—l)m+j '

3. CONCLUSION

The m-parallel method of sequential field
searching and two variants of m-parallel block field
searching method are considered. We researched the
effectiveness of these methods for different
probability distribution law of field access (discrete
uniform, binomial, Zipf and generalized the partial
occasion of witch is the probability distribution
approximately satisfying the rule “80 — 20”). The
mathematical expectation of number of parallel
comparisons necessary for field searching in files
was taken as a criterion of effectiveness. The
effectiveness of the methods was compared and
analyzed. The best of offered methods was founded
for every considered probability distribution.

Optimal strategies of field searching in
sequenced files stored in external memory of
multiprocessing system were made for different
probability distribution law of field access. In this
case the mathematical expectation of total time
needed for field searching in files was taken as a
criterion of effectiveness. The values of parameters
when mathematical expectation reaches the
minimum are founded.
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