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Crartbsi paccmaTpuBaeT npobsems!
CTPYKTYPHOW ONnTUMU3aumn
TEeXHOJIOrM4eCcKux rnpoLeccos,
BO3MOXXHOCTb YYUTbIBATb BO3HUKaOLUue
HeornpenesieHHOCTU, MPUMeHsIs

Teopuio NnpuHaTUsS peweHuii. Ha ocHoBse
aHannsa pa3/inyHbIX MeTo40B aBTopamMun
pa3paboTtaHa maTemaTuyeckasi Moaesb

C ucrosib3oBaHneM ceTeBbix rpagos

AJ11 MHOrOKpuTepunasibHol CTPYKTYPHOW
onTUMU3aLumn rNepcrneKTUBHbIX
TexHosiornyeckux npoveccos. [lokasaH
anropuTm peannsaunu npeasycMoTpeHHON
npouyeaypkbl, NO3BOJISAIOLLEN HaXOANTb
yrnopsi404€HHOE MHOXXE€CTBO IMOJIHbIX
nyreri, onupasicb Ha HeyObIBaIOLLYIO
nocnenoBaTesNibHOCTb UX AJINH. [M6KOCTL
noucky pelieHunii o6ecrne4YnBaioT u camu
BO3MOXXHOCTU MeToAa CTPYKTYPUPOBaHUSI,
v UTepaLnoHHbINA XxapaKkTep BbIYNCII@HUA.

KnroueBbie csioBa: Teopusi MPUHSATUAS PELLEHVSs,
ONTYMMU3aLNOHHbIE 384a41, MaTeMaTndeckasi
Mozaernb, ceTeBble rpadbl, CTPYKTypHas

ontumudauums, anroputm, cuctema, AMACONT.
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BOTPOCHI TEGP

OnTumusaumq
TEeXHOJIOTMYECKMX
rnpoLleccos

Ilonoe Arexcandp Ilempoeuu — kanouoam
mexHuveckux Hayk, doyenm Mockoeckoeo
20Cy0apcmeeHH020 yHugepcumema nymeti coooujeHus
(MHHUT), Mockea, Poccus.

Ilonosa Tamovsna Arexcanoposna — npenodagamens
‘Mockoeckoeo ocydapcmeeno2o yHugepcumema
npubopocmpoenus u ungpopmamuxu, Mockea, Poccus.

PU pacCCMOTPEHUM TaKUX 3a1ay, Kak
KOHCTPYMPOBAHUE CJIOKHBIX TEXHU-
YECKMX CUCTEM, BbIOOD TEXHOJIOTUYE-
CKMX [TPOLIECCOB MO UX U3TOTOBJIEHUIO, BApU-
aHTOB dKCIJyaTalluu U T.ZI., CTAHOBUTCS
OYEBUIHBIM, YTO IMTPUHSITUE HEBEPHOTO pellie-
HUS MOXKET IOBJIEYb 32 COOO0I HEMOIMpaBUMBbIE
nociuenctsusi. Kak mpaBuiio, mpuHsITHE pele-
HUI YeJIOBEKOM MPOUCXOIUT C YYETOM MMeE-
IOIIIMXCS Y HETO OIbITA Y 3HAHUM, a B KAKOW-
TO M€pe UHTYULIMU, OAHAKO B MOJAABJISIIOIIEM
OOJIBIIMHCTBE CJyyaeB MOAOOHbBIE 1Iaru
He SIBJISIOTCS ONTUMAJIbHBIMU U J1aXKe MOpOoi
OLIMOOYHBIMU. B TO e BpeMsi HOHSITHO, Ha-
CKOJIbKO HETIPOCTO M30eXaThb pUCKa U HEO-
MnpeneieHHOCTEe !, HAUTU Hale>XKHbIE CITOCOObI
JIOCTVKEHUS TPUEMIIEMBIX Pe3yIbTaToB [1].
CyIIecTBYIOT ABa IMOIX0Aa K PeIleHUIO
MHOTOKPUTEPUAIbHBIX ONTUMU3ALUOHHBIX
3a7a4 B 00JIaCTU MPOEKTUPOBAHUS TEXHOJIO0-
TMYECKHUX MPOLECCOB: 3TO UCIIOJb30BaHUE
0000LIEHHOTrO KPUTEPUS ONTUMU3ALUU Ey

M «ITOPOTOBasi onrTuMu3anms» [2]. Kak m3Bect-
HO, TIOPOTOBAast ONITUMU3ALIUS TIPEIyCMaTpH -
BAeT BBIIEJEHUE U3 BCETO JOMYCTUMOIO MHO-
XK€CTBa pEeUIeHMH S TMOAMHOXECTB

S, =8,,i€[l,n] (n — xommuuecTBo BTOpocTe-
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TICHHBIX KpI/ITCpI/IeB), onpeacjIsACMbIX BBOAM -
MbIMU OTPAHWYCHUAMU HA JOMYCTHUMBLIC
SHaAYCHUA BTOPOCTCIICHHBIX KPUTCPUCB C I10C-
JICAYIOIIMM ITOMCKOM ITOCPE€ACTBOM MHOKECT-

n
Ba S° =ﬂSi pelIeHUs, UMEIOIIETO MUHM-

i=1
MajibHOe (MaKCHMMaJIbHOE) 3HAaYeHUEe OCHOB-
HOT'0 KpUTepUsl oNnTUMMU3aLuU (cM. puc. 1).
W ecnmn MHOXECTBO S ABJIAETCA TOMYCTUMBIM
C TOYKM 3peHUsI QYHKLIMOHUPOBAHUS ONTH-
MU3UPYEMOW CUCTEMBI (T.e. peaan3ainu
(byHKIIMM TaHHOW CUCTEMBI TT0 OTHOIIIEHUIO
K crcTeMe 60Jjiee BBICOKOTO YPOBHST), TO MHO-
JKeCTBO S* — 3TO HOMYCTMMOE MHOXKECTBO
PEIIeHUIA, YIOBJIETBOPSIIOIIEe BCEM OTpaHu-
YEHUSIM Ha BTOPOCTEIICHHBbIE KPUTEPUH,
¥ MMEHHO C OIOpOI Ha HETO peau3yeTcs
OINTUMU3ALIUS IO OCHOBHOMY KpuTepuio [3].

CTOWUT OTMETUTD, YTO TPU TEXHUYECKOM
MepeBOOPYKEHUU TIPEATIPUSITUI, TeM OoJiee
B COBPEMEHHBIX YCIOBUSIX, UMEIOT MECTO He-
(bopMamzyeMble KpUTEPUU ONITUMU3AIINN —
TaKue, Kak 0COOCHHOCTH PhIHKA, CBSI3aHHbBIC
C IpUOOpPETEeHNEM BBICOKUX TEXHOJIOTHIA,
MaTepuajoB U 000pyIOBaHUS, TPeOOBaHUA
MoXapo- U B3pbIBOOE30TIACHOCTH, COLIMAITb-
HbIe (haKTOPHI U T.TI.

WHpIMU ciOBaMU, HYKHBI TIPEXKJIE BCETO
METOIIbI CTPYKTYPHOM ONTUMM3AIIMKM TEXHO-
JIOTUYECKUX PeIlIeHUId, 00Iagaloniie BCeMu
JIOCTOMHCTBAMM TTOPOTOBOI ONITUMU3AIINK
" 3(hGEeKTUBHON MPOLEIYPOil pean3aluu,
HCKITIOYAIOIIIEH TPYTOEMKUIA IIepedop AOITyC-
TUMBIX BapUAHTOB, Y YYUTHIBAIOIINE CIICII-
(buky TIpoeKTUpPOBaHMSI.

* * %

Ipoliecc MpUHATHS aaeKBATHBIX 3a1a4e
pelIeHU BKIIIoYaeT B ce0sl CeMyIolIre 3Ta-
bl pOpMUPOBAaHUE W aHAJIN3 LIEJIU; BbIACIIE-
HHUE MHOXECTBA JONYCTUMBIX PELIEHUIA,
obecreunBaloInuX ee TOCTHXKEHUE; Ompee-
JieHre KpuTepreB 3(GheKTUBHOCTH, ITO KOTO-
PBbIM CPaBHUBAIOTCS aJITEPHATUBHBIE peLle-
Hust. J1J1s r(paMOTHOTO MOAX0AA K OXKHUIAEMbIM
JIENCTBUSIM HEOOXOIMMO OTPEIe/IUTh KITIoue-
BbIe MOMEHTBI: TIOCTAHOBKY 3a/a4i U UCIO
cnocoba onTUMU3ALUN.

TTocraHoBKa 3a1a4¥ UCXOIUT U3 TOTO, YTO
MMeeTCsl AOMYCTUMOE (C TOYKU 3peHUsT (PyHK-
LIMOHUPOBAHMUST CUCTEMbI) MHOXECTBO CTPYK-
TypHbIX pemennit S, ={s;},i€[Ln] ¢ uzo-
MopbHbIMUH §,:S, > E, :{g,.j},j e[0,m]
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Puc. 1. Anarpamma, nnniocTpupyioujasi BbigeseHne
sapa peLieHui 3 4ornycTUMOro MHOXecTBa rnpu
noporoBo¥i onTUMMU3aLnn.

(m — Konm4ecTBO BTOPOCTETIEHHBIX KPUTEPH -

€B ONTUMM3ALNK), TOE & — 3HAYECHUE j-TO

KPUTEPUST ISl i-TO CTPYKTYPHOTO PEIICHUSI
(mupexc j = 0 MpUCBOEH anmpUOPHO BHIOpaH-
HOMY OCHOBHOMY KPUTEPUIO ONITUMU3AIINN).
Kpowme aToro ams kaxkmoro BTropocTerieHHOTO
KPUTEPUsI OTIPEIETICHO OTHOIIIEHUE
£{S§J,je[l,m] (1)
281071

& =2&, je[lm] ()

B 3aBUCMMOCTU OT TOTO, MAaKCUMYM (2) WIN
MUHUMYM (1) TaHHOTO KpUTEePUS OMPEACIISIIOT
MPeAnOYTUTEIbHBIA BbIOOP ONTUMAIbHOIO
pelreHus.

TpebyeTcs HaiiTu pellieHue S,» MCTIONIB3Y-
eMoe 711 MOCTONTUMU3ALIMOHHOTO aHAI13a
1o HehopMaTU3yeMbIM KPUTEPUSIM ONTUMU -
3auuu. [Tpu 3TOM HEOOXOAMMO BBITIOTHEHUE
psiia yCIOBUIA:

35, €S8,, & <&,

gl <&’ je[lm] (3)

n B paCLHI/IpCHHOﬁ IMOCTaHOBKE 3aga4u MHO-
XKECTBO NMOAJONTUMAJbHBIX pCI.HeHI/IfI

_fJ 2 §¢
Snpt —{Sop,,sop,,- 0,,,} TaKkoe, 4YTo

[ 3
a) Sapt =sopt )

0) Vsép, € opt,te[l 5]:5”1” <& je[l,m];(4)

S, ie[LE-1]= el <,

i
B) vsopt 0]
Wnes meToma 3aKi1i04aeTcsl B TOM, UTOOBI:
® BO-TIEPBBIX, BBIIEIUTh U3 MHOXECTBA S
TaKoe YITOpsIA0YEeHHOE ITOIMHOXKECTBO pelLie-

HUN
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Puc. 2. Xapaktepuctuka a¢p¢pektusHoctu anroputma AMACONT: k = 95.

S°={s,°,sf,...,s,?},S°cSD, (5)

4TO
1) Vs eS%ie[2k-1]=¢ <&’ <& ; (6)

i-1 = i+
0 .0 0
2) 3s,,ut0 5, €8),8, 5,6 <¢,<¢. (7)

BripaxkeHue 3amycaHo MPUMEHUTEIbHO
K riepBoMy U3 oTHotueHwuii (1) u (2);

® BO-BTOPbIX, IIYTEM ITOCJICA0BATEIbHOIO
MPOCMOTpA JIEMEHTOB JAHHOTO MHOXECTBA,

0
Ha4yMHasI C TIEPBOro, BIOPATh TOT U3 HUX S, ,

JUTSI KOTOPOT'O B IIEPBYIO OYEPE/Ib BBIMOIHSCT-
¢ ycnoBue (1), U MPpUHSATHL €ro B KayecTBe

0
ONTUMAJILHOTO, T.€. S, =5, ;

e B-TpPEThbUX, B CJIyyae pacIlMpeHHOM Mo-
CTAHOBKU 3a[layy IPOAOJIKUTH MOC/IeI0Ba-
TeJIbHBI TPOCMOTP C IMPOBEpKOit yciaoBus (1)
I BbIOOpa OCTaJbHBIX 3JEMEHTOB

2 ¢

opt * sopt""’sopt .

Teopust IpuHSITUS pelIeHUi, 61arogaps
Pa3BUTHIO MOIITHBIX MATEMATUUYECKIX CPEIICTB
1 CIeLMaTN3UPOBAHHOTO MPOTPAMMHOTO
obecrieueHus, mpeBpaTuiach B 04eHb appek-
TUBHBIA MHCTPYMEHT, OKa3bIBAIOIIIMI BCECTO-
POHHIOIO TIOIIEPXKKY PYKOBOISIIIM CTPYKTY-
paM Ha caMbIX pa3HBIX YPOBHSIX. B pamKkax aToit
TEOPHH TIPUMEHUTEEHO K TEXHOJIOTUTICCKIM
ImporeccaM YCIICIIHO AeHCTBYeT cucTeMa
crpykrypHoit ontumusauu AMACONT [4].

Cucrema TO3BOJISIET BECTU ITOUCK OITH-
MaJIbHOTO PEIICHUS U eTO peaan3alinio ¢ yda-
CTHEM aBTOMATHU3MPOBAHHO KOMITBIOTEPHOM
CeTH M 3TO JeJIaeT mpollecc 0oIee THOKIM.
OnHako clemayeT 3aMETUTh, YTO ITOI00HOE
CTaJI0 BO3MOXKHBIM TOJIBKO Oytaronapst apdex-
TUBHOMY QJITOPUTMY TTOMCKA «k-KPaTIaAIITIX»
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MyTeii, KOTOPBIi MpeBpallaeT BHIYUCIUTE b~
Hble UTEpAallMM MOYTH B HE3aMETHBIC IS
MPOEKTUPOBIIIMKA.

Ha puc. 2 nmoka3aHbl XapaKTepUCTUKHI
anroputMma AMACONT B Buae amnupuye-
CKMX 3aBUCHMMOCTE BpeMEeHHU pacyeToB
MOJIEIM OT BEIMYMH p, U K . Boraucnuresnn-
HbIE 9KCIMEPUMEHTHI IPOBOIMIIMCH Ha TIPO-
meccope cpeaHeil MPOU3BOAUTEIbHOCTHU
Intel 166 MTIix knacca IBM. Kak BugHo, ajs
pacudera rpadoB, npeamoaarapomux 103
BapuaHTOB PelIeHU, TPeOyeTCsI BCETO OKO-
JIO 6 CEKYH/I.

TeM He MeHee, HeJTb3sl OIyCKaTh TOT (DaKT,
YTO MCTOJIb30BaHNE O0OOIIIEHHOTO KPUTEPUSI
ONTUMU3ALIMU He SBJsIeTCsT 3 (hEKTUBHBIM
CroCcCOo0OM pelIeHUsI MHOTOKPUTEPUATbHBIX
ONTUMU3AIIMOHHBIX 3a/1a4 B CHJTY CJIEAYIOIINX
MPUYMH:

e TpeOyeTCs TPUBEJICHNE BCEX KPUTEPUEB
K OTHOCHUTEJIbHOMY Oe3pa3MepHOMY BULY,
YTO TperojaraeT 3HaHue MpeaeoB U3Me-
HEHMS UX 3HAaYEHU 1, KOTOPbIE B OOJIBIITNH-
CTBE CJIyYaeB IPU CTPYKTYPHOM ONTUMM3a-
IIMM HEM3BECTHBHI (T.€. HE SICHBI TpeaeJibl
U3MEHEHUs1);

® IICITOJIb30BAHUE BECOBBIX KO GDUIIMEH-
TOB, 9KCIIEPTHO Ha3HAaYaeMbIX KPUTEPUSIM
ONTUMM3ALIMKU, BHOCUT MOBBIIIEHHBIN CYOb-
€KTUBH3M B pellieHUE 3a1a4;

e CBeJICHME ONTMMM3AIMOHHON 3agavyu
K OHOKPUTEPHATbHOMY BUIY CHUXKAET e€
TMOKOCTh IIPU IMMOUCKE BAPUAHTOB, TOCKOJIb-
KY B OHOKPUTEPUATbHOM MOHUMAaHUU
C TOYKM 3pEHMSI MOMCKa IKCTpeMyMa He Cy-
LIECTBYET ONTUMYMa B MHOTOKPUTEPUATbHOM
MMOCTAHOBKE M3-3a MPOTUBOPEYMBOCTU KPU-
TepUeB.
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Puc. 3. lMpumep ceteBoro TexHonornyeckoro rpagpa G=(X, U).

C npyroii CTOPOHBI, peai3aiiysi TOPOroBoi
ONTUMU3ALIMU ITPU IOKUCKE CTPYKTYPHOTO pele-
HMS TIPEATIONAraeT MOMCK MHOXECTB S, nepeo-
POM BCEX DJIEMEHTOB MHOXECTBA S , UTO SIBJISICT-
Cs1 HepeaJTbHBIM B CHUTY OOJIBIIIOTO KOJTMYEeCTBA
JTIOMYCTUMBbIX TEXHOJIOTMYECKUX PELLIEHUH.

* * %

TCOQCTI/I‘{eCKaSI OCHOBA ME€TO/1a OIIPEACIA-
€TCA COBOKYITHOCTBIO MATEMATUYCCKUX METO-

JIOB U TEOPETUYECKUX MOJIOXKEHUI, TI03BOJISI -
omunx 3peKTUBHO, 6€3 MOJIHOTO Tepedopa
DJIEMEHTOB MHOXKECTBA S, HAXOANUTh MHOXE-

ctBO S’. [IpUMEHUTENILHO K CTPYKTYPHOI
ONTUMHU3AIMU Ha CETeBbIX oprpacax — 3To
Teopusi rpadoB [5], MeTOabl AMHAMUYECKOTO
MpOrpaMMUPOBAHUSI, HOBBII METOJ CTPYKTY-
PUPOBAHMUS U aJITOPUTM TTOMCKa «k-KpaTJyaii-
LIMX» TTyTEN.

AJTOpPUTM pealn3aliuy MeToa.

Lar 1. Ha3Ha9UTh OCHOBHOIT £° 11 BTOpO-

CTENeHHbIe {gf },j e[1,m] kputepun onTumu-

3auuu. BropocTeneHHbIe KpUTEpUU HE TTOMe-
YEHBI.

Ilar 2. HazHauuTh 1181 KaXKIA0TO j-IO BTO-
POCTENEHHOIO KpUTEPUSI TOPOTOBOE 3HAUYECHUE
&, je[lm].

Iar 3. ITomoxwuTs £ = 1.

IlIar 4. Haiitu 7-it aJ1eMeHT ynopsiToYeH-

0
HOTO MHOXecTBa 87, T.e. S, .

Illar 5. BeiOpaTh 110001 HermoMeueHHbI
BTOPOCTEIIEHHBI KpuTtepuil. Ecnin takoi
KpUTEpUIA HAWIEH, IOMETUTh €T0 U MEPEUTU
K wary 6. Eciiu rmouck HeynayeH, 3aKOHYUTh
MPOLEAYPY — ONITUMAJIbHBIM SIBJISIETCS pellie-

0
HUE S, .
0
Illar 6. [TpoBepuTh ISl JIEMEHTA S, BbI-

ToJIHeHWe HepaBeHcTBa (1) Mo BEIOpaHHOMY
Ha mare 5 kputepur. Eciim HepaBeHCTBO
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CIIpaBeINBO, TIEPEHTH K IIATy 5, €CJIM HeT —
K mary 7.

Ilar 7. IpoBeputs: ecnu t = k, TO pellie-
HUS HE CYIIECTBYET, B IIPOTUBHOM CJydyae
CHSITh METKH CO BCEX BTOPOCTEIIEHHBIX KPUTE-
pUEB, YBEIUYUTh { =1 + [ ¥ mepeiiT K mary 4.

CrenyeT MMOMHUTD, 4TO JIFOOOE M3 MHO-
JKECTB §; MOXET OKa3aThCsl MYCThIM, @ ONTH-
MaJibHOE€ pelllcHMEe He HalijmeHHBIM. Torma
HaJo0 M3MEHUTH (YMEHBIIUTH B ciaydae (1))
MMOPOTOBOE 3HAYCHME COOTBETCTBYIOIIECTO
BTOPOCTEIIEHHOTO KPUTEPUS U MOBTOPUTH
OINTUMU3ALMOHHYIO ITPOLICIYPY.

[Ipu peanuszanuu pacIIMpeHHOM IOCTa-
HOBKM 3a/lau¥ ONTUMM3aUuu maru 3, S u 7
aJITOpUTMa UMEIOT CIICTYIOIINI BUI.

Ilar 3. TTonoxute? =1, i = 1.

IIar 5. BeiOpathb 110001 HemoMe4eHHbI
BTOPOCTeTNeHHbI Kputepuii. Ecnu takoi
KPUTEpUI HAUAEH, IOMETUTD €0 U IIEPEUTHU
K wary 6. Eciu nmouck HeygauyeH — 3JIeMEHT

0 _ i = 0
s, =8,, €3S, . [lepeiitn K mary 5.

Ilar 5°. TIposepurts: eciu (i =&)A(t=k),

TO 3aKOHUYUTB MPOIIENYPY; B TIPOTUBHOM CITy-
Yyae CHSITh METKHU CO BCEX BTOPOCTETIEHHBIX
KpuTepueB, yBequuuTb t =¢ + 1, i =i+ 1
W TICPETH K 1mary 4.

Llar 7. TIposeputs: ecu (1 =k)v(i=1),
TO pEelIeHUsT He CYIIECTBYET, B IIPOTUBHOM
cllydae nepenTu K mary 7°.

Ilar 7°. [IpoBepuTh: eciiu ¢t = k, TO 3aKOH-
YUTH MPOLEAYPY — €CTh PelIeHNE Sopt' B npo-
TUBHOM CJIy4ae CHSATh METKH CO BCEX BTOPO-
CTEIIEHHBIX KPUTEPUEB, YBEIUIUTL f =1 + 1
U TIepeiTH K 1iary 4.

Ceresrie Tpacder G=(X, U) (cM. puc. 3)
MIPpY CTPYKTYPHOU ONMTUMM3ALINU 3aTal0T
JOIYCTUMOE MHOXECTBO S CTPYKTYP IPO-
eKTupyemoro oobekra. [1pu aToM MHO-
>KeCTBOM BepIIMH X TaKOTo Tpada siBsieTcst
0TOOpaXeHMNE JOMYCTUMBIX BApUAHTOB HC-

Monoe A. ., NMonoea T. A. ONTUMN3aLUa TEXHONIOrMYECKUX MPOLLECCOB




IMponopmuposate Mozens G=(X,U):
VxeX= {sj(x)},j e [0,m]

\i

Hasuaunts:

Hoporu — {E‘"j},je[l,m]

MomHocTH MHOXKECTB — k ; &

Haiiti MEOXECTBO {2, O Q) O}
¢ nomo1isto anroputMma AMACONT

N
R

I
S~

<—

aHaIH3 (Qlap,, Qz,,,,,,,. L)

g=d

t=it+ 1
t=k

HET
j=j+i
Qopt =0y
Aa
ser y  m
IMoCTONTHMH3AHOHHET OnTHManeHOE pereHne

1
Qopt, Q opt,

NOJHCHUA CTPYKTYPHLIX 9JIECMCHTOB, A MHO-
KECTBOM AYyTI U — jgoruyeckue CBI3U BO3-
MO2XKHOCTHU ITOCJAEA0BATECJIBHOI'O O6’beI[I/IHC—
HHUA JaHHBIX 9JICMCHTOB B OIITUMU3UPYEMYIO
cTpyKTYpY [6, 7].

ITpu HoOpMUPOBAHUM TAKOI MOJIEJIU KaXK-
JIOMY BapUaHTYy CTPYKTYPHOT'O UCITOJTHEHUS
3JIEMEHTOB TEXHOJOTUYECKOTO 00OBEKTA (T.C.
xi S X) CTAaBUTCs B COOTBETCTBUEC MHOXECT-

® MWP TPAHCIOPTA, Tom 13, N2 5, C.16-25 (2015)

Puc. 4. brnok-cxema onTUMU3aLMOHHOW npoLeaypbl.

BO JIOKaJIbHBIX KPUTEPUEB ONTUMU3ALUU
{6‘j (x, )},j €[0,m] (m — xonnuecTBO BTOPO-
CTeINeHHbIX KpuTepuen). [ToHATHE ToKaTb-
HBIX KpPUTEPUEB CBSI3aHO C TEM, YTO KPUTE-
pUU ONITUMM3ALIMU, BOOOIIIE TOBOPSI, COOT-
BETCTBYIOT BLIOMpPaeMOMY B KaueCTBE OITH -
MaJIbHOTO pPELUIEHUIO, TO €CTh BCEWH
CTPYKType 00beKTa, a He ero KaKkomMy-jmn0o
aJIeMeHTy [8, 9].

Monoe A.T., NMonoea T.A. ONTMN3aLUa TEXHOJIOrMYECKUX MPOLLECCOB



BapuaHT TeXHOJIOTHUYECKOTO pEeIleHMS
5, €8, B 9TOM ciIyJyae OTpenesaercs i-M

BapMaHTOM IOJHOTIO ITyTH rpada (puc. 3),
a COOTBETCTBYIOIlee eMy 3HaueHUE j-TO
KPUTEPHUS ONTUMU3ALUU (yXKE HE JTOKaIb-
HOI0) — IJIMHOM 3TOr0 MyTU B BUIE

L(0)=# (i) 3o/ )

npuyeM U, =x",u, =x" .

®)

Takum oO6pa3oM, MOCKOJIbKY METOI
CTPYKTYPHOW ONTUMU3ALIUM OCHOBAH
Ha TTOMCKe YIMopsII0YeHHOro MHoXecTBa S°,
TO OH MOXET OBbITh C YCIIEXOM MPUMEHEH
K MHOTOKPUTEPUATBbHON MOPOTrOBOM ONITU-
MU3aLUU TEXHOJOTUYECKUX CTPYKTYP C UC-
MO0JIb30BaHUEM AJITOPUTMA ITOUCKA «k-KpaT-
yamux» nyTeid ceTeBbIX rpados
AMACONT, koTopble 1 00pa3yloT YoM~
HyTOEe MHOXecTBO S°.

Ha puc. 4 mokazaHa 6;10K-cxemMa Ipolie-
Jlypbl TIOPOTOBOU ONMTUMU3AIIMU CTPYKTYP-
HBIX TEXHOJIOTMYECKUX PEIIEHUI Ha CETEBBIX
rpagax Ha OCHOBE OMMCAHHOTO METOAA.

HemoHcTpupyeMasi mpolieaypa sBIsieTCs
UTEPallMOHHOM, MOCKOJIBKY B HEUl TIpemyc-
MOTpPEHAa BO3MOXHOCTb TOTO, UYTO PEIIeHUE
He OyAeT HaliileHO NPpU 3aJJaHHbIX HayaJlb-
HBIX YCIOBUAX (MMOPOTOBBIX 3HAYEHUSX
BTOPOCTETIEHHBIX KPUTEPUEB U MOIITHOCTHU
MHOXECTBa), 4YTO B CBOIO OUepeb MPUBOIUT
K HOBOMY BUTKY BbluucygeHuii [10].

B 3akiiouenue oTMETUM, UTO JIJISI PELICHUS
3a7a4 MHOTOKPUTEPUATbHON ONTUMU3AIUU
MOXHO TIPUMEHSITh METOJ CTPYKTYPUPOBAH -
HbIx rpadoB. Kpome Toro, mpenjaraercs uc-
MOJIb30BaTh AJITOPUTM TOMCKA «k-KpaTdaii-
LIMX» TTyTE Ha CETeBBIX oprpadax, oTanvaro-
IIUICS OT U3BECTHBIX HAJIMYMEM HOBOTO Me-
TOJa CTPYKTYPUPOBAHUS U MO3BOJSIONINMA
HaXOIUTh YIMOPSAOYEHHOE MHOXECTBO MOJI-
HBIX MyTel, omnpenensieMoe HeyObIBawOIIEH
MOCJIEA0BATEIbHOCTBIO UX IJIMH, BBIUUCIISIC-
MBIX TI0 ONITUMU3AIIMOHHOMY KPUTEPUIO.
IIpennoxeHHast npoleaypa MHOTOKPUTEPU -
aJTbHOW CTPYKTYPHON ONTUMM3ALIMU TEXHO-
JIOTUYECKHUX MPOLIECCOB Ha CETeBBIX rpadax
00J1agaeT ruOKOCThIO MPU MTOMCKE ONTUMATTb-
HBIX pelUIeHU, KoTopass obecrieynBaeTcs

BO3MOXHOCTSIMH METOIa ¥ UTEePAIIMOHHBIM
XapaKTepoM TOPsIAKa BEIYUCICHUIA.
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ABSTRACT

This article considers problems of structural
optimization of technological processes, possibility
to take into account arising uncertainties, applying
decision-making theory. Basing on the analysis of
different methods, the authors developed a math-
ematical model for multicriteria structural optimiza-

tion of promising technological processes. The
implementation algorithm of proposed procedure
is shown, which allows to find an ordered set of full
routes, based on nondecreasing sequence of their
lengths. The flexibility of solution search is pro-
vided by possibilities of structuring method and
iterative nature of their calculation.

Keywords: decision-making theory, optimization tasks, mathematical model, network graphs, structural

optimization, algorithm, system, AMACONT.

Background. In considering such tasks as design
of complex technical systems, selection of techno-
logical processes for their manufacture, operation
options etc., it becomes obvious that making a wrong
decision can lead to irreparable consequences. As a
general rule, decision-making by a person takes place
on the basis of his experience and knowledge, and
intuition to some extent, however, in most cases, such
steps are not optimal, and sometimes wrong. At the
same time, itis clear how difficult it is to avoid risk and
uncertainties, to find reliable ways to achieve appro-
priate results [1].

Objective. The objective of the authors is to
consider issues concerning optimization of techno-
logical processes and to suggest optimal solutions.

Methods. The authors use general scientific
methods, structural analysis, simulation, graph con-
struction.

Results. There are two approaches to solution
of multicriteria optimization tasks in the design of
technological processes: it is the use of a general-

ized optimization criterion &y and «threshold opti-
mization» [2]. As itis known, the threshold optimiza-
tion provides for allocation of the total allowable set
of solutions s, subsets S, =S,,i e [1,n] (nis a number

Pic. 1.Diagram, illustrating the selection of the
core of solutions in the admissible set at threshold
optimization.
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of secondary criteria) defined by imposed restric-
tions on allowable values of secondary criteria

followed by the search through the set S” = ﬂS,- for

i=1
a solution having minimum (maximum) value of the
primary optimization criterion (see. Pic. 1). If the
sets, isacceptable in terms of the optimized system
operation (i.e. implementation of functions of the
system in relation to the system of a higher level),
then the set S* is an allowable solution set that
satisfies all the constraints in the secondary criteria,
and namely on its basis optimization by the main
criterion is implemented [3].

It should be noted that in the modernization of
an enterprise, especially in today’s environment,
non-formalizable optimization criteria exist, such as
market conditions associated with the acquisition
of high technology, materials and equipment, fire
explosion safety requirements, social factors, and
others.

Thus, there is a need primarily for new methods of
structural optimization of technological solutions, hav-
ing all the advantages of the threshold optimization
and effective implementation procedure, eliminating
time-consuming search of all feasible solutions and
taking into account design specifics.

%* %k %k

The decision making process involves following
steps: formation and analysis of purpose (objective);
selection of the set of feasible solutions to ensure its
achievement; definition of efficiency criteria by which
alternative solutions are compared. For a right ap-
proach to expected actions it is necessary to define
key points: statement of a task and an idea of optimi-
zation method.

Statement of a task is based on the assumption
that there is an allowable (in terms of system function-

ing) set of structural solutions S,={s,},i[l,n] with
isomorphic 9;:S, — E; ={&/},j €[0,m] (misanumber

of secondary optimization criteria), where 8,/ is a

value of j-th criterion for the i-th structural solution
(index j = 0 is assigned to a priori selected main optimiza-
tion criterion). In addition, for each secondary criterion the
equation is determined

& <&, je[l,m] (1)
or
& 28, je[l,m] (2)
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| ©=0,169-lg(ky ) +0,929; ©=291-1g(R) — 8,70:‘/
4

/
" 2=0.01;

/ ArOEL Pic. 2. Characteristics of

22°=0.60 efficiency of the algorithm
0 AMACONT: k = 95.
5 15 25 lg(k,)
l | | J
34 44 48 lg(Pu)

depending on whether maximum (2) or minimum (1)
of this criterion defines preferred selection the optimal
solutions.

It is necessary to find a solution S0 used for post
optimization analysis on non-formalizable optimization
criteria. It is necessary to perform a number of condi-
tions:

35, €8, suchthat €. <&,,.6l <&, je[Lm] (3)
in extended statement of a task a set of suboptimal
solutions S, = {s;,,,,sf,,,,--.,s(f,,,} is such that

1 = .
a) sopt = sopt i

b) Vsl €S, pic[Le]= e, <&, je[Lm]; (4)

op opt =

c) Vs, &S, ic[Lé-1]= el < gl

opt = ©opt

The idea of this method is to:
+ Firstly, select from a set s, such an ordered subset of
solutions

S°={s,°,sg,...,sf},S“cSD, (5)

that

1) Vs eS8’ ie[2k-1]=¢l <& <&, ; (6)

2) 3s, suchthat s,€S,,5, 5",/ <¢,<g .  (7)
Expression is recorded in relation to the first of

relations (1) and (2);

« Secondly, by sequential viewing elements of this
set, starting with the first one, to select the one s for
which the condition (1) is met primarily and take it as
optimal, i.e. s,, =5 ;

« Thirdly, in case of extended statement of the
task, to continue sequential viewing with checking

condition (1) to select other elements S, : S,f,,,,...,Sf,,,.

Decision-making theory, due to development of
powerful mathematical tools and specialized software
has become a very effective tool that supports deci-
sion-making of governing structures at various levels.
Within this theory for technological processes the
system of structural optimization AMACONT is suc-
cessfully applied [4].

The system allows to search for an optimal solution
and its implementation in the framework of an auto-
mated computer system and makes the process
flexible. However, it should be noted that this became
only possible due to the efficient search algorithm of
«k-shortest» routes, which makes the computational
iteration virtually invisible for a designer.

Pic. 2 shows characteristics of the algorithm
AMACONT in the form of empirical dependencies of

model calculation time on the values p,and ks .

Numerical experiments were performed on a proces-
sor of average performance Intel 166 MHz class IBM.

As can be seen, for the computation of graphs, sug-
gesting 10%° possible solutions, only about 6 seconds
are required.

Nevertheless, we cannot omit the fact that the use
of generalized optimization criterion is not an effective
way to solve multiobjective optimization tasks for the
following reasons:

« it is required to bring all of the used criteria to a
relative dimensionless form, which implies knowledge of
the range of change of their values, which in most cases
are unknown at structural optimization (i.e., the range of
change is not clear);

- the use of weighting factors, appointed by ex-
perts regarding the criteria of optimization, brings the
increased subjectivity in the solution of the tasks;

* bringing optimization problem to a one-criterion
form reduces its flexibility when looking for solutions,
as in one-criterion understanding in terms of the
search for an extremum there is no optimum in multi-
criteria formulation due to conflicting criteria.

On the other hand, implementation of the threshold
optimization in finding structural solutions involves
finding sets S, through search of all elements of the set
s,, which is unrealistic because of the large number of
valid technical solutions.

* % %

The theoretical basis of the method is determined
by a set of mathematical methods and theoretical
statements that allow effectively and without complete

search of elements of the set S, to find the set S°.

With regard to structural optimization on network di-
graphs, these are graph theory [5], dynamic program-
ming methods, a new method of structuring and
search algorithm for «k-shortest» routes.

The algorithm of method implementation.

Step 1. Set main &’ and secondary {8’},]' € [L m]

optimization criteria. Secondary criteria are not
marked.

Step 2. Set for each j-th secondary criterion a
threshold value.

Step 3. Taket=1.

Step 4. Find a t-th element of the ordered set S,

ie. s’ .
Step 5. Select any unmarked secondary criterion.

If such a criterion is found, mark it and go to step 6. If
the search is unsuccessful, finish the procedure — the

optimal solution is s, .

Pic. 3. An example of network technological graph
G = (X, U).
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To normalize a model G=(X,U):
Ve X =i/ (0} je[o,m]

To find a set {00, 0, Q. O}
using the algorithm - AMACONT

a<é

!
To set
Thresholds —?J }j € [I, mI
Power of sets- k; ﬁ
A
i=1
=0
v
J' -
i=itl |_J|r=r+1

no

Post optimization analysis
1
Qs Dopinen)

yes
ft=k}v(i=1)
no /
yes
no
j=i+l
=0,
yes no
®
yes

Optimal solution

Qopr, Q'ope,

Step 6. Check for the element s! performance of
inequality( 1) by the criterion selected at step 5. Ifinequa-
lity is valid, go to step 5, if not — to step 7.

Step 7. Check: if t = k, the solution does not exist,
otherwise remove marks from all the secondary crite-
ria, increase t=t+ 1 and go to step 4.

It should be noted that any of the sets S,may be
empty, and the optimum solution is not found. In this
case, itis necessary to change (reduce in the case of
(1)) threshold value of the corresponding secondary
criterion and repeat the optimization procedure.

When implementing the expanded statement of
the optimization task steps 3, 5 and 7 of the algorithm
take the following form.

Step 3. Taket=1,i=1.

Step 5. Select any unmarked secondary criterion.
If such a criterion is found, mark it and go to step 6. If
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Pic. 4. Flow chart of optimization procedure.

the search is unsuccessful — element s’ = Sopt € St
Go to step 5°.

Step 5°. Check: if (i =&) ~(t=k), finish the proce-
dure; otherwise remove marks from all the secondary
criteria, increaset=t+ 1,i=i+ 1and go to step 4.

Step 7. Check: if (1 =k)v (i=1), the solution does
not exist, otherwise go to step 7.

Step 7°. Check: ift =k, finish the procedure — there
isasolution S, . Otherwise remove marks from all the
secondary criteria, increase t=t+ 1 and go to step 4.

Network graphs G = (X, U) (see Pic. 3) at structural
optimization set an allowable set s, of structures of de-
signed object. At the same time vertex set X of this graph
isadisplay of permissible variants of structural elements,
and the set of arcs U — logical connections of possible
sequential combination of these elements in the opti-
mized structure [6, 7].
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When evaluating this model, each variant of the
structural execution of elements of technological object

(i.e. x; € X)is associated with a set of local optimization

criteria{¢’ (x,)},j €[0,m] (m is a number of secondary
criteria). The concept of local criteria is connected with
the fact that optimization criteria, generally speaking,
correspond to the solution selected as an optimal that
is, the entire structure of the object, notany of its element
[8, 9].

Option of technological solution s; € S}, in this case
is determined by the i-th option of the complete route
of the graph (Pic. 3), and the corresponding value of
the j-th optimization criterion (not local) by the length
of this route in the form

(@)=c )+ Yo' ),

and u; =x",ul =x" .

(8)

Thus, since the structural optimization method is

based on finding an ordered set S ° it can be success-
fully applied to the multicriteria threshold optimization
of technological structures using search algorithm of
«k-shortest» routes of network graphs AMACONT,

which form the aforementioned set S’ .

Pic. 4 shows a flow chart of the threshold
optimization of structural technological solu-
tions on network graphs based on this method.

This procedure is iterative, since it provides
for the possibility that the solution will not be
found in case of established initial conditions
(threshold values of secondary criteria and
power of the set), which in turn leads to a new
round of calculations [10].

Conclusion. For solving multi-criteria optimiza-
tion it is possible to apply the method of structured
graphs. Moreover, it is offered to use the search
algorithm of «k-shortest» routes on network di-
graphs, different from the known in the presence of
anew method for structuring and allowing to find an
ordered set of complete routes defined by a non-
decreasing sequence of their lengths, calculated
via an optimization criterion. The proposed proce-
dure for multi-criteria structural optimization of
technological processes on network graphs is fle-
xible in the search for optimal solutions, provided
for by the capacities of the method and iterative
nature of calculations.
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