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YEJOBEKO-MAIIMHHBIX CUCTEM HA OCHOBE
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M.I'. I'pu¢, H.JI. I'anesmna, E.B. Ioii
Hoesocubupckuii 2ocyoapcmeennvitl mexHuyecKull yHugepcumem

B crarbe paccMOTpeHBl MOJ€JIM, METOAbI M TEXHOJOTUU aBTOMATH3AaLUHM NPOCKTUPOBAHUS
IpoIeccoB (YHKIMOHHPOBAHUS UENIOBEKO-MAIIMHHBIX CHCTEM Ha OCHOBE (YyHKIMOHAIBHO-
CTPYKTYpHOH TeOpUH U 0000IIEHHOTO CTPpyKTypHOTO Metona npod. A.W. I'younckoro. [Ipusene-
HBI OCHOBHBIE TIOHATHS U ONpeAeNeHNs GyHKINOHATbHO-CTPYKTYPHON TEOPUH U METOZIOB IOCIIe-
JIOBAaTENBHOM ONTHMU3ALUK Mponecca (YHKIMOHUPOBAHHS YEJIOBEKO-MalIMHHbIX cucteM. [Ipex-
JIOXKEH CIIOCO0 pacHIMpeHus] O0JAacTH HCIIONb30BaHUS (PYyHKIMOHAIEHO-CTPYKTYPHOH TeopHu
9YeJOBEKO-MAIIMHHBIX CUCTEM 3a CUET MHTETPANy ONTHMHU3AIHOHHBIX MOJelel mpomecca (QyHK-
LHOHUPOBAHUS YEIOBEKO-MAIIUHHBIX CHCTEM C METOJOM MMHTALHOHHOTO MOJIETHPOBAHUS, TaK
KaK (PYyHKIHMOHAJIBHO-CTPYKTYPHYIO TEOPHIO MOXKHO TPHMEHSTH TOJBKO JUIs IpoLeccoB Oe3 mo-
CJIeIeHCTBHS M TIPHU OTCYTCTBUM 3aBHCHMBIX omneparuii. [Ipemiaraercst ciocod ycTpaHeHus qaH-
HOTO OTPaHMYEHHMS ITyTeM MHTETPAllMd TEXHOJIOTHU MPOEKTHPOBAHUS Mpolecca (QyHKINOHHPO-
BaHUS YEJIOBEKO-MAIIMHHBIX CHCTEM Ha OCHOBE ()YHKLHOHAIbHO-CTPYKTYPHOH TEOpHH C
METOZOM HUMHTAI[MOHHOIO MOJICJIMPOBAaHMsI TE€X Y4YacTKOB IIpollecca, A KOTOPbIX HE BBIIOIHS-
I0TCS YKa3aHHBIE BBIIEC TPeOOBaHMS (PyHKIIMOHAIBHO-CTPYKTYpHOH Teopun. Kaxknplii anbrepHa-
TUBHBIH Iponecc (GyHKIMOHNPOBAHMS YEIOBEKO-MAIIMHHON CHCTEMBI 331a€TCsI B BUAE (DYHKIIH-
OHAJILHOW CETH M MPEJICTABIISAETCS COCTOSIIMM U3 psifa (popMaau30BaHHBIX €IMHMI] — THIOBBIX
(YHKIMOHAJIBHBIX €IMHMI] U UX THIIOBBIX KOMOMHAINIT — THIIOBBHIX (DYHKIHOHAJIBHBIX CTPYKTYD.
MHOXECTBO AJIBTEPHATUBHBIX IIPOIECCOB YEIOBEKO-MAIIMHHBIX CHUCTEM OIHCHIBACTCS B BHJIC
albTepHaTUBHOTO Tpada. IIpy pemeHny ONTUMHU3AaIMOHHOW 3a/ladll yUUTHIBAIOTCS IOKAa3aTeIIH
3¢ dexTHBHOCTH, KadyecTBa M HAAEKHOCTH UEIOBEKO-MAIIMHHBIX cHcTeM. PaszpaboraHHas ru-
OpuaHas dKCHEPTHAs CUCTEMa MMEET PACLIMPEHHBIH (yHKIMOHAN, HO3BOJIIOIMN CTPOUTH BCE
n30MOp(dHBIE PEICTABICHUS aTbTEPHATHBHOTO Tpada; reHepupoBaTh B PyYHOM M aBTOMAaTH4e-
CKOM peXXMMe KOHKPETHBIH aJITOPUTM HaIlpaBJICHHOTO Nepebopa; MpOBOIUTH P PEKTHBHOE pac-
napaJuIeNIMBaHKue aNrOpUTMa HAIPaBICHHOTO mepebopa sl MHOTOMPOIIECCOPHBIX H MHOTOSIIEP-
Helx OBM. Ilpemmaraemplii anropuT™M HHTErpauuy (YHKIHMOHAIBHO-CTPYKTYPHOH TEOpUH U
HMMHTALIOHHOTO MOJIEJIUPOBAHUS Ja€T BO3MOXKHOCTh JJIsl BBIACICHHBIX Y4acTKOB IIpoliecca, He
MIPEICTaBUMBIX B paMKax (yHKIHOHAIFHO-CTPYKTYPHOI TE€OpHH, IPOBECTH MMHTAMOHHOE MO-
JIeTMPOBaHHUE TIOKa3aTeel 3KBUBAJIEHTHOTO OJIOKa.

Kniouesvie cnosa: (QpyHKIMOHAIBHO-CTPYKTYpHAsi TEOPHs, UEIOBEKO-MAIIMHHAS CHCTEMa,
MHOKECTBO aJbTEPHATUB, aBTOMATH3AIMsI IPOEKTUPOBAHUS, UMUTAILIMOHHOE MOJIEJIMPOBAaHUE.
DOI: 10.17212/1727-2769-2014-4-70-78

BBenenue

Pa3paboTka TEeXHOJIOTHI MPOSKTUPOBAHUS MPOIECCOB (PYHKIIMOHUPOBAHUSI YETIOBE-
KO-MAIlIMHHBIX CHCTEM M0 MoKa3aresisiM 3(Q(EeKTHBHOCTH, KAuyecTBa W HAJCIKHOCTU
(OKH) sBnsieTcss OTHAM W3 JOMUHHUPYIOIIUX HAMPaBICHUA B MCCIEJOBAaHUHN U aBTOMa-
TU3AlMU TPOEKTHBIX paboT, ynpaBieHuss 00beKTaMU U MPHHATHS perieHuid. CHCTeMBbl
MHTEIJICKTYaJIbHOW MOJICPKKH MPHHATHS PEIICHNI TTOMOTaloT Y€I0BEKY MPOaHATU3H-
poBaTh 00JIbLIOH 00beM MHPOPMAIMHK, YUE€CTh SKCIEPTHBIE OLUEHKH IPYII CIIEHHAIHU-
CTOB, c()OPMYJIUPOBATH MHOXKECTBO BO3MOXKHBIX BapUAHTOB PELICHHs U CIIPOTHO3UPO-
BaTb HX IIOCJICIACTBHA, l'IO.]'ly'-II/IT]) O6OCHOBaHl/Ie JUIA Bbl60pa. C’I’peMJ’IeHlfle IIOBBICUTH
aJICKBAaTHOCTh HCIIOJIb3YEMbIX MOJICNICH 3a CYET MPHUBJICYCHUS BCE OOJBIIETO YHCa
YYHUTBIBAEMBIX (PAKTOPOB M PACHIMPEHHE MHOXECTBA AIETCPHATHB CO3/IAIOT OOBECKTHB-
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HBIE TPYIOHOCTH JUTS BBIOOpa ONTHMAJIHHOTO BapHaHTa BBITOIHEHHUS Tpoliecca (QPyHKIH-
ormnpoBaHus UMC, mosToMy BO3pacTaeT aKTyadbHOCTh MOJXOJOB K ONTHMAIEHOMY
npoekTupoBanuio UMC, obecreuynBaronmx BO3MOKHOCTh TeHEpaIllii U OBICTPOTO aHa-
JU3a JOCTATOYHO OOJIBIIOTO YHCIa abTePHATHB. AHAIN3 HCIOIB3yeMbIX Monenel [1D
YMC nokasbiBaet, 4TO HauOoJee YHUBEPCATIbHBIMHI U3 HUX SBIISIFOTCS (PYHKIMOHAIBHO-
CTPYKTypHasi TeOpHUsi U 000OIIEHHbIH CTPYKTYpHBIA Meron mpod. A.W. 'ybuHckoro.
Taxk, B [1-4] nonyunnu pa3BuTHE MOJEIH, METOABI U TEXHOJOIHU MOCIEI0BATEIHHON
onrtuMu3anuu npoueccoB ¢pynkiponuposanuss YMC no nokaszarensim 3hHEeKTHBHOCTH,
KauecTBa M HaJeXHOCTH Ha ocHoBe DCT. OgHako yka3aHHBIN MOAXOA UMEET Cyllle-
CTBEHHOE OorpaHmycHHe, Tak Kak ®CT MOXHO MPUMEHATH TOJBKO JUIA MPOIECCOB 03
MOCJIEACHCTBUS U [IPU OTCYTCTBUU 3aBUCUMBIX ONepaluil.

B HacTosIIei crtatbe MpeacTaBICHBI pe3yNIbTaThl CCICIOBAHUS CIOco0a yCTpaHe-
HUSl YKa3aHHOTO OTPaHWYEHHs ITyTeM HMHTETPAlUN TEXHOJOTHUHU TpoeKkTupoBanus [1D
UMC na ocHoBe @CT ¢ METOZOM UMHTAITMOHHOTO MOJEIHPOBAHUS TEX yYAaCTKOB IPO-
1ecca, sl KOTOPBIX He BBITOJHSIIOTCSA yKa3aHHbIE BhIme Tpedoanns OC.

1. MeTtoapl onTumMaasHOro npoektupoanus [1® UYMC na ocuoBe ®CT

[Mox mporteccom dyrkmmonnpoanuss YMC moHIMaETCsI JIOTHKO-BPEMEHHAS TTOCTIe-
JIOBAaTEIbHOCTh ACHCTBUH W ONEpallid 3praTH4ecKUX M HEIPTaTHUECKUX 3IEMEHTOB
CHCTEMBI, yCTOWYNBAs K BOSMYIICHUSIM U BeIyIIasl K JOCTH)KEHHIO MTOCTABICHHOH 1IEH
(wim ueneit) ¢pynkuuonuposanust [1-3]. [Id YMC npoTekaeT BO B3aMMOCBS3aHHBIX
mpocTpaHcTBax: 3meMeHToB UMC E, BeMoONHAEMBIX (QYHKOUH F, COCTOSHHMA
UYMC S, npoucxoasmux codbituii W n nokaszareneit UMC Q.

HemnocpencTBeHHO B OCHOBY crioco0a OIEHKH BEPOSTHOCTHBIX TOKa3zaTeseil 3 (heKTHB-
HOCTH, KaueCTBa M HaJCKHOCTH Mporecca GpyHKuuoHupoanrss UMC — BeposTHOCTH TIpa-
BIIILHOTO (0E30MIMO0YHOr0) BEIMOJHEHUS B, cpemHero BpemeHn T W CPEIHUX 3aTpar
(noxona) V' OT BBINOJNHEHUs, BEPOSATHOCTH CBOEBPEMEHHOIO BbINONHEHMs P(t <Ty)

TIOJIO’KEHBI BEPOSITHOCTHBIN Tpad, a TakKe MPaBHiIa €ro PeAyKIUH (YKPYITHEHHS).

Paccmotpum criocoObl 3amanust ontumuzaunoHHoi mogenu [1d YMC Ha ocHoBe
(YHKIMOHAIBHOW CETH C MCIIOJIb30BAaHUEM MHOXeECTB diieMeHTOB UMC, BBINONHAEMBIX
¢bynkmuid u onepaumii. McnonezoBanue npu npoekrupoBanun [ UMC ¢ynkumo-
HaJIHO-CTPYKTYPHOI Teopun 1 00001IeHHOTO CTPYKTYpHOTO Metona AWM. I'youHckoro
IIPEAIoJaraeT, YTo KaXIblil allbTepHaTHBHBIN nponecc ¢yHkiuonnpoBanus UYMC 3a-
nmaetcs B Buae (yHkunoHanbHOU ceTd (PC) W mpeAcTaBiIseTcss COCTOSIINM M3 psaa
(hopMaTM30BaHHBIX €IWHUI] — THIIOBBIX QYHKIHOHANEHEIX enuHU (T®E) u ux tumo-
BBIX KOMOWHAIMN — TUTIOBEIX (YHKIHOHATBHBIX CTPYKTYp (TDC) (puc. 1). MHOXeCTBO
anbTepHaTUBHBIX mpoueccoB YMC monb30BaTeNb ONUCHIBAET B BUJIE AIbTEPHATHBHOTO
rpada (puc. 2).

3amava ontuMm3anuu (000OIICHHAs 3a7ada AMHAMHYECKOTO MPOTPaMMHPOBAHHMS)
CTaBHUTCS CIICAYIOIIMM 00pa3oM:

Kskn (A) —> extr,
(M
AeM,;cM,,
rae Kygp(4) — kpuTepuil onTuMansHOCTH Ui codyeTaHui xputepuen OKH; M, —
MHOKECTBO JOIIyCTHMBIX aJbTEPHATUB, allbTEPHATUBHBIE BADUAHTHI IIporiecca — M, .
BeposiTHOoCcTHBIE M HeYeTKHe NoKa3zaTenn 3()(HEeKTUBHOCTH, KadyecTBa U Hale)KHOCTH
npouecca (anropurma) ¢ynkuuonuposanus: B(A), T(A), V(A), P(t <T;)(A), B(A),

T(A) u V(A).
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Puc. 1 — Tunossle GyHKINOHATBEHBIE CTPYKTYPHI
Fig. 1 — Basic functional structures
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Puc. 2 — AnvrepratuBasbiii Tpad st [1d YMC
Fig. 2 — Alternative graph for HMS FP
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B Tabnuie MpUBEIEHB! HEKOTOPBIE U3 BO3MOXKHBIX MOCTAHOBOK 3a/1a4 ONTHMH3AIlHH
¢ nokasatensvu B(A), T(A) u V(A). 3nech Py (A) — OrpanuueHus Ha COBMECTH-

MOCTb CIOCOOOB BBITIOJIHCHNSI KOMIIOHEHTOB allbTEPHATHB B BHUJE mpenaukara — «Ecnn
Fogr (A) ectb «McTHHA», TO A yIOBIECTBOPSET OTPAHUICHUSIM 3a1aUM).

CkaJisipHble H BEKTOPHBIE 32/1a4i ONTHMU3AINY ¢ IoKazaTeasamu B(A4), T(A), V(A)
Scalar and vector optimization problems with efficiency indexes B(A), T(A), V(A)

Kpurepuit OrpaHuueHus ITpumeuanus
V(d)<v,
B(A) — max Vy>0
T(A)<Ty,
AeM, T; 20
Poge(4)
v(4)<v,
T(A4) — min V;=0
B(4)= By
AdeM, By €[0,1]
Fogr(4)
T(A)<Ty,
V(4)— min ;20
B(A)= B,
AeM, By €[0,1]
POgl'(A)
F = B(A)— cyT(4) -
Foge(4) ¢20,i=1..3
-3V (A4) — max

[on oneparmeit O =O(F, E, ) NOHUMAETCS NPOLECC BHIMOIHEHUS GYHKIMN F
anemeHToM E B cocrosanu UMC S, O — moka3zarenn 3()(QeKTHBHOCTH, KauecTBa H
HaJEXKHOCTH.

OtnenbHblii mponecc QyHkunonupoanus UMC (pyHKIHMOHANBHas CeThb) Npea-
craBisieTcs B BUae cynepnosunuu TOC:

0, =T®C; (0, 0> - 0, ). )

n > 1
rae TOC; e Mrgc, Oij — IIPOCTas WM COCTaBHas onepauus. /[Be omnepauuu ¢ coBna-

natoweit pyukuneii F— O(F,E;,Q)) n O(F,E,,0Q,) sBISIOTCS albTePHATHBHBIMHA
(«mapaMeTpUYeCKUMM») CIIocO0aMHu BBITTOTHEHHUST omepanuu O, Tak XK€ Kak U CO-

CTaBHbBIC ONlEPaLUU 0=TCDC,-(0- O; ) n O_TOC, (0 (0) ), i #8 — «CTPYK-

i > Oy seee 51 Osy >+
TYPHBIMIY.

B [4] pa3pabortan meton mociemoBarenbHON ontummzanuu 11O UMC Ha Momenun
@®C B paMKax o0IIeH cXeMbI METOAA MOCIEOBATEIEHOTO aHalli3a BAPHAHTOB C IIOIIA-
TOBBIM KOHCTPYHPOBAaHMEM YAaCTHYHBIX pemieHnil. KOHKpeTHBIN alrOpuTM IOIIaroBOTo
KOHCTPYHPOBAHUS ONPEIEIIACTCS MPABIIOM BBEIOOPA YaCTUYHBIX PElICHuH (ToiceTei) 9,
OJJIeXKAIUX PA3BUTHIO HA KAXKIIOM II1are, U Habop TeCTOB & , OCYMICCTBISIONIUX OTCEB

TE€X U3 HUX, KOTOPBIC HE MOTYT OBITH JOCTPOCHBI 10 ONTHUMAJIbHBIX. BapI/IaI_lI/ISI mapa-
METpPOB 9 u é MNPUBOAUT K PpPas3IMYHbBIM aJIrOpuTMaM METOAa MNOCICAOBATCIBHOIO
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aHaJlN3a BapHAHTOB MPUMEHUTETHHO K 3amavyaM ontumusanuu [1O YMC Ha ¢yHKIHO-
HAJIBHBIX CETSX.

Hauboree momHO pacCMOTpPEHHBIE BEIIIE MOICTH W METOZABI ONTHMAIBHOTO IPOEK-
tupoBanust [1® UYMC nepBoHavambHO OBUTH peain30BaHbl B BUAEC THOPHUIHON SKCIIEPT-
noii cuctemsl (I'DC) UHTEJUIEKT-2, dynknuonupyromeii Ha [I9BM tuna IBM PC B
omnepanoHHo cpene Win32, si3p1ku nmporpammupoBanusi C++Builder n Visual Prolog.

B HacTosmee BpeMs paspaboTaHa HOBas Bepcus ykazaHHoOH I'DC mpoekTupoBaHus
4e0BEeKO-MAaIIMHHBIX cucteM u npunsatus pemenuit MHTEJIJIEKT-3, kotopad, B OT-
mane ot UHTEJIJIEKT-2, obnanaeT HOBBIMH MPUHIMITHAIBEHO BaXKHBIMHU UIS TIOJTB30-
BaTessl BO3MOXHOCTSIMU: BCTaBJIATh alibTepHaTuBHBIE TAC B yuactok @C, orpaHuveH-
HBI ABYMS JyraMH;, CTPOUTH BCE H30MOpP(HBIC MPEACTABICHUS albTCPHATHBHOTO
rpada; TeHepUpoOBaTh B PYYHOM M aBTOMATHYECKOM pEXXHME KOHKPETHBIN aIrOpuTM
HAIPaBJICHHOTO Iepebopa; MpoBoaAnuTh 3(PPEeKTHBHOE paclapauleInBaHUE alTOpUTMa
HaIpPaBJICHHOTO TIepedopa Al MHOTOIPOLIECCOPHBIX M MHOTOSIEPHBIX DBM.

2. MuTerpamus onTuMu3anuoHHbIX Mogeeii [I® YMC
¢ METOI0M UMHUTAIHOHHOI0 MOIeJTHPOBAHHUS

B [5] 6blna BriepBbIe IpeuiokeHa cXeMa MHTETPaiy METOa ONITHMAIBHOTO TPOEKTH-
poBanus I1d YMC Ha ocroBe ®CT ¢ METOAOM MMHUTALMOHHOTO MOZAENUPOBAHUS MOKa3a-
Teneit 3 dexTHBHOCTH, KayecTBa M HAICIKHO-
CTH OTHENIBHBIX YYAcTKOB IIPOIECca, KOTOPHIC
HEJIb3s1 OITHCaTh PYHKIIMOHATBHON CEThIO.
CyTb mpeanaraeMoro nojaxoja COCTOUT B
cienytomiem [6—7].
1. MHuoxectBo anbTepHatuB 11 UYMC
OIIMCHIBAETCS OJHOW M3 TOMYJSIPHBIX H
4 > HaIJIHBIX ~ HOTaUMM  omucaHus — Ou3Hec-
npoueccoB — EPC. Jlannast HoTauust AOMOHSI-
€TCsl CIEUAIBHBIM OJIOKOM IS 3aJJaHUsI allb-
TepHaTUBHBIX y4acTkoB [1® UMC (puc. 3).
2. B kaxxmom Osoke, anagoruuaom TOE B
@®C, 3amar0TCs BEPOATHOCTH UCXOJOB BBIOJ-
HeHUs (IPaBWIBHO, OMMOKA) KaK (YHKIUU OT

Cj pa3nuyuHBIX (DAKTOPOB, HANPHMEp, OCBEIICH-

AnbrepHaTuBa | AnbpTepHaTuBa 2

HOCTh pabouero Mecra, KBaaH(HKANUsi pa-
O6otHuka m T. M. Kpome Toro, 3amarorcs u
dbopMynBl  JUIA  BBIYHCICHUS (M3MCHEHUS)
j 3Ha4YCHU (HAKTOPOB B MPOLIECCE BHIIOTHEHUS
JIAHHOTO OJIOKa.

3. IlpoBonuTCS aHaIM3 MHOXECTBA allb-
tepHatuB [1® YMC Ha mpeaMeT BBIJEIICHUS
B HEM YYacTKOB, KOTOPBIE€ HEJIb3sl OIUCHIBATh
mozenbsto OC. Tak, HanpuMep, eciiu AJis JU-

HEHHOT0 ydYacTKa mporecca HaxomuTcs (ak-

Q TOp, BJIMSIOIIMA Ha HUCXOIbI TMEPBOM U MO-

CleHEH omepaluu, TO BECh YYAaCTOK HENb3s

Puc 3. — Ilpumep y4acTka Oonucanus Ipo-  onucpiath ®C. UM IS MUKIMYECKOTO
1iecca ¢ anbTEPHATHBHBIM 0710kOM y4acTKa IPOIECCa BBIACHIETCA, 4TO (PAKTOp

Fig. 3 — Example of a fragment of process  ga pxose B MK MOXKET M3MEHSTHCA BHYTPH
description with an alternative case KA

—

AnbTepHaTUBHBIH 60K
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4. [lns BBIAETICHHBIX yYacTKOB Ipoliecca, He npenctaBuMbix @C, MpoBOANTCS UMH-
TaIMOHHOE MOJEIMPOBAaHUE IIOKa3aTeled SKBHBaJeHTHoro Onoka — B(A), T(A) u

V(A), KOTOpBIIi U 3aMEHHUT NAHHBIM y4acTOK. HeoOXOmuMO 3aMeTHTh, YTO ITaHHBIH

OJI0K, KaK MPaBUIIO, SIBIISIETCS abTEPHATUBHBIM (pHC. 3).

5. Tlocne Toro xak Bo MHOXKecTBe anbTepHaThB [1d UMC, onmucaHHOTO B CHCTEME
norarii EPC, He ocTanercst yuacTkoB HempencTaBuMbIXx OC, IpOU3BOAUTCS TPaHCIIS-
s Hotauuit EPC B ©C.

6. Pemenne 3amau ontumanbsHoro npoektupoBanusd 11d UMC na mopemu ©C ocy-
mectBasterca B [ DC MHTEJIJIEKT-3.

PaccmoTpum 6onee moapoOHO HOTaluIo onucanus ousHec-npoueccoB EPC [8].

Buznec-nporiece mpeacrapnsier co00i MOCIEI0BATEIHLHOCTh CBSI3aHHBIX OTEpaIii ¢
yKa3aHHEM HCIOJIHUTEJICH W MaTepHalioB, 3aJeHCTBOBAHHBIX B TOW WIJIM WHOH olepa-
un. OHOHM 13 HanboJiee HArJSAIHBIX ¥ MMOHATHBIX HEMOJATrOTOBICHHOMY HOJIb30BATEIII0
wvortaruit sBisercss EPC (Event-driven Process Chain, coOpITHITHas IIemIoYKa IpoIec-
coB), pa3paborannas MHcTUTyTOM HHPOPMaNNOHHBIX cucTeM Y HuBepcutera CaapiaH-
na (l'epmanns) B corpyaamuectse ¢ komnanueir SAP AG. KirroueBas oco6ennocts EPC
IUarpaMM — ONMCaHHWE OW3HEc-TIpoliecca Kak IOCIIEN0BATEIBHOCTH YEPEAyHOIIIXCS
coObITHil 1 (yHKIMHA. Huke mpencraBieHsl 37€MEHThI, KOTOPbIE MOTYT OBITH HCIIOJIb-
30BaHbI B OMUCAHUU OU3HEC-TIpOIecca.

Juarpamma mpouecca B Hotauu EPC npencrasisier co00i yHOpsSI0YEHHYIO KOM-
OuHauuio coObiTit u QyHkumit. [ns kaxnod (GyHKIMH MOTYT OBITh ONpE/EICHBI
HayaJIbHBIE ¥ KOHEYHbIE COOBITHS, YYaCTHUKHU, MCIOJIHUTENN, MaTepUaibHbIe U JOKY-
MEHTAJIbHBIE TIOTOKH, COIPOBOXIAIOIINE €€, a TaKKe NpPOBEJEHAa JEKOMITO3MIMS Ha
OoJiee HU3KHE YPOBHH.

B cBoem nomHoM BapuanTe HoTtaius ARIS EPC comep)kut odeHb 00JIbIIOE KOJTHUIe-
CTBO rpaduyecKkux 3JeMeHTOB. [103TOMY NpH BBINOJIHEHUH HPOEKTOB CO3AAIOTCS TaK
Ha3bIBAEMbIE «METOIUYECKHE (QHUIBTPHDY (B pPaMKaX «COTJALIEHHH MO MOAEIMpOBa-
HUIOY»), KOTOPbIE OTPaHUYUBAIOT KOJIMYECTBO THIIOB 3JEMEHTOB, TOCTYITHBIX MOJIb30Ba-
TEJISIM TIPH CO3aHUM CXEM ITIPOIIECCOB. B HEKOTOPHIX CPenCTBaX MOJACIUPOBAHMS HOTA-
st ARIS EPC cpasy peanuzoBana ¢ MUHUMaIbHO HEOOXOJMMBIM HA0OPOM DIIEMEHTOB.
OpHako fake B ATOM CIIydae HEOIBITHBIC IOJIb30BATENN CO3JAF0T CXEMBI TAKOH CIIOXK-
HOCTH, KOTOpBIE ITOTOM HEBO3MOXKHO OJIHO3HAYHO BOCHPHUHATH. K TakuM cxemam Tpe-
OyeTcs moapOOHBIA TEKCTOBBI KOMMEHTApHHA (JIMOO HANMYNE aHAINTHKA, CIOCOOHOTO
O0OBSICHUTB CXEMY).

Hotamus ARIS EPC nogaep:xuBaeTcst MHOTMMH COBPEMEHHBIMU CPENCTBAMU MOJE-
JIMPOBaHMsI OU3HEC-TIPOLIECCOB.

[IporpaMMHBI KOMIUIEKC HMUTanHOHHOTO MoxpenupoBanus [1d UMC pazpaboran
JUIsl onepalioHHol cucteMbl Windows, HamucaH Ha si3bike C# ¢ MCIONb30BaHuEM OHO-
muorekn Microsoft .NETFramework 2.0 W KOMIOHEHTa IIOCTPOCHHS OHATPaMM
MicrosoftVisio. KoMouisius BBIMOJHEHA B cpelie 00bEKTHO-OPUECHTUPOBAHHOIO TPO-
rpammupoBanus  MicrosoftVisualStudio 2010. IIpumensercs coBmectHo ¢ [3OC
WHTEJJIEKT-3.

3akiaouenue

IIpennoxken croco6 pacmmpenus oonactu ucmnonb3zoBanus ®CT UMC 3a cuer uH-
Terpanuy onTUMHU3aMOHHBIX Mozenel [1d YMC ¢ MeTo1oM UMUTAITMOHHOTO MO/IEIH-
poBanus, Tak kKak @CT MOKHO MPUMEHSTH TOJILKO IS MPOLIECCOB 0€3 MOCIEACHCTBUSL
Y TIpU OTCYTCTBUU 3aBUCHUMBIX omepanuil. [Ipeanaraercs cnocod ycTpaHeHUsI JaHHOTO
OTpPaHMYCHUS NyTeM HHTErpalu TexHojJoruu npoektupoBanus I[1d YMC ocHose
OCT ¢ MEeToa0M HUMHUTAMOHHOTO MOJIEIMPOBAHMs T€X YYaCTKOB Mpoliecca, A KOTO-
PBIX HE BBITOTHSIOTCS yKa3aHHEIC BhIe TpedoBanus OCT.
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METHODS AND MODELS OF OPTIMAL DESIGN FOR HUMAN-MACHINE
SYSTEMS BASED ON THE FUNCTIONAL STRUCTURAL THEORY

Grif M.G., Ganelina N.D., Tsoy E.B.
Novosibirsk State Technical University, Novosibirsk, Russia

The paper considers models, methods and techniques for designing the process human-
machine system functioning based on the functional structural theory of human-machine systems
and generalized structural method suggested by Prof. A.I. Gubinsky. Basic terms and definitions
used in the functional structural theory and methods of sequential optimization of the process of
human-machine systems functioning are given. A new approach to expand application of the
functional structural theory for human-machine systems by integrating its optimization models
and the simulation method is stated. Since the functional structural theory can be applied only to
processes with no aftereffect and dependent operations, the approach described makes it possible
to remove this restriction by combining the optimal design technology for the process of human-
machine system functioning based on the functional structural theory with the simulation method
applied for those process fragments which do not meet the requirements mentioned above. Every
alternative human-machine system functioning process can be described as a functional net. It
consists of a number of formalized units: basic functional units and their combinations — basic
functional structures. A set of alternative human-machine system processes is described by an
alternative graph. Several parameters including efficiency indexes, reliability and quality are ta-
ken into account while solving an optimization problem. A proposed hybrid expert system having
extended functionality makes it possible to build all isomorphic representations of an alternative
graph, to generate a specific directed search algorithm automatically and manually, and to realize
this algorithm in parallel calculation systems for multiprocessor and multi-core PCs. The sugges-
ted algorithm for the integration of the functional structural theory and the simulation modeling
allows simulating parameters and indexes of an equivalent unit for those process fragments that
cannot be defined in the functional structural theory.

Keywords: functional structural theory, human-machine system, set of alternatives, simula-
tion, CAD.



MOIEJIN U METO/ZbI OIITUMAJIBHOI'O [IPOEKTHUPOBAHUA ... 77

REFERENCES

1. Gubinskii A.I., Evgrafov V.G. Informatsionno-upravlyayushchie cheloveko-mashinnye sistemy.
Issledovanie, proektirovanie, ispytaniya. Spravochnik [Control and information human-
machine systems. Research, design, testing. Handbook]. Moscow, Mashinostroenie Publ.,
1993. 528 p.

2. Gubinskii A.l. Nadezhnost' i kachestvo funktsionirovaniya ergaticheskikh sistem [Reliability
and quality of ergatic system functioning]. Leningrad, Nauka Publ., 1982. 270 p.

3. Gubinskii A.L., Evgrafov V.G. Ergonomicheskoe proektirovanie sudovykh sistem upravleniya
[Ergonomic design for ship control systems]. Leningrad, Sudostroenie Publ., 1977. 224 p.

4. Grif M.G., Tsoi E.B. Avtomatizatsiya proektirovaniya protsessov funktsionirovaniya chelove-
ko-mashinnykh sistem na osnove metoda posledovatel'noi optimizatsii [CAD technique for
human-machine systems based on sequential optimization method]. Novosibirsk, NSTU Publ.,
2005. 264 p.

5. Grif M.G., Nikityuk A.A. [Design and optimization of business processes on the basis of the
device functional networks]. Materialy 11 mezhdunarodnoy nauchno-metodicheskoy ronfe-
rencii "Informatika. Problemy, metodologiya, technologii" [Proceedings of 11 International
Scientific and Methodological Conference "Informatics. Problems, Methodology, Technolo-
gies"], Voronezh, VGU Publ., 2011, vol. 1, pp. 209-212. (In Russian)

6. Grif M.G., Sundui O., Tsoy E.B. Methods of designing and modeling of man-machine systems.
Proceedings of International Summerworkshop "Computer Science 2014", Germany, Chem-
nitz, Fakultit at fiir Informatik (TU Chemnitz), 2014, pp. 38—40.

7. Grif M.G., Sundui O., Tsoy E.B. Selecting the method of maintenance and elimination of net-
work failures in the National University of Mongolia. News of Science and Education, 2014,
no. 14 (14), pp. 116-123.

8. Scheer A.-W. ARIS — Business Process Modeling. Berlin, Springer, 2000. 233 p. (Russ. ed.:
Sheer A.V. ARIS — modelirovanie biznes-protsessov. Moscow, Williams Publ., 2009. 224 p.).

CBEJIEHU Ob ABTOPAX

'pud Muxaun I'ennaabeBuy — poguics B 1959 rony, A-p TexH. HayK, Mpo-
dbeccop, 3aBemyromMx Kadeapold aBTOMATU3MPOBAHHBIX CHCTEM YIIPaBIICHHS,
HoBocuOupckmii ToCyAapCTBEHHBIH TEXHHYECKHH yHUBepcuteT. O01acTh
Hay4YHBIX HHTEPECOB: MPOCKTUPOBAHKUE M ONTHMH3ALM Mpolecca QYHKIHOHHU-
— POBaHHMS YEJTOBEKO-MALINHHBIX CHCTEM, CHCTEMBbI HCKYCCTBEHHOTO HHTEIUICKTA,
JIMHTBUCTUYECKUE U TEXHOJIOTMYECKHE aCHeKThl pa3pabOTKH KOMIIBIOTEPHOTO
cypnonepeBomunka. Omy6nukoBano Oonee 200 HayuyHbIX pabot. (Andpec:
630082, PO, r. HoBocubupck, yi. dycu Kosampuyk, a. 238, kB. 562. Email:
grifmg@mail.ru).
Grif Mikhail Gennadievich (b. 1959) — D. Sc. (Eng), professor, head of the
automation control systems department, Novosibirsk State Technical Universi-
ty. His research interests are currently focused on computer sign language trans-
lation systems for the deaf, designing and optimization of man-machine sys-
tems, Al systems. He is author of more than 200 scientific papers. (Address:
238, Dusi Kovalchuk, Novosibirsk, 630082, Russian Federation. Email:
grifmg@mail.ru).

I'anenuna Hatanbsa laBugoBHa — poaunacsk B 1981 roay, kaH. TEXH. HayK,
JIOLIEHT KadeIpbl aBTOMaTU3UPOBAHHBIX CHCTEM yrpaBicHus, HoBocuOupckuit
rOCYJIapCTBECHHBIH TEXHUYECKUil yHUBepcuTeT. OOIacTh HAYYHBIX WHTEPECOB:
OHOHMYECKHE METO/BI onTuMu3aiuu. Omy0aukoBaHo 15 Hay4HBIX paboT. (An-
pec: 630075, P®, r. HoBocubupck, ya. Tankosas, 1. 23/1, kB. 23).

Ganelina Natalie Davidovna (b.1981), C.Sc. (Eng.), associate professor at the
automation control systems department, Novosibirsk State Technical Universi-
ty. Her research interests are currently focused on bionic optimization methods.
She is author of 15 scientific papers. (Address: 23/1, Tankovaya Street., Novo-
sibirsk, 630075, Russian Federation. Email: natalie ganelina@ngs.ru)




78

M.I'. T'pugp, H /. I'anenuna, E.B. Lou

Hoii Erennii Bopucosuu — poamics B 1950 rony, n-p TexH. Hayk, mpodec-
cop, TIPOPEKTOP IO MEXIYHAPOIHBIM CB3IM, HoBocHOHMpCKHil Tocy tapcTBeH-
HBII TexHUUYecknil yHuBepcuteT. O0IacTh HAyYHBIX MHTEPECOB: BEPOSTHOCT-
HOE MOJICJMPOBAaHHE IO TPYIINUPOBAHHBIM MAHHBIM IIPH HCCICJOBAaHUM U
MIPOEKTHPOBAHUH YEJIOBEKO-MALIMHHBIX CHCTEM, CTATUCTHYECKHUE METOMBI 00-
paboOTKH JAHHBIX H IUIAHUPOBAaHHE 3KCIEPUMEHTA, KOMIBIOTEPHBI Cypaomnepe-
Bomuuk. OmyOnmkoBano Oonee 160 Hayunbix pabot. (Ampec: 630087, PO,
r. HoBocubupck, nip. K. Mapkca, 1. 24A, k8. 27. Email: ebcoi@nstu.ru).

Tsoy Evgeniy Borisovich (b.1950), D.Sc.(Eng.), professor, vice-rector for
International Relations, Novosibirsk State Technical University. His research
interests are currently focused on probabilistic modeling in human-machine
systems and design based on grouped data, statistical methods for data pro-
cessing and experiment design, and computer sign language translation systems.
He is author of more than 160 scientific papers. (Address: 24A, K. Marx
Prospekt, Novosibirsk, 630087, Russian Federation. Email: ebcoi@nstu.ru).

Cmamusa nocmynuna 8 oexabpa 2014 2.
Received December 8, 2014

To Reference:

Grif M.G., Ganelina N.D., Tsoi E.B. Modeli i metody optimal'nogo proektirovaniya cheloveko-
mashinnykh sistem na osnove funktsional'no-strukturnoi teorii [Methods and models of optimal
design for human-machine systems based on the functional structural theory]. Doklady Akademii
nauk vysshei shkoly Rossiiskoi Federatsii — Proceedings of the Russian higher school Academy of
sciences, 2014, no. 4, pp. 70-78.



