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HeiipocereBas onenka cioxxHoctd IDEF-auarpamm

HbLLL Memo0, Memoo NAPHbIX CPABHEHULL

Paccmompena ueiipocemesas cucmema 0an ouenku caoxcHocmu eocnpusmus IDEF-modeneil ueaogekom, omau4aowasncs
npUMeHeHuem IKCHePMHO20 Memooa Ha OCHO8e NAPHbIX CPABHEHUL 045 NOAYHeHUs OaHHbIX, UCHOAb3YeMbIX 01 00YYeHUss MHO-
20CN0IHO20 NepcenmpoHa, Ymo no3eoasem ons npouseonvroll 1DEF-duaepammel npoeHo3upoeams ee Ko3pguuyuenm caoxicHocmu
80CHpUSMUSL, NO KOMOPOMY MOICHO npoeodums cpagHerue u onmumusayuio 1DEF-modeneil. Pezyarsmamot, uznodcenuvie 6 cma-
mue, moeym Obimb noaesnsvi npu nocmpoenuu IDEF-mooeneii, a makace npoexmupoeanuu CASE-cpedcme Ha ux ocHoge.

Karouegwie caosa: CASE-cpedcmea, uckyccmeeHHas HellpoHHAS cemb, KOIQOUUUEHM CA0ICHOCMU 80CHPUSIMUSL, IKCNEep-

BBenenne

BusyanbHble MOJENM, BBIMOJHEHHBIE COIJIACHO
rpynne ctanaaproB IDEF (Integrated Computer-Aided
Manufacturing) (manee IDEF-monmenu), mmpoko uc-
MOJIB3YIOTCSI B TPAKTHUKE MOACTUPOBAHUS CJIOXKHBIX CUC-
tem, CASE+-cpencTBax u mpy peMHXKUHUPUHTE OM3HEC-
npoueccoB [1—4]. Cpenn IDEF-Moneneit HanbosbiIee
pacnpoctpanenue umetor: SADT (IDEF0) — ¢yHk1mo-
HanbHble Moaenu, DFD — nuarpamMMbl TTOTOKOB TaH-
Heix, IDEF3 — wmoaenu npoueccoB. IDEF-monenun
MPENCTaRISIOT COO0M HabOp AMarpamMm, CBSI3aHHBIX Me-
Xy coOoit 1o mepapxuyeckoMy npuHummy. Kaxnas
U3 IUarpaMM COIOEPXKUT OT ABYX IO BOCBMU OJIOKOB,
a TakXXe Kak BHEIIHUE CBSI3U, TaK U MEXIy OJOKaMU.

ITpu noctpoenuu IDEF-Moneneii BaxkHOl Tpobiie-
MO SIBJIIeTCS TpeACTaBIeHMEe AMarpaMM TakKuM obpa-
30M, YTOObI OOECTIEUUTDh HAMTyUlllee TOHUMaHUE MOIEIN
noJjib3oBareseM-uesnoBekoM. [lpemnaraercsa xapakre-
PM30BaTh CJAO0XHOCTD ISl IOHUMAaHUS IMarpaMMbl ye-
JIOBEKOM CKAJISIPHBIM TTOJIOKUTEIBHBIM TTapaMeTpoOM —
koaddunmreHToM cioxHoctu Bocrpusatus (KCB). Yem
6ombiie KCB o1 naHHOM AuarpaMMbl, TEM CJIOXHEe
OHa BOCIPUHUMAETCS] YETOBEKOM.

Hns mporHosupoBaHusi KCB urcxonst U3 cTpyKTyphbl
JiMarpaMMbl MpeAIaracTcs UCMoJb30BaTh HEMPOCETEBYIO
CHUCTEMY Ha OCHOBE MHOTIOCJIOHHOro mepcernrpoHa. JIst
MOJIy4eHUsT oOydJarolleli BBIOOPKU KCHOJIB3YETCSl KC-
MEepPTHBIA METOI M METOJ MapHBIX CpaBHEHUI, TaK Kak
9KCIepTaM JIOCTaTOYHO TSDKEJIO B aOCOMIOTHOW LIKajie
TouHO olleHUTh KCB 1151 60JIbIlIOro yncia amarpaMm.

B cratbe naiee moapoOHO pacCMOTPEHBI MPOLECC
MOJIyd4eHs o0yyJalolleid BRIOOPKM, a TaKXKe pa3padoTka
MCKYCCTBEHHON HEUPOHHOM CETM HAa OCHOBE ITaKeTa
pacumpenuss MATLAB Neural Network Toolbox [5].

®opmupoBanne o0yvaonieii BHIOOPKH

B cootBerctBUM co craHmapramMu IDEF-guarpammebr
conepxkar He 6ojiee BOcbMU 0J10KOB. CTpyKTypa Auarpam-
MbI TIPEICTABISAETCS BEKTOPOM § = [ny, Ny, ..., Ngl, TI€
n; — YUCTIO cBsi3eit j-ro osoka (=1, 2, ..., 8). biiok 00s1-
3aTeJIbHO JOJDKEH COolepKaTh CBSI3M TaKUM 00pa3oM, eCTU
Ha nuarpamme umeetcsi k 0JIOKOB, TO n = 0mpuj> k.

ITpouecc ¢opMupoBaHuss oOydawlleli BbIOOPKU
COCTOWT M3 CJICAYIOIINX IIIaroB.

llae 1. Tenepupyotcst N IDEF-nuarpamm co ciy-
YallHBIM YMCJIOM OJIOKOB (OT 2 70 8) U ciayyailHbIMU
BHELIHUMU U MeXOJOUHBIMU CBsI3siMU (0T 2 10 20 Ha
OluH 0JI0K). YKa3zaHHbIM JUarpaMmam COTOCTaBJISI-
1otcst BeKTopel S; (i = 1, 2, ..., N).

Illae 2. B cOOTBETCTBUM C METOAOM MapHBIX CpaB-
HEHUI1 KcIepTaM MocjJeAoBaTeIbHO MPenCTaBIsSIIOTCS
IUarpaMMEBl ¢ HOMepaMu [/ M m, TIOCJIe Yero Tpeiara-
€TCsl OLEHUTD, BO CKOJIbKO pa3 KCB /-it inarpammbl Q,
Gosbire, yeM m-it — Q,, B BuIe KodpduumeHTa
a,, = 0,/0,, (a;, BHIOMPAECTCS U3 MHOXECTBA 3HAYe-
Huii {1, 2, 3, ..., 9}) [6]. Bcero JKgTIepTaM HEeoOX0IMMO
caenarb oeHKy M= Cjy pa3, Cy — 4HCIIO COYETAHMIA
u3 N no 2. Hanpumep, ipu N = 200 skcnepTaM He-
00xoarmMo oTBeTUTh Ha M = 19 900 Bompocos, 4To 3a-
HumaeT nopsiaka 100 yesoBeKO-4acoB.

Illae 3. Ctpoutcst oOpaTHO CUMMETPUYHAs MaTpu-
1Ia IApHBIX CpaBHeHM1 [6]:

1 a12 e al

l/a;, 1/a,, ... 1
Hns nHaxoxneHnusi KCB coryacHo mMeTony MapHbIX
CpaBHEHUII HEOOXOAWMO HAWTU TIJIaBHBIA COOCTBEH-

HbIA BEKTOP q = (¢, ¢y, ..., gx)" MaTpubl A (cm. (1)),
KOTOpBI orpenensieTcss ypaBHeHueM [6]:

Aq = Aol (2)

e Mg, — MaKCHMMalbHOE COOCTBEHHOE 3HAYEHUE
MaTpULbI A.

B cuny Toro, uro MaTpuia A nMeeT OOJIBIIYIO pa3-
MEpPHOCTb, HAaXOXIEHWE €€ IIaBHOIO COOCTBEHHOIO
BEKTOpA MPEICTABISIET OIIPeAe/ICHHbIE CIIOKHOCTH. JIJIst
pelieHusl ypaBHeHMsI (2) MCIIOJb30BAJICSI CTEINEHHOM
MeTOJ (CUeT Ha yCTaHOBJIEHWE) — METOJI ITPOCThIX UTe-
paluvii ¢ HOpMUPOBAaHMEM Ha Kaxiom Liare [7].

B xauecTBe HavyaybHOTO MPUOJIDKEHUST BHIOMpPACTCS
BEKTOP

(I, 1, .., DT

_ 1
qO_Z_V
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HTtepanroHHast mpoleaypa OnmmchiBaeTcst (hopMyIaMu

it 1~ Al 3)
Qe+ 1 = Vi + 1/||yk+ 1||1,

N
rze [yl, = nzl|y(n)| — [;-HOpMa BEKTOPA,; Vimy — -4

KOMITOHEHTa BEKTOpa y.

OTMEeTHM, YTO Jaxe MPOBeleHUE OAHON UTepalu
npoueaypsl (3) MOXeT AaThb MPUEMJIEMbIH MO TOYHO-
CTU pe3yabTaT [6].

J1st TIONydeHUST pe3ysbTarta ¢ 3aJaHHOW TOYHOCTHIO €
HeoOXomMMa peanu3alus UTepaLMoOHHO TTpoLieaypsl (3)
1o BbinonHenus HepaseHcTsa [[q; 4 | — o ll < e [7].

7151 OLIEHKY TOTO, HACKOJIBKO COTJIAaCOBAHHO MHEHME
9KCTIePTOB TP OTBETE Ha BOIPOCHI, HEOOXOMMMO HaWUTH
HauOoJibliee COOCTBEHHOE 3HAaYeHe MaTpuLibl A [6]

Pmax] = g + 11/l
Y MHIEKC COIIACOBAHHOCTHU
A N

o= max —
S UN-1
MHueHue OKCIIEPTOB CUMUTACTCA COIJIaCOBaAHHbLIM

1P BBINMMOJTHEHNN COOTHOLICHUA
Ig/Ig < 0,1,

roe 1 g7 — CIyJallHBI WHIEKC (cpenHUiT MHIEKC CO-
[JIACOBAHHOCTU CTE€HEPUPOBAHHBIX CIy4YaliHbIM OOpa-
30M MO WKaie oT 1 10 9 06paTHO CUMMETPUYHBIX MaT-
pul pazmepHocTu N).

B pesynbTaTe onuMcaHHbIX Bblllie I€MCTBUI TOJyYe-
Ha o0Oyyarolasi BbBIOOpKa

<sl’s Ql>’ l= 1, 2’ cee N, (4)

[lie $ — BEKTOP CTPYKTYPBI i-it auarpammbl; O; — KCB
I-1 nuarpaMMal.

IIpoekTHpOBaHHE UCKYCCTBEHHOW HEHPOHHOM ceTH

B kauecTBe MCKYCCTBEHHOU HEHPOHHOI CETU Bbl-
0GepeM MHOIOCJIOMHbIN MEPCENTPOH C CUTMOUIATILHBIMU
GyHKUMAMU TTpUHaAUIeXHOCTH [S]. JIaHHBIN TUN Hell-
POHHOI CETU XOPOIIO MoKa3a cedsi MpU PeLLIeHU N 3anay
aANIMPOKCUMAIINY CIIOXHBIX 3aBUCUMOCTEN, €CIIA UME-
eTcsl oOydyaromiasi BBIOOpPKA HOOCTAaTOYHOrO OObeMa.
Kpome Toro, nmeetcst 6oJbllIOE YUCIO MAKETOB MpPO-
rpaMM, B KOTOpPBIX peajn30BaHa 3MYJISLIMS MHOTO-
CJIOHOTO TEePCENTPOHA.

Jlnst BBIOOpa CTPYKTYphl HEMPOHHOM CETU CYLIECT-
BYET HECKOJIbKO SMIIMPUYECKUX (HOPMYJI, BOCMOJb3Y-
eMcsl CIeAyIIIUMHU U3 Hux [5]:

N < p<mY )t mr+m
1 +logy N w n 5
m+n’
< Lg<3n, (6)

2

IJe n — Pa3MEepPHOCTb BXOJHOTO BEKTOpa; m — pas-
MEPHOCTb BBIXOIHOIO BeKTopa, N — o0beM o0yuaro-

CrpyKTypa HCKYCCTBEHHOW HEHPOHHOW CeTH

e BIOOPKH; L, — YKCIO BECOB HEMPOHHOM CETH;
L — 49ucio HeMpOHOB CeTH; L g — YUCIIO HEMPOHOB B
CKPBITBIX CJIOSX.

IMoacrapnsis B popmyinsl (5) 1 (6) YUCIOBBIC 3HA-
yeHust N =200, n =9, m = 1, nonyuum: 3 < L < 29,
4< Lg<24.

BriGepeM TpexcloiHbIi MepCcenTpoOH CO CTPYKTY-
poit 12—6—1. Yuciio HEpOHOB B MEPBOM CKPBHITOM
ciioe — 12, BO BTOPOM CKPBITOM CJIoe — 6, B BLIXOTHOM
cioe — 1, obiee unciao HeiipoHoB — 19. Ctpykrypa
UCKYCCTBEHHOM HEWPOHHOW CETU MpUBEIcHA Ha pU-
CyHKe. 3aKpalleHHBIMU KPY>KKaMH TTOKa3aHbl BXOIbI U
BBIXOJI CETH, He3aKpallleHHbIMU KPY>KKaMU — HEUPOHHBI.

HaHHas ceThb 9MYJIMpPOBAIACh C MPUMEHEHNEM Ma-
kera MATLAB Neural Network Toolbox 1 oby4anach
Ha OCHOBe JaHHBIX BeIOOpKHU (4) [5].

OO0yueHHast HeipoOHHasl CeTb MOXET MCIOJIb30BaThCs
s iporHo3upoBanuss KCB IDEF-nuarpamMm Ha oc-
HOBE MX CTPYKTYPHI.

3akinoyeHue

IIpemnoxkxeHHass B cTaTbe HelpoceTeBas cHUCTEMa
JJIS1 OLIEHKU KO3(h(GULIKMEHTA CIIOKHOCTU BOCIIPUSITUS
IDEF-guarpamm [8] MOXeT HaliTU IIpUMEHEHUE IIpU
pa3padorke CASE-cpencts. B wactHocTH, npearoia-
raeTcsl pazpaboTaTh aJrOPUTMbI U PEATU3YIONIUE HUX
MIpOrpaMMHBIE TIPWJIOXKEHMSI, KOTOphIE ITO3BOJISIT B
npoliecce B3auMOJEHCTBUS € MOJIb30BaTeEM B TMAJIO-
TOBOM PEXUME CTPOUTDH ONITUMAJIbHBIE C TOUKU 3pEHUS
cinoxHoctu Bocnpusitus IDEF-monenu, 4yto yaydiuT
TEXHOJIOTMM pa3paboTKK MPOrpaMMHOro obecrieyeHus.
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A. A. Uskov, Professor, e-mail: prof.uskov@gmail.com, A. G. Zhukova, Russian University of Cooperation

Neural Network Assessment Challenges IDEF-Charts

Considered neural network system for estimating the complexity of perception IDEF-human model, characterized by the use
of expert-based method of paired comparisons for the data used for training multilayer perceptron, which allows for arbitrary IDEF-
charts to predict its factor of perception, where you can make a comparison and optimization IDEF-models. The results presented
in this paper may be useful in the construction of IDEF-models as well as the design of CASE-tools based on them.

When constructing models IDEF-important issue is to present the diagrams so as to ensure the best understanding of the model
a human user. It is proposed to characterize the complexity of human-to-understand diagrams positive scalar parameters — degree
of difficulty of perception. Than it is for this chart is, the more difficult it is perceived by man.

In order to predict the perception of degree of difficulty, based on the structure of the diagram, it is proposed to use the neural
network system based on multilayer perceptron. For the training sample is used expert method and the method of paired comparisons,
as the experts is rather difficult to accurately estimate the absolute scale factor of the perception of a large number of diagrams.
The article discussed in detail the process of obtaining the training sample, as well as the development of an artificial neural network
based on the expansion pack MATLAB Neural Network Toolbox.

The proposed article neural network system for evaluating factor of perception IDEF-diagrams can be used in the development
of CASE-tools. In particular, it is proposed to develop algorithms and implement their software applications that allow a process
of interaction with the user interactively construct optimal from the point of view of the complexity of perception IDEF-model, which
will improve the software development technology.

Keywords: CASE-tools, artificial neural network, factor of perception, expert method, the method of paired comparisons
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