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The syвtem for mul tiextremal optimization С SYHOP) deвcribed 

here iв а program package [11 oriented for uвing in the computer

-aided. deвisn' ( CAD) ав воmе invariant вoftware tool of ~akin!!! 
efficient desian decisions. Вевidев . i t is poeeible to uee thie 

syвtem independently for вolving varioue optimization proЬleme and 

eyeteme of nonlinear algebraic equatione. 

The SYHOP package iв deeigned to eolve numerically the 

multicriteria multiextremal multidimeneional optimization problems 

with complicated conetraintв. Тhеве proЬlemв can Ье coneidered as 

the mathematical modele of dec ieion making proЬleme in various 

applicatione. For example. theee may Ье identification problems 

ldefining the functional dependencies Ьу experimental data1. 

approximation probleme 1 choosing the optimal parametere of given 

functione ), etc. 

Ав we can еее the SYHOP вv,etem differв from packages of 

вimilar purpoвe. On the one hand. the SYHOP iв oriented upon 

solving complicated decision-making рrоЫеmв . On the other hand. а 

wide eet of optimization proЬlemв can Ье solved Ьу thiв вystem. 

Аlво. the decieion making proceee performed Ьу the SYHOP eystem iв 

в:\.mi lar to t he techniguee uвed i n the CAD to сhоове an optimal 

deciв ion. 

The e yetem written i n FORTRAN-IY hав been implemented on the 
of 

IBH and VAX t ype c omputers. It needs 200 КЬ of internal and 2 НЬ of 

exte rnal memoriee ав minimum . 

1. Thc puгpose a nd f1elds of appl 1 ca~1on 

Thiв package c an Ье a p p lied to t he claee of general 

multic riteria opt i mization problemв characterized Ьу t he foJ.J.owin,g: 

model functionalв can d e pe nd 

nonmono tonouely lmultiextremally) ; the 

on model 

efforts 

funct i onal computat ionв can Ье quite вubsta~tial : 

... .• 2 
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parameterз 

needed f o r 

the 

(usually 

categorieв 

optimal deвign deciвion can Ье defined Ьу вeveral 

antagoniвtic) characterist icв subdi v i ded into two 

- the criteria of object efficiency and the criter i a of 

fulfilling the assigned performanceв uвually c a l l e d conвtraintв ; 

- the ca.tegory of characteriвtics can va ry during an op timal 

dec iвion search lthe efficiency criter ia are converted i n to 

conвtraintв and, vice versa, the constraintв a r e convert ed i nto 

criteria) in accordance with changes of the deвign dec ision not i on . 

In complexity the вpec ific optimization problems may вuffici

ent l y d iffe r in the number of criteria and constraintв, parameterв 

to Ье varied and in the compu tational complexity o f model 

funct ionalв. But there iв а c ommon property in a l l theвe p r oble ms , 

they are global [2 - 4] . 

1. 1 А rnat.herna t.ic:al model of opt imi za~ion object.. An object 

model iв defined through а vector-func t ion 

coordinate function is positive 

WCy) whe r e each 

W
1

Cy) ~ О, 1 ~ i ~ n, ( 1) 

and а decrease of itв values corresponds t o а better deciвion . 

The value of the vector parameter у descriЬins а des ign 

deciвion h as to be l ong to the reвion of the parame t e r variat i o n 

D • { у е RN : а1 ~ у1 ~ Ь1 , 1 ~ 1 ~ N ) . 

This region D is а N- d imensional h yper i nte rval. 

(2) 

А ~pecific kind o f functionals o f t h e vect or-func tion WCy) a nd 

а boundary of t h e region D are· defined thr ough t h e na ture o f the 

objectв be i ng deвigned. The SУМОР syвtem is tailored t o some 

specific obj ect t h rough addi ng the aвsociated programs to compute 

t h e val ue s of w1 cy), 1 ~ 1 ~ N. 

1 . 2. The condit.ions of ~he des1gn decis1on eff1c1ency . When 

chooвing an optima l decision , various requirements are asвigned to 

t h e values o f coordinate f unctions W1Cy) , l~i~n . from (1) . Some of 

t hem ne ed to Ье minimized. Ву declaring the set F of numbers of 

such functions one can defi ne criter i a of object efficien.cy : 

fC у) • с f' .'у) ' f'
11
(y) ) • WFCy), (3) 

where 
f . (у) • w 1 (у)' 1 . е F. 

J j J 

And for the remaining part of the coordinate functions W1Cy), 

there may Ье assigned the sufficient efficiency levels 

(admissions). Тhen the conditions of admisвibility for the deciвion 
.., . --

i ~ F, 



.. 

у can Ье siven throush inequal i ties 

g1 Cy) "'Wj Cy>-q1 ::S О, J 1 e 6 "'<1, ••• ,n>,F, 1 ::5 j ::Sm, m"'n-s. (4 ) 
i 

The inequalities (4 ) deiine а jeasiЫe reвion of des iвn dec i sion 

Q • < у е D: qCy) ::S О } 

The above procedure of вtating а geneгa l mul ticг iteг ia ргоЬlеm 
is to а laгge extent defined Ьу the experienc e ga i ned i n cte signing 
the like objec ts. Choosing some unique state me nt o f t he 
optimization proЬlem may соте асговв many d iff icu lties and , 

besides, in the course of seaгching fог an optimal deci sioп t he 

idea of an eiiicient variant may undeгgo s ome c hanges . Fог 
convenience, all basic contгolling actionэ o f t he useг аге put. 

together and shown in Fig 1. At this , a ll the actionэ нпdег tl1e 

douЬle hyphen line do not inteгrupt acquiвition o f dat a t o Ье used 
in the optimizatioп algoгithms. 

2. Algoгi~hms fог solving а general mul~icri~eria ргоЫеm 

In the SУМОР system the methodэ fог estimating eff icient 
decisions аге based upon эuccesэively гeduc ing an i nitia l 
mul tidimensional mul ticгi teгia proЬlem wi th nonl ineaг nonconvex 
conэtraints to а set oi эсаlаг one-dimenэional proЬlems . This 

technique iэ вecured Ьу convolution всhеmев гeduc ing the vectoг 
cгiteria to эcalar оnев [5-6] , Ьу special modiiicationв of penalty 

function method [7] and Ьу the dimenвion reducing mappingэ [4] . 
The above approach hав been эtudied theoretically [7-8] and 

provideэ а convergence to efficient decisionв only. А Iormal 

deвcгiption of each reducing эcheme uвed within thiв approac h iэ 
giцen below. 

2.1. Aggгega~ing ~he efficiency cri~eria. The criteria r
1

cy>, 

1::Si::Ss, fгom (3) are uвually antagoniвtic. То chaгacteгize the 

variouэ deciвionв of the multicriteria optimization proЬlem we make 

uэе of the concept of the point у* е Q that cannot Ье i mproved 
• • V у е Q: f 1 Cy) ::S r 1cy >. 1 ::S i ::S s ~ r

1
Cy) • r

1
cy >. 1 ::S i ::S s. 

Thiэ iэ an ejjicient С Pareto ' s optimat J decision [5-6] and it may 

Ье conвideгed to Ье а partiat dec i sion for the multicriteria 
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Setting 
parameterв 

а region 
а function 

Chooвing 

(у) 

(DJ 
W(y) 

criteria (f • WF) 
conвtraintв (g • W -q) 

Controlling 
the reвourceв 

Controlling 
the вearch algorithm 

• 

___ с·~--- -
г- -!=====--:: ~-' 
l Setting the Chooвing 1 
parameterв the l 

1 of global initial 
l вearch pointв of 1 
algorithmв а local l 

1 deвcent 

---

1 1 1 1 
1 1 Chooвing 1 

1 , "' 1 1 l а local 1 

1 
technique l 

1 
and itв 

---~----. : L __ ~г paramet:в _1 

1 
L---г--~ l Setting the frequencieв 

of comЬination of а 
1 local and global веаrсhев 

l_ = ~ 1 ------1--- ~----, 
Runnina the вувtеm in automatic mode 

. [OOERR~PnW] . 

Fig. 1. The eyвtem-uвer interaction in the courвe 

of вolving а general multicriteria proЬlem 

ргоЬlеm. Then the веt ЛСQ) с Q of all efficient pointв iв accepted 

to Ье the веnегаt decision of this proЬlem. 

Note that i11 addition to the above efficient points theгe 

арреаг pointв у1 е Л 1 СQ> that c anno t Ье concuгrently impгoved fог 

5 



i .e . 

r.cy•>. 
1 

each partial efficienc y c r i terion r
1

cy>, 1 ~i ~s, 

V у Е Q ~ 3 i, 1 ~ i ~ S : fi(y) ~ 

These are s emi-e f f icient deci s i ons a nd i t 
ПСФ с n 1 cQ). 

is known t.ha t. 

• The efficient de c ision у Е Q c an Ье c al c ula t e d Ьу usi ng t he 
c onvolution scheme [ 5 -6] . I n t his c ase 

• • 

where 

у • Ул (а) а arg min ФлСу), 
у Е Q 

s 
ФлСу) • max Лifi(y) + ai~1 fiCy), 

N s • 
л Е л • < л Е R : Е л1 •1, л1 ~о. 1~i~s > 

(5 ) 

i•1 1 
The positive c oeffic ient а has t o Ье sufficient ly sma l l С if а•О , 
then the point у* from ( 5 ) is а semi-efficient decis i on ) . The 

c oordinat es л1 , 1~i~s. of the vecto r л е л may Ье considered a s 

measures o f partial c riterion importanc e. 

The dec ision of the s c a l ar optimization proЬlem ( 5 ) i s а 
partial decision of the multicriteria optimi zat i on proЬlem • 
corresponding t o the weight vector Л . If we take all vectors л Е Л , 

then ~е may obta i n the general decision 

ПСQ) "' • u y. 
л~ 

As an appгoximate estimate o f the general decision the r e i s 
taken а fin i te set 

solving the proЬlem 

6-gгid д6с 1:.. 

o f 

(5 ) 

the po ints n
6

CQ) 

for each ve ctor 
с ПСQ) calculated Ьу 

л f rom some a ss igned 

2. 2. Decomposing t.he const.rained opt.imizat.ion proЬlems. 

Th~ough the use o f the penal t y func tion tec hnique [7] , the proЬlem 
(5) may Ье reduced to the the unconstrained optimization pгoЬlems 

where (1>0 

mi n FC у) , FC у) • Фл С у) + (1 РС у) , 
у Е D 

is а penalty coefficient and РСу) 

function . In this case, FCy) may Ье of the form 
m 

РС у) • Е у t Qt с у). 
t=t 

m 

(6) 

is а penalty 

m 
у Е Г • < у Е R : Е yt•1, yt>O, 1S1Sm >, 

t=t 

Qt Су) • lgt Су) 1 + gt Су), 1S1Sm. 

The penalty coefficient (1 hав to Ье sufficiently large 

(practically it may Ье obtained Ьу aolving proЬlem (6) with seveгal 

6 

.. 

gгadua lly i nc r e aa i ng v a lues o f (1 ). The c oefficients yt, 1S1Sm, 

ba1 a nce t he part ial c on s traints gtCy), 1S1Sm, in the neighborhood 

of the current e stimation of t he efficient decision [7-8]. 

2. З. Reduc ing t.o t.he one-dimensional proЬlems. It is known 

t hat. t he segment 1 О, 1 1 o f the геа1 ахiв х can Ье uniquely and 

continuou s1y mappe d onto the N-dime nsiona1 hyperinterval D from 

( 2 ). The mappingв o f this k ind are called Peano space fi ll ine 

c u r11es o r Peano c urv e s. I f the minimizing function 

i s continuou s , then the cont inuity of the curve у(х) 

FCy) from (6) 

wil1 provide 

t he f o 11owing equa1ity 

min FCy) = min FCyCx)) ( 7) 
yeD хЕ!0,11 

a nd t he n the mu 1 tid i me naiona 1 proЬlem of minimizing the function 

FC у) wi 11 Ье redttced t o the proЬlem of minimizing the 

one-d i mens i ona1 functi on FCy(x)). If the function FCy) is of the 

Lips c hitz type , t h e n the funct i on FCyCx)) wi11 aati.sfy the Gelder 

cond ition with index N-
1

, i .e. 

Vx , x E I 0,1J ~ 1 FCyCx)) -FCy(x)) 1 SL 1 х-х lt / N 
12 ~ 1 2 .t 2 

( i n part i c u l ar, L1 = 4 L У N where L i s the Lipachitz constant of 

FCy) ) . The a lgor i t hms of approxima te computationa of images у(х) 

аге discusse d i n [ 4]. 

2. 4. The met.hod of s o l ving t.he one-dimensional proЬlems. То 

min imi ze the one - d i mensional proЬlem from the right part of (7 ) , we 

use а global search algor i thm based on informational-statiatical 

me t h od a [4] . Mainly thes e methoda are characterized Ьу the fact 

that they produce the minimizing sequencea converging to the 

opt imal po inta only. 

А brief deвcription of the multidimenaional general algorithm 

of global aearch (the MGAGS algorithm) ia given below. 

According t o th i a algorithm, the first 

t r· ials ) of the function values FCy(x)) 

points х0 • О and х 1 
• 1. Тhе point xlc+l 

selected in the following way: 

two calculations ( or 

are performed in the 

of the next trial iв 

1) order the points 

an ascending value, i.e. 

о k 
х ".... х of the previous trials Ьу 

О •х0< х~< ••• < х,< ••• < xk•1; 

2) find the values 
м • аах 

s:5i~k 

z 
~ 

z . 
·-~ 

/ Р,• m • { 

7 

1 • м • о, 

rM , М > О, (8) 



., 
1 

where z , • FC у( х , ) ) , O:Si :Sic:, 
с с 

pi•Cx , - x )1 / N 
\. \.- :1 , 

1:Si :Sic:, and t he 

number г > 1 iв а par ameter o f the method ; 

3) calculate the c h arac t eris t ics RCi) for the intervals 

сх, _ ,.х , ) , where 

RCi) = mp , + С z , - z , ) / mp - 2 Cz + z , ) ; 
\. \. \. - :1 1. \. \.- 1 

4.) find amo n g the intervalв С х , , х , ) , 1 :Si :Sic: , the inter·val 
1. - 1 \. 

Х 1 _1 • х1 ) with maximum c har actet•is tic ; 

5) s et 

where 

k+ 1 
х 

signCu) 

х 
1 

+ х 
1 - 1 

sign С z - z ) 
t t. - 1 

2 2r 
denote s t he s i gn of u. 

t t - t 

{

r( z - z ) 
} N 

The stop cond i t ion terminate s t he optimi zation process , if 

( х - х 
t L - 1 

) < е. The value t. is computed i n t h e above вtер 4 , 

a nd е > о i s t he g ive n accuracy require ment . I n addition, the 

optimizatio n may t e rminate i f ei ther а g ive n numbe r of values fo r 

t he v ect o r - func tio n 

e s timat ion 

WCy) i s cal c u l ate d o r the needed extremum 

. . 
z = пu.n 

)с 
< FCyCx , )) 

' 
O:Si :Sic: } 

is ob t aine d . 

General conve rgin g capaЬil it ies o f the HGAGS alg o r i thm may Ье 

summarized Ьу t h e below statement (see [4] ) . 

Тhеогет. If the HGAG S algorithm is u sed fo r minimizing the 

Lips ch i tz func tion FCy) (with constant L ) , the n f o r a ny 

accumulation p o int у 1 
o f the minimizing seguence < yk> genera t ed 

Ьу this algorit hm the following will Ье true : 

1) if there is another a ccumulation point у " of the seguenc e 

< ylc > , then FC у1) • FC у") , i. е. а simul tane ous c onvergenc e t o t he 

different func tion values is impossiЬle and , hence, i f minimiziпg 

function is not а constaпt the me thod wil l pro duce а n o nun i f o rm net 

in the r egion D fr om ( 2) ; 
2) z k• FCyk) 2: FCy 1

), lc: 1, 2,. ... , i.e. the algor i thm canno t 

generate convergence to the points , where the functio n value 

exceeds the result of some realized trial; 

3) if at воmе step we obtain т > 16 L ~ , т fr om ( 8), then 

У 1 
will Ье а global minimum point of FCy) and , mo reover , t h e set 

of all a c cumulation points of the вequence < yk ' > will coincide 

with the set of global minimum po i nts for FCy). 

2.5. The informat.ion support. о~ а decision ~lc:ing process. We 

would like to emphaвize that вolving а mul tiextremal problem i в 

8 

~. 

llSUal l y a n extremely hard job. Неге we s u gge st the foll owing way to 

s o l ve а s e t . o f them. 
So lving the proЬlems ( 7 1 means c alc ulat ing t he val u e s o f the 

vec t o г - fun c tioп WC у) from ( 1) i n po ints у е D c h osen Ьу an 

opt imi z ation metho d . The r e sults o f the s e tr ials prov i de u s with 

Ll<e seaгch t nforma.t i oн se t 

о :S i :S lc: } . i i т 
n k • < с у , w ) 

у1 Е D, Ins tead o f v e c t o rs О :S i :S Jc:, the a ssoc i ated preimages 

' \ l х : у ~ уСх ) , 1 ~ i ~k, may Ье s t o red in the set n lc: . 

And t o solve а 

gc ne r al multi c rite r ia 

t he f ol l owing se t : 

next ne w proЬlem ! 7 ) re lated to the s ame 

proЫem • t h e set nk can Ье r e c a lcula t e d t o 

т v ~ lc: } . (9) wlc: = ( ( x v , z
1
? : О :S 

are o rde red Ьу the The t, г ia l point.s x v' O:S»:S ic: . from t he s e t, wlc: 

ascending values and z ~, = FCyCx,_.)),, O:Sv:Sic:. The va lues z v , O:Sv:Sic: , 

are estimate d with t h e help of t he valu es w' , O:Si :Sic:, f rom t he set nk 

( wi thout. r·epea t ing a ny hard computatio ns o f t he v alues w' 1. 

Th e a l g o r ithm сап start s o l ving а ne w proЫem immed iately fгom 

а (Jc:+1 ) -· th step making use of the s et wlc: 

undoubted ly . wi l l s peed up the prob lem s o lut ion . 

fr om 191 . This , 

З. The SYMOP s yst.em conrigurat.ion 

~ccording t o the t echnigue o f гeduc ing а general multi criteгia 

proЬlem to t he so }ution o f some simpl er proЬlems , the gene ral idea 

o f t he syвtem ' s stгuc tuгe i s the principle o f hieraгchi cally 

inteгconnected software modules . 
On the h i ghest leve l o f thi s hi e rarc hy !Fig . 2 ) the modules 

a r e f unc tionally sub divided into the f o llowing groups ( subs y s t e ms) : 

- the opt.imizat.ion subsystem that con tains modules imp l ementing 

t he optimiza tion algorithms necessa r y in so lving ge neral 

multi criteг ia pгoЬlems; ' 
tl>e syst.em moni tor responsiЬle f o r controlling t h e SYHOP 

s ystem ; 

t.he servi c e ргоgгат l ibraгy iпc luding neede d a uxil i ary 

modu leв. 

9 
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Control 
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4- local 

optimization 
-------------~' 

'• 

Fig. 2 . General scheшe of the SYMOP system 

3.1. А s~ruc~ure of ~he op~imiza~ion subsys~e~ First of all, 

this subsyвtem, throush its modules, is responsiЬle for reducing 

multicriteria proЬlems to some sequence of conвtrained optimization 

10 

1 

) 
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proЬlems . And simi larly, the subs~stem of constrained optimization 

contains the modules that Ьу the penal ty function method reduce 

constrained optimization proЬlems to . а веt of unconвtrained 

proЫems. The moduleв responsiЬle for 

scalar unconstrained proЬlems constitute 

solving one-dimensional 

а slobal optimization 

subsystem. The local optimization subsystem contains the moduleв 

implementins tl1e a lsori thms of а local search. 

Fig. 2 shows interaction between the optimization subsystems. 

Upon gene rating а general criterion (а convolution of the criteria 

f 1 Cy), l~i~s), the multicriteria optimization subsystem will apply 

to the constrained optimizat ion subsystem in order to solve а 

scalar optimization proЬlem. In its turn, thiв subsystem , upon 

estimating the penal ty coeffic ient (1 from ( 6) and choosins the 

we ight coefficients r 1 , O~l~m , will apply to the global 

opt imization subsystem to solve an one-dimensional unconвtrained 

proЬlem. And finally, the global optimization subsystem will apply 

to the local optimization subsystem. 

3.2. А s~ruc~ure of ~he sys~em moni~or. Modules of the monitor 

аге spread among the followin~ parts. 

Pгograms for controlling ~he search informa~ion are responsiЬle 

for а dynamic memory allocation, storins and pгocessing the search 

informat i on ( see Section 2 . 5). These programs can also interrupt 

the optimization process and вtore the search information in the 

system archives. Later on the monitor can reвtore the search 

information and proceed the optimization. 

P:Гograms for con~rolling the decision-malc:ing process provide 

setting the optimization proЬlem statement throush choosing the 

sets F from ( 3) , 6 and q from ( 4 ) . Also these programs check the 

execution of the optimization subsystems, accumulate а statiвticв 

of the system implementation, support а dynamic loading of the 

modules into the internal memory. 

Pгograms for ins~alling ~he SYMOP sys~em set the initial 

values of parameters and adapt the SУМОР system to the associated 

configuration of the user's computer. 

For а system-user interaction the вувtеm monitor hав some 

вuitaЬle dialogue prosramв (see Section 4) . 

З. З. А s~ruc~ure of ~he auxiJ.i a r y programs . The library of 

auxiliary programв holdв вoftware moduleв responsiЬle for 

reliaЬility of the system execution. The re are воmе вervice 

prosrams in this library . 

ll 

"' 
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The names of instructions should Ье written in capi t a l 

letters. 

4.3. А dialogue mode оС t.he syst.em. This mode is а main one in 

the SУМОР system . It is а convenient form of а user-system 

interaction and needed when complicated optimization problems are 

вolved and if the parameter valueв vary upon analyзiв of the 

av'ailaЫe зearch information. 

In а dialogue mode there are poвsible two formв of 

interaction. In case of the first form, control of the зузtеm is 

provided with itв language (зее Section 4.2). Through it there iв 

obtained а uniformity in the зузtеm control facilitieв in various 

modes. Thiв form of dialogue mode is oriented upon an experienced 

user. 

In the second form of interaction, running the SYHOP зystem is 

controlled Ьу а dialogue monitor . А dialogue scenario iв described 

with the help of а " finite ~utomat " form undeг whic h а running of 

the SУМОР syзtem iв repreвented as а sequence of transfers fr om one 

state of the dialogue to another. In the SYMOP there are 

diвtinguished the following kinds o f states: 

- the " n.ot ificat ion." state, when the moni t o r sends some text 

mевзаgе to the user and then the syзtem gоев on running in the next 

dialogue вtate; 

- the "alternative " зtate. when а user answerв "Yes " or "No " 

only to the dialogue monitor chooв ing one of the two transferз; 

the "choice" state, when а user is given а list of possible 

stateз and сhоозеэ one of them; 

the " ас t ion. " state, when one of the system · s modules is 

executed. In this вtate а user can change values of par.;.meters. 

When the associated module is over, а mesвage with the reвults 

obtained can Ье displayed. А jump to the next dialogue зtate is 

then done. 

The dialogue monitor provides running the SУМОР system 

according to the declared scenario. In the course of computation, а 

transfer from one scenario to another is роэвiЫе . 
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Fig. 3. Results of the solution for the teзt function ffx) 

( the variatio n region, the feasiЬle region , 

the 

are 

the level curves. tl1e trial points 

An example of executing а dialogue mode is given below where 

same problem from Section 4.2 is ~escribed (the user's answers 
marked with the вign "=") . 

- The SУМОР system is running. Will You inвtall the s ys tem ? 
= No 
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- There are availaЫe the following kinds of entering t h e 

syвtem 

1 - Solving а new optimization problem 
2 - Optimizing the problem with the search information 

available 

Choose the variant 

= 1 
- Describe the model o f your optimization problem 

The next parameters may Ье changed: 

N 

NCF 

- Amount of parameters 

- Amount of functionalв 

= N = 2 , NCF =3 
- State the multicriteria optimization p r oblem 

The next parameters may Ье changed: 

F - List of criterion numbers 

G - Liвt of conвtraint numbers 

Q - Vecto r of admissions 

= F = 1 , G = 2,3. Q = 0.0,0.0 

- Choose the search region 

The next parameters may Ье changed: 

А - Left boundary 

В - Right boundary 

= А = 0 . 7,0.0, В = 3 . 7,2 . 7 

- Aввign the method parameters 

Тhе next parameters may Ье changed: 

R - Method parameter 

EPS - Accuracy par ameter 

КINC - Amoun t of iterations 

= R = 1 . 5, EPS = 0 . 00001, КINC = 200 

5. Numerical res ul ts 

То demonвtrate the SYMOP system capaЬilities, we shall show 
test the resul ts of minimizing а two-dimensional mul tiextremal 

proЫem of the following kind (see (10]): 

- the criterion is: 

F Су) "' -
2 2 2 

< 1 .5у1 ехр [ 1 -у1 -20. 25С у1 -у2? 1+ 
4 4 4 +С 0 . 5у1 -О.5) С у2-1) ехр[ (0.5у1 -О.5) -Су2-1) J), 

16 

This 

- the constrain ts are: 
. 2 

g1(yJ .. (у1 -2.2) + 
2 

g
2

Cy) "' 1 - Су1 -2) 

2 2 
( у 2-1 • 2) - с 1 • 5) ' 

2 2 
/ ( 1 • 2) + у 2 / 4, 

- the search region is 
2 D = { у Е R : 0.7 $ у1 $ 3.7, О$ у2 $ 

proЬlem has been solved Ьу the SYMOP 

2.7 ). 

system . In this 

experiment we have set the met.hod parameter ( г ) and the accuracy 

( е J as f o llows: г = 2, О, с " 10-" . During the minimization the 

system has made 108 iterat i ons of t he MGAGS algorithm. The globa l 

minimum estimation is 

* * * у1 = о.939, у2 = о.949, ФС у ) = - 1.488. 

The numerical results are shown in Fig. 3 . First of all we c an see 

the boundary of the feasible region Q <bold lines) and level curves 

o f the function FCy) . Note the function has three local optima and 

the global minirнum point. denoted Ьу * • belongs t o the boundary o f 

Q . Then we can see the t rial points genera ted Ьу the system. These 

points are marked with the sign " +" and the points falling into the 

feasiЫe region Q are denoted with the sign "х" Ав we c an note the 

trial pointв are concentrated in the feasiЬle region and in the 

neighborhoo d of t he globa l miпimum point. 

The SYMOP syst.em appr obation is performed f o r the system of 

digi tal data transmissioп and the semiconductor с ircui t design. 
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Гергель В.П. и др. Ell-927252 ~ 
Система программ для многоэкстремальной 
оптимизации 

Система многоэкстремальной оптимизации (СИМОП) раз
работана длЯ численного решения многокритериальных 
многоэкстремальных многомерных задач оптимизации со 

сложными ограничениями. Система написана на языке форт

ран-4 и поставлена на вычислительных машинах типа IBM 
и VAX. Она требует минимально 200 Кб оперативной и 2 Мб 
внешней памяти ЭВМ. 

~або~а выполнена в Лаборатории сверхвысоких 
оияи. 
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