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f!HeB H .H. Pll - 12336 

MRHHMH38UHSI ITCeB.'l06yneBCKOtf ¢YHKUH~ !vf8KCHMYM8 

OnucaH anropRTM peweausr aa.oaq~o~ MH"HHMH38UHH ¢YHKUHH MaKCHMyMa 

H8 MiiO>K€CTBe !lBOHqHb!X TiepeMeHHbiX 1 CBSI38HHbTX Of'p8HH'-I€HHSIMH nina 
"'06wue BepXHHe rpaHHllbi" (lx ij= 1). nocKOllbKY M8KCHMyM 6epeTCSI H8 MHQ

)I(eCTBe nH"HefiHb!X ¢YHKUHfi, 811f'OpHTM ~O>KeT 6biTb HCITOflb30B8H llnf£ perne

HHs:I aanat.tn nuHeit:Horo uenottHcneHHoro nporpaMMHposaHHfi rrpH: yrroMRHYTbiX 

orpaHHt.teHHs:Ix. Opusons:ITCSI pe3ynbTaThi perneHHSI Ha 3BM CDC-6500 ps:~na 

381l8t.t YK838HHOI"'O Knacca, TIO KOTOpblM MOJKHO CY.ilHTb 06 3¢¢eKTHBHOCTH 

npennoJKeHHOrO anropHTMB. nporpaMMHBH peanH38UHfi anropHTMB BbiiTOnHeHa 

Ha sr3biKe <POPTP AH IV. 

Pa6oTa BblliOnHeHa B fla6opaTopHH Bbi'4HCnHTenbHOit: TeXHHKH: 

H 8BTOM8TH38UiiH 011 HJ.1. 

npenpHHT 06bellHHeHHO!'O HHCTHTyTa S!llepHb!X HCCneOOB8HHHo .Qy6Ha 1979 

Janev N.J. P1l - 12336 
Minimizing the Pseudoboolean Maximum Fu:Jction 

An algorithm is presented for solving a problem of minimizing 
a maximum of linear functions over a set of binary variables and 
11general upper bounds" constraints (I. xi. ""'1). The algorithm can be 
used for solving linear integer programrhing problems containing 
above-mentioned constraints. Results are given from solving 
numerous problems on a CDG-6500 computer with the FORTRAN 
realization of suggested algorithm. The algorithm effectiveness is 
demonstrated. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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PH:n; rroJieaHhiX rrpaKTMI!eCKHX aa:n;aq MOJKer 6h1Tl> cfllopMyJIMpoBaH 

cJie:n;yiD~MN o6paaoM: 

B n -MepHOM JIHH6HHOM !IpOCTpaHCTBe C paBHOMepHOH HOpMOi1 

11x11 = mlfx /xi I , r:n;e x = (xl'x2 , ••• xn)• 38,ll;aHhl m KOHei!HblX rro:n;-

MHO~eCTB. TpeoyeTCH HaHTH ITO O;IJ;HOMY B6KTopy 113 Ka~:n;oro !IO,liMHOXe

CTBa, TaK I!TOOhl HOpt.ta HX CYMMhl ObJJia Ml1Hl1MaJil>Ha. 

O:n;Ha 1'13 B03MO~hiX Hl!TeprrpeTal.\!1/ii 8TOH 3a,llal!l1 BhlrJIH,lll1T TaK: 

IIyCTb ;IJ;JIH Bhi!IOJIH6Hl1H m paoOT (IIOpH:n;OK Bhl!IOJIH6Hl1H HecymeCTB6H ) 

HeOOXO;l,li!IO norpeOJICHJie H6KOTOporo 0,1\HOpO,liHOrO pecypca. IloTpe()HQCT:b 

B pecypce ,1\JIH i -OH pa60Thl B n )\IICKpeTHblX IIOMeHTOB BpCMCHH 3a-

,1J.aHa yrropa:n;ol!eHHhll~ HaoopoM 113 n l!l'lcen. L13 KalK,lloro na6opa rene-

PHPYIDTCH rrplil ITOMO!l(l'l l.UlKJIHI!CCKoro C,IIBHra Br!paBo t i Ha6opoB, 

38,ll;a!Oll(l1X ITO'l'PCOJieHHC pecypca B 3aBI'ICI'JMOCTl1 OT Ha'!aJia Bhll10JIHCHl1H 

i -Oli paoOTbl. He06XO,lii'IMO HaliTH TaKoe paCIII'ICaHH6 Bbll10JIH6Hl1H pa

OOT, KOTOpOe Ml1Hl1Ml13HpyeT MaKCI'IMaJibHOe MOM6!1THOe IIOTpe6JICHH6 pe

cypca. 

l,,eHHH orrpe:n;eneHl1H pecypca H pa6oT, MOlKeM ITOJIY'll1Tl> pa3Hbie 

rrpaKTVI1.!6CKl1C 38,ll;a'!H. HarrpHMep, B /I/ IIOT!J60Jll1CMhlM pecypCOM HBJIH-

6TCH orrepaT>IBHaH rraMHTl> 3BIA, pa6oTaiDll\af! B MYJil>TI'IIIporpaMMHOM peJJm

Me, a pa6oTaMH - naoop rrporpaMM MaTeMaTl11.!eciwro o6ecrre'leHl1H HeKo

Topoi1 Cl1CTCMhl. B /Z/ yKa3aH pa.n .npyr11x rrpl1Kna:n;HhiX 3a:n;aq 113 pac

CMOTpeHnoro KJiacca. TaM JKe orr11can anropl1TM perueHHH aTot1 aa.naq11, 

peaJil13YID!l(l1i1 CXeMy M6TO,lla 11B6TBelii l1 rpaHl11.\ 11 C O,I\HOCTOpOHHl1M B6T

BJICHl16M. 

B :n;aHHolii paooTe aa:n;aqa peruaeTcH KaJt qacTHhiH cJiyqaa peruenHH 

OOJiee o6~et1 38,ll;al!l1 !.(6JIOI!ltlCJI6HHOrO rrporpaNMI'IpOBaHl1fl C ,1J.BOHI!Hb1Ml1 

rrepeYeHHh!Mltl Ttl OrpaH!tl1!6Hl1HMl1 TltliTa 11 0Cli!U1e B6pXHl1e rpa.HHI.\hl 11 (2;: X· 
1
.=1 ). 

J l., 
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,I\JJH pelli8Hlilfl 3TOH 3a,l\atm llpliiBO.l{liiTCfl aJIPOpliiT:Y Tt1lla 11B8TB8ll 11 

rpaHlill.\ 11 CO Cll8I~lil(lli1K0ll B CXeMe pa36118HI1ff MHOlK8CTBa B03MOlKHbiX pe

lli8HI1ll, 8~eKTliiBHOCTb aJIPOpi1TMa 11 OC068HHOCTI1 ero npaKTI11.J8CKOll pea

JII13al.\11lil o6cylK.l{aiDTCH B 3 11 4 pa3.l{eJJax. 

I. /ilareMaTllqecKaff MO.l{eJJb 3a.l{aqn 

ilyCTb s 1 ,S?, ••• Sm - 3a.l{aHHble KOH8qflbi8 !JHOJ;CeCTDa H80TPlll.\a

T8JibHbiX B8KTOpOB n -MepHOPO JlliiH8llHOrO llpOCTpaHCTBa C paBHOM8p

HOH HOpMOll, rl ,l{aJ!bH8lillleM 6y.l{8M p8lllaTb CJJ8.l{YIDiliYID aa.l{aqy: 

II x1 + x2 + • •. xm 1/ - min ' 

X· E S. 
l l 

i = 1 ,m • 

(I) 

( 2) 

Bb!pa3liiM (1),(2) aHaJiliiTilqecK!1, !!yen !S11 +JS 2 1 + ... JSml=fll BeK-

TOPhl MHOlK8CTB Si npoHyMepOB8Hbl tjJiiCJI8Mil 1, 2, • • • .£ T8K, 'lTO 

BeKropbr c HOMepaMlil 1 + 1s11 npliiHa.l{Jiel!taT sic ls
1

J+1 + IS
1
I+IS

2
1-

- s2 lil T,.J\, Toua sa,l\a'ly (1)-(2) MOlii:HO npe.n:cran11n KaK sa,l\a.tJy 

l\8liO'lJICJ!8HIIOrO Tf porpa.MI.!~ p0BaHJ1il: 

V(x):!: max La . . x. 
. [ 1 2 J . 1,1 1 ,1 E , , •• n L~ 1 

LX· = 1 ,i=l;ln 
1 ' iES. 

.1 

XiE {0,1}, i=1,e, 

-- min 
' ( 3) 

( 4) 

( 5) 

P,Z\8 a .. ~ 0, ,i=~ - KOMIIOH8HTbl i -ro B8KTOpa; MHOlK8CTBa S. 
1J 1 

(llOCJJe HyMepaUlillil B8KTOpOB) 3a,l{8IDT COOTB8TCTBYIDill88 pa36lii8Hil8 MHO-

llt8CTBa { 1, 2, ••• -E}; xi - ,1\BOJilqHble n8p8M8HHble s 38.l{aiOll\118 ycJio-

BI1fl Bb160pa i -ro B8KTOpa, rl ,1\8JibH8Wili8M, 683 orpaHI1tj8HI1fl 0611\HOC-

Tll, 1.JI1CJia aij 6y,118M C'lliiT8Tb l.\8Jlb!MI1, 

W3B8CTHO, 'lTO aQJrpeKTI1BHOCTb M8TO.l{a HanpaBJJ8HHOrO ll8p860pa 

.l{JIH pemeHlilfl 3a,l{aq 3TOPO KJiacca CYili8CTB8HHO 38BI1CI1T OT B03MOlKHOC

Tlil llOJJY1.J8Hlilfl XOpOillliiX OU8HOK ilJYHKU~lil V{x) Ha llO.l{MHOlK8CTBax MHO

lK8CTBa B03MOlKHbiX pemeHHi1I. B HaCTOflll\88 npeMll .l{JJH aToi1I U8JJI1 11cnonn

ay~Tca ,1\Ba 2\0CTaroqHo yHI1B8pcaJJ»HhiX ITO,l\XO.l{a: 

nepBb!li - llpl1 llOMOilll1 pelli8HliiH 3a,l{aq JiliiHei1IHOl'O nporpaMMlilpOBaHlilfli 

BTOpOH - !Ipl1 !IOMOU\11 JiarpaHli£8BOi! peJiaKCal.\1111, 

B .l{aHHOY cnyqae .l{Boi'lcrBeHHaa 3a,11aqa (3)-(5) !l>OPMYJiliiPY8TCfl KaK 

3a,l{aqa 0 MaKCliiMlii38Ul1lil lQYHKUlillil: 

4 

L(ul=-fu.+ rnin{max["~'<a .. +u
1
lx.+L(a 1·; +u..,lx

1
-+ ••• +[(a .• +u )x.J} 

. 1 L 11 1 . , c.. 1,1 m 1 , 
L=1 XEX j i.ES, ' LES2 i.ES., 

P,l\8 X - MHOJK8CTBO ClliiHapHt!X n-MepHb!X B8KTOpOB, 

CywecrneHHhiM 3aTPY.l\H8III1eM a.l{eCb HBJJHercff pemeHI1e aa,l{aqll o Bb11.Ju1C-

neHilll 1( u) , QqeBI'!.l\HOs 1.J'l'0 3Ta aa,n;aqa l!M88T TaKOli lK8 IIOpH,liOK 

TPY.l\HOGTils KaK lil 3a.l{aqa (3)-(5). IToaToMy, HecuoTpH Ha To, 1.JTO 

maxL( u) .l{88T JJyqrulle OIJ,8HKI1 ,1\JIH minV (x) s qeM Te, KOTOPEI8 
u 

MOlKHO llOJJY'U'!Tl> llpll llOMOll\!ll OCJJ86JJeHl1H YCJJOBilH ( 5), B ll3J!OiK8HHOM 

HlllKe aJiropllTMe ,1\JIH noJiy'leHilH oueHKll u,enenon il>YHKI.\IUl llCUOJib3yerca 

nepBhlli llO.l{XO,ll, 

,I\Jifl STOll U8Jill CWOPMYJJlilpy8M 3a,l{aqy (3)-(5) K8K 38.l{aqy JlllHeli

HOPO U8JJOtjllCJ18HHOrO rrporpaMMlilpOBaHlilfl! 

s - min 

t 
"' a .. x . - ~ ~ 0 ?- 1,1 1 ) ' 
L:d 

L.x. = 1 

( 6) 

,i=1 ,n ( 7) 

,i=1,m, 
(8) 

LeS-
1 

' -
'xiE {0,1} , i=1,e. (9) 

J\Jlfl KOMllaKTHOPO 113J!Ollt8Hlilfl aJirOpllTMa pelli8HIMI 38,Z\8'lll (6)-(9) Cly;n:eM 

11CllOJ!h30BaTb 0603HaqeHJ1fl! 

a. ~- i - CTOJJ68U yCJIOBI1fl ( 7) i M .=M. 
1

\ ,i ,ll;Jiff ,i=~ 
1 ( } ,1 ,1-

11 M0 =t1,2, ... m; Li=L;_1 \Si .l{Jlfl .i=l;ln 11 L
0
=[1,?, ... e}. 

,Una !l>liiKCI1pOBaHHbiX '.i E. M , it.' s. 11 3a.l{aHHoro n -MepHoro B8KTopa 
0 ,1 

b o603Ha'lliiM q8p83 z .. (b) 3a.l{aqy: 
1,1 

5 --+ min 
' L akxk -J ~ -ai -b 

K•l.j 

L,xk = 1 
k~St 

0>, xk :i, 1, 

t" M. 
,1' 

kE L. 
,1 • 

0ITTliiMaJibH08 pem8Hlil8 zij {b l o6o3HatjliiM qepe3 :L.i {b l • ffcHo, 

tjTO Zi,i HBJifi8TCfl OCJJ86JJ8Hlii8M llO.l{3a,l{aqJil, KOTO pail llOJJy'la8TCfl 

~3 ( 6) -( 9) nplil WliiKCI1pOBaHlil~ HeKoropbiX nepeM8HHbiX xi , TaK 

5 



1.J'£06!l BhlllOJIIHIJiaCh 1.J8CT:b ycJIOBIIi1 (8) II (9), Tor.z~a B8KTOp b HBJIH-

eTCH cyMMOii CTOJIOU.OB Ai, COOTlJeTCTBYIOil\IIX qJIIKCIIpOBaHHbiY Xi =1. 

0!lT>'!M8JlhHOC 3H81.J8!Hl8 u.eneBOW ilJYHKIUHI 3a,l(81.JII (6)-(9) 0003H81.JIIM 

qepe3 r ~' 
2. AJirOpllTM pell!eHIIH 3a,l(atJil (6)-(9) 

lllar I ( Ha'la.1hHh!H J • llai1Til R >-- y" (cM.pa3,lleJI 3). ,ilJIH i E L0 

ITOJ!Oll\IIT:b: 
xi = zi = 0; b = (o,o, ..• O); j=O. 

lilar 2 (cnyCJd ,i=,i+1; 

llHatJe: 

eCJIIl .i=m-1 , rrepetiTil K ll!ary 5, 

,l(J!H lJCeX i E S. pCii!I1Th 38,l\8'lll Z · ·(b) 
1 1,1 { 

War 3 [nuoop'no,ll38,l\8tJII] • Ha>ITII t(i*) =min (1-zi)si;(blJ; 
LE Sj ' 

ecJII1 t ( i*)"'" R , nepei1TII K mary 4, IIHatre: b=b+ai• , xi• = 1, 

zi~ = 1 , rrepei1TI1 K ll!ary 2. 
lliar 4 [nos.spaTJ ,i=.i-1; 

xi=Zi=O ;'\J!H iE S,i+ 1 ; HatiT11 

i* E s .; h=t-L .• ,y .• =0 11 rrepei1TI1 

CCJII1 ,i=O , KOHCI..l 1 llUatre: 

i Jf '£ aK 1 liT 06 bl x i• = 1 ,l(JIH 

K mary 3. 
,l l ) 

lllar 5 L B03MOlKHoe pemeHHe] • Hawr11 i *E S
1
;,-

1 
,.1\JIH KCl'l.'oporo 

L(eJIO'lli1CJi8l!HaH 3a,l(atra Z '* , ( (.) 11MeeT MI1HI1MaJI:bHOe pCU!CHlle z*; 
" !:1- 0 )f 

eCJIIl , "< :-' 1 ITOJ!OillllTh '' ;.}' 1 OT!lC'laTaT:b x ll z 11 rrepeMTI1 

K ll!ary 4 ; llHa qe rrepeiiTII It mary 4. 
0CHOHHaJl OC068HHOCT:b 8JirOplilTMa 1 B KOTOpOW II 33KJIIO'IaeTCH ero 

OTJIII'li1C OT l-13BCCTHbiX CXeM / 3/ 11BeTBCiil II rpaHI11..l 11 ,l(JIH pelliCHI1H 38-

.z~aq mmei\HOrO U.eJIO'IIlCJICHHOrO rrporpaMMIIpOBaHI1H COCTOI1T B TOM, liTO 

lllar pa36>JeHilH Bb16paHHoi1 no,n38,llatrll Ha no.nsa,J(a<m-uacne)\HliKH npe.n:-

mecTByeT mary ocna6JieHHH aToi1 lite llO,l\38.llatr>'l, B ,l(aHHOM cnytrae, 

Tall KaK rrepeMCHHbiC-6>'1HapHb!C 11 CBH3allhl orpaHI1'1CHIIHMI1 Tl1lla 11 00I1\11X 

BCpXHlilX rpaHI1U. 11
1 3TO ,l(aCT B03MOl!UIOCT:b llOJ!yl!eHI1H 3ilJilJeKTI1BHbiX OU.e

HO!t CHI13Y ,l(J!H U.eJ!eBOll ilJYHI\I..llill1 He TOJ!:&KO B CMbiCJ!C l1X 6J!l130CTI1 K 

OllTI1M8J!:&Hbllol pemeHI1HM COOTBeTCTBYIOil\11X TIO,l\38,llall 1 HO ll TIO '1!-ICJIY orre

paU.Ili1, 38TpatreHHbiX Ha l1X rronytreHile. nocne,l(Hil~ aw~eKT rronytraeTCH, 

ecn11 B mare 2 38,llatrll z~ ,i (.llJIH cpHKCilpOBaHHoro ,' , ; E ;; . ) pema-

IOTCH O,l\HOBpeweHHo. TrutyiO B03MOlKHOCT:& .z~aer ,l(BO~CTBeHHhlii C>'!MTIJieKc

Hhli1 aJirOpllTiol 1 eCJ!Il ero llpllMeHilT:& K DemeHillO 38,l\3llll C TIOCTOHHHOW 

JieBOII qaCT:&!O B yCJIOB~m (7) R C donee lleM O,!(HHM CTOJI6U.OM b+ai B 

rrpanoi1 tracT>~. Ha .neJie aTo 03HatraeT, liTO B CHYrrneKcHwc npeo6pa3o-

BaHilHX yllaC'l':BYilT BCe CTOJ!61..lbi b+ai 1 ,l(J!H KOTOpb!X He TIOJ!ytreHa 

6 

:J 

,;} 

,l(BOi1CTBCHHaH ,l(OllYCTI1MOCT:& (HCOTPilU.8TCJI:&HOCT:& 6a31!1Cllb!X rrepeMCH

HbiX1 T,e, XB = B-1 (b+ai) ?- 0), 

UepeMeHHble zi cnyJKaT ,l(JIH llH,l\llKaU.l11l sanpeTa ilJilKCai~I!II1 xi =1. 

I1pl1 3!01.! rrpe,lliiOJiaraeTCSI,XOTil B aJirOpHTMC iiBHO He yKa3aHo, llTO B Wa

re 2, ecnn B upou.ecce pemeHHil sa,nall z 1j .nJISI HeKoropol1 nrepaU.HR 3Ha4e

HI1e u.eJJCBOi1 lj;JyHKU.illlil rrpeBb!ClilT R 1 IIOJiaraeTCfl zi =1 ll CTOJIOCI..l 

b+ai 113 .nan:oHeiirnllx npeo6pa30BaHRM llCKJIIOtraeTcH. AHanorwtrHo rrocTy-

naeM 11 B cJiytraHx, Kor.z~a perueu11e 38,lla<m zij u.enotrllcneHHO. 

B mare 3 113 CTII1CKa TIO,l\38,l\8'1 1 llO,l(J!ClK811\IlX perneHI!II0 1 Bb!OilpaeTCH 

Ta, KOTOpaH llMCCT YllHilMaJI:&HyiO Ol..lCHKy. Ctr~TaCTCH 1 'ITO T8KOi1 BbiOOp 

TIO,ll,38,llallll yBCJ!IlllllBaCT BepOHTHOCT:& ,l(OCTillKCHIIH OTITilMaJI:&HOrO pemeH11H, 

11HOr,l(a llpllMCHflCTCfl ll aJI:&TepHaTIIBHaH CTpaTeri1H Bh!OOpa TIO,l(3a

,l(allll C MaKCRMaJI:&HOi1 Ol..lCHKOi1 1 yBeJ!Illii!IBaiOmaH BCpOHTHOCT:& ycetreHilH 

MHOlKCCTBa B03M01KHbiX pemeHilM, ,ilJIH 3TOrO HCOOXO,lli!IMO MO,ll,I1WI11..lillp0BaT:& 

mar 3 CJ!C,l\YIOil\llY 06pa30M: 38MCHilT:& min Ha max Ill, CCJII1 t ( i *) ~ R, 

nonoJKilT:& zi" = 1 11 nepei1Til K mary 3. 
Up11HU.11TI O,l(HOBpeYeHHoro pemeHHH 38,ll,atr zij , npe.nJIOJKCHHb!M B 

mare 2, TI03BOJ!HeT Cyll\CCTBeHHO yMell:&llillT:& 001>CM rraMHTI!I ,ll,J!H COXpaHe

HilH npOMClKYTO'IHOM I!IHWOPM8U.Ili11 1 KOTOpaH HCOOXO,l\llMa ,l(JIH ocyrueCTBJie

HI1H BeTBJ!CHilH rrpl!l HCOOJI:&UIOM yBCJ!IllleHilll BpeMeHI!I ,l(J!H pemeHilH 38,l(8'1. 

]\CJIO B TOM, liTO ,l(J!fl rrporpaMMHOM peaJII!I381..ll111 aJirOpllTMa HC06XO,l(llMO 

XpaHI!IT:& TOJI:&KO BCKTOpb! x, z, b ll ai , ECJII!I BCKTOpbl MHOlKCCTBa 

S ,i IIOJiytraiOTCH ITO HeKOTOpOMY peKyppeHTHOMY npaBilJIY ( CM, 38,l(atry 

BO BBC,l\CHil11) 1 TaKoe C1KaTI1C llHWOPM81..lllill ll03BOJIHeT pernaT:& 38,ll,alll!l 

6oJI:&moi1 pasMepnocTH B o61>eMe onepaTHBHOi1 rraMHTlil • 

3. ITpll6nH~eHHoe pemeHile 38,ll,atrll (6)-(9) 

,i1JIH rronytreulilH xopomero HatraJI:&Horo npH6JII1ll\eHHH ,l(JIH 'f * ( CM. 

rnar I aJiropnTMa), a TaKl!te ,ll,JIH B03MOlKHoro yJiytrmeHI!IH B03MOlltHbiX 

perneHIIi1, nonytraeMbiX B xo.ne pemeHHH 3a,llatrll (6)-(9) rro ni06oMy aJiro

pHTMy, MOlKHO llCTIOJ!h30HaT:& CJ!C,l\YIOil\YlO llPOI..lC,llypy: 

ITycT:& x- ni06oe 6a311CHOe pemeHI1e CllCTCMhl (B) ,(9). 06o3Ha

lii!IM llepe3 B ={i 1 ,i?'"'im! MHOlKCCTBO llH,l\CKC02:_K0MIIOHCHTOB x, 
,l\JIH KOTOpb!X xi = 1 • OtreBH,ll,HO, liTO ikE sk,k=1,m • Tor.n.a 11JyuK-

I..ll1lO ( 3) MOlltHO Bblpa3HT:& qepe 3 BHe6a3l!ICHhiC rrepeMeHHh!e: 

V(xl=ij fa. + L,<e.-a. lx.+ ... + L.<a.-a. )x.ll 
1<'=1 lK L£-S,\· 1 11 1 i...£S_,~ 1 1m 1 • 

L1 ·M 

( IO) 
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llycn D=f,;lf.a .. =V(xl} 
)(•i 1KJ 

yMeHbill~T:&, ecn~ cy~ecTayer 

• ills (10) B~,ll;HO, 'ITO V(i:() 

i]fE: s.;~ , .n;nH r'oToporo: 

MOlKHO 

ai,. ,; - Bi• j <. 0 , jED (II) 

max k-a .. + (a .•. -a .. l}<.V(x) 
jENo\J> J..L.. ~K J ~ •1 ~K '1 • 

( I2) 

Tor.n;a HOJJoe perneH~e x noJry'!aeTCH ~3 x , ecn~ noJIOlKiAIJ xi*= 1 

T • e. ~;3 6a3MCa B v!CK.l!JO'!aeT Cll 1: S j A' , a Ha era MeCTO BXO,JUIT 1 X • 

3blpaJ!(eH~e .n;nH v (if) nony'!aercrr it!3 (ILl), ecnH: cronoeu ai"- aiK 

,ll;OOaB~Tb K nepBOMy CTO.l!Ol\Y, a KO BCeM CTOJI6UaM, COOTB8TCTilY10!:1l1i.l 

s ., , .n;ooaBHT:& a. - a.,. • 
.1 ~~ ~ 

ilOBTOpHH lipOL(e.n;ypy, IIOKa yCJIOBH!l (II), (l;!)He y.n;OBJieTBOp!lTC!l, 

IIOJIY'I~M .l!OKaJI:&HO-MMHHMaJI:&HOe peilleHHe 3a,ll;a'!~ (6)-(9). 3.n;ec:& TepMMH 
11 JIOKaJI:&HQ-MMH~Mall:&HOe perneHHe 11 ynorpeonHeTCH B CMbiCJie B03MOJKHOI'O 

perneHMH 3a,ll;8'1~ (6)-(9), KOTOpoe He.ll:&3H YJIY'IlliHTb MeTO,ll;OM KOOp.n;H-

HaTHoro cnyC!ca. 

4. CrpyKTypa nporpaMMbl H pe3yJI:&TaThl uaruMHHoro aKcrrep~MeHTa 

ITo onHcaHHOMy anropMTMY cos.n;aHa nporpaMMa Ha H3b1Ke ~OPTPAH IY. 

~pOMe OCHOBHOI'O MO,ll;YJlH, nporpaMMa co.n;eplKHT 3 no.n;nporpaMMhl, BblliO.ll

HH!Oll(He cne.n;yJ01QMe WYHKl\iA~: 

nepBaH no.n;nporpaMMa - pemaer sa.n;aqy JIMHeliHoro nporpaMMit!pOBaHMH 

no ,ll;BO~CTBeHHOMY CHMITJieKCHOMy Mero.n;y /4/,/5/; 

Broparr no.n;rrporpaMMa- reHepMpyer sa.n;a'IM zi.i(b) (eM. n.I); 

rper:&H no.n;nporpaMMa - no sa.n;aHHOMY Ha'laJI:&HoMy oas~cHoMy pemeHHJO 

CHCTeMbl (8),(9) OTbiCKMBaer JlOKaJI:&HG-MMHH

Man:&HOe perneH~e no onHcaHHoM B n.3 npol(e.n;y

pe. Sra no.n;nporpaMMa paooraer B .n;Byx peJKMMax B saBMCMMOCTM or 

oopameHMH. 

n nepBOM pelKIU!e Ha'lanbHOe da3MCHoe peraem1e reHepl!pyeTCII cny

'lat!HhiM 06 pa30M. flo 38)laHHO!.!y B Od pameH~M napaMeT py N B 3TOM pellrl!Me 

IIOJiy'laeTCll N J!OKa.llbHO-Ml1HMMIUlbHUX peiUeH.I!H, MMHMMaJlbHOe M3 KOTOpLIX 

38,UaeT Ha'la.llbHOe lipMClJIHlKeHUe K J ~ D 3KCIIepHMeHTax N BbiOMpanOCb 

paBHl& OT 2 )\0 20 llp0!10p!lMOH8JibHO Hapall(HBaHMIO 'lHC.~a B03MOXHbiX pe

lll6HHil. llo llC6X pellieHHbiX 3il,Aa'lax Hail.n;eHHOe 3TOil llO,JJ.ilpOrpru.IMOil Ha

'la.llbHOe pellleHRe npeBUII!ilJIO OTITHMaJJ:&HOe He dOJ!ee '18M Ha 5% (C!.! 0 

radJ!Hl\y). 

i3o BTOpOM pelK~Me ,ll;JlH Hal!a.ll:&HOI'O Oa311CHOI'O pellleH~H >1CllOJl:&3y

eTCfl HaJi.n;eHHoe B mare 5 HJIH B nepBoi1 no.l{nporpauue BoauoJKHoe pellle

H>~e • HHTepeCHblMM OC008HHOCTHMM aJII'Op>lTMa OKa3aJI:>IC:&: 

8 

l 
L 
I 
I 

). 

I) Bu3MOlKHble pellleH~H, nony'!aeMb!e n ware 5 l1JH1 B mare 2, 
llOIJT'I BO BCeX CJiy'laHX Oh!JIH .l!OK3.ll:&HO -l.li1H>I1!aJJbHhiMH; 

2) 'l>lCJIO Ha11~eHHbiX B03MOiiCHhiX perneHl1il He rrpeBbllila.liO 5, 'ITO 

061>HCHHercR oucTpbiM aaxollt.n;eH~eB onT~MyMa H xopomiM Ha'!aJl:&HhiM np~-

6JIHJKeH11eM, 

~.lalll>lHHhle aKcnepHMeHThl npoao.n;~mw:& na 3J!.I 
CBe,l\eHbl B TadJJl!l\Y, I' ,lie: 

CDC-6500 • PesyJI:&TaTbl 

m 

t 
n 

J n ( i) 

J 
L 

Ll 
p 

t 

tl 

- 'I~CJJO MHOl!CeCTBa S i; 
'll1CJIO ,ll;BOU'!Hb!X nepeMeH!!LIX (LIs j I ) ; 

- paaMepHOCT:b BeKTOpOB ai (3TOT napaMeTp He flBilH

eTCH llOKa3aTeJI:&HbJM .1\JIH arj;lfleKT>lB!!OCTH aJirOpMTMa, 

HO BJI>lH8T Ha BpeMH Bbl'II1CJleH>li1); 

- Ha'lan:&Hoe npM6Jl>lJKeH~e, nati.n;eHHoe TpeT:&eil no.n;-

nporpaMMoi1 .n;JIH i odpameHn~; 

- OllTMMaJl:&HOe pemeHl18 3a,ll;3'1l1i 

- 'I~CJIO Hail.n;eHHbiX B03MOlKHhiX perneHHWi 

- 'l~cno yJiy'!llleHHhlX aosMoilt~hiX perneH~ti; 

- 3WtQeKT O,ll;HOi1 C~MIIJieKCHOR ~Tepal(~vl, T .e • )I N/R , 

r.n;e N - IJ>lCJIO B03MOlKHblX perneHMi1, yce4eHHhiX llpl1 

nouom11 pemeH~H aa.n;aq JI>!Hellnoro nporpaMI.InpoBaH>lH, 

R - o6mee 'l>lCJIO CMMnJieKCHhiX ~repau~M J\O perne-

HHH 3a,ll;a'IM, )1 - K03(Wl~U>leHT OTI!OiiiCHilll 

'IMCJia apM¢uern4eCK11X onepau~li, sarpaq~BaeMux 

Ha O.Jl.HY HTepaHIIJO, K 'IHCJIY OIIepaU>li1 ,ll;JIH npHMO

I'O llOJly'leH~H B03MOlKHOrO pe1U8H11Hi 

- Cpe.n;Hee BpeMH pellleH>lH O,ll;HOi1 3a,ll;a'IM B CeK.; 

- cpe.n;Hee BpeMH .n;nrr nony'leH~H onrMMan:&Horo perneH~H 

B ceK. 

)lJIH T8CTOB C HOMepa.MM I ~ 2 pellleHO !10 2 3a.n;aq~. 0CTaJI:&HbJe pesyJ!:b

TaTbl ycpe.n;HeHbl IIO 5-TM CJly'laiiiHO reHepnpOBilllHUM 3a,l(a'!a!!,B liiJMMe

pax I >I 2 i=~O , a B OCTaJlbHUX - i=lO. 

Eunn npoBe.n;eHbl H aKcnepMMeHrbl .n;nH ycTaHoBneH.I!H cpaBHHren:&-

Hoii aQ>\{leKTilBHOCT~ ,ll;aHHOI'O 8Jli'Op~TMa ITO OTHOllieHMIO K aJirOpHTMaM 

(odmero H83Ha'!eHMH) pellleHMH Jl~HeiiHO-L(eJlO'I~CJieHHhiX 3a,ll;3'1. )lJ!H 5 

perneHHblX CJiy'laiiHO reHepHpOBaHHbiX sa.n;a'! BpeMH paoOTbl ,ll;aHHOll rrpo

rpaMMbl oKaaanoc:& B cpe.n;HeM a 30 pas MeH:&llle, '!eM BpeMH padorbl npo

rpaMMhl INTPL 161, pelllaromeli oomyro sa,uaqy '!aCTH'IHo-ueno'!HcneHHoro 

.lli1Hei1HOI'O nporpaMMHpOBaHMH. )lO 003,1\aHHH .n;aHHOI'O aJII'OpllTMa OUJII1 

9 



wcnpo6ollaHLl B03MG:>KHOC'l'll HprmeHllTb K perneHWlO aa~aqw ( 6)-( 9) w HC

KOTOpHe ll3BCC1'Hb!C CllOCOOio! peWOHYlR U81lO'lHC1l8HHbiX aa.n.aq. 3Hil3Y no

pe'l>1Cllllllb1 CaMeJO Cyll(OGTBC!Illb!O He.l(OCTaTJ\11, o6Hapyl!t8HHUe ll]ll1 ::JTOM. 

- L;CTOj( OTC8lJeHI1H / 5/ -anpo6HpOBaHbl OTG8'l8HlilH Tl1lla S=-}io<-.'f.J;1:r1 JeP.••' 
s~o H '2:,x-=l 

ita.R .1 
( R - MHOl!t8CTBO BHe6a::Jl1CHbiX nepeMeHHbiX) • 

bb!Jia ycTaHOBJieHa npaKTl1'IeCKaH H8GXO]!,I1MUG'l'b K OllTUMaTJ.:bHOMY pewe-

a1110 ]laJKo .::~nR aa]!,a'l c ae6onJ>lii11MI1 paaMepHOGTHMI1 ('ll'!cno rrepeMeHHbiX 

ae 6onJ>we 29); 
- anropwrM Eanarna 17 I - ycTaaonneao, 'ITO aaMb!KaHl1e aKT>lBHbiX 

B8]lllll1ll ]lepeBa ll0;!\3a]\a'l HBJIH8TCH MaJIOBepOHTHb!M C06b!TI18M; 

- OTG0li8HI18 ll]ll1 llOMOUJ.~ pe:c8HilH .1J.BOi1CTB8HHOll 3a]la'll1 /
8

/ -

Oli8Hb Tpy;nHO Bbll!I1CJ1HO'rCH JJarpa.lll!C:I!aH j 

- cnyCK l10 OdOdt!tCifi!Ol.IY rpa,'l:ViCHTY/c, 9/ - 3)l:8Gb Tpy.n;HOCTI1 
aHaJIOI'I'l'lHhl TOM, KOTOpue BCTpetialOTCR II]ll1 ll]l11M0118Hl1l1 peaynJ>TaTOB, 

nonytieHHLL'- JJ:JIH aenpepuBHbiX aa.n;a'l. K ;z(I1GKpeTHblM aa;nal!aM; 

- yBOHJ>IlleHlllO paaMepnocnt aa;na'lll np11 noMOll(ll aaMeHHJOli\11X 

orpru!lll!OHI1l1 131- a aMeBa m orpaHl1'leHI1li ( 8) O.JIHHM orpaH11'leH11eM 

aacTonJ>KO pacrnl1pHeT o6nacTb orpaHH'leHHiil ocna6neaaoli aa]la'll1, 'ITO 

oueHKI1, nonyqeaHue npv1 noMOU\11 pellleHI1H aa]lal! nl1Hel1aoro nporpaMMI1-

poBaHI1H, GTaiiOBHTCH H811CllOJI:b3Y8MbiMI'l. 

llonytieHHble poayn:&TaTLI 11 OTMe40HHble TPY.ll.HOCTI1 TOn:&rw no;~~-

TBepl!C;z(alOT, 'ITO C03;z(aHI1e anrop11TMOB, pasyMHO y'!I1Tb!Ba!Oll(I1X Cll8!\11-

ifl!my pemaeMbiX .n;l1cKpeTHbiX aa.zJ;a'l, uenecoo6paaao 11 nepcneKT>IBHO. 

Ta6n>~ua 

TeeT m e n 
~ 

~nUJ-}100 1 
J 11 P=,,LIN/R t tl 

I 90 270 IO 4 4 2 2.106 2047 210 

2 30 I80 10 5 5 0 2.Io6 II80 570 

3 20 I40 20 4 6 0 I .5104 II40 II2 

4 40 130 5 4.5 4 0 2.Ioii 750 360 

5 40 I25 5 5 6 0 :>Illl5 750 200 

6 40 I20 5 3 5 0 > Iui5 520 ISO 

7 10 70 20 2 I I 104 300 50 

8 IO 60 20 I 2 0 ro4 I 50 95 
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