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TAMODODLI CANTA MOSOLISINDD MOQSOD FUNKSIYASINA GORO
ZOMANOTLI SUBOPTIMAL HOLLIN TAPILMASI USULU

Tamadadli ¢anta masalasinda maqsad funksiyasina gora zamanatli hall va zamanatli suboptimal hall anlayisiar:
verilmigdir. Funksionalin qiymatinin geyd olunmus adaddon az olmamasina zomanat veran hallin tapilmas iigiin onun
amsallarmn verilmis tamadadli intervallar daxilinda minimal artirilib-azaldilmast alqoritmi islonilmisdir. Bu alqoritm
bir adadi misala tathiq olunmugdur.

Acar sozlar: Tamodadli ¢anta masalasi, funksionala gora zomanatli holl vo zomanatli suboptimal hall,
dixotomiya prinsipi, alqoritm, hesablama eksperimentlori

1. Giris: Asagidaki kimi tamadadli ganta masalasine baxaq:
n

Z Cjxj — max, (1.1)
=1
n
>y <b, (1.2)
=1

<x; <d;, (j = 1,n) ve tamdirlar. (1.3)

Burada ¢;>0,a>0d;>0, (j= 1,n ), b > 0 verilmis odadlordir. Umumiliyi pozma-
dan bu ododlori tam ododlor gobul edo bilarik. ©vvalco (1.1)-(1.3) masaloasina bir igtisadi
interpretasiya verok. Tutaq ki, miiayyan bir miiassisa (sirkat, zavod va s.) n ndv miixtalif mohsullar
istehsal etmolidir vo bu mohsullar sayla ifads olunmalidirlar. &gor j-ci (j = 1,n) ndv mohsul
istehsal olunarsa, onda bu mahsulun har biri ii¢iin a; (j = 1,n') miqdarda resurs sorf olunmalidir vo
bu zaman homin mohsulun har vahidinin satisindan ¢; (j = 1,n) godor galir (monfaat, qazanc vo
s.) oldo olunar. Tutaq ki, bu mohsullarin istehsali {igiin b miqdarda iimumi resurs (xammal, kapital
qoyulusu, vasait vo s. ) ayrilmigdir. Bundan slavs, forz edok ki, har bir j-ci (j = 1,n) nov
mohsuldan sn ¢oxu d;, (j = 1,n) migdarda istehsal oluna biler. Onda bu mosslo asagidaki kimi
qgoyulmalidir: Hans1 mohsuldan nego odad istehsal olunmalidir ki, onlarin istehsalina sorf olunan
resurslarin toplam miqdari, avvalcadon ayrilmig b miqgdarda limit resursdan ¢ox olmasin vo eyni
zamanda onlarin satisindan oldos olunan golir (manfaat, gazanc, effekt vo s.) maksimal olsun.

Aydindir ki, [0,d;], (j = 1,n) intervallarma daxil olan va tam ododlorlo giymat alan
xj,(j = 1,n) machullar1 gobul etmoklo bu mosalonin riyazi modeli (1.1)-(1.3) sokilindo alinar.
Burada x;, (j = 1,7n) machulu istehsal olunasi mochulun miqdarini géstarir.

Biz bu isda (1.1)-(1.3) mosalasins aid zomanatli hall vo zamanli suboptimal hall anlayislari
vermisik. Zomanotli suboptimal hallin tapilmasi ti¢iin bir tisul islomisik.

Molum oldugu kimi, bu masals ¢atin hall olunan masalalar sinfina, yani NP-tam sinfs aiddir.
Basqa sozlo onun optimal hallinin tapilmasi iigiin polinomial zaman miirakkabliyino malik tisullar
yoxdur. Digar tarafdan bu masalonin optimal hallinin tapilmasi {igiin “budaqlanmalar va sarhadlor”,
“dinamik proqramlasdirma” vo “kombinator” tipli iisullar var [1-6, vo s.]. Lakin bu disullar
mochullarin n saymin bdyiik giymotlorinde massloni real zaman miiddstinds hall eds bilmir. Ona
gora do bu masalonin optimal haldon ¢ox da ciddi farglonmoyan suboptimal (tagribi) hallorinin
qurulmasi tigiin siiratlo yerina yetirilon (yani polinomial zaman miirokkabliyina malik) alqoritmlor
islonilmisdir [2, 4-5, 7- 8, va S.].
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2. Masalanin qoyulusu: Forz edok ki, (1.1)-(1.3) moasalosi malum tisullardan hor hansi biri ila
hall olunub vo onun X* = (x7, x3, ..., x5,) optimal halli vo bu hallin (1.1) funksiyasina verdiyi
n

fr= Z CjX;
j=1

maksimal giymati tapilmisdir. Tutagq Ki, verilmis molum b vosaitini vo a; (j =1,n) resurs
hissalorini doyismoadon daha ¢ox galir aldo etmok istayirik. Aydindir ki, bu magsads ¢atmaq tigiin
¢ (= 1,n) bazar giymatlori miioyyan qeyd olunmus intervallarda artirilib-azaldilmalidir. Yani,
satis giymatlorinds elo doyisiklik edilmalidir ki, alds olunan yeni galir miiayyan f* + A* adadindan
az olmasin. ©gar ilkin maksimal galir an az1 p% artirilmahidirsa, onda A*= [f* ﬁ] Kimi segilo
bilor. Belaliklo, a; (j = 1,n) xarclorini vo ayrilmis b resursunu dsyismodon (1.1) funksiyasmnimn
omsallarinin iizorine qeyd olunmus tamodadli [a;, B;], G = 1,n) intervallarmda yerloson elo
minimal oadodlor slave etmaliyik ki, naticods alinmis hall (1.1) funksiyasinin giymatlorinin f* +
A" komiyyatindon az olmamasina zomanot versin. Burada a <0 vo B;=0, G=1n)
sortlorini 6domalidir.

Qeyd etmok lazimdir ki, maliyys ¢atinliklori soraitinds belo mosalalarin hall olunmasinin
aktuallig1 heg bir siibha dogurmur. Belaliklo asagidaki kimi yeni riyazi modeli aliriq:
n

(¢ +6;)x; — max, (2.1)
j=1
n
ajxj <b, (2.2)
Jj=1
0<x < dj, j = 1,n va tamdirlar, (2.3)
a; <6 <PB;, (= 1Ln) vo tamdur. (2.4)

Burada &; j = 1,n) mochul tam odadlordir vo a; <0, ; =0, (j = 1,n) sortlori
ddonilmalidir. Ciinki, §; € [;,0) (j = L,n)olarsauygun ¢; (j = 1,n) giymatlori §; = 1,n)
godor azalmalidir, ogor &; € [O, ﬁj] (j = 1,n) olarsa uygun ¢; (j = 1,n) giymatlori §; (j = 1,n)
godor artirilmalidir. Digor torafdon, (2.1) funksiyasi qeyri xattidir, ¢linki orada &;x; (j = 1,n)

hasillori istirak edir. Bu isa (2.1)-(2.4) masalasinin hollini bir daha ¢otinlosdirir.
Beloalikla, masalonin qoyulusuna osasan asagidaki riyazi modeli aliriq:

6; — min, (j=1,n) (2.5)
n
DG+ 2f o (2.6)
=1
n
Z ajxj <b, (2.7)
=1 _
aj <8 <p;, (j= 1,n) ve tamdirlar, (2.8)
0<x; <d;, j= 1,n votamdirlar. (2.9)

Burada ¢; >0, q; >0, d; >0, ¢; <0, §; 20,(j = 1,n) vo b >0 verilmis sabit tam
adadlordir.
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3. Usulun nazari asaslandirimasi: (2.5)-(2.9) mosalasini hall etmok iigiin miiolliflorin [7-9]
islorino uygun olaraq asagidaki bozi anlayislar1 verak:

Tarif 3.1: (2.5)-(2.9) masalasinin miimkiin halli elo n olgili X = (x4, x5, ..., X,,) vektoruna
deyilir ki, qeyd olunmus &; (j = 1,n) kemiyyatlori iigiin (2.6)-(2.9) sortlori 5danilsin.

Tarif 3.2: (2.5)-(2.9) mosalosinin funksionala goéro zomanatli halli elo n olgili X* =
(X1, X3, ..., X5) miimkiin hallino deyacayik ki, 0 6; (j = 1,n) kemiyyatlorina an kicik qiymaot versin.

Goriindiyli kimi (2.5)-(2.9) masalasi ¢ox kriteriyali geyri-Xatti tamoadadli proqramlasdirma
mosalasidir. Bu masalo do NP-tam sinifds oldugundan, machullarin n sayinin bdyiik giymatlorinda
onlarin optimal hoallorinin tapilmasi {igiin real zaman miiddstinds isloyan algoritmlor méveud deyil.
Praktikanin talablorini 6domoak moqgsadi ils, hom doa bir yeni riyazi masalo kimi (2.5)-(2.9)
mosalasinin tagribi (suboptimal) hallorinin tapilmasi zaruroti meydana ¢ixir. Bu magsadlo asagidaki
anlayis1 da vermaliyik.

Tarif 3.3: (2.5)-(2.9) masalasinin funksionala gora zomanatli suboptimal halli elo n dlgiili
X% = (x{,x3, ..., x§) miimkiin hollino deyacayik Ki, 0, §; (j = 1,n) komiyyatlorine kigik qiymot
versin.

Qeyd etmok lazimdir ki, bu isin miialliflori torofinden [9-11] islorinde a; va c;, (j = 1,n)
omsallarin1 doyismadan mohdudiyyat sortlorinin sag torofi olan b odadini doyismoklo zomanatli
hall vo zomanatli suboptimal hall anlayislari verilmis vo onlarin tapilmasi alqoritmlari islonilmisdir.
Bu isda iso homin islorden forgli olarag mohdudiyyat sortlorinin sag torofi olan b ododi vo a; (j =
1,n) omsallar1 sabit qalmaqla, cj,(]' = 1,n) omsallarinin dayisdirilmasi osasinda funksionalin
giymatina gdra zomanatli suboptimal hall axtarilir.

Qeyd edok ki, (1.1)-(1.3) mosalasinin xiisusi hali olan ¢anta masalasi {iglin bu isin muolliflori
torafindon [12] isinds funksionala gora zomanatli suboptimal hallin tapilmasi tisulu islonmisdir. Bu
isdo iso daha genis sinif olan tamodadli ganta mosolosi tliglin belo hallin tapilmasi alqoritmi
verilmisdir.

Bir daha geyd edok ki, maliyys catismamazlig1 soraitindo belo masalonin halli igtisadiyyat
tigiin ¢cox ohomiyyatlidir, ¢iinki bazar qiymatlorinin optimal doyisdirilmasi masalasi hall olunur.

Forz edok ki, (1.1)-(1.3) mosalasinin hor hanst X* = (x,x3, ..., x;,) suboptimal halli va (1.1)

funksiyasinin uygun
n

fs= Z cjixj
j=1

giymati tapilmigdir. Onda miioyyon AS= [fs %] odadini tayin edo bilorik. Burada p komiyyati
f$ qiymatinin artim faizidir, [z] — isarosi iso z odadinin tam hissasini gostorir. Aydindir ki,
[2j,B;]1 = 1,n) intervallarinda &; (j = 1,n) paramertlorini elo minimal giymatlorini tapmaliyiq
ki, (2.6)-(2.9) miinasibatlori 6danilsin. (2.5)-(2.9) masoalasinin zomanatli suboptimal hallini tapmag
mogsadilo, yoni &; (j = 1,n) paramertlorinin axtarilan minimal giymotlorini tapmagq {igiin,
hesablama prosesini asagidaki kimi apaririq.

Biz &; (j = 1,n) komiyyatlorini minimallagdirmaq istodiyimizdon ovvalcs onlara miimkiin
a; (j =1,n) giymatlorini vermaliyik, yoni &; := a; (j = 1,n) monimsatmaliyik. Digor torofdon
verilmis ¢;, (j =1,n) ododlorinin baslangic giymatlorini yadda saxlamag mogsadi ilo ¢ =
¢; (j = 1,n) monimsadib, bundan sonra ¢; = ¢j +6; (j = 1,n) gobul edok. Alinmis yeni (1.1)-

(1.3) masalasinin X5 = (x7"%,x5°°, ..., x5®) suboptimal hallini tapib, uygun
n
£50 = Z xS0

j=1
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giymotini hesablayaq. Qeyd edok ki, X5° = (x1 ,x2 o0, %50 suboptimal hallini tapilmast iigiin
molum iisullardan, mosalon [8, 5.109-115] isindan istifado etmok olar. Burada aydindir ki, f5° <
f5 + AS olacaqdr, ¢iinki cari §; (j = 1,n) kamiyyatlori manfi odadlordir.

Owvolco af = a;, B = B;,(j = 1,n) gobul edok.

Dixotomiya prinsipindan istifado edarok névbati yeni (1.1)-(1.3) tipli masaloni qurmagq tigiin

1,51 _ o
& = [@] (j=1,n) gobul edok vo yeni ¢; == ¢ +&'(j = 1,n) omsallarim hesablayag.

Alinmus cari (1.1)-(1.3) masalasi digiin XS = (x*, x5, ..., x;’*) suboptimal hallini vo uygun
n
1 s,1
5t = Z CjX;
j=1
giymatini tapag.

Tobiidir ki, burada yalmz iki hal miimkiindiir: 1) fS1 < S+ AS . 1) fS1 > f5S+ AS,

[a +[>’j

Birinci hal iigiin af = 6}, B}:= B} vo 67 = ] (j = 1,n) monimsadarak, yenidon ¢; =

¢ +6j2 (j =1,n) gobul edib cari (1.1)-(1.3) mesalasinin X2 = (x1 ,x2 s X% hoallini vo

uygun
n
= z cjx; 2
j=1
giymatini tayin edirik.

Ikinci halda, yoni f'> fS+ AS olarsa, onda X%:=X%' vo §,:=6 (j=1n)
2,452
§2 := [@] . ¢ = ¢ + 67, (j = 1,n) gobul edirik.

H 2. 51 — g1
manimsadarak a;” = q; ﬁj = §;

j 9
Mogsedimiz 6; (j =1, n) komiyyatlorini minimallagdirmaq oldugundan alinmis cari (1.1)-
(1.3) masalasinin XS2 = (7%, %572, ..., x,*) hollini vo (1.1) funksiyasinin uygun
n
fo? = z cjxy”

j=1
giymatini tayin edirik.

Bu arada asagidaki teoremi isbat edok:

Teorem 3.1: ©gor miioyyan k-c1 addimda |,8}( - a}‘l < 1 miinasibotlori istonilon j, (j = 1,n)

ligin 6donilorss onda X% = (x}" ,xgk,.. ,xfl’k) halli (1.1)-(1.3) mosoalosinin funksionala goéra

zomanatli suboptimal halli olar.
Isbat1: [al‘, p }‘ ], (j = 1,n) intervalmin orta ndqtosini
9]" = l% (3.1)
ilo isara edok.
Tutaq ki, |8 — af| < 1 miinasibatlori istenilen j, (j = 1,n) tigiin &denilir, onda —1 < Bf —

a}c < 1 olmalidir. Burada a}‘ Vo ﬁ;‘ komiyyatlorinin tam olmasi sortini nozars alsaq asagidaki 3 hal
miimkiindiir:
. ,B]k—ak— —-1; I Bf—af=0; ILBF-af=1
l. B] — a =-1- B] = a — 1 olar bunu (3.1) miinasibatinds yerinos yazsaq

ef:lﬁ’ era]lzla] —12 +a]l [a __] 5
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olar. Ciinki 6] € [af,Bf], (j = T,n)olmalidir.
I.Bf —af =0 — B =af olar bunu (3.1) miinasibatinds yerine yazsaq
ok — lB}‘+a}‘l _ of +af
J 2

j i | _ [k
2 l - [(X]-]
olar. Ciinki 6 € [af, 8], G = Tn)
HLB — o =1 - B =+ 1 olar bunu (3.1) miinasibatinds yerina yazsag

BK + ok a4+1 +af 1
k _ ) ]| ] 1| _ k _ k
ej_l 2 |~ 2 _[ai+§]_[“j]

olar. Ciinki 6 € [af,Bf], (j = T,n).

Ogor I, 11, Il hallarinda a, (j = 1,n) adedlarini Bf, (j = 1,n) ilo avoz edib (3.1)-ds nozars
alsaq, bu hallarda 6/ = [Bf] alang.

Belaliklo |,8}‘ - a}‘| <1 sarti istonilon j, (j = 1,n) iigiin 6danildikds [af, }‘] intervalinin
orta noqtasi olan 9]-" ya a}‘ ilo ya da ,8}‘ ilo Ust-iisto diisiir. Demali yeni tapilan hall sonuncu hall ilo
ust-lsta diisor. Teorem isbat olundu.

Yuxaridaki gayda ilo dixotomiya prinsipi ilo funksionala gora zomanatli suboptimal hallin
tapilmasi prosesi o zaman basa catar ki, ishat etdiyimiz teorema asasan |ﬁ}‘ - a}‘| <1,(G=1n)
sortlori 6doanilsin, ¢iinki daha yariya bolmo prosesi yeni kamiyyatlor vermayacak. Basqa sozlo, bu
proses elo k-c1 addima godar davam olunur Ki, 5% < f$+ ASvaya fS% > 5+ AS hallarindan
ash olmayarag har bir j, (j = T,n) tigiin |8/ — af| < 1 serti ddonilsin.

Qeyd etmok lazimdir ki, yuxaridaki qayda ilo hesablama prosesi zamani har dofs f! > f5 +
A%, 1 <1 < kolan halladra X% == X! va SJ = Sjl (j = 1,n) yadda saxlanilmalidr.

Belaliklo, noticado alinmis X# = (x{, x5, ..., x%) halli (1.1)-(1.3) masalosinin funksionala gora
zomanatli suboptimal hall olar.

Bu isulun alqoritmini yazmamisdan ovval (1.1)-(1.3) masalasinin haor hansi suboptimal
(togribi) hallinin tapilmasi alqoritmini yazaq [11, $.109-115]. ©vvalca imumiliyi pozmadan farz
edok ki, (1.1)-(1.3) mosalasinin omsallar1 asagidaki qaydada diiztilmisdiir:
ﬁz G+t ,(J :1,n——1)

aj  Qj4q
Onda (1.1)-(1.3) masalasinin suboptimal halli asagidaki analitik diisturla asanligla tapilir: har bir
j,( =1,n) ligin

( j-1
d;, agor | b —Zajxjs /a; > d;,
s i=1
x5 =4 . A (3.2)
b—Zajij /a;|, agar b—Zajij /a; <d;.
\ i=1 i=1

Burada, [z] — isarasi z odadinin tam hissasini gostarir. (1.1) funksiyasinin uygun giymati iso
n

fo= chxjs

Jj=1
olar.

Nohayat, yuxarida verdiyimiz hesablama prosesinin algqoritmini yazag.
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ALQORITM
Addim 1:n, a;, ¢; a;, f; (j =1,n), pvob tam ododlorini vermali.
Addim 2: (1.1)-(1.3) mosalasinin ilkin X$ = (x7,x3,...,x5) suboptimal hallini vo uygun
n

fo=

]

S
Cij

~.
Juy

giymatini tapmali.
Addim3: NS= [f s 1%] ododini hesablamali. Burada [z] isarasi z ododinin tam hissasini gostarir.
Addim 4: 5;:= «a; , ¢f :=c¢; Vo =cj +6; (j=1,n) gobul edok, ¢;-ni (1.1)-(1.3) masalosindo
yerino yazag. ~
Addim 5: Yeni (1.1)-(1.3) masalasinin X# = (x7, x5, ..., xz) zomanatli hallini vo
n
f7= Z ¢ X}

j=1
zomanetli giymatini tapaq. Ogor f; — a; < 1 (j = 1,n ) olarsa Addim 8-a kegmali:
Addim 6: Dgor f% < f5+ ASolarsa onda a; = §;, &; = [aj;rﬁj],cj =c¢+6 (=1Ln)ve
Addim5-3 kegmoali.
Addim 7: Dgor %> fS+ AS olarsa X% :=X?, fS:= f% § =6, B; =20, 6= [%B’]
¢j =¢j +6; (j =1,n) gobul edib Addim5- o kegmali.
Addim 8: X% = (x%,x%, ..., xZ) hallini,

Z
ij]-

I

fr=
j=1

giymatini, f% — f5 artimim, A®, f? — (f° +A%) adadlorini ¢ap etmali
Addim 9: STOP.
4. Hesablama eksperimentinin naticalari: Bu tsulun tatbiqi ilo asagidaki masaloni hall edak.
Bu moasals [7, 5.89] isindon gotiiriilmiisdiir, lakin machullara yeni doyisma intervallart vermisik.
15x; + 8x, + 12x3 + 20x, + 17x5 + 14x + 6x; + 4xg + 5x9 + 2x,7 — max
5x; + 3x, + 5x3 + 9x, + 8x5+ 7 xg + 4x; + 3xg + 4x9 + 2x15 < 38
0<x<2,0<x<40<x3<20<x,<1,0<5x;<2,0<5x <3,
0<x,<3,0<x3<40<x<20<x0=<7,

Bundan sonra, hor névbati masalo qurularkan tokrar etmomok tigiin (1.1)-(1.3) va (2.5)-(2.9)
moasalalorinds geyd olundugu kimi biitiin machullarin verilmis intervallarda tam adadlorla giymatlor
aldigin1 nazords tuturug. Bu masalonin suboptimal hallini vo funksionalin uygun giymatini tapagq:

X0 =(2,4,2,0,0,0,1,0,0,1) vo /5% = 94 olar.

Tutaq ki, f5° = 94 odadini on azi p = 10%, yani AS =9 vahid artirmaq lazzmdir, yoni

3% + AS =94 + 9 = 103 . Bu zaman alinan yeni mosalo asagidaki kimi olacaq:
§ — min, (=1,10), (4.1)
(154 68)x; + (B+62)x, + (12 + 63)x3 + (20 + 6,)x4 + (17 + 65)x5 + (14 + 66)X6 +
+(6 + 67)x7 + (4 + 8g)xg + (5 + 8g)xg + (2 4+ 819)x10 = f§ + A°=103,(4.2)
5x; + 3%, + 5x3 + 9x4 + 8x5 + 7 X + 4X; + 3Xg + 4X9 + 2X9 < 38,(4.3)
x, €1]0,2], x, €[0,4], x3 €[0,2], x, € [0,1], x5 € [0,2], x4 € [0,3],

x; € [0,3], xg € [0,4], x9 €[0,2], x40 € [0,7], (4.4)
6, € [-3,5], 8, € [-2,6], 65 € [-1,5], 6, € [-4,0], 65 € [-3,1], &¢ € [-2,9],
6, € [-3,7], 63 € [—1,0], 84 € [0,5], 610 € [0, 3], (4.5)
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Onda 6, (j =1,10) komiyyatlori (=3,-2,—1,—4,-3,-2, —3, 1, 0, 0)olar. Bu kemiyyatlori
(4.2)-da nazars alsaqg, onda masals bels olar :
12x4 + 6%, + 11x3 + 16X, + 14X5 + 12x4 + 3x; + 3Xg + 5% + 2X;o — max (4.6)
5x; + 3%, + 5x3 + 9x, + 8x5+ 7 Xxg +4X; + 3Xg + 4Xg + 2X19 <38 (4.7)
X, €[0,2], x, € [0,4], x3 € [0,2], x4 € [0,1], x5 € [0,2], x¢ € [0, 3],
x; € [0,3], xg € [0,4], x9 €[0,2], x10 € [0,7], (4.8)
Almmis (4.6)-(4.8) masalasinin amsallari ti¢iin

c
a—]=(2,4; 2; 2,2; 1,78; 1,75; 1,71; 0,75; 1; 1,25; 1)
]
(4.6)-(4.8) mosalasinin suboptimal halli X5 = (2,4,2,0,0,0,0,0,1,1) vo cari f5! =67 olar.

Burada 5! < 103 oldugundan &}, (j = 1,10) kemiyyaetlori (1,2,2,—2,—1,3, 2,—1, 2, 1)olar.
Onda

8, € [1,5], 6, € [2,6], 65 € [2,5], 6, € [—2,0], s € [-1,1], &¢ € [3,9],

6, €12,7], 83 € [—1,0], 8 € [2,5], 6,0 € [1,3], (4.9
alariq. 6]-1 (j = 1,n) komiyyatlorinin bu giymatlorini (4.2)-do nazors alsag, (4.1)-(4.4) masolosi
asagidaki kimi olar:

16x; + 10x, + 14x5 + 18x, + 16X5 + 17x4 + 8x5 + 3xg + 7X9 + 3 X4 = max (4.10)
5%; + 3%, + 5x%3 + 9x4 + 8x5+ 7Xg + 4%, + 3xg + 4x9 + 2X59 <38, (4.11)
x, €]0,2], x, €[0,4], x3 €[0,2], x, €[0,1], x5 € [0,2], x4 € [0,3],

x, €[0,3], xg € [0,4], x¢ € [0,2], x50 € [0,7], (4.12)
8, € [1,5], 6, € [2,6], 65 € [2,5], 6, € [-2,0], s € [-1,1], & € [3,9],
6, €[2,7], 83 € [—1,0], 8 € [2,5], 6,0 € [1,3], (4.13)

Alinmis (4.10)-(4.13) masalasinin amsallart ti¢iin
% =(3,2; 3,3; 28, 2;2; 242; 2; 1; 1,75; 1,5)
j

olar vo (4.10)-(4.13) mosalasinin suboptimal halli X52 = (2,4,2,0,0,0,1,0,0,1) vo cari 2 =
111 olar. Burada f5% = 111 > 103 oldugundan X* := (2,4,2,0,0,0,1,0,0,1), f5 := 111, §,
(j =1,10) komiyyatlorini (1,2,2,—-2,—1,3, 2,—1, 2, 1) geyd edib yadda saxlayiriq. Yeni 63,
(j = 1,10 ) parametrlori iigiin (4.9)-daki intervallardan (3,4,3,—1,0,6, 4,—1, 3, 2) giymatlorini
toyin edib, (4.1)-do nozaro alsaq, (4.1)-(4.4) masolosi asagidaki kimi olar:

18x4 + 12x, + 15x3 + 19x, + 17x5 + 20x¢ + 10X, + 3xg + 8%g + 4 X;9 » max (4.14)

5x; + 3%, + 5x3 + 9x4 + 8x5+ 7 X + 4X; + 3Xg + 4X9 + 2X49 < 38, (4.15)
x, €10,2], x, €[0,4], x3 €[0,2], x, € [0,1], x5 € [0,2], x4, € [0,3],

x; € [0,3], xg € [0,4], x9 €[0,2], x10 € [0,7], (4.16)
61 € [1, 3], 62 € [2, 4‘], 53 € [2, 3], 54 € [_2,_1], 55 € [_1, O], 56 € [3, 6],
57 E [2, 4‘], 68 E [_1,_1], 69 E [2, 3], 610 E [1, 2], (417)

Alimmis (4.14)-(4.17) masalasinin amsallari {igiin

c
a—]=(3,6; 4; 3; 2,11; 2,125; 2,86; 2,5; 1; 2; 2)

j
olar vo (4.10)-(4.13) mosalasinin suboptimal halli X532 = (2,4,2,0,0,0,1,0,0,1) va cari f53 =
128 olar. Burada f3 = 128 > 103 oldugundan X* := (2,4,2,0,0,0,1,0,0,1), f* := 128 §,,
(j = 1,10 ) parametrlori iiciin (3,4,3,—1,0,6, 4,—1, 3, 2) qeyd edib yadda saxlayiriq. Yeni 853,
(j =1,10) kemiyyatlori (2,3,2,—2,-1,4, 3,—1, 2, 1) toyin edib, (4.1)-do nozors alsaq (4.1)-
(4.4) mosolasi asagidak: kimi olar
17x4 + 11x, + 14x3 + 18x4 + 16x5 + 18%x¢ + 9x5 + 3xg + 7X9 + 3 X4 = max (4.18)
5x; + 3%, + 5x3 + 9x4 + 8x5+ 7 xg + 4X; + 3Xg + 4X9 + 2X49 < 38, (4.19)
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X1 € [0: 2]' X2 € [01 4‘]; X3 € [O; 2]) X4 € [O' 1]1 Xs € [OI 2]! X6 € [Or 3];

x; € [0,3], xg € [0,4], x9 €[0,2], x40 € [0,7], (4.20)
6, €1[1,2], 6, €12,2], 65 €[2,2], 6, € [-2,-2], 65 € [-1,—1], 6, € [3,4],
6, €12,3], 63 € [—1,—-1], 85 € [2,2], 610 € [1,1], (4.21)

Almmus (4.18)-(4.21) masalasinin omsallari tigiin
C.
a—]=(3,4; 3,67; 2,8; 2; 2; 2,57; 2,25; 1; 1,75; 1,5)

olar vo (4.18)-(4.21)]masalssinin suboptimal halli X5* =(2,4,2,0,0,0,1,0,0,1) vo cari f5* =
118 olar.

Hesablama prosesinin davam etdirilmasi iigiin sonuncu [, 3], (j = 1,10) intervallarmin
orta noqtolorini tapmaliyiq. Bu zaman, | B; — a]-| <1 (j = 1,n) oldugundan teorem 3.1-in sortina
goro X5* holli, mosolonin axtarilan funksionala géra zomanatli halli olar.

Son naticads &, (j = 1,10) parametrlorinin minimal giymatlori (3, 4,3,—1, 0,6,4,0,3,2)
Vo  uygun  hall iss X°*=(1,1,10,0,0,1,0,0,0) olar. Demali ilkin ¢ =
(15,8,12,20,17,14,6,4,5,2) giymatlori yeni ¢; = (17,11,14,18,16,18, 9,3,7,3) giymatlorino
cevrilmoalidir. .

5. Natica: Isdo toklif etdiyimiz tisulun totbigi ilo hall etdiyimiz ododi misal bir daha gostarir
ki, mogsad funksiyasinin omsallarinin minimal artirib-azaldilmasi hesabina ilk verilon masalonin

maksimal giymotini lazim olan qodor artirmaga zomanat veran holl tapmaq olar. Belo hallin
tapilmasi alqoritmi iso bu isdo verilmisdir.

Odabiyyat
1. KopOyt A.A., @unkensmteitn FO.1O. [luckperHoe mporpammupoBanue. M.: Hayka, 1969, 368c.
2. KosaneB M.M. [luckpetHas ontumusaiius (1ies049rcicHroe nporpammuposanue). M. YPCC, 2003, 246c¢.

3. Emenuues B.A., KoMk B.H. MeTo mocTpoeHus MOCIEI0BATEILHOCTH [UIAHOB IS PEIICHUS 3a/1a4 JUCKPETHOM
ontumusanuu. M.: Hayka, 1981, 208 c.

4. Martello S., Toth P. Knapsack problems, Algorithm and Computers implementations. John Wiley & Sons,
Chichster, 1990, 296 p.

5. Pisinger D. A minimal algorithm for the 0-1 knapsack problem. // J. Operations Research, 1997, V.45, Ne5, pp.758-
767.

6. Bemues I'.I1., Mamenos K.I1I. Meton pemienus 3agauu o pauie. // JKBM u M®, 1981, Ne3, c. 605-611.

7. Curan N.X., Nsanosa A.Il. BBenenue B mpHKIagHOE AUCKPETHOE MPOTPAMMHUPOBAHHE MOJENH BBIYHCIHUTEIBHHE
anroput™. M. @usmar nut., 2007, 304 c.

8. Mamemo K.III. MccnenoBanue MO IEIOYUCICHHON ONMTUMHU3AIMK (METOIbI, aJrOPUTMBI M BBIYMCIHTCIBHBIC
skcnepuMenTsl). Lambert Academic Publishing (I'epmanus ), 2012, 276 c.

9. K.Sh. Mamedov, N.N. Mamedov. “Guaranteed Solution and its Finding in the Integer Programming Problems”
International Journal of Applied Science and Technology Vol.5, No.4, August 2015, p.46-54.

10. Mammadov K.S., Mammadov N.N. Bul proqramlagdiriimasi masalesinds zomanatli hall anlayist ve onun tapilmast.
AMEA-nin “Moruzslori”, 2012, Ne6, s.19-26.

11. Mamenos K.III., MamenoB H.H. AnropuTMbl mOCTpOEHHs TrapaHTHPOBAHHOTO PEUIEHUS M TapaHTHPOBAHHOTO
NpUOIMKEHHOTO pEIISHHsT MHOTOMEpPHOW 3ajauu O paHie. MexIyHapoJHbIH HAayYHO-TEXHHUYECKHH KypHai
«ITpoGnems! Ynpasnenus u Uudopmaruxu» 2014, Ne5, ¢.30-37.

12. Mommoadov K.S., Mommadov N.N. Canta mosalosinds mogsad funksiyasina gors zomanatli holl vo zomanatli
suboptimal hall anlayis1 vo onun tapilmasi. AMEA-nin “Moaruzalori”, 2016, Ne3, s. 42-49.

52



Transaction of Azerbaijan National Academy of Sciences, Series of Physical-Technical and
Mathematical Sciences: Informatics and Control Problems, Vol. XXXVIII, No.3, 2018
www.icp.az/2018/3-06.pdf

K.Sh. Mamedov, N.N. Mamedov
The concept of guaranteed solution and guaranteed suboptimal solution with respect to the functional in the
integer knapsack problem and its construction

The concept of guaranteed solution and guaranteed suboptimal solution with respect to the functional in the in-
teger knapsack problem is introduced. An algorithm is developed for a minimum change in the coefficients of the objec-
tive function, which guarantees finding a solution that ensures that the value of the function is not less than the fixed
value. One numerical example was solved with the use of this algorithm.

Keywords: Knapsack problem, suboptimal solution, guaranteed solution, guaranteed suboptimal solution

V]IK 519.852.6
K.III. Mameno, H.H. Mamenos

MeToa HAXO0KAEHUS] TAPAHTUPOBAHHOIO Cy0ONTUMAIBHOIO PelleHUs] 0 (PYHKUMOHAJLY B LeJ104YUCJIeHH 0
3a/iaye 0 paHue

Beeoenvl nomamus ecapanmupoganno2o pewlenus U 2apaAHMUPOSAHHO20 CYOONMUMANLHO20 peuienus no
Qyuxyuonany 6 yerouuciennou 3aoave o panye. Paspaboman anzopumm MUHUMAIbHO20 USMEHEHUs KOdpduyuenmos
yenesotl yHKyuu, KOmopwill 2apanmupyem HaxoxicoeHue pewenus, 0decneyusanyezo noIyyenue 3Ha4eHus: QyHKyuu
He meHbule, Yem uxcuposanuoe. C npumeHeHuem 3mo2o anieopumma Ovli peuieH 0OUH YUCTIeHHbIL NpuMep.

KiroueBble cjioBa: 1enovrCcIIeHHAs 3a/1a4a O PaHIle, TapaHTHPOBAHHOE PEIICHIE U TapaHTHPOBAHHOE
cyOONTUMAaNBHOE pelIeHUe, TPUHIIAIT JUXOTOMUH, alTOPUTM, BEIYUCITUTEIbHBIC SKCIICPUMEHTHI

AMEA Idaroetmo Sistemlori Institutu Toqdim olunub 11.01.2018
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