
 الجمهورية الجزائرية الديمقراطية الشعبية

 وزارة التعليم العالي والبحث العلمي

 جامعة أبي بكر بلقايد تلمسان

 كلية العلوم الاقتصادية والتجارية وعلوم التسيير

  مطبوعة جامعية بعنوان:

 

 

 

 موجهة لطلبة السنة الثالثة ليسانس تخصص: اقتصاد كمي

 عمرمن إعداد: الدكتور بن عاتق 

 

 

 

 

 2020-2019السنـة الجـامعيـة: 

  



2 

 

  

  

  

 1 

  

  

  

  

 BELMAN 

  

 2 

  

  

  

  

 3 

 



3 

 



4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Van Neuman

53915391Leontif



5 

 

Wood

Dantzig

5391

W.Cook

F.HitchkookT. Koopman

 

 ,21 ,...,, xxxf

 
 
 

 

















nKx

bexxxf

bjxxxf

bixxxf

k

n

n

n

,...,10

,...,,

,...,

,...,,

213

212

211

me
pj

Ki

,...,1
,...1
,...1





 

max 

min 



6 

 

 

9



7 

 

321

 

a13 a12a115

a23a22a212

a33a32a319

xijiji = 1, 2, 3 j 

= 1 , 2 ,3xij = 1

jj 

333332323131232322222121131312121111: xaxaxaxaxaxaxaxaxaZMin 

 

 

1131211  xxx

1232221  xxx

1312111  xxx

1312112  xxx

1332313  xxx

KUHN

 

1333231  xxx



8 

 

 

 

 

 

 

ABC529

529

A 59159

B311

C15152

   



9 

 

 

 

 

 

A2

B9

C5

11153

 

 

  

1 

1 

1 



10 

 

1

0

ABC3

x1x2x32622226612

A CBC
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« Granito-lux »

 U1 U2 U3 U4 

510 11 11 51 

213 10 11 59 

959 51 11 59 

910 52 13 59 

04
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A1 A2 A3 A4 A5 

T1 09 02 10 07 04 

T2 07 04 15 08 06 

T3 02 04 12 06 04 

T4 11 05 12 04 10 

T5 15 10 08 12 16

 

05:

 M1 M2 M3 M4 M5 

T1 14 16 10 18 12 

T2 10 07 08 12 07 

T3 18 09 10 16 12 
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2125

 

 

 

 

xi

bi

bi1xibi2 

bi1bi2

xibi1xibi2
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Max : Z=20x1+2x2 

4x1+10x222 

x10, x20 

x1=5.5x2=0Z=110

x1

5x16 

x15x26

x1=5x2=0.2Z= 502/5 

x2

0x21 

x20x21

Max Z = 20x1+ 2x2 

s/c 

4x1+10x222 

x15 

x10 , x20 

Max Z = 20x1+ 2x2 

s/c 

4x1+10x222 

x16 

x10 , x20 

Max Z = 20x1+ 2x2 

s/c 

4x1+10x222 

x15 

x21 

x10 , x20 

Max Z = 20x1+ 2x2 

s/c 

4x1+10x222 

x15 

x20 

x10 , x20 
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x1=3x2=1Z=62 

x1=5x2=0Z= 100 
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Richard Bellman

511
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 F1→F2→……→Fn                      

F1

F2  Fn

Fn→Fn-1→…….→F1    

Fn(ek1)n

(ek1, ek2,…..,ekn)(d1, d2,……, dn)

gi(eki,di)i

Fn(ek1)=Max[g1(ek1,d1)+g2(ek2,d2)+…..+gn(ekn,dn)]                       
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n

n

Fn(ek1)=Max{g1(ek1,d1)+Max[g2(ek2,d2)+…..+gn(ekn,dn)]}                      

Fn(ek1)=Max[g1(ek1,d1)+Fn-1(ek2)]                                                             

Fn-1(ek2)=Max[g2(ek2,d2)+……..+gn(ekn,dn)]                                            

  ek2  ek1 d1ek2=T1(ek1,d1)T1

Fn(ek1)Fn-1(ek2)
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(K)

(P1)g(x)

(P2)h(x)

0≤X≤K

(x)

(k-x)g(x)h(k-x)

R(k,x)=g(x)+h(k-x)

F(x)

F(x)= Max R(x,k)= Max [g(x)+h(k-x)]                                                   

(x)(k-x)

R(k,x)=g(x)+h(k-x)
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(αx)0≤α≤1β(k-x)

0≤β≤1g(αx)h[β(k-x)]

f1

F1[αx+β(k-x)]= Max {g(x)+h[β(k-x)]                                                     

F2(k)= Max {f1(x)+h(k-x)+ f1[αx+β(k-x)]}                                           

n

Fn(k)= Max {g(x)+h(k-x)+fn-1[αx+β(k-x)]}                                         

Fn-1 n-1 

Fn(k)= Max {φ(x)+fn-1(αx)}                                                                  

  

211
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(x)

g4(x)g3(x)g2(x)g1(x) 

00000

2836302550

56 64 70 60 100 

110 95 90 100 150 

592591522591200

 

(x=50,100,150,200)  

21111

g1(50)+g2(50)+g3(50)+g4(50)=25+30+36+28=119                                

g(x)F1(c)

(c)

F1(c)= Max g1(x)=g1(c)                                         

0≤X≤C                                                       
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(C2>C1)g2(c2)>g1(c1)

F1(50)=g1(50)=25                                                                                    

F1(100)=g1(100)=60                                                                                 

F1(150)=g1(150)=100                                                                               

F1(200)=g1(200)=140                                                                               

F2(c)

(c)

F2(c)= Max [g2(x) +f1(c-x)]                                     

C=(50 ;100 ;150 ;200)                                              

F2(50)= Max [g2(x)+f1(50-x)]                                  

x

x111

F2(50)= Max [g2(x)+f1(50-x)]                                                                   

= Max [g2(0)+f1(50) ;g2(50)+f1(0)]                                                 

]=30                                                                30+0; = Max [0+25 

91F2(50)=30

g2(50)+f1(0)11

 k-50=200-50=150

F2(100)= Max [g2(x)+f1(100-x)]                                                             

0≤X≤100                                                                                    

= Max [g2(0)+f1(100) ; g2(50)+f1(50) ; g2(100)+f1(0)]               
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=70                                             ]70+0;  ; 30+25 0+60[= Max  

51111

F2(150)= Max [g2(0)+f1(150) ; g2(50)+f1(100) ; g2(100)+f1(50) ; 

g2(150)+f1(0)]                                                                        

  ; 90+0]=100                             ; 70+25 ; 30+60 0+100=  Max [ 

F2(200)= Max [g2(x)+f1(200-x)]                                                             

= Max [g2(0)+f1(200) ; g2(50)+f1(150) ; g2(100)+f1(100) ;         

g2(150)+f1(50) ; g2(200)+f1(0)]                                               

=140               ];90+25;122+0 ;70+60 ;30+100 +140 0[=Max 

f3(c)

f2(c)

F3(c)= Max [g3(x)+f2(50-x)]                                                 

F3(50)= Max [g3(x)+f2(50-x)]                                                                   

= Max [g3(0)+f2(50) ; g3(50)+f2(0)]                                                

=36                                                                ]36+0; 0+30[= Max 

F3(100)= Max [g3(x)+f2(100-x)]                                                               

= Max [g3(0)+f2(100) ; g3(50)+f2(50) ; g3(100)+f2(0)]                 

=70                                                ]; 64+0 ; 36+30 0+70[= Max  

F3(150)= Max [g3(x)+f2(150-x)]                                                               

= Max [g3(0)+f2(150) ; g3(50)+f2(100) ; g3(100)+f2(50) ;            

 g3(150)+f2(0)]                                                                   

;95+0]=106                               ; 64+30 36+70;  = Max [0+100 

51151111

F3(200)

F3(200)=Max [g3(x) +f2(200-x)]                                                              

= Max[g3(0)+f2(200) ;g3(50)+f2(150) ;g3(100)+f2(100) ;             

g3(150)+f2(50)+ g3(200)+f2(0)]                                                

=140               ];130+0 ; 95+30 ; 64+70 ; 36+100 0+140[=Max 
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211

F4(c)

F4(c)= Max [g4(x)+f3(c-x)]                                        

f4(50)

f4(200)

F4(200)= Max [g4(x)+f3(200-x)]                                                               

= Max [g4(0)+f3(200) ;g4(50)+f3(150) ;g4(100)+f3(100)  ;            

g4(150)+f3(50) ; g4(200)+f3(0)]                                         

           146=]; 142+0 110+36;  ; 56+70 ; 28+106 0+140[= Max 

 g4(150)+f3(50)150

11

591
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(i=1,2,…,N)MiRi

MiiCi,mi
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I=NI=2I=1Alternative 

Mi 

RNCN……..R2C2R1C1

R1NC1N……..R12C12R11C111

R2NC2N……..R22C22R21C212

R3NC3N……..R32C32R31C313

. 

. 

.

. 

. 

.

…….. 

…….. 

……..

. 

. 

.

. 

. 

.

. 

. 

.

. 

. 

.

. 

. 

.

RNNCNN……..RN2CN2RN1CN1N

Max R=Σ Ri ,mi                                                                                        

Subject to:                                                                                               

Σ Ci,mi≤C                                                                                                                

Cimi≥0                                                                                                   

       : 

 

F1(x1)= Max {R1,m1}                                                                                 

C1,m1≤X1                                                                                                                                    

Fi(xi)= Max {Ri,mi+fi-1(Xi-Ci,mi)}                                                              

Ci,mi≤Xi                                                                                                                                       

       

Ri,miMii (i=1,2,…,N) 

:Fi(xi) (i=1,2,..,n)

 : xi       

 :Ci,mi  i
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I=1Mi

RCR CR C
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(i=1) i=2)((i=3)

(3,4,2)

c)R(
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variable state

 C1j  j=1,2,3 

 R1j  j=1,2,3

F1(X1)

F1(X1)= Max R1jC1j                                                                                              

 

State

 

F1(x1)

C13=2 

R13=7 

C12=1 

R12=6 

C11=0 

R11=0

X1

5 1   1 1 

2 1  1 1 5 

9 1 1 1 1 2 

9 1 1 1 1 9 

9 1 1 1 1 9 

9 1 1 1 1 1 

 x2 

F2(x2)
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F2(X2)= Max [R2(C2j)+f1(x2-C2j)                                                    

0≤C2≤X2                                                                                                           

F2(x2)C24=4 

R24=13

C23=3 

R23=10

C22=2 

R22=9

C21=0 

R21=0

X2

511111

511115

231331112

2511515113511119

2،951159591515113511119

953159531515113511111

F3(x3)=Max[R3j(C3j)+f2(x3-C3j)] j=1,2                                                     

 0≤C3≤X3                                                                                                                                               

F3(x3)C32=1 

R32=4

C31=0 

R31=0

X3 

511111

511991115

25119511332

5513959151519

25351953151519

22151921153531

595

21
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Xtt

Itt

inn

Dtt

Ct(Xtit)

 

Σ Ct(XtIt)                                                                       Min 

N

It= It-1+Xt-Dt                                                                                                                       

Xt= It +Dt-It-1                                                                                                                     

0≤in≤D1+D2+D3+………….+Dn+In                                                               

Xn≤D1+D2+………+Dn-in+IN                                                                              

Fn(iN)= Min [Cn(Xn,in+Xn-Dn)+FN-1(in+Xn-Dn)]                         

  In

 

  

c(xt It)c(xt)+hIt 

C(xt)=2xt+13 et h=1                                                                 

9Dt=3

IN=01

9

5n=1IN=0 

0≤ i1≤D1 : x1=3- i1                                                                                     

F1(i1)=c(x1)=c(3-i1)=2xt+13=2(3-i1)+13                                                   
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 القرارات
 

 

 

 

 

 

F1(i1) 

 

 

 

X1(i1) 

 

 

 

i1 

 

 

 

 

الحالات 

  
 

 

 

 

 

 

19 

17 

15 

13 
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0 

 

0 

1 

2 

3 

 

 

 

      2n=2

0≤i2≤4 ;3-i2≤x2≤5                                                                                     

F2(i2)=c(x2) + hi1+f1(i1)= c(x2)+(i2+x2-3)+f1(i2+x2-3)                              

f2(i2) x2(i2)543210x2 

       i2 

38323+2+1521+1+1719+0+19---0
36223+3+1321+2+1519+1+1717+0+19- -1
341-21+3+1319+2+1517+1+1715+0+19-2
320--19+3+1317+2+1515+1+1713+0+193
310---17+3+1315+2+1513+1+174

 9n=3 

0≤ i3≤4 ; 3-i3≤ x3≤5                                                                                  

F3(i3)= c(x3) + hi2 +f2(i2)= c(x3)+(i3+x3-3)+f2(i3+x3-3)                            
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F3(i3) X3(i3) 5 4 3 2 1 0 X3 

i3 

57 3 25+34 22+36 19+38 - - - 0 

55 2 26+32 23+34 20+36 17+38 - - 1 

53 1 27+31 24+32 21+34 18+36 15+38 - 2 

51 0 - 25+31 22+32 19+34 16+36 13+38 3 

50 0 - - 23+31 20+32 17+34 14+36 4 

 0

 9 

  

 9 

 11 

4
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9

31

119

2

11

092

59511

311

         1

199

1919

551

11

511

599

01199

520

59،9،2

0،1،1،1

R.Bellaman

59

5935951

59
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Fn(s)s n

 (j)csjs et j

Fn(s)= Min {csj +fn+1(j)}                                                                           

f5(14)f5(13)

n=4

359C9,13 

=7 

F4(9)= c9,13+f5(13) =16                                                                             

5159

59

F4(10)= Min {C10,13+f5(13) ; C10,14+f5(14)}                                              

= Min { 8+9 ;6+10}=16                                                                 

5159

5159

51

51

5951

59

(s)

(j)n
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Min= f5(s) Csj j

s 

3 3 13 

51 51 14 

 

 

Min= f4(s) Csj+f5(j) j 

 

s 14 13 

1351519

1451515110

14515111

14505012
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j 

 

 

s 

Csj+f4(j) Min=f3(s)  

9 10 11 12 

5 20 21   20 9  

6 21 20 23  20 10  

7  21 21 23 21 1011  

8   23 23 23 1112  

 

 

j 

 

 

s 

Csj+f3(j) Min =f2(s)  

5 6 7 8 

2 24 25 27  24 5  

3  25 26 27 25 6  

4   27 27 27 7  
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j 

 

 

s 

Csj+f1(j) Min=f1(s)  

2 3 4 

 26 28 30 26 2  

→59→3→1→2→ 

 21 =3+1+9+9+2 
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2

0

12

 

 10الورشة  19الورشة  10الورشة  البدائل

 
 الإنتاجية التكلفة الإنتاجية التكلفة الإنتاجية تكلفةال

1 0 0 0 0 0 0 

2 9 01 0 03 1 91 

3 0 31 3 01 0 01 

4 0 01 - - - - 

 

12
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02:

c(xt It)c(xt)+hIt 

C(xt)=2xt+13 et h=2                                                                 

3Dt=4

IN=06

5 
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5191

Eulerkoeinsberg

Kaginingrad 

 

Sylvester5022

D.Kning5391

5310Claude berge

5315

:

+  x: 

.
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+  u:

.

G(x,u)

 

 N  N 

G(6 ,6)1 

 

 (x1, x2…xn) 

.

*    (x i )  

 (xj) 

  : 

U= {(AB), (AC), (AD), (BE), (CE), (DF)}                  

(Arète).
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d(A)d(A) = d(A)++d(A)-

d(A)+ 

d(A)-

d(A)+=3                         d(A)-=0                      

d(A) = 3+0 = 3                                   

Le chemin
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Le circuit

La boucle

NN-1
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 :

1

X
6

 X
5

 X
4

 X
3

 X
2

 X
1

 القمم 

3 0 0 5 4 0 X
1

 

0 6 7 1 0 4 X
2

 

0 1 0 0 1 5 X
3

 

8 0 0 0 7 0 X
4

 

2 0 0 1 6 0 X
5

 

0 2 8 0 0 3 X
6
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  Ford-fulkerson  

  

Kirchoff  

UC

U

 Ford-fulkerson:

 Ford-Fulkerson   :

 :

   :

*1.

* i 

.

*.

* S.

S
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 : 

   Kirchoff 

1 

S 9

.

1 : 

1  + .

ijj

i

ij

Ki

Ki

s
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s

 A,B,C   D,E,F,G 

 A 91 B 21 C 

21 D 91 E 51

 F21 G 91.

المصب 

 المنبع
D E F G 

A 10 15 - 20 

B 20 5 15 - 

C - - 10 10 
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 .

DS DB OABE

EB

11

EB1
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S

 G F E D 
 

40 20  10 10 A 

25  10 0 15 B

20 10 10   C

D1A

1  

A,B,C,D,E,F,G
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J.B KRUSKAL1936

  

 

N-1N 

 222 

2BF 1

3AF2

3EF3

23BC4

33CE5

63DG6

4 AB 7 
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+4FG 8 

24ED 9 

5 AG 10 

+5DF 11 

6 DC 12 

8 BE 13 

N-1NZ 

1111

Z11

SOLLIN 0200 
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A AF=3 

BAF=2 

C  BC=3+2 

DBG=3+4 

EEF=3+ 

F 

G 

56B


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9FG

Zz11

9  

KRUSKAL

  

 

 

  
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X0

Xn

  

  

1 

 

  

15n-1  

 n 

 222 

 11 

 i,jc i,j 
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ji,jc>  i-j  j

i,jcij 

j

 n-1 

n-1-p=c(i,j)

05 
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0(0,3), (0,2), (0,1)   

(0,3)  1-0=-0=>c(0,1)=90 

 1=0+90=0+90=90 

(0,2)  2-0=-0=>c(0,2)=240 

 2=0+240=240 

(0,3)  3-0=-0=>c(0,3)=180 

 3=0+180=180 

1(1,4), (1,3)  

(1,3)  3-1=180-90=90>c (1,3)  =60 

 3=90+60=150 

(1,4)  4-1=-90=>c(1,4)=180 

 4=90+180=270 

2(2,4)   

(2,4)  4-2=270-240=30=c (2,4)   

4
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3(3,5), (3,2)   

(3,2)  2-3=240-150= c90>c(3,2)=60 

 2=150+60=210 

(3,5)  5-3=-150=>210 

 5=150+210=360 

 (3,2)    j<i   i=3, j=2 

,2 (2,4)   

(2,4)  4-2=270-210=60>30 

 4=210+30=240 

4(4,5)  

5-4=360-240= 120> 60 

 5=240+60=300 

5 

9112

, (4,5) (3,5)  

(3,5) : 5-3=300-150=150210 

5-3  c (3,5)   
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(3,5)  U (3,5)  U,   

(4,5) : 5-4=300-240=60= c (4,5)   

(4,5)  U (4,5)     

4(2,4), (1,4)   

(1,4)  4-1=240-90= 150 180 

 4-1 c (1,4)   

(1,4)     U(1,4)  U,   

(2,4)  4-2=240-210=30=c(2,4)   

(2,4)     U 

(2,4) U    

* 3(0,3), (1,3)   

(0,3)  3-0=150-0= 150 180 

(1,4)     U(0,3)  U,   

(1,3)  3-1=150-90= 60 = C(1,3)   

(1,3)     U(1,3)  U,   

 

2(0,2), (3,2)   

(0,2)  2-0=210-0= 210  C(0,2)   

(0,2)  U,  

(3,2)   

2-3=210-150= 60 = C(3,2)   

(3,2)  U 
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1(0,1)  

  1-0=90-0= 90= C(0,1)   

(0,1)     U(0,1)  U,   

(0,2)  U,  

0 

0

U=[(0,1) , (1,3)  , (3,2)  , (2,4)  , (4,5)  ] 

AE,C,D,B E 
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 n0n-1 

 0=00 

 I=0i 

 C(i,j)   (i,j)

 

jj-i< C(i,j)     

j i+ C(i,j)     

j    

  

jn-1p

n-1-p= C(i,j)     
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A

F. 

 

A0B1F5

0(0,3), (0,2), (0,1)   

(0,3)  1-0=-0=>c(0,1)=90 

 1=0+90=0+90=90 

(0,2)  2-0=1-0=1<240 

 2=0+240=240 

(0,3)  3-0=0-0=0<180 

 3=180 

1(1,4), (1,3)   

(1,3)  3-1=180-90=90>60 
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 3 

(1,4)  4-1=1-90=-90<180 

 4=90+180=270 

2 (2,4)   

(2,4)  4-2=270-240=30=c(2,4) 

4

3(3,5), (3,2)   

(3,2)  2-3=240-180=60= c(3,2) 

 2 

(3,5)  5-3=1-180=-180<210 

 5=180+210=390 

4(4,5)   

  5-4=390-270=120>30 

 5  

4 

5931

5(3,5), (4,5)   

  5-4=390-270=12060 

5-4(3,5)  U 
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(3,5)  U 

(3,5)  5-3=390-180=210= c(3,5) 

(4,5)  U 

4(2,4), (1,4)   

U

ADF 931

BE,CE,ACFA.

9  
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A,K

 

 

(1,4)  4-1=240-90=150180  

 4-1 c(1,4) 

(1,4)U

(4,5)   U

(2,4)  4-2=240-251= c(2,4) 

(1,4)U  

(5,9)  U
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ABCDE

w 21 91 21 - - 60 
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