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 

 

 

 

Xiji j، 

 

 

j=1
n
  Xi j   si               ﴾ i= 1,2,….m)  

i=1
m

  Xi j   dj                   ﴾  j= 1,2,….n)        

Xi j      0                                      

i )i12m

j j12n

Xi j ij 

Ci j  ij

Sii 

dj j

 
 

Min C = 

 

= C11 X11 + C12 X12 + ……+ Cn m Xn m 
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jd 
n

j=1= i  s 
m

i=1

Min  i=1
m

 j=1
n  

ci j     xi j                 

j=1
n
 Xi j = si              ﴾     i= 1,2,….m)     

i=1
m

  Xi j  = dj                   ﴾ j= 1,2,….n)          

Xi j     0                                            i    j
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2003191

m

n 

1. 

2. 

3. m + n - 1 

1 

2 

1 

m 

2 

n 

D1 

D2 

Dn 

S 1 

S 2 

S m 
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 S1 S2 S3 المصذر

 280 200 100 الكميت المىتجت / ألف وحذة

04

 D1 D2 D3 D4 المراكس

 160 100 140 180 الكميت المطلىبت/ ألف وحذة

2 5 3 1 

7 3 4 2 

3 8 2 5 

 

 

 

 

 

MinZ cost =X11+3X12+5X13+2X14+2X21+4X22+3X23+7X24+5X31+2X32+8X33+3X34 

   

 

X11 + X12 + X13 + X14 = 100 

X21 + X22 + X23 + X24 = 200 

X31 + X32 + X33 + X34 = 280 

  

X11 + X21 + X31 = 180 

X12 + X22 + X32 = 140 

X13 + X23 + X33 = 100 

X14+ X24 + X34 = 160 
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 

 

X11, X12, X13, X14, …….. X34 ≥0 

 

SupplyD4 D3 D2D1

100
253

S1 
1

200
7342

S2 

280
3825

S3 

160100140180Demand

 

1  North- West Corner Method 

X 11

X 21

X 22

X 31
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 Si = S1+ S2 +S3= 100+200+280=580 

 Dj = D1+ D2 +D3+D4= 180+140+100+160=580 

 Si Dj 

 11

S1=100D1=180

100S1D1

 

SupplyD4 D3 D2D1

100 

0
2531

100
S1 

200
7342

S2 

280
3825

S3 

160100140
180 

80
Demand

 11D1= 80

21 

11 
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SupplyD4 D3 D2D1

0
2531

100
S1 

200 

120
7342

80
S2 

280
3825

S3 

160100140
80 

0
Demand

 

 21S2=120

22S2=120

D2=140120S2D2 

SupplyD4 D3 D2D1

0

2531

100
S1 

120

0
734

120

2

80
S2 

 

280
3825

S3 

160100
140 

20
0Demand

 22D2=20

32
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SupplyD4 D3 D2D1

0
2531

100
S1 

0
734

120

2

80
S2 

 

280 

260
382

20

5
S3 

160100
20 

0
0Demand

 

 32S3=260

33S3=260

D3=100100S3D3 

SupplyD4 D3 D2D1

0

2531

100
S1 

0
734

120

2

80
S2 

 

260 

160
38

100

2

20

5
S3 

 

160
100 

0
00Demand

 

 33S3=260

D4=16034160
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SupplyD4 D3 D2D1

0
2531

100
S1 

0
734

120

2

80
S2 

 

160 

0
3

160

8

100

2

20

5
S3 

  

160 

0
000Demand

 

 

 

SupplyD4 D3 D2D1

100
2531

100
S1 

200
734

120

2

80
S2 

 

280
3

160

8

100

2

20

5
S3 

  

160100140180Demand

X11 = 100                         X32 = 20 

X21 = 80                          X33 = 100 

X22 = 120                       X34 = 160 

X12 , X13, X14 , X23, X24, X31=0 

 

Cost = (1100) + (280) + (4120) + (220) + (8100) + (3160) = 2060 $ 
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2   Least Cost Method

 الحل:

 111

11

S1=100D1=180

100S1D1

SupplyD4 D3 D2D1

100 

0
2531

100
S1 

200
7342

S2 

280
3825

S3 

160100140
180 

80
Demand

 

 11S1=0

1

2132
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21

803214032 140 

SupplyD4 D3 D2D1

 

200
7342

S2 

280

140
382

140

5
S3 

160100
140

0
80Demand

 

 32D2=02

1

21

2180 

SupplyD4 D3 D1

 

200

120
732

80
S2 

140
385

S3 

160100
80

0
Demand

 

 21D1=01

1
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2334

23

1003414034140 

SupplyD4 D3 

 

120
73

S2 

140

0
3

140

8
S3 

 

160

20
100Demand

 

 34S3=0

1

23

23100

SupplyD4 D3 

 

120

20
73

100
S2 

 

 
 

20
100

0
Demand

 

 23D3=03

2420
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SupplyD4  

 

20

0
7

20
S2 

  

 
 

20

0
Demand

 

 

SupplyD4 D3 D2D1

100

2531

100
S1 

200
7

20

3

100

42

80
S2 

  

280
3

140

82

140

5
S3 

 

160100140180Demand

 

X11 = 100                         X24 = 20 

X21 = 80                          X32 = 140 

X23 = 100                       X34 = 140 

X12 , X13, X14 , X22, X31, X33=0 

 

Cost = (1100) + (280) + (3100) + (720) + (2140) + (3140) = 1400 $ 
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3 VAMVogel’ s Approximation Method 

 

 

 

 

 

 

 

23

23100

 
SupplyD4 D3 D2D1

1 100

2531

S1 

1 
200

100
73

100

42
S2 

1 280
3825

S3 

160
100

0
140180Demand

1 2 1 1  
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 23D3=03

1

21

23100 

 
SupplyD4  D2D1

1 100

231

S1 

2 

100

0
742

100
S2 

 

1 280
325

S3 

160140
180

80
Demand

1  1 1  

 21S2=0

1

1180

 
SupplyD4  D2D1

1 

100

20

231

80
S1 

  
 

1 280
325

S3 

160140
80

0
Demand

1  1 4  
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 11D1=01

12

32

32140 

 

 
SupplyD4  D2

1 20

23

S1 

  
 

1 
280

140
32

140S3 

160
140

0
Demand

1  1   

 32D2=02

1220 

 

SupplyD4  

20

0

2

20
S1 

 

 
 

140

3
S3 

160

140
Demand
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 14S1=0

34140

SupplyD4  

 
 

 
 

140

0
3

140S3 
 

140

0
Demand

 

VAM

SupplyD4 D3 D2D1

100

2

20

531

80
S1 

 

200
73

100

42

100
S2 

 

280
3

140

82

140

5
S3 

 

160100140180Demand

     

X11 = 80                         X23 = 100 

X14 = 20                          X32 = 140 

X21 = 100                       X34 = 140 

X12 , X13, X22 , X24, X31, X33=0 
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Cost = (180) + (220) + (2100) + (3100) + (2140) + (3140) = 1320 $ 

4 RAMethodMpproximation Aussell’s R 

  

 

 

 

 

 RAM

SupplyD4 D3 D2D1

100
253

S1 
1

200
7342

S2 

280
3825

S3 

160100140180Demand
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 

111559

123546

135588

1425710

2127510

224747

2337812

247777

315858

3228410

338888

3438712

2334

23100

3416034 

SupplyD4 D3 D2D1

100
2531

S1 

200

7342

S2 

280 

120
3

160

825
S3 

160 

0
100140180Demand

 

 34D4=0D4

D4

111559

123546

135588

212457

224444

233489

315858

3228410

338888
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32

32120

Supply D3 D2D1

100
531

S1 

200
342

S2 

120

0
82

120

5
S3 

100
140

20
180Demand

 32S3=0

111526

123546

135555

212424

224444

233456

1112

23

11100

Supply D3 D2D1

100

0

531

100
S1 

200
342

S2 

 

10020
180

80
Demand
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 S1=0

Supply D3 D2D1

 

200 

0

3

100

4

20

2

80S2 

 

 

100 

0

20 

0

80 

0
Demand

 

RAM

SupplyD4 D3 D2D1

100

2531

100
S1 

200

73

100

4

20

2

80
S2 

 

280
3

160

82

120

5
S3 

160100140180Demand

X11 = 100                         X23 = 100 

X21 = 80                          X32 = 120 

X22 = 20                       X34 = 160 
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X12 , X13, X14 , X24, X31, X33=0 

 

Cost = (1100) + (280) + (420) + (3100) + (2120) + (3160) = 1360 $ 

 

1  

2 

 

3 

1 

4 

 

5 
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6 

 

7  

8 37 

 

 

 

SupplyD4 D3 D2D1

100
2531

100
S1 

200
734

120

2

80
S2 

 

280
3

160

8

100

2

20

5
S3 

  

160100140180Demand

 

  
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 1

3416

6

1212C-22C +21C -11C

1313C33C32C22C21C11C

1414C34C32C22C21C11C

2323C33C32C22C

2424C34C32C22C

3131C32C22C21C

1234210

135824214

142324212

2338247

2473242

3152425

23

7

23223233

2233

33100

 

D4 D3 D2D1

-2 

2

-4 

5

0 

31

100
S1 

2 

7

-7 

3+

4-
120

2

80
S2 

 

3

160

8-

100
2+

20
5 

5
S3 
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D4 D3 D2D1

253

 

1

100
S1 

73

100

4

20
 

 

2

80
S2 

  

3

160
7 

8

 

2

120

5
S3 

 

 236

 

1212C22C21C11C

1313C23C21C11C 

1414C34C32C22C21C11C

2424C22C32C34C 

3131C32C22C21C

3333C23C22C32C

1234210

1353213 

142324212

2474232 

3152425

3383427

14

141121

223234112234

2220
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D4 D3 D2D1

-2 

2+3 

5

0 

3

 

1-
100

S1 

2 

73

100
4-

20
 

 

2+

80
S2 

  

3-

160
7 

8

 

2+
120

5 

5
S3 

 

D4 D3 D2D1

2

20

531

80
S1 

 

73

100

4

 

2

100
S2 

 

3

140

8

 

2

140

5
S3 

 

 146

1212C14C34C32C

1313C23C21C11C

2222C32C34C14C11C21C

2424C14C11C21C

3131C11C14C34C

3333C34C14C11C21C23C

1232322

1353213

224232122

2472124

3151233

338321235
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D4 D3 D2D1

2

20
3 

5

2 

31

80
S1 

 

4 

73

1002 

4

 

2

100S2 
 

3

140
5 

8

 

2

140
3 

5
S3 

 
 

X11 = 80                        X23 = 100 

X14 = 20                          X32 = 140 

X21 = 100                      X34 = 140 

X12 , X13, X22 , X24, X31, X33=0 

 1S1D80 4D20

 2S1D1003D100

 3S2D1404D140

 

Cost = (180) + (220) + (2100) + (3100) + (2140) + (3140) = 1320$  

1 

2 

3 

1
 

1  

2 

3 

4 
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206020601320740

VjUi

ijCij

(Ui)(U1)(U2)

(Vj)(V1)(V2)

 

(Ui)i

(Vj)j

.

Cij = Ui + Vj 

σij = Cij - Ui - Vj 
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SupplyD4 D3 D2D1

100
2531

100
S1 

200
734

120

2

80
S2 

 

280
3

160

8

100

2

20

5
S3 

  

160100140180Demand

 

 

 

V1+U1=1 

V1+U2=2 

V2+U2=4 

V2+U3=2 

V3+U3=8 

V4+U3=3 

 

U3 =0

1)  (2)  

V2+U3=2 V2 =2 

V3+U3=8 V3 =8 

V4+U3=3 V4 =3 

V2 =2 V2+U2=4 U2=2 

U2=2V1+U2=2 V1 =0 

V1 =0 V1+U1=1 U1=1 
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 12C-1U -2V=  12الخليت

 13C-1U -3V=  13الخليت

 14C-1U -4V=  14الخليت

 23C-2U -3V=  23الخليت

 24C-2U -4V= 24الخليت

 31C-3U -1V=  31الخليت

 0=2-1-3=  12الخليت 

 -4=8-1-5=  13الخليت

 -2=3-1-2=  14الخليت

 -7=8-2-3=  23الخليت

 2=3-2-7= 24الخليت

 5=0-0-5=  31الخليت

7

23100

m+n-1

 6

UiD4 D3 D2D1

U1 =1-2 

2

-4 

5

0 

31

100
S1 

U2  =22 

7

-7 

3+ 

4-

120

2

80
S2 

 

U3 =0
3

160

8

100
 

2+
20

5 

5
S3 

 - 

 V4 = 3 V3 = 8 V2 = 2 V1 = 0 Vj 

UiD4 D3 D2D1

U1

2531

100
S1 

U2  

73

100 

4

20

2

80
S2 

  

U3 

3

160

8

 

2

120

5
S3 

 

 
V4 V3 V2V1 Vj 
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2

V1+U1=1 

V1+U2=2 

V2+U2=4 

V2+U3=2 

V3+U2=3 

V4+U3=3 

U2 =0

 

1)  (2)  

V1+U2=2 V1 =2 

V2+U2=4 V2 =4 

V3+U2=3 V3 =3 

V1 =2 V1+U1=1 U1=-1 

V2 =4 V2+U3=2 U3 =-2 

U3 =-2 V4+U3=3 V4=5 

12 12C-1U -2V 

 13C-1U -3V=  13الخليت

 14C-1U -4V=  14الخليت

 24C-2U -4V= 24الخليت

 31C-3U -1V= 31الخليت

 33C-3U -3V= 33الخليت

 0=4-(-1)-3=  12الخليت 

 3=3-(-1)-5=  13الخليت

 -2=5-(-1)-2=  14الخليت

 2=5-0-7= 24الخليت

 5=2-(-2)-5= 31الخليت

 7=3-(-2)-8=  33الخليت

(2- )1420

m+n-16
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UiD4 D3 D2D1

U1 =-1
-2 

2+3 

5

0 

3

1100
S1 

-

U2  =010 

73

100 

4

20
2

80
S2 

 - +

U3 =-2
3

160
7 

8

 

2
120

5 

5
S3 

- +

 V4 = 5 V3 = 3 V2 = 4 V1= 2 Vj 

UiD4 D3 D2D1

U1 

2

20

531

80
S1 

 

U2  

73

100

42

100
S2 

 

U3 

3

140

8

 

2

140

5
S3 

 

 V4 V3 V2 V1 Vj 

 

V1+U1=1 

V1+U2=2 

V2+U3=2 

V3+U2=3 

V4+U1=2 

V4+U3=3 

V4 =0 

1)  

: 

(2)  

V4+U1=2 U1 =2 

V4+U3=3 U3 =3 

 

U1 =2 V1+U1=1 V1=-1 

V1=-1 V1+U2=2 U2 =3 

U2 =3 V3+U2=3 V3=0 

U3 =3 V2+U3=2 V2=-1 
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 12C-1U -2V=  12الخليت

 13C-1U -3V=  13الخليت

 22C-2U -2V=  22الخليت

 24C-2U -4V= 24الخليت

  13C-1U -3V= 31الخليت

 33C-3U -3V=  33الخليت

 2(=-1)-2-3=  12الخليت 

 3=0-2-5=  13الخليت

 2(=-1)-3-4=  22الخليت

 4=0-3-7= 24الخليت

 3(=-1)-3-5= 31الخليت

 5=0-3-8=  33خليتال

 

UiD4 D3 D2D1

U1 =2
2

20
3 

5

2 

31

80
S1 

 

U2  =34 

73

1002 

42

100
S2 

 

U3 =3
3

140
4 

8

 

2

140
3 

5
S3 

 

 V4 = 0 V3 = 0 V2 = -1 Vj = -1 Vj 

 

X11 = 80                        X23 = 100 

X14 = 20                          X32 = 140 

X21 = 100                      X34 = 140 

X12 , X13, X22 , X24, X31, X33=0 
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 1S1D80 4D20

 2S1D1003D100

 3S2D1404D140

 

Cost = (180) + (220) + (2100) + (3100) + (2140) + (3140) = 1320$ 

 

1. 

m + n - 1

1 

2 

3 

1
 

1  

2 

3 

4 
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Xijij

Min C= 6 X11 + 7 X12 + 8 X13 + 10 X21 + 8 X22 + 9 X23 + 2 X31 + 12 X32 + 13 X33

 X11 + X12 + X13 = 120

X21 +  X22 +  X23 = 110 

X31 + X32 + X33  = 70   

X11+ X21 + X31 ≤ 80 

X12 +  X22 +  X32 ≤ 90 

X13 + X23 + X33  ≤ 140

i = 1, 2, 3 /       j = 1, 2, 3         Xij ≥ 0 

 

 

 

 

 D 1 D 2 D 3 Supply 

Source 1 6 7 8 120 

Source 2 10 8 9 110 

Source 3 2 12 13 70 

Demand 80 90 140 
300 

310 

 

 

300310Dummy

310-300  =10
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 

C = (610) + (790) + (820) + (9110) + (270) + (010) = 1980 $

2. Max

Max

Supply D3 D2 D1 

Source 1 

Source 2 

Source 3 

Dummy 

Demand 

Supply D3 D2 D1 

S1 

S2 

S3 

Dummy 

Demand 
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852520

60 3040

7 6 2 

6 8 6 

9 7 5 

 MODI

 

 130 

130 

 m+n-1

 5 
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  

SupplyD3 D2D1

76

25

2

60
S1 

 

68

5

6
S2 

  

975
S3 

 

Demand

 

 MODI 

 

UiD3 D2D1

U1 =0
3+ 

+7 

6

-
25

2

60
S1 

 

U2  =2
6-

8+5
2+  

6 
S2 

  

U3 =5
9

4 

7 

2

5
S3 

 

V3 = 4 V2 = 6 V1 = 2 Vj 

3+13

20

m+n-1

 5
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 

UiD3 D2D1

U1 =0
7 

20 6+5

-2

60
S1 

  

U2  =2-3  

68-
25

+2 

6+ 
S2 

 

U3 =2
9

1 

7 

1+

5
S3 

 

V3 = 7 V2 = 6 V1 = 2 Vj 

 

2+2125

m+n-1

5

 

UiD3 D2D1

U1 =0
7+ 20 

6

302


35

S1 
  

U2  =45 

6

-2  

8
 

6 

25 

 S2 

U3 =2
9 


1 

7 

1+

5 +
S3 

 

V3 = 7 V2 = 6 V1 = 2 Vj 

1+3120
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m+n-15

  

UiD3 D2D1

U1 =0
7 

40 

6

30

2

15
S1 

  

U2  =45-  

6

2-  

8
 

6 

25 

 S2 

U3 =31-

9

2 

7 5

20
S3 

V3 = 7 V2 = 6 V1 = 2 Vj 

 

 

X11 = 15                        X21 = 25 

X12 = 30                          X31 = 20 

X31 = 40                      

X22 , X23, X32 , X33=0 

 

Max ZP = (215) + (630) + (740) + (625) + (520) = 740$ 

3. 

m + n - 1

m + n - 1
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D3 D2 D1 

600 
2 4 2 S1 

600 
3 5 1 S2 

400 2 1 4 S3 

 700 300 600 

 

 

D3 D2 D1 

600                       

2   

                 

4  2 

600  
S1 

 

600                

3 

300 

5 

300 
                 

1 
S2 

  

400                

2 

400 
                 

1  

                 

4 
S3 

 

 700 300 600 

 

45

51331  nm

10 



 

- 45 - 

 

D3 D2 D1 

600 

                      

2   

                 

4  2 

600  
S1 

 

600 

               

3 

300 

5 

300 
 

1 

0 
S2 

   

400 

               

2 

400 
                 

1  

                 

4 
S3 

 

 700 300 600 

 

0
2


ui

 

UiD3 D2 D1 

1             2-          

2   

          2-       

4  2 

600  
S1 

 

0 
               

3 
300 5  300 

 

1 

0 
S2 

+   

-1                

2 

400           3-       

1 + 
            4     

4 
S3 

 

 3 5 1 Vj

 



 

- 46 - 

 

Ui
D3 D2 D1 

1 
          2-         

2  + 
1 

4 

2   600  
S1 

- 

0                

3 

600 
3  

5 

 

1 
0 

S2 
- + 

1-                

2 

100 
 

1  

300 
           4 

  4 
S3 

  

 3 2 1 Vj

 

UiD3 D2 D1 

0  

2   

600 3 

4 2   

0 S1 
  

1- 
2 

 

3 

 

 

 

5 

5 

 

1 

600 
S2 

 

0                

2 

100 
 

1  

300 
           2 

  4 
S3 

  

 2 1 2 Vj

 

 

 

X11 = 0                        X21 = 600 

X13 = 600                          X32 = 300 

X33 = 100                     

X12, X22 , X23, X32 , X31=0 

Min ZP = (20) + (2600) + (1600) + (1300) + (2100) = 2300$ 
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 Ci

 

 

 
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  الآلت                            

 

 

 

 عامل

 1 2 3 4 5  

A 15 10 25 25 10 1 

B 1 8 10 20 2 1 

C 8 9 17 20 10 1 

D 14 10 25 27 15 1 

E 10 8 25 27 12 1 

  1 1 1 1 1  

 

 5 0 15 15 0 

0 7 9 19 1 

0 1 9 12 2 

4 0 15 17 5 

2 0 17 19 4 

 

 5 0 6 3 0 

0 7 0 7 1 

0 1 0 0 2 

4 0 6 5 5 

2 0 8 7 4 

n
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n

 5 0 6 3 0 

 0 7 0 7 1 

 0 1 0 0 2 

 4 0 6 5 5 

 2 0 8 7 4 

2

2

 5 2 6 3 0 

 0 9 0 7 1 

 0 3 0 0 2 

 2 0 4 3 3 

 0 0 6 5 2 

 5 2 6 3 0 

0 9 0 7 1 

0 3 0 0 2 

2 0 4 3 3 

0 0 6 5 2 

 10 + 10+ 20+ 10+ 10 60
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  الآلت                            

 

 عامل

 1 2 3 4 5  

A 
15 10 25 25 

1 

10 
1 

 

B 
1 8 

1 

10 20 2 
1 

 

C 
8 9 17 

1 

20 

10 
1 

 

D 
14 1 

10 25 27 15 
1 

 

E 
1 

10 8 25 27 12 
1 

 

 1 1 1 1 1  

   A 4 

   B 3 

   C 5 

   D 2  

   A 1

 60
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 مخازن

 D C B A   

 

 1 1 4 2 7 1 المىاد الأوليت

1 1 5 3 8 2 

1 2 3 6 5 3 

1 7 4 1 4 4 

 1 1 1 1   

8

1 6 4 7 

7 3 5 0 

6 5 2 3 

1 4 7 4 

 

 

0536

7350

4301

0373

  
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0236

7050

4001

0073

 

0236 

7050 

4001 

0073 

 

 

0236 

7050 

4001 

0073 
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 مخازن

 D C B A   

 

 1 المىاد الأوليت
 

 

7 

1 
 

 

2 

 

 

4 

 

 

1 

1 

 

1 

 

 

1 

 

 

5 

 

 

3 

 

 

8 

 

1 2 
 

1 

 

 

2 

 

 

3 

 

 

6 

1 
 

 

5 
3 

 

1 

 

 

7 

 

 

4 

1 
 

 

1 

 

 

4 
4 

 

 1 1 1 1   

)71()81()61()41(25 
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Polaris
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2 

 Network

 

 Project

 Event

  Bحذث A  حذث
 Bحذث  Aحذث
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  Activity

 

 A

 B C

 Critical Activity

 Dummy Activity

 

 Critical Path

 

 Earliest Start

 Earliest Finish 

 

EF 

 Latest Start

 

LS

Dummy - - - - - - - - 
------ 

A 

B 

C 
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 Latest Finish

 

 Slack TimeF

 

3 

 

   (Milestone).

  

 

 

 

 

Milestone

 

 

 

 

 

 

4

1 

1 2 3 

1 2 

 وهايت 1 بذايت 2

3 
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2 

CPM
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1) 

2) 

3) 

4) 

5) 

 Forword pass

ESTii

 

 

ESTj=MAXj (ESTi+tij)

J=(1.2.3……n)  j#n

tij 

EST0

ESTn

   Backword pass

LSTi
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 A B C D E F G H I J K الىشاط

 8 2 1 3 6 5 1 10 7 11 9 السمه/ الأسبىع

 / / C.D E.F E.F G.H G.H J J.K I K الىشاط التابع

 

 

 

 

 

 

 

 

 

 

 

 

 

 

وانرقم انثاوً  ESTوٌرمس نه بانرمس            عهى انشبكت، حٍث انرقم الأول ٌمثم 
 كما هو موضح فً انمستطٍم  LSTٌمثم 

LSTi = МINj (LSTj - tij) 

 
i=(n-1 .n-2 . ……1)  i=j 

 

LSTn=ESTn  

LST0=0 . 

B 

A 

C 

D 

G 

H 

I 

Dummy2 

E 

F j 

Dummy1 

K 

9 

 

9 

 

25 

 

25 

 25 

 

25 

 

22 

24 

 

0 

0 
 

16 

18 

 
25 

31 

33 

 

33 

 

19 

 

19 

 

1 

3 

2 4 7 

5 8 

6 9 

1
1 

9 

7 

1
0 

6 

3 

1 

  0 

1 

5 2 

  0 

8 
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1- 

  A ; D ; G ; Dummy1 ; K 

2- 124589

3-  

TSij = LTj - ETi - tij

TSij = latest time at j – earliest at i – activity ( i ; j ) duration 

4- 

 

FSij = ETj - ETi - tij

FSij = Earliest Time at j – Earliest at i – Activity ( i ; j ) Duration 

Activity 
Activity 

nodes ( i ; j ) 

Activity 

duration 

Earliest  time 

at node i 

Latest  time 

at node j 
TS FS 

C. path 

TS=FS=0 

A 1;2 9 0 9 0 0   

B 1;3 11 0 18 7 5  

C 2;3 7 9 18 2 0  

D 2;4 10 9 19 0 0   

E 3;4 1 16 19 2 2  

F 3;6 5 16 31 10 4  

G 4;5 6 19 25 0 0   

H 4;7 3 19 24 2 0  

I 7;8 1 22 25 2 2  

Dummy1 5;8 0 25 25 0 0   

Dummy2 5;6 0 25 31 6 0  

J 6;9 2 25 33 6 6  

K 8;9 8 25 33 0 0   
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2

 

A B C D E F G H I 

C,D E,F H G G  I I  

2 3 1 2 4 3 2 1 1 

1.  

2. 

3.  

4. 

5. TFFF

 

10

  0 

  0  

3 

3 1 

5 

2 
2 

7 

7 3 

8 

3 4 

10 

 10 
6 

9 

9 5 

A2 

B3 

C1 

D2 

E4 

F3 

H1 

G6 
1 I  
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TF, FF

B, E, G, I. 

 

FF TF  

2-2-0=0 5-2-0=3 A 

3-3-0=0 3-3-0=0 B 

3-1-2=0 8-1-2=5 C 

7-2-2=3 7-2-2=3 D 

7-4-3=0 7-4-3=0 E 

10-3-3=4 10-3-3 = 4 F 

9-2-7=0 9-2-7=0 G 

9-1-3=5 9-1-3=5 H 

10-1-9=0 10-1-9=0 I 

 

 

PERT 

Deterministic

Probabilling

PERT 
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1 

2 

 

3 

 Optimistic

 Most Likely
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 Pessimistic

Mean    =  (aij+4mij+bij)/6

( Z - value )

Z - value

Var.=(bij-aij)/6)
2 
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To

Optimistic

Tm

Most Likely

Tp

Pessimistic 

A 258

B 222

C A123

D B234

E C-D 111

F C-D 123

G E 345

H F-G 246

I E-G 123

J H 111

6

4 TpTmTo
Te




To

Optimistic

Tm

Most Likely

Tp

Pessimistic Te

A 2 5 8 5 

B 2 2 2 2 

C 1 2 3 2 

D 2 3 4 3 

E 1 1 1 1 

F 1 2 3 2 

G 3 4 5 4 

H 2 4 6 4 

I 1 2 3 2 

J 1 1 1 1 

 

A
5

6

8)54(2

6

4








TpTmTo
Te
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  : A-C-E-G-H-J

 LF

 

1. 

2. 

2 

4 
1 

E 

F 

G 

6 

3 

7 

H 

C 

A 

B D 










500

550
 










807

817
 










705

725
 










12310

927
 










422

220
 










724

532
 










1208

1248
 










16012

16412
 

5 8 

J 

I 










17715

1028
 










17016

17116
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3. 

3
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  

 

 A B C D E F 

 / / A / B C 

 1 2 1 5 1 1 

 2 1 1 1 1 1 

 

 

 

 

 

 

 

A1 

B2 E1 

D5 

F1 
C1 
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D5

4

13335

F1 

D5 

2 3 4 5 1 

1 

2 

3 

4 

 عامل
1 2 3 4 5 

1 2 3 4 5 

A1 C1 

B2 E1 

3 3 4 1 1 

 الزمن
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AD,B

AD,B

C,D,B3F,D,B

F3

F,C

E,B

6

 

1 2 3 4 5 

A C 

B E 

3 3 2 1 1 

6 

D 

F 

1 
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6

1 2 3 4 5 

A C 

B E 

2 2 2 2 2 

6 

D 

F 

2 
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Emile Borel

n 
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1

 

 

 

 

 

 
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  

  

  

  

 

 

  

 

 

 

 

 

Pay of Matrix

AB
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(2:)aij

  Y1 Y2 Yj Yn  

ب 
ع

لا
ال

A
 

X1 

X2 

Xi 

… 

Xm 

a11 

a21 

ai1 

…… 

am1 

a12 

a22 

ai2 

…….. 

am2 

a1j 

a2j 

aij 

…….. 

amj 

a1n 

a2n 

ain 

… 

amn 

B
 

التحليل  الموسوعة الشاملة الي ترشيذ القرارات الادارية: بأسلوبمؤٌد عبد انحسٍه انفضم، عبد انكرٌم هادي صانح شعبان، 

 .113، دار زهران، عمان، الأردن، بدون سىت، ص الكمي

AB

AB

Pay off – matrixBA

Minimax - Maximin 

 MinimaxB

 MaximinA
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 

  B   متىافس الخسائر 
A    متىافس الأرباح 

Maximin b4 b3 b2 b1 

3 6 10 3 9 a1 

6 15 8 6 7 a2 

4 10 -5 4 8 a3 

 15 10 6 9 Minimax 

 min aij

max bijmin

 max   

 

22]6

 B   متىافس الخسائر  

b4 b3 b2 b1 A    متىافس الأرباح 

6 10 3 9 a1 

15 8 6 7 a2 

10 -5 4 8 a3 
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 

 B   متىافس الخسائر 
A    متىافس الأرباح 

Maximin b3 b2 b1 

7 7 12 9,5 a1 

6,5 6,5 8,5 7 a2 

6 10 9 6 a3 

 10 12 9,5 Minimax 

22

 A

A

B   متىافس الخسائر  

b3 b2 b1 A    متىافس الأرباح 

7 12 9,5 a1 

6,5 8,5 7 a2 

10 9 6 a3 
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 B

B

  B   متىافس الخسائر  

 Maximin b3 b1 A    متىافس الأرباح 

x 7 7 9,5 a1 

(1-x) 6 10 6 a3 

  10 9,5 Minimax 

  (1-y) y  

 :Aالعائذ المتىقع بالىسبت للمتىافس . 1

9,5 x + 6 (1- x)  = 7x +10 (1-x) 

3,5 x + 6 = -3 x +10 

X = 0,6154 

 61,54   مه الوقت يختار الاستراتيجيت %a1 

 38,46 لوقت يختار الاستراتيجيت  % مه اa3 

 8,1538  =  (0,3846)6  +  (0,6154) 9,5وعليه العائذ المتوقع مه المباراة: 

 :Bالخسارة المتىقعت للمتىافس . 2

9,5 y + 7 (1- y)  = 6y +10 (1-y) 

2,5 y + 7 = -4 y +10 

Y = 0,4615 

 46,15   مه الوقت يختار الاستراتيجيت %b1 

 53,85 تار الاستراتيجيت  % مه الوقت يخb3 
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 8,1538  =  (0,5385)7  +  (0,4615) 9,5قيمت المباراة: 

 المتىافسA  8,1538الى  7: زاد الربح مه 

 المتىافسB  : 8,1538الى  9,5خفض الخسارة مه      
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Erlang1909م1910م

Queuing Theory

Queue
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 Arrivals at Facility

 Service Disipline 

 Queue size

 Rôles of Services

        First Come First Served  

        Last Come First Served

-       Service In Rundom Order   
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

    Cw

L

Cs

k 

Tc   

 

Tc = Cw   L    +  Cs   K
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(5)

 2002259.

 N*C*  

 

5

P (r) = λ
x
 e

-λ
 / x! 

 r = 1 , 2 , ….N لكل 

 مستوى تقذيم الخذمة

 تكلفة الانتظار

 تكلفة الخذمة
 التكاليف الكلية

 مجموع التكاليف

C* 

N* 
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x:

λ:

e:2,71828

 

 

  t

n etP   

 

µλ:

LS:LQ:

WQ:WS:
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(4:)

(M/M/I) 

(M/M/S) 

(M/M/S) 

2004431.

 

 

 

5

  10 

1 
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2 

3 

4 

 

 10 

 10

5 

90

6 

M/M/1/GD/∞/∞λ5

6ρ561

n
 ,  n ≥ 0

 
P(n) = 

  5   L = 
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