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15Transportation Model   

5195

5197

51135115

Modify Distribution method (MODI) 

 Stepping Stone 5119

5111Assignment problem 

5117

V.A.M.5112R.A.M. 

5112

158The least cost transportation problem

mn

Si i 

Djj

Cij( i , j )ij

Xijij

ij
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0X

bX

aX.t.s

XCZ.min

ij

m

1i

jij

n

1j

iij

m

1i

n

1j

ijij



















 

unbalanced

5

 
i

i

j

j ab

8

 
j

j

i

i ba

5 S.B.F.S. 

8 

 

3 

 

158S.B.F.S.

5 Northwest corner method

X11

X11=min.(a1 ,b1 ) 

8Least cost method 



 58 

3Vogel's Approximation Method ( V.A.M.)

5

8

3

9 Russel's Approximation Method (R.A.M.)

 ia
jb

 jiijij baC  

ij∆‌،كتيرف‌متكةرف‌ التر ‌‌‌‌ نعطر ‌لتتييباري‌أكارب‌‌‌‌‌

‌.‌‌min.(ai , bj )تسي ي‌

5

8
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153nOptimal Solutio

S.B.F.S.

m+n-1n    m 

5Stepping Stone method  

ijC

ijC

8Multipliers method 

Modified Distribution method (MODI)

Duality theory 

  iUij Vj

Xij

ijji CVU 
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(m+n-1)(m+n-1)(m+n)

U1=0

pqCXpq

pqC = Cpq- ( Up+Vq) 

pqC  

51, S2 , S 3S518081

C4 , C3 , C2 , C12505851

C4 C3 C2 C1 

1938S1 

8183S2 

3859S3 

(25+20+15=60)

(8+10+12+15=45)C5

(60-45=15)

5 S.B.F.S.

 

Supply C5 C4 C3C2 C1 

51

01938 

S1 

 
72

80

08183 

S2 1583

81

03859 

S3 5150

10515158502Demand 
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  T.T.C. = 2*8 + 3*7 + 2*3 + 5*12 + 2*5 + 3*10 + 0*15 = 143 

Supply C5 C4 C3C2 C1 

51

01938 

S1 

 
510

80

08183 

S2 511

81

03859 

S3 58503

10515158502Demand 

   T.T.C. = 2*0 + 0*15 + 3*5 + 2*15 + 4*3 + 1*10 + 2*12 = 91 

VAM  

P.C. Supply C5 C4 C3 C2C1 

31  1    2 

51

01938 

S1 

 
510

2  0  0  1 1 

80

08183 

S2 511

1  1  2  1 1 

81

03859 

S3 58503

10515158502Demand 

05
5
5
5
5

8
8
8

5
5
5

 1

 1

 1 

 1 

 1 

P.C. 

     T.T.C. = 2*0 + 0*15 + 3*5 + 2*15 + 4*3 + 1*10 + 2*12 = 91 
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RAM

Supply C5 C4 C3C2 C1 

51

01938 

S1 

 
72

80

08183 

S2 151

81

03859 

S3 35850

10515158502Demand 

 C1 C2 C3 C4 C5 

S1 -7 -5 -6 -5 -5 

S2 -6 -6 -5 -8 -5 

S3 -4 -6 -7 -6 -4 

      X24C4

              C1 C2 C3 C5 

S1 -6 -4 -5 -4 

S2 -6 -6 -5 -5 

S3 -4 -6 -7 -4 

X33C3

              C1 C2 C5 

S1 -5 -3 -3 

S2 -4 -4 -3 

S3 -4 -6 -4 

X32C2

              C1 C5 

S1 -4 -2 

S2 -4 -3 

S3 -4 -4 

X35S3 

              C1 C5 

S1 -3 -2 

S2 -3 -3 

X25S2X15 , 

X11

   T.T.C. = 2*8 + 0*7 + 2*15 + 0*5 + 1*10 + 2*12 + 0*3 = 80 
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59315≥VAM15RAM

20

RAM VAM

S.B.F.S.VAM

RAM

No. of basic cells = m+n-1 = 5+3-1=7 

8 Optimal solution

 Stepping stone

ijC

Supply C5 C4 C3C2 C1 

51

01938 

S1 

 
510

80

08183 

S2 511

81

03859 

S3 58503

10515158502Demand

     

 

negativemost24200C:XXXX

04323C:XXXX

13200C:XXXX

43425C:XXXX

23412C:XXXX

42325C:XXXX

42424C:XXXX

42413C:XXXX

3531111535

3431212334

2521111525

2321313323

2221313222

1411212414

1311313313

1211313212
















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35Centering variable 

X35leaving variable 


 31111535 XXXX  Xij

X31

Supply C5 C4 C3C2 C1 

51

01938 

S1 

 
583

80

08183 

S2 511

81

03859 

S3 35850

10515158502Demand 

 T.T.C. = 6 + 0 + 15 + 30 + 10 + 24 + 0 = 85 

        No. of basic cells = 5 + 3 – 1 = 7 

X25X21

Supply C5 C4 C3C2 C1 

51

01938 

S1 

 
72

80

08183 

S2 151

81

03859 

S3 35850

10515158502Demand 

    T.T.C. = 16 + 0 + 30 + 0 + 10 + 24 + 0 = 80 

    No. of basic cells = 7 

2002323C:XXXXXX

20024C:XXXX

negative10230C:XXXX

2320025C:XXXXXX

0320012C:XXXXXX

42325C:XXXX

20024C:XXXX

20013C:XXXX

34351511212434

3135151131

2515112125

23211115353323

22211115353222

1411212414

1315353313

1215353212
















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ijC

2

51

5058

8Multipliers method Vj , Ui 

ijji CVU U1=0

VAM 

Supply C5 C4 C3C2 C1 

51

01938 

S1 

 
510

80

08183 

S2 511

81

03859 

S3 58503

10515158502Demand 

     T.T.C. = 91         and     no. of basic cells = 7 

0V2VUC

1V1VUC

2U4VUC

1V2VUC

1U3VUC

0V0VUC

2V2VUC

3

2U

3333

2

2U

2332

3

2V

1331

4

1U

4224

2

2V

1221

5

0U

5115

1

0U

1111

3

3

1

2

1

1

1





























 

12003C:XXXX

22004C:XXXX

30025C:XXXX

10012C:XXXX

12003C:XXXX

30025C:XXXX

20024C:XXXX

20013C:XXXX

3424253534

3111153531

2325353323

2225353222

2111152521

1415252414

1315353313

1215353212
















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ijC)VU(CC jiijij    

negativemost2)02(0)VU(CC

0)12(3)VU(CC

1)01(0)VU(CC

4)01(5)VU(CC

2)10(2)VU(CC

4)10(5)VU(CC

4)00(4)VU(CC

4))1(0(3)VU(CC

533535

433434

522525

322323

222222

411414

311313

211212

















 

ijCX35



 31111535 XXXX

X31

 

Supply C5 C4 C3C2C1 

51

01938 

S1 

 
583

80

08183 

S2 511

81

03859 

S3 35850

10515158502Demand 

   T.T.C. = 6 + 0 + 15 + 30 + 10 + 24 + 0 = 85 

     No. of basic cells = m + n – 1 = 3 + 5 – 1 = 7 

ijC

 V1=2 V2=1 V3=2 V4=1 V5=0  

Supply C1 C2 C3 C4 C5 

U1=0 S1  2  3  4  5  0  

15   3 2  2  4  12 

U2=1 S2  3  2  5  2  0  

20   5 0  2  15 -1  

U3=0 S3  4  1  2  3  0  

25   2  10 12 2  3 

Demand 8 10 12 15 15 60 
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X25ijC X21 

 V1=2 V2=1 V3=2 V4=2 V5=0 Supply 

C1 C2 C3 C4 C5 

U1=0 S1  2  3  4  5  0  

15   8 2  2  3  7 

U2=0 S2  3  2  5  2  0  

20   1  1  3  15 5 

U3=0 S3  4  1  2  3  0  

25   2  10 12 1  3 

Demand 8 10 12 15 15 60 

T.T.C. = 16 + 0 + 30 + 0 + 10 + 24 + 0 = 80 

ijC

2

51

5058



 68 

18Assignment model

nJobs 

(machines m

m = n(m – n)(n<m)

(n-m)(n>m) 

minimized 

5

8

3

9

18

maximized 
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8

jobs machines 

M1 M2 M3 M4 M5 

J1 10 11 4 2 8 

J2 7 11 10 14 12 

J3 5 6 9 12 14 

J4 13 15 11 10 7 

91

 

 M1 M2 M3 M4 M5 

 

   

 M1 M2 M3 M4 M5 

J1 10 11 4 2 8 J1 8 9 2 0 6 

J2 7 11 10 14 12 J2 0 4 3 7 5 

J3 5 6 9 12 14 J3 0 1 4 7 9 

J4 13 15 11 10 7 J4 6 8 4 3 0 

J5 0 0 0 0 0 J5 0 0 0 0 0 

9

15

                                                                           

1

                                                                            

 M1 M2 M3 M4 M5 

J1 1 9 2 0 7 

J2 0 3 2 6 5 

J3 0 0 3 6 9 

J4 6 7 3 2 0 

J5 1 0 0 0 1 

Jobs Machines 

J1 M4 

J2 M1 

J3 M1 , M2 

J4 M5 

J5 M2 , M3 , M4 
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53889

135

598

857

381

91788

883

3

Machines  

Jobs M4 M3 M2 M1 

98350J1 

3591J2 

1512J3 

1817J4 

50

 

Jobs 

Machines  

Jobs 

Machines 

M1 M2 M3 M4 M1 M2 M3 M4 

J1 0 7 8 6 J1 0 7 8 6 

J2 1 6 9 7 J2 0 5 8 6 

J3 2 5 9 5 J3 0 3 7 3 

J4 3 4 8 4 J4 0 1 5 1 

 

Jobs 

Machines 

M1 M2 M3 M4 

J1 0 6 3 5 

J2 0 4 3 5 

J3 0 2 2 2 

J4 0 0 0 0 

898
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Jobs 

Machines 

M1 M2 M3 M4 

J1 0 4 1 3 

J2 0 2 1 3 

J3 0 0 0 0 

J4 2 0 0 0 

395

 

Jobs 

Machines 

M1 M2 M3 M4 

J1 0 3 0 2 

J2 0 1 0 2 

J3 1 0 0 0 

J4 3 0 0 0 

9

Jobs Machines 

J1 M1 , M3 

 J2 M1 , M3 

J3 M2 , M3 , M4 

J4 M2 , M3 , M4 
 

 

88

Jobs Mach. profit  

 

 

or 

Jo. Ma. Pr.  

 

 

or 

Jo. Ma. Pr.  

 

 

or 

Jo. Mach. Pr. 

J1 M1 10 J1 M1 10 J1 M3 2 J1 M3 2 

J2 M3 1 J2 M3 1 J2 M1 9 J2 M1 9 

J3 M2 5 J3 M4 5 J3 M2 5 J3 M4 5 

J4 M4 6 J4 M2 6 J4 M4 6 J4 M2 6 

∑ 22 ∑ 22 ∑ 22 ∑ 22 
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5 

a)  

Sources 

Destinations Supply    b)  

Sources 

Destinations Supply 

D1 D2 D3 D1 D2 D3 

S1 1 2 6 7 S1 5 1 8 12 

S2 0 4 2 12 S2 2 4 0 14 

S3 3 1 5 11 S3 3 6 7 4 

Demand 10 10 10 30 Demand 9 10 11 30 

c)  

Sou. 

Dest. Sup.   

Sou. 

Dest. Sup. 

D1 D2 D3 D1 D2 D3 D4 

S1 5 1 7 10 S1 10 20 5 7 10 

S2 6 4 6 80 S2 13 9 12 8 20 

S3 3 2 2 15 S3 4 15 7 9 30 

Dem. 75 20 50  S4 14 7 1 0 40 

 S5 3 12 5 19 50 

Dem. 60 60 20 10 150 

( ans. : a)(7,0,0,2,0,10,1,10,0;40) , b)(2,10,0,3,0,11,4,0,0;38) , 

c)(0,10,0,35,10,35,0,0,15,40,0,0;500) , 

d)(0,0,10,0,0,20,0,0,30,0,0,0,0,30,0,10,30,10,10,0;820)) 

8 W4 , W3 , W2 , W1 M5 , M4 , M3 , 

M2 , M1 70901030

9080301010

MarketsWarehouses 

 M5M4M3M2M1

89117W1 

31371W2 

53722W3 

58539W4 

(ans.: (30,0,0,40,0,0,0,30,0,10,0,0,0,20,40,10,20,0,0,0;690)) 
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3 D1 S4

 

Sources 

Destinations  

Supply D1 D2 D3 

S1 5 1 0 20 

S2 3 2 4 10 

S3 7 5 2 15 

S4 9 6 0 15 

Demand 5 10 15  

(ans.: (0,10,5,5,5,0,0,0,10,0,0,0,15,5,0,10,0;55)) 

 

9

813080308080

305081M4

J4 

 

machines 

Jobs 

J1 J2 J3 J4 J5 

M1 10 2 3 15 9 

M2 5 10 15 2 4 

M3 15 5 14 7 15 

M4 20 15 13 ---- 8 

(ans.:(0,0,25,0,0,20,0,0,10,0,0,20,0,0,0,0,0,5,0,25;560)) 

 

1 

 

   a) 

 

Jobs 

machines           

       b) 

 

Jobs 

Machines 

M1 M2 M3 M4 M1 M2 M3 M4 M5 

J1 10 5 5 2 J1 3 8 2 10 3 

J2 9 8 4 3 J2 8 7 2 9 7 

J3 7 7 6 4 J3 6 4 2 7 5 

J4 8 7 5 5 J4 8 4 2 3 5 

 J5 9 10 6 9 10 

(ans.:a) 1-2,2-4,3-1,4-3 or 1-4,2-3,3-1,4-2;20, b) 1-5 , 2-3 , 3-2 , 4-4 , 5-1 ;21  ) 

 

1 

 

Jobs 

Machines 

M1 M2 M3 M4 M5 

J1 3 9 2 3 7 

J2 6 1 5 6 6 

J3 9 4 7 10 3 

J4 2 5 4 2 1 

J5 9 6 2 4 6 

(ans.:1-2 , 2-5 , 3-4 , 4-3 , 5-1 ;38 ) 
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7 P1

M3P3M4

 

Processes 

machines 

M1 M2 M3 M4 

P1 5 5 --- 2 

P2 7 4 2 3 

P3 9 3 5 --- 

P4 7 2 6 7 

(ans.: 1-4 , 2-3 , 3-2 , 4-1 ; 14) 

 

2  

Lines  

Engineering L4 L3 L2 L1 

9112E1 

2771E2 

215550E3 

7113E4 

 E1L4

(ans.: a)1-4 , 2-2 , 3-3 , 4-1;20 , b)1-3 , 2-2 , 3-4 , 4-1 ; 24 ; 4 ) 
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Network planning 

15Critical Path 

Event

Activity

Duration

 

Path

Critical Path (C.P.)

 

C.P.time

Forward pass

Earliest time 

(ESj)

  activities)j,i(DES.maxES ijj
i

j   

ES1 = 0  Dij( i , j ) 
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Backward pass

Latest time (LCi)

  activities)j,i(DLC.minLC iji
j

i   

LCn = ESn 

( i , j ) 

                               ESj – ESi = LCj –LCi =Dij 

Free Float Time (F.F.) 

                         FFij = ESj – ESi - Dij 

5

     a) Act. Pre-act.       b) 

  

Act. Pre-act.           c) Act. Pre-act. 

A ---- A ---- A ---- 

B ---- B A B ---- 

C A,B C A C A,B 

D A D B D A,B 

E C,D E B,C E B 

 F D,E F D,E 

 G C,F 

H D,E 

I G,H 

          a)         

 b)              

      
           

2 

3 

4 

6 5 
A 

B 

C 

D 

E 

1 
F 

1 

2 

3 

5 4 

A 

B C 

D 

E 
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8

C , B , A 

B , A D 

B H , F , E  

F , C G  

H , E J , I  

J , F , D , C K 

K L 

L , I , G  

3

activity 1-2 2-3 2-4 3-4 3-5 3-6 4-5 4-6 5-6 

Dij 3 3 2 0 3 2 7 5 6 

 

 

 

1 

6‌

2‌

4 

5 

3 
7 8 

9 

G F 

C 

B 

E 

I‌

L 

K D 

A 

H 

J 

1 

3‌

2 
4‌

5 

6 7 

A 

B 

F 

E 

D 

C 

H 

G 

I 
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Forward pass Backward pass 

ES1 = 0 LC6 = 19 

ES2 = 0 + 3 = 3 LC5 = 19 – 6 = 13 

ES3 = 3 + 3 = 6 LC4 = min. { 13-7, 19-5 } = 6 

ES4 = max. { 3+2,6+0 } = 6 LC3 = min. { 6-0, 13-3, 19-2 } = 6 

ES5 = max. { 6+3, 6+7 } = 13 LC2 = min. { 6-3, 6-2 } = 3 

ES6 = max. { 6+2, 6+5, 13+6 }= 19 LC1 = 3 – 3 = 0 

1-2-3-4-5-6                          

            (1,2) , (2,3) , (3,4) , (4,5) , (5,6)Critical time51

9

activity Preceding activity Duration 

A        --- 14 

B         A 12 

C         B 16 

D         B 7 

E         B 12 

F         C 20 

G         C 18 

H         C 6 

I         F , G 4 

J         E , H , I 2 

K         D , J 3 

 

 

 

 

1 2‌

3 

4 

5 

6 3 0 

3 

2 

3 

7 
5 

6 

2 

0‌

0 
3 

6 

13 

6‌

6 

13 

19 

6 

3‌

19 
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  A→B→C→F→I→J→K   75

1

activity Preceding activity Duration 

A        --- 5 

B        --- 2 

C         A , B 3 

D         A , B 4 

E         B 6 

F         D , E 5 

G         C , F 3 

H         D , E 2 

I         G , H 1 

1 

5 

9 

7 

6 

2 3 

4 

8 

14 12 12 

16 

21 

6 

18 

1 

4 

7 

2 

3 26 

1 14 

42 

62 

62 

66 

68 71 

71 

1 14 

68 

42 

66 

62 

62 

26 

1 

3 

2 
4 

5 

6 7 

5 

2 

5 

6 

4 

3‌

2 

3 

1 
1 

18 

9 

2 

17 

14 
5 

5 
14 

1 

3 

9 

17 18 

1 
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I , G , F , D , A C.T.= 18 

18Program Evaluation and Review 

)Technique (PERT

PERT

Optimistic time ( a ) 

Pestimistic time ( b ) 

Most likely time ( m )

)D(  Expected time   ( i , j )

                                               
6

m4ba
D


  

Variance ( V )

                                 
2

6

ab
V 







 
  

                                             












 


)(V

CTST
ZPr

i

ii


 

STi 

CTi 

V( μ )نتثل‌‌‌

1

80
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activity a b m 

1,2 2   8 2 

2,3 1 11  1.5 

2,4 0.5   7.5 1 

3,5 1   7 2.5 

3,6 1   3 2 

4,5 6   8 7 

4,6 3  11 4 

5,6 4   8 6 

(5,6) , (4,5) , (2,4) , (1,2) CT =18

                               879.017.1ZPr
91.2

1820
ZPr i 







 
  

8022

13

activity D  V 

1,2 3 1 

2,3 3 --- 

2,4 2 1.36 

3,5 3 ---- 

3,6 2 ---- 

4,5 7 0.11 

4,6 5 ---- 

5,6 6 0.44 

 V( μ )‌‌ 2.91 

1 2‌

3 

4 

5 

6 3 

3 

2 

3 

7 
5 

6 

2 

0 

0 
3 

9 

12 

5‌

5 

12 

18 

6 

3‌

18 
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5Normal DnCn 

8CrashDc Cc

5 ( CTN )  

8 

( CTC )  

3 T = CTN – CTC   

9 Slope  

cn

nc

DD

CC
Slope






1Free Float ( FF) 

                                                 FFij = ESj – ESi - Dij    

FF  

DnDc

1

7

( CTC )811

7

  

activity 

normal Crash 

Dn Cn Dc Cc 

1 , 2   8 100 6   200 

1 , 3   4 150 2   350 

2 , 4   2   50 1     90 

2 , 5 10 100 5   400 

3 , 4   5 100 1   200 

4 , 5   3   80 1   100 

∑ --- 580 --- 1340 
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CTN = 18   ,      Total Cost = 580   

CTC = 11    ,     Total Cost = 1340    

                                                   CTN – CTC = 18 – 11 = 7 

7

                           

 

 

 

 

 

 

 

activity slope F.F. 

1 , 2   50  *         -------- 

1 , 3 100 4 – 0 – 4 = 0  

2 , 4   40 10 – 8 – 2 = 0 

2 , 5   60  *         -------- 

3 , 4   25 10 – 4 – 5 = 1 

4 , 5   10 18 – 10 – 5 = 5 max. 

5 
9 

8 

3 

1 

6 

2 

1 

1 

1 

5 

1 

0 

8 

7 

55 

0 

1 

50 

1 

55 

5 
9 

8 

3 

1 

8 

4 

2 

5 

3 

11 

2 

0 

9 

50 

52 

0 

50 

51 

2 

52 
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(1,2) min. { 5, 8-6} 

=2

(1,2)

  

 Critical Path C.P. is :  (1 , 2) , (2 , 5) and Total Cost T.C.= 580+ 2 * 50= 680 

  

(2,5)min.{ 4 , 10-5 } = 4

C.P. is : (1,2) , (2,5) and (1,3) , (3,4) , (4,5)  

 T.C. = 680 + 4 * 60 = 920 

(2,5) 

1

5 
9 

8 

3 

1 

6 

4 

2 

5 

3 

6 

1 

0 

9 

1 

58 

0 

9 

1 

1 

58 

5 
9 

8 

3 

1 

6 

4 

2 

5 

3 

11 

1 

0 

9 

1 

51 

0 

2 

53 

1 

51 
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(2,5)

activity Slope 

(2,5) , (1,3) 60 + 100 = 160 

(2,5) , (3,4) 60 + 25 = 85 

(2,5) , (4,5) 60 +10 =70  min. 

(4,5) , (2,5)

C.P. is (1,2) , (2,5)  and (1,3) ,(3,4) , (4,5) 

T.C. = 920 + 1 * 70 = 990 

5255120110

5390  

5 
9 

8 

3 

1 

6 

4 

2 

5 

2 

5 

1 

0 

1 

55 

0 

9 

1 

1 

55 

9 
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5 

C , B , A 

F , E , D A 

G . I D , B 

H G , C 

L , K I 

J H , E 

N , M  F H , E

O I , M 

P O , L , J 

P , N , K 

8

 

(ans.: R , G , H , L , M , S , N ; 120 ) 

3

 

(ans.: A , C , D , G , K , O , Q , R ; 65) 

activity Pre. Act. Duration  activity Pre. Act. Duration 

R ---- 24 D C , B 6 

E R 16 C A 8 

H G 16 B A 16 

N P, Q, U, S 8 U F 8 

M L , K 8 Q E 12 

K H 16 A R 16 

P E , D 36 F R 40 

S T , M 16 G R 24 

L H 24 T G 4 

activity Pre. Act. Duration  Activity Pre. Act. Duration 

A ---- 10 J F 5 

B ---- 28 K E , G , H 1 

C A 2 L I , J 6 

D C 1 M J , L 2 

E D 2 N K , M  1 

F D 30 O K , M 4 

G D 45 P N 1 

H B , D 1 Q N, O 1 

I E , H 6 R P , Q 1 
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931

5.1

Act. A B C D E F G H I 

Pre.act. --- --- A A,B A,B C,D A C,D,G E,F,H 

Duration 5 7 6 8 7 5 6 9 10 

(ans.: 99.6% ) 

1 

Act. A B C D E F G H I 

Pre.act. --- --- A,B A,B B D,E C,F D,E G,H 

Duration 6 5 7 8 4 6 7 4 X 

XIZ = 1.5

398

H 81

51

100001

C 17

81000

30000

(ans.: a) 4 ; b) 600000 ; c)- 300000 ) 

1

Act. (a,b,m)  Act. (a,b,m) 

1 , 2 5 , 7 , 6 3 , 6 3 , 5 , 4 

1 , 4 1 , 5 , 3 4 , 6 4 , 9 , 8 

1 , 5 2 , 6 , 4 4 , 7 4 , 8 , 6 

2 , 3 4 , 6 , 5 5 , 6 9 , 14 , 10 

2 , 5 6 , 10 , 8 5 , 7 4 , 8 , 6 

2 , 6 8 , 13 , 9 6 , 7 3 , 5 , 4 

3 , 4 5 , 10 , 9  

39

( ans.: 98.9% ) 
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7

 

Act. 

Normal crash   

Act. 

normal crash 

Dn Cn Dc Cc Dn Cn Dc Cc 

1 , 2  4 100 1 400 3 , 7 14   120 12   140 

1 , 4  9 120 6 180 4 , 5 15   500 10   750 

1 , 3  8 400 5 640 4 , 7 10   200   6   220 

1 , 6  3   20 1   60 5 , 6 11   160   8   240 

2 , 3  5   60 3 100 5 , 7   8     70   5   110 

2 , 5  9 210 7 270 6 , 7 10   100   2   180 

3 , 4 12 400 8 800 ∑ --- 2460   -- 4090 

( ans.: 33 ; 3750 )  

 

2

 

Act. 

normal crash 

Dn Cn Dc Cc 

1 , 2   5   1000 4   1400 

1 , 3   9   2000 7   3000 

2 , 3   7   2500 4   3400 

2 , 4   9   2800 7   3400 

3 , 5   5   2500 2   4600 

3 , 6 11   4000 7   7200 

4 ,  6   6   3000 4   4200 

5 , 6   8     800 6   1400 

∑   -- 18600 -- 28600 

 ( ans.: 16 ; 24600 ) 


