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Problem 1:
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To find range of ,  compute column ( )

              max ( ) min ( )

max( 1.24 / 0.04, 0.92 / 0.32) 0.52 / 0.08

2.875 6.5 4 2.875 4 10.5

1.125 10.5

max( 1.24 / 0.4
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8, 0.52 / 0.04) 0.92 / 0.16

2.5833 5.75 3 2.5833 3 8.75

0.4167 8.75

max( 0.92 / 0.04, 0.52 / 0.24) 1.24 / 0.12

2.1667 10.33 3 2.1667 3 13.33

0.8333 13.33
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Problem 1:
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) Reduced cost vector: [0 0 0 0.441.28 0.36 0.16]

    The cost coefficient  can be reduced by 0.44 0.44 1.44 1.44

To find allowable changes in  for basic variables,  compute  (

T

i

b p

c c c orig c

c BIN



         



11

1

1 1
:( ) 0:( ) 0

1

)

0.08 0.04 0.48 0.12

0.36 0.32 0.16 0.04

0.16 0.08 0.04 0.24

max min
( ) ( )

0.44 0.16 1.28 0.36
max( , ) min( , ) 1.3

0.08 0.12 0.04 0.48

lili

i i
j

i NBV B ai NBV B a
i il l

B N

BIN

p p

B a B a



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
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   

      1 1 1

2 2 2 2

3 3 3

3 0.75 3.33 1.25 1.25 3.33

0.36 0.44 1.28 0.16
min( , , ) 2.25 1.222 6.25 2.778 2.778 6.25

0.16 0.36 0.32 0.04

1.28 0.44 0.36 0.16
min( , , ) 16 0.67 17

0.08 0.16 0.04 0.24

c orig c

c orig c

c



 

 

          

               

           30.33 0.33 17orig c    
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Problem 1:

1 2 3

1 2 3
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Problem 2

1 2 3 1 2 3 1 2 3 1 2 3
0

1 2 3
0

1 2 3 1 2 3 1

:

Number of processes of type  used, 1, 2,3

max 38(4 3 ) 33(3 4 ) 51 11 40 200 60 206
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Problem 2

 1
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1

1/ 2 1/ 2 3 / 2
; ; ; 13 47 ; [74 0 013 47]

3 1 3 / 2 5 / 2 1/ 2

. cos 339 $339

) 274  in terms of original problem 274 74

1 1/ 2 1/ 2

8 3 / 2 5 / 2

T T

BB x p

Optimal t M Net revenue M

b c c can increase by

B N


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          

     

   

     

  
  

 

 3 3

2 2

2

206 max( 74, 94) 206 26 180 280

60 26 / 3 60 min(37 / 4,94 / 5) 203 / 4 206 / 3

For gasoline price rise by , the new coefficients are (200+4 ,60 ,206 3 )

So, need 4 74; 26 / 3;3 74 8.67

)

c c
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p p p p

p p p p
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47  For original problem, dual price=$47.

Crude A: : 3 1

3
Crude B: : 3  can buy an additional 3M barrels.

5

Since 47>40, should buy 3M barrels of crude B.

Beyond 3M barrels of oil, dual price be

b

b





 

  
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comes $10.  So, 3M barrels is all one should buy.
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Problem 3:
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Problem 4 a:
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If you want to maximize the mean of a discrete distribution such that the 

probabilities satisfy the above triangular inequalities, put all the mass at x=n.
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Problem 7:
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Problem 7:

1

1

b) If  times the  row of  is added to . 
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Problem 8: (4.7 of Bertismas & Tsitsiklis)

1                   1-                

 0                 0    s.t.         

                   max                         max          

:is problem dual The )

.)(1 and 0;0 )

  s.t.   min   )-( max min 

00

*

m1,2,..,i















epe

ApA

bpb

b

vzbpbxApeppApa

ezbxAzbxa

TT

TTTT

T

p

T

TTTTT

i

T

i






 From the duality theory, the

Optimal cost is v
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Problem 9: (5.2 of Bertsimas & Tsitsiklis)

1 1 2

  a)  Since B is a basis matrix, its determinant is non zero.  For small , 

(B E) also has non-zero determinant (by Taylor series of the determinant).

Recall | | | || | | | [1 ( ) ( )]B E B I B E B tr B E O





    



     

1

1 1 1 1

1 1

T 1

1 1 1 1

*1 1

b) ( ) ( )

) 0 ( ) 0 for small . Also, dual constraints

-   A  0   -  ( )  A  0for small .

d)  ( ) ( )

( )

B

T T T

B

T T T

B B B B

T T

B

x B E b I B E B b

c B b B E b

c c c B E

c x c B E b c I B E B b

c I B E B b c x

 

 

  

 

 

   

 



   

 

   

   

   

   

   
1

* *x
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Problem 10: (5.4 of Bertsimas & Tsitsiklis)

 

1

1

1

1 2 3 4 

1

2

3 2 3 1
 a) B( ) ( )

5 3 2 16

3 1

Primal feasibility  3 1 0 and 2 16 0 1/ 8.

3 2 10 7
) ( ) 5 1

5 3 3 1 3 1

Reduced costs of , ,  and are:

5
5

T

B

B b

b c B

x x x x

p

 
 





  

 


 







 
   

     
    
  

       

    
         

   2 3

4

1

15 1 3 10 36 2
0; 1 0; 12 0 1/18;

3 1 3 1 3 1 3 1

7 7
0 1/ 3

3 1 3 1

, 1/18 for the basis to be optimal!

12 16
) Optimal cost: ( )

3 1

T

B

p p if

p if

So

c c B b

  


   

 


 










  
         

   

 
    

 









