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ÿoˆÁTˆEı YÁPˆy‘] ( B.D.P.) 
◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á ( Term End Examination ) : 

 ◊Qˆ„a∂ëˆÃ[˝, 2015 C L«X, 2016 

G◊STˆ ( Mathematics ) 
B◊¨K˜Eı YÁPˆy‘] ( Elective ) 

ªJÙT«ˆV¤` Yy ( 14th Paper : Linear Programming  
and Game Theory ) 

a]Ã^  f ªV«c˜O H∞RÙOÁ Y…SÔ]ÁX  f 50 
Time : 2 Hours Full Marks : 50 

( ]Á„XÃ[˝ mÃ[˝”±ºˆ  f 70% ) 
( Weightage of Marks : 70% ) 

Y◊Ã[˝◊]Tˆ C ^UÁ^U =w¯„Ã[˝Ã[˝ LXÓ ◊[˝„`b ]…_Ó ÂVCÃ^Á c˜„[˝* 
%£à˘ [˝ÁXÁX, %Y◊Ã[˝¨K˜~TˆÁ A[˝e %Y◊Ã[˝õıÁÃ[˝ c˜ÿôˆÁl˘„Ã[˝Ã[˝ Âl˘‰y X∂ëˆÃ[˝ 

ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 
Special credit will be given for accuracy and relevance 

in the answer. Marks will be deducted for incorrect 
spelling, untidy work and illegible handwriting. 

The weightage for each question has been 
indicated in the margin. 

 

◊[˝\ˆÁG — Eı 
Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 10 × 2 = 20 

1* (Eı) AEı◊ªRÙO EıÁÃ[˝FÁXÁÃ^ ◊TˆX W˝Ã[˝„XÃ[˝ ◊L◊Xa A, B C C 

=dY~ c˜Ã^* B =dY~ V–[˝Óm◊_Ã[˝ Y“◊Tˆ AEı„Eı _Á\ˆ 

^UÁy‘„] 3 ªRÙOÁEıÁ, 2 ªRÙOÁEıÁ C 4 ªRÙOÁEıÁ* EıÁÃ[˝FÁXÁÃ^ V«◊ªRÙO 

Â]◊`X %Á‰ªK˜ A[˝e Y“◊Tˆ W˝Ã[˝„XÃ[˝ ◊L◊X„aÃ[˝ LXÓ AEı 

AEıEı =dYÁV„X ^UÁy‘„] Â]◊`„X ^Tˆ ◊]◊XªRÙO EıÁL 

c˜Ã^ TˆÁ ◊X∂oˆÃ[˝÷Y : 

  =dY~ V–[˝Ó 

  A B C 

Â]◊`X 
X 4 3 5 
Y 2 2 4 

  EıÁÃ[˝FÁXÁÃ^ a„[˝ÔÁ¨JÙ 150 ◊ªRÙO A, 200 ◊ªRÙO B C 50 ◊ªRÙO C 

=dY~ EıÃ[˝Á ^ÁÃ^* X Â]◊`X C Y Â]◊`X ^UÁy‘„] 

[˝Ó[˝c˜ÁÃ[˝ EıÃ[˝Á ^ÁÃ^ a„[˝ÔÁ¨JÙ 2000 ◊]◊XªRÙO C        

2500 ◊]◊XªRÙO* ◊Eı\ˆÁ„[˝ =dYÁVX EıÃ[˝„_ _Á\ˆ a„[˝ÔÁ¨JÙ 

c˜Ã^ — Ac˜O a]aÓÁ◊ªRÙO ÈÃ[˝◊FEı ÊY“ÁG–Á◊]e a]aÓÁ ◊c˜„a„[˝ 

◊_F«X* 5 

 (F) Â_F◊ªJÙ‰yÃ[˝ aÁc˜Á„^Ó ◊X∂oˆ◊_◊FTˆ ÈÃ[˝◊FEı ÊY“ÁG–Á◊]e 

a]aÓÁ◊ªRÙO„Eı (^◊V a]ÁW˝ÁX„^ÁGÓ c˜Ã^) a]ÁW˝ÁX EıÃ[˝”X : 

   5 

  ªJÙÃ[˝] 21 xxZ +=   

  `Tˆ¤ aÁ„Y„l˘, 021 ≤− xx  
                  33 21 −≥− xx  

                  0, 21 ≥xx   

2* (Eı) Y“]ÁS EıÃ[˝”X Â^ nE  ÂV„` a›◊]Tˆ aeFÓEı ◊[˝≥V«Ã[˝ 

=w¯_ a][˝Á„Ã^Ã[˝ ÂaªRÙO AEı◊ªRÙO =w¯_ ÂaªRÙO* 4 
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 (F) ◊a]À‰Y¿j Eı_X◊[˝◊W˝ %X«aÃ[˝S Eı„Ã[˝ a]ÁW˝ÁX EıÃ[˝”X : 6ı 

  ªJÙÃ[˝] 21 35 xxZ +=  

  `Tˆ¤ aÁ„Y„l˘, 221 ≤+ xx  

                         1025 21 ≤+ xx  

                         1283 21 ≤+ xx  

                         0, 21 ≥xx  

3*ı (Eı) ◊X∂oˆ◊_◊FTˆ ÈÃ[˝◊FEı ÊY“ÁG–Á◊]e a]aÓÁÃ[˝ È•Tˆ a]aÓÁ◊ªRÙO 

◊XSÔÃ^ EıÃ[˝”X : 6 

  %[˝] 321 xxxZ ++=  

  `Tˆ¤ aÁ„Y„l˘, 543 321 =+− xxx  

                  32 21 ≤− xx  

                   42 32 ≥− xx  

  321 ,0, xxx ≥  ◊ªJÙ‰c˜‘ %[˝ÁW˝* 

 (F)ı ÂVFÁX Â^ 01 =x , 02 =x , 23 =x ,  14 −=x , 

35 =x  X›‰ªJÙÃ[˝ a]›EıÃ[˝STˆ„‹óˆÃ[˝ AEı◊ªRÙO Â]Ï_ a]ÁW˝ÁX :  

  14322 54321 =+−+− xxxxx  

    532 4321 =+++ xxxx  

    1022 531 −=−− xxx  4 

4* (Eı)ı ÂVFÁX Â^ X›‰ªJÙÃ[˝ a]aÓÁ◊ªRÙOÃ[˝ ÂEıÁ„XÁ EıÁ^ÔEıÃ[˝ a]ÁW˝ÁX 
ÂXc˜O : 5 

  %[˝] 321 32 xxxZ ++=  

  `Tˆ¤ aÁ„Y„l˘, 232 321 =++− xxx  

                   1432 321 =++ xxx  

                   0,, 321 ≥xxx  

 (F) Y“]ÁS EıÃ[˝”X Â^ ÂEıÁ„XÁ ]«FÓ ÈÃ[˝◊FEı ÊY“ÁG–Á◊]e 
a]aÓÁÃ[˝ È•Tˆ a]aÓÁÃ[˝ È•Tˆ a]aÓÁ c˜„[˝ ]«FÓ a]aÓÁ* 

  
 

5 

◊[˝\ˆÁG — Fı 

Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 6 × 3 = 18 
5* X›‰ªJÙÃ[˝ %a]TˆÁY…SÔ Y◊Ã[˝[˝c˜X a]aÓÁ◊ªRÙO a]ÁW˝ÁX EıÃ[˝”X :  

 1D  2D  3D  ia  

1O  4 3 2 10 

2O  1 5 0 13 

3O  3 8 6 12 

jb  8 5 7  

6* ◊X∂oˆ %Á„Ã[˝ÁY a]aÓÁ◊ªRÙO a]ÁW˝ÁX EıÃ[˝”X : 
 1 2 3 4 5 

A 8 4 2 6 1 

B 0 9 5 5 4 

C 3 8 9 2 6 

D 4 3 1 0 3 

E 9 5 8 9 5 
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7* X›‰ªJÙÃ[˝ }Á]Ó]ÁX ◊[˝„y‘TˆÁ a]aÓÁ◊ªRÙO a]ÁW˝ÁX EıÃ[˝”X :  

 1 2 3 4 5 6 
1 — 5 13 6 4 8 
2 6 — 11 5 4 3 
3 8 7 — 6 3 11 
4 5 4 11 — 5 8 
5 5 2 7 8 — 4 
6 6 3 13 5 4 — 

8* ^◊V ÂEıÁX y‘›QÕˆÁÃ[˝ ]…_Ó a…ªJÙEı ]ÓÁ◊ÆœÙj◊ªRÙO AEı◊ªRÙO ◊[˝Y“◊Tˆa] 

]ÓÁ◊ÆœÙj c˜Ã^ TˆÁc˜„_ Y“]ÁS EıÃ[˝”X Â^ y‘›QÕˆÁÃ[˝ ]ÁX `…XÓ c˜„[˝* 

9*ı X›„ªJÙÃ[˝ y‘›QÕˆÁ a]aÓÁ◊ªRÙO„Eı ÈÃ[˝◊FEı ÊY“ÁG–Á◊]e a]aÓÁÃ^ Ã[˝÷YÁ‹ôˆÃ[˝ 

Eı„Ã[˝ a]ÁW˝ÁX EıÃ[˝”X :  
 1B  2B  3B  

1A  2 –2 3 

2A  –3 5 –1 

10* ÂVFÁX Â^ n aeFÓEı G‹ôˆ[˝Óÿöˆ_ A[˝e m =dYÁVX ÿöˆ_ ◊[˝◊`rÙ 

AEı◊ªRÙO a]TˆÁY…SÔ Y◊Ã[˝[˝c˜X a]aÓÁÃ[˝ a[˝ÔÁ◊W˝Eı Â]Ï_ ªJÙ_      

c˜„[˝  m + n –1. 

◊[˝\ˆÁG — Gı 

Â^-ÂEıÁ„XÁ ªJÙÁÃ[˝◊ªªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX f 3 × 4 = 12 

11* 3E  ÂV„`Ã[˝ AEı◊ªRÙO ◊\ˆ◊w¯ ◊XSÔÃ^ EıÃ[˝”X ^ÁÃ[˝ ]„W˝Ó ( 1, 2, 2 ) 

A[˝e ( 2, 0, 1 ) %‹ôˆ\«ˆ¤N˛* 

12* ÂVFÁX Â^ 3E  ÂV„` 

}52:),,({ 321321 ≤+−= xxxxxxS  ÂaªRÙO◊ªRÙO AEı◊ªRÙO 

=w¯_ ÂaªRÙO* 

13* 2E  ÂV„` }0,0,1:),({ 21
2
2

2
121 ≥≥≤+= xxxxxxS

ÂaªRÙO◊ªRÙOÃ[˝ Y“Á◊‹ôˆEı ◊[˝≥V«m◊_ (^◊V ÂEıÁX Y“Á◊‹ôˆEı ◊[˝≥V« UÁ„Eı) 

◊XSÔÃ^ EıÃ[˝”X* 

14* 4E  ÂV„` 20264 4321 =+++ xxxx  Ac˜O YÃ[˝Áa]Tˆ_ 

aÁ„Y„l˘ ( 1, 1, 1, 1 ) ◊[˝≥V«◊ªRÙOÃ[˝ %[˝ÿöˆÁX ◊XSÔÃ^ EıÃ[˝”X* 

15* V«c˜O [˝Ó◊N˛Ã[˝ `…XÓ Â^ÁGZı_ ◊[˝◊`rÙ y‘›QÕˆÁ a]aÓÁ aey‘Á‹ôˆ Â]Ï_ 

=YYÁVÓ◊ªRÙO ◊[˝[˝ Tˆ EıÃ[˝”X* 

16* %Á„Ã[˝ÁY a]aÓÁ„Eı ^UÁUÔ L.P.P. [˝_Á ^ÁÃ^ ◊Eı ? =w¯„Ã[˝Ã[˝ 

a]UÔ„X ^«◊N˛ ◊VX* 

17* X›‰ªJÙÃ[˝ Y◊Ã[˝[˝c˜X a]aÓÁ◊ªRÙO„Eı ÈÃ[˝◊FEı ÊY“ÁG–Á◊]e a]aÓÁ ◊c˜„a„[˝ 

◊_F«X :  
 1D  2D  ia  

1O  4 2 10 

2O  1 3 12 

jb  8 14  

18* }0:),,({ == yzzyxW  ÂaªRÙO◊ªRÙO 3E -AÃ[˝ =Y„V` ◊EıXÁ 

YÃ[˝›l˘Á EıÃ[˝”X* 
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 ( English Version ) 
Group – A 

   Answer any two questions. 10 × 2 = 20 
1. a) Three types of products A, B, C are 

produced in a firm. The profits per unit of 
A, B, C are respectively Rs. 3, Rs. 2 and    
Rs. 4. The firm has two machines and the 
required processing time in minutes for 
each machine on each unit of product is 
given below : 
  Products 
  A B C 

Machines 
X 4 3 5 
Y 2 2 4 

  The firm manufactures at most 150 A's, 
200 B's and 50 C's. Machines X and Y can 
be used at most 2000 minutes and       
2500 minutes respectively. Set up an L.P.P. 
to maximize the profit. 5 

 b) Solve (if possible) graphically the following 
L.P.P. : 5 

  Maximize 21 xxZ +=  

  subject to 021 ≤− xx  

                  33 21 −≥− xx  

                  0, 21 ≥xx  

2. a) Prove that the set of all convex 
combinations of a finite number of points in 

nE  space is a convex set. 4 

 b) Solve the following L.P.P. by simplex 
algorithm : 6 

  Maximize 21 35 xxZ +=  

  subject to 221 ≤+ xx  

                          1025 21 ≤+ xx  

                          1283 21 ≤+ xx  

                          0, 21 ≥xx  

3. a) Find the dual of the following L.P.P. : 6 
  Minimize 321 xxxZ ++=  

  subject to 543 321 =+− xxx  

                  32 21 ≤− xx  

                   42 32 ≥− xx  

  321 ,0, xxx ≥  is unrestricted in sign. 

 b) Show that 01 =x , 02 =x , 23 =x ,  14 −=x , 

35 =x  is a basic solution of the following 

system of equations : 4 
  14322 54321 =+−+− xxxxx  

    532 4321 =+++ xxxx  

    1022 531 −=−− xxx   

4. a) Show that the following L.P.P. has no 
feasible solution : 5 

  Minimize 321 32 xxxZ ++=  

  subject to 232 321 =++− xxx  

                   1432 321 =++ xxx  

                   0,, 321 ≥xxx  
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 b) Prove that the dual of the dual of an L.P.P. 
is the primal.

 
5 

Group – B 
   Answer any three questions. 6 × 3 = 18 
5. Solve the following unbalanced transportation 

problem :  
 1D  2D  3D  ia  

1O  4 3 2 10 

2O  1 5 0 13 

3O  3 8 6 12 

jb  8 5 7  

6. Solve the following assignment problem :  
 1 2 3 4 5 

A 8 4 2 6 1 

B 0 9 5 5 4 

C 3 8 9 2 6 

D 4 3 1 0 3 

E 9 5 8 9 5 
7. Solve the following travelling salesman problem : 
   

 1 2 3 4 5 6 
1 — 5 13 6 4 8 
2 6 — 11 5 4 3 
3 8 7 — 6 3 11 
4 5 4 11 — 5 8 
5 5 2 7 8 — 4 
6 6 3 13 5 4 — 

8. If the pay-off matrix of a game be skew-
symmetric matrix then show that the value of the 
game will be zero. 

9. Solve the following game problem by 
transforming it to L.P.P. : 

 1B  2B  3B  

1A  2 –2 3 

2A  –3 5 –1 

10. Show that the number of basic variables             
in a balanced transportation problem              
with n destinations and m origins is at           
most m + n –1. 

Group – C 

   Answer any four questions. 3 × 4 = 12 

11. Find a basis of the space 3E  containing                   
( 1, 2, 2 ) and ( 2, 0, 1 ). 

12. Show that }52:),,({ 321321 ≤+−= xxxxxxS  is 

a convex set in the space 3E . 

13. Find the extreme points ( if any ) of the set 

}0,0,1:),({ 21
2
2

2
121 ≥≥≤+= xxxxxxS  in 2E . 

14. Determine the position of the point ( 1, 1, 1, 1 ) 
relative to the hyperplane  

 20264 4321 =+++ xxxx  in 4E . 
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15. State the fundamental theorem on two person 
zero sum game. 

16. Is assignment problem strictly an L.P.P. ? Give 
reasons for your answer. 

17. Express the following transportation problem as 
an L.P.P. :  

 1D  2D  ia  

1O  4 2 10 

2O  1 3 12 

jb  8 14  

18. Examine whether the set }0:),,({ == yzzyxW  is 

a subspace of the space 3E . 

    
 


