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

 ◊Qˆ„a∂ëˆÃ[˝, 2014 C L«X, 2015 

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) ÂEıÁ„XÁ c˜ÁaYÁTˆÁ„_ X…ÓXTˆ] XÁ„aÔÃ[˝ ªJÙÁ◊c˜VÁ ◊X‰ªJÙÃ[˝ 

aÁÃ[˝S›„Tˆ Y“Vw¯ :  

%[˝◊W˝ a]Ã^ (24 H≥RÙOÁÃ^) X…ÓXTˆ] XÁ„aÔÃ[˝ ªJÙÁ◊c˜VÁ 

1 6 AM - 10 AM 60 
2 10 AM - 2 PM 70 
3 2 PM - 6 PM 80 
4 6 PM - 10 PM 50 
5 10 PM - 2 AM 30 
6 2 AM - 6 AM 40 

  XÁ„aÔÃ[˝Á Y“„TˆÓEı %[˝◊W˝Ã[˝ £Ã[˝”„Tˆ c˜ÁaYÁTˆÁ„_ =Y◊ÿöˆTˆ 

c˜„[˝ A[˝e ªRÙOÁXÁ %ÁªRÙO H≥RÙOÁ EıÁL EıÃ[˝„[˝* c˜ÁaYÁTˆÁ_ 

X…ÓXTˆ] aeFÓÁÃ[˝ XÁaÔ Ã[˝ÁF„Tˆ ªJÙÁÃ^ ^Á„Tˆ a]ÿôˆ %[˝◊W˝„Tˆ 

^„UrÙ aeFÓEı XÁaÔ UÁ„Eı* a]aÓÁ◊ªRÙO ÈÃ[˝◊FEı a]aÓÁ 

◊c˜„a„[˝ Y“EıÁ` EıÃ[˝”X* 5 

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

a]aÓÁ◊ªRÙO„Eı a]ÁW˝ÁX EıÃ[˝”X [˝Á a]ÁW˝ÁX„^ÁGÓ XÁ c˜„_ 

TˆÁC c˜O◊ÜTˆ EıÃ[˝”X : 5 

  %[˝] 21 23 xxZ −=  

  `Tˆ¤ aÁ„Y„l˘, 1243 21 ≥+ xx  
                 63 21 ≤− xx  
                 42 21 −≤− xx  
                   0, 21 ≥xx  

2* (Eı) 31 =x , 12 =x , 03 =x , 34 =x  X›‰ªJÙÃ[˝ 

a]›EıÃ[˝Sm◊_Ã[˝ AEı◊ªRÙO EıÁ^ÔEıÃ[˝ a]ÁW˝ÁX* TˆÁ ÂU„Eı 

Â]Ï_ EıÁ^ÔEıÃ[˝ a]ÁW˝ÁXm◊_ ◊XSÔÃ^ EıÃ[˝”X* 5   
  164 4321 =+−+ xxxx  

  11232 4321 =+++ xxxx    

 (F) Y“]ÁS EıÃ[˝”X Â^ nE ÂV„`, bAX =  Ac˜O  

a]›EıÃ[˝STˆ„‹óˆˆÃ[˝ Y“◊Tˆ◊ªRÙO Â]Ï_ EıÁ^ÔEıÃ[˝ a]ÁW˝ÁXc˜O 

EıÁ^ÔEıÃ[˝ a]ÁW˝Á„XÃ[˝ =w¯_ Âa‰ªRÙOÃ[˝ ÂEıÁ„XÁ Y“Á◊‹ôˆEı ◊[˝≥V« 

c˜„[˝* 5 
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3* (Eı) È•Tˆ a]aÓÁ◊ªRÙOÃ[˝ a]ÁW˝Á„XÃ[˝ ]ÁW˝Ó„] ◊X∂oˆ◊_◊FTˆ ÈÃ[˝◊FEı 
ÊY“ÁG–Á◊]e a]aÓÁ◊ªRÙOÃ[˝ a]ÁW˝ÁX EıÃ[˝”X : 5 

  %[˝] 21 xxZ +=   

  `Tˆ¤ aÁ„Y„l˘, 122 21 ≥+ xx  

                    4865 21 ≥+ xx  

                    0, 21 ≥xx  

 (F) È•TˆTˆÁÃ[˝ Â]Ï_ =YYÁVÓ◊ªRÙO ◊[˝[˝ Tˆ EıÃ[˝”X* 5 
4* (Eı) ◊X∂oˆ◊_◊FTˆ ÈÃ[˝◊FEı ÊY“ÁG–Á◊]e a]aÓÁ◊ªRÙOÃ[˝ a]ÁW˝ÁX  

EıÃ[˝”X : 5 

  %[˝] 21 23 xxZ +−=  

  `Tˆ¤aÁ„Y„l˘, 144 21 ≥+− xx  

                  623 21 ≤+− xx  

                  0, 21 ≥xx  

 (F) ^◊V ÂEıÁ„XÁ ÈÃ[˝◊FEı a]aÓÁÃ[˝ %‹ôˆTˆf V«◊ªRÙO ªJÙÃ[˝] 
(optimum) a]ÁW˝ÁX UÁ„Eı Tˆ„[˝ Y“]ÁS EıÃ[˝”X Â^ B 
a]aÓÁ◊ªRÙOÃ[˝ %aeFÓ ªJÙÃ[˝] a]ÁW˝ÁX UÁEı„[˝ ^ÁÃ[˝Á B ªJÙÃ[˝] 
a]ÁW˝ÁXm◊_Ã[˝ =w¯_ a]Á„[˝` c˜„[˝*

 
5 

 ◊[˝\ˆÁG — Fı 
Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 6 × 3 = 18 
5* ◊X‰∂oˆÃ[˝ Y◊Ã[˝[˝c˜X a]aÓÁ◊ªRÙOÃ[˝ a]ÁW˝ÁX EıÃ[˝”X : 6  

 1D  2D  3D  4D   

1O  10 7 3 6 3 

2O  1 6 8 3 5 

3O  7 4 5 3 7 

 4 6 6 4  

6* ◊X‰∂oˆÃ[˝ %Á„Ã[˝ÁY a]aÓÁ◊ªRÙO a]ÁW˝ÁX EıÃ[˝”X : 6  

 I II III IV V 
A 14 18 20 16 16 
B 12 17 15 15 16 
C 14 14 13 16 20 
D 12 15 16 14 19 
E 15 22 13 14 16 

7* X›‰ªJÙÃ[˝ }Á]Ó]ÁX ◊[˝„y‘TˆÁ a]aÓÁ◊ªRÙOÃ[˝ a]ÁW˝ÁX EıÃ[˝”X : 6  

 A B C D E 
A — 14 7 17 9 
B 8 — 13 20 12 
C 10 10 — 15 12 
D 13 11 13 — 14 
E 9 11 10 12 — 

8* Â_F◊ªJÙ‰yÃ[˝ aÁc˜Á„^Ó X›‰ªJÙÃ[˝ y‘›QÕˆÁ a]aÓÁ◊ªRÙOÃ[˝ a]ÁW˝ÁX EıÃ[˝”X : 

  6  

 ÂF„_ÁÃ^ÁQÕˆı B 

ÂF„_ÁÃ^ÁQÕˆı A 
3 2 –1 4 3 4 
2 5 6 –2 4 2 

9* ÂEıÁ„XÁ y‘›QÕˆÁ a]aÓÁ L.P.P.-ÂTˆ Y“EıÁ` EıÃ[˝”X A[˝e ÂVFÁX 

Â^ A A[˝e B-AÃ[˝ a]aÓÁ A„Eı %Y„Ã[˝Ã[˝ È•Tˆ a]aÓÁ c˜„[˝*ı 

  6 
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10* nmija ×)( ]ÓÁ◊ÆœÙj◊ªRÙO ÂEıÁ„XÁ y‘›QÕˆÁÃ[˝ ]…_Ó a…ªJÙEı ]ÓÁ◊ÆœÙj c˜„_ 

Y“]ÁS EıÃ[˝”X Â^ y‘›QÕˆÁ◊ªRÙOÃ[˝ %„`üÁY„[˝`X ◊[˝≥V«Ã[˝ %◊ÿôˆ±ºˆ UÁEı„[˝ 

^◊V A[˝e ÂEı[˝_]Áy ^◊V  
 

           i
max  j

min  =ija  j
min  i

max  ija  c˜Ã^* 6 

◊[˝\ˆÁG — Gı 

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

11* Y“]ÁS EıÃ[˝”X 3E  ÂV„` 

}0432:),,({ =++= yxzyxS  AEı◊ªRÙO =w¯_ ÂaªRÙO*ı 3 

12* ( 1, 2, 3 )-ÂEı ( 1, 0, 1), ( 1, 1, 0 ) A[˝e ( 2, 1, 1 )-AÃ[˝ 

ÈÃ[˝◊FEı a][˝ÁÃ^ ◊c˜„a„[˝ Y“EıÁ` EıÃ[˝”X* A◊ªRÙO ◊Eı %XXÓ c˜„[˝ ? 

  3 

13* bCX =  AEı◊ªRÙO YÃ[˝Áa]Tˆ_ Â^FÁ„X )7,4,2,3(=C , 
TxxxxX ),,,( 4321=  A[˝e 8=b * )2,7,1,6(− A[˝e 

)1,4,2,1( −  ◊[˝≥V« V«◊ªRÙO ÂEıÁX %W˝Ô„V„` UÁEı„[˝ ? 3 

14* =w¯_ %ÁW˝ÁÃ[˝ C =w¯_ [˝ßTˆ_„EıÃ[˝ ]„W˝Ó YÁUÔEıÓ ◊XSÔÃ^ 

EıÃ[˝”X* 3 

15* ÂVFÁX Â^ S = { (0,1,–1), (0,1,1), (1,–1, 0), (1,1,0) } 

3E ÂV„`Ã[˝ AEı◊ªRÙO [˝ÓÁ◊ä ÂaªRÙO GPˆX Eı„Ã[˝* S-AÃ[˝ AEı◊ªRÙO 

=Y„aªRÙO Â[˝Ã[˝ EıÃ[˝”X ^Á 3E -AÃ[˝ AEı◊ªRÙO ◊\ˆ◊w¯ c˜„[˝* A◊ªRÙO ◊Eı 

%XXÓ ?ı 3 

16* Maximin A[˝e minimax X›◊Tˆ %[˝_∂ëˆX Eı„Ã[˝ y‘›QÕˆÁ◊ªRÙOÃ[˝ 

a]ÁW˝ÁX EıÃ[˝”X : 3  

 B 

A 

4 2 3 4 
–2 –1 4 –3 
5 2 3 3 
4 0 0 1 

17* 21 =x , 32 =x , 03 =x  ◊Eı  

 21753 321 =−+ xxx  

 423106 321 =++ xxx  

 a]›EıÃ[˝STˆ„‹óˆÃ[˝ AEı◊ªRÙO Â]Ï_ EıÁ^ÔEıÃ[˝ a]ÁW˝ÁX c˜„[˝ ? AEıc˜O 

aÁ„U a]ÿôˆ Â]Ï_ EıÁ^ÔEıÃ[˝ a]ÁW˝ÁXm◊_ Â[˝Ã[˝ EıÃ[˝”X* 3 

18* Y“Vw¯ Y“ÁU◊]Eı a]aÓÁ◊ªRÙOÃ[˝ È•Tˆ a]aÓÁ◊ªRÙO ◊_F«X : 3 

 ªJÙÃ[˝] 321 432 xxxZ +−=  

 `Tˆ¤ aÁ„Y„l˘, 1321 ≤−− xxx  

                    632 321 ≥++ xxx  

                    0, 21 ≥xx  
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( English Version ) 
Group – A 

   Answer any two questions. 10 × 2 = 20 
1. a) A hospital has the following minimum 

requirement for nurses :  

Period 
Clock time 24 
hours / day 

Min. number of 
nurses required 

1 6 AM - 10 AM 60 
2 10 AM - 2 PM 70 
3 2 PM - 6 PM 80 
4 6 PM - 10 PM 50 
5 10 PM - 2 AM 30 
6 2 AM - 6 AM 40 

  Nurses report to the hospital wards at the 
beginning of each period and work for eight 
consecutive hours. The hospital wants to 
determine the minimum number of nurses 
so that there may be sufficient number of 
nurses available for each period. Formulate 
this as an L.P.P. 5 

 b) Solve the following L.P.P. graphically, 
indicate also if it is not solvable :  5 

  Minimize 21 23 xxZ −=  

  subject to 1243 21 ≥+ xx  
                63 21 ≤− xx  
                42 21 −≤− xx  
                  0, 21 ≥xx  

2. a) Reduce the feasible solution 31 =x , 12 =x , 
03 =x , 34 =x  to basic feasible solutions 

of the following set of equations : 5   

  164 4321 =+−+ xxxx  

  11232 4321 =+++ xxxx    

 b) Prove that in nE  space every basic feasible 
solution of the system of equation bAX =  
will be a vertex of the convex set of all 
feasible solutions. 5 

3. a) Solve the following L.P.P. by solving its  
dual : 5 

  Minimize 21 xxZ +=   

  subject to 122 21 ≥+ xx  

                  4865 21 ≥+ xx  

                  0, 21 ≥xx  

 b) Write down fundamental theorem of 
duality. 5 

4. a) Solve the following L.P.P. : 5 

  Minimize 21 23 xxZ +−=  

  subject to 144 21 ≥+− xx  

                  623 21 ≤+− xx  

                  0, 21 ≥xx  



 EMT-XIV (UT-230/15) EMT-XIV (UT-230/15) 2  

B.Sc.-417-G    [ Y„Ã[˝Ã[˝ Y úˆÁÃ^ V–rÙ[˝Ó B.Sc.-417-G   

 b) If an L.P.P. possesses at least two optimal 
feasible solutions then prove that there 
exist an infinite number of optimal 
solutions which are convex combination of 
the optimal solutions.

 
5 

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

 1D  2D  3D  4D   

1O  10 7 3 6 3 

2O  1 6 8 3 5 

3O  7 4 5 3 7 

 4 6 6 4  

6. Solve the following assignment problem : 6  
 I II III IV V 
A 14 18 20 16 16 
B 12 17 15 15 16 
C 14 14 13 16 20 
D 12 15 16 14 19 
E 15 22 13 14 16 

7. Solve the following Travelling Salesman problem : 
  6  

 A B C D E 
A — 14 7 17 9 
B 8 — 13 20 12 
C 10 10 — 15 12 
D 13 11 13 — 14 
E 9 11 10 12 — 

8. Solve the following game problem graphically : 6  
 Player B 

Player A 
3 2 –1 4 3 4 
2 5 6 –2 4 2 

9. Deduce a game problem into an L.P.P. and prove 
that problems of A and B are dual of one 
another. 6 

10. If nmija ×)(  be the pay off matrix of a game then 

prove that the saddle point exists if and only if  

           i
max  j

min  =ija  j
min  i

max aij 6 

 

Group – C 

   Answer any four questions. 3 × 4 = 12 

11. Show that in 3E , }0432:),,({ =++= yxzyxS   
is a convex set. 3 

12. Express ( 1, 2, 3 ) as a linear combination of         
( 1, 0, 1), ( 1, 1, 0 ) and ( 2, 1, 1 ). Is it unique ? 3 

13. Consider the hyperplane bCX =  where 

)7,4,2,3(=C , TxxxxX ),,,( 4321=  and 8=b . 

Find the half space on which )2,7,1,6(−  and 

)1,4,2,1( −  lie. 3 

14. What is the difference between convex hull and 
convex polyhedron ? 3 
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15. Prove that S = { (0,1,–1), (0,1,1), (1,–1, 0), (1,1,0) } 

generates 3E . Find a subset of S which is a 

basis of 3E . Is it unique ? 3 

16. Using maximin and minimax principle solve the 
game : 3  

 B 

A 

4 2 3 4 
–2 –1 4 –3 
5 2 3 3 
4 0 0 1 

17. Find whether 21 =x , 32 =x , 03 =x  is a basic 

feasible solution of  
 21753 321 =−+ xxx  

 423106 321 =++ xxx  

 Find also all basic feasible solutions. 3 
18. Write down dual of the primal problem : 3 
 Maximize 321 432 xxxZ +−=  

 subject to 1321 ≤−− xxx  

                 632 321 ≥++ xxx  

                 0, 21 ≥xx  

    
 


