
1. Whatis thedualof thefollowing linearprogrammingproblem:

maximize x1
� 2x2

subjectto x1
�

2x2
� x3

�
x4 � 0

4x1
�

3x2
�

4x3
� 2x4 � 3

� x1
� x2

�
2x3

�
x4 � 1

x2 � x3 � 0 �
2. For x andy in � , compute

max
x � 0

min
y � 0

	
x � y 
 and min

y � 0
max
x � 0

	
x � y 


andnotewhetheror not they areequal.
3. Considerthefollowing linearprogrammingproblem:

maximize 2x1
�

8x2
� x3

� 2x4
subjectto 2x1

�
3

�
6x4 � 6

� 2x1
�

4x2
�

3x3 � 1 � 5
3x1

�
2x2

� 2x3
� x4 � 4

x1 � x2 � x3 � x4 � 0 �
Supposethat,in solvingthis problem,you have arrivedat thefollow-
ing dictionary:
� � 3 � 5 � 0 � 25� 1

�
6 � 25x2

� 0 � 5 � 3
� 1 � 5x4

x1 � 3 � 0 � 0 � 5 � 1
� 1 � 5x2

� 3 � 0x4
� 2 � 0 � 0 �

1 � 25� 1
� 3 � 25x2

� 1 � 5 � 3
�

13� 5x4
x3 � 2 � 5 � 0 � 75� 1

� 1 � 25x2
�

0 � 5 � 3
� 6 � 5x4 �

(a) Write down thedualproblem.
(b) In thedictionaryshown above,which variablesarebasic?Which

arenonbasic?
(c) Write down theprimalsolutioncorrespondingto thegivendictio-

nary. Is it feasible?Is it degenerate?
(d) Write down thecorrespondingdualdictionary.
(e) Write down thedualsolution.Is it feasible?
(f) Do theprimal/dualsolutionsyou wroteabovesatisfythecomple-

mentaryslacknessproperty?
(g) Is thecurrentprimal solutionoptimal?
(h) For thenext (primal)pivot, which variablewill enterif thelargest

coefficient rule is used?Which will leave? Will thepivot bede-
generate?
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4. Considerthefollowing variantof theresourceallocationproblem:

maximize cT x
subjectto Ax 
 b

0 
 x 
 u �
(1)

Here,c denotesthevectorof unit pricesfor theproducts,b denotesthe
vectorcontainingthe numberof units on handof eachraw material,
andu denotesavectorof upperboundsonthenumberof unitsof each
productthatcanbesoldatthesetprice.Now, let’sassumethattheraw
materialshave not beenpurchasedyet andit is partof theproblemto
determineb. Let p denotethevectorof pricesfor eachraw material.
Theproblemthenbecomesanoptimizationoverbothx andb:

maximize cT x � pT b
subjectto Ax � b 
 0

0 
 x 
 u
b � 0 �

(a) Show thatthis problemalwayshasanoptimalsolution.
(b) Let y ��� b � denoteoptimaldualvariablesfor theoriginal resource

allocationproblem(1) (note that we’ve explicitly indicatedthat
thesedualvariablesdependon thevectorb). Show that theopti-
mal valueof b, call it b � , satisfies

y � � b � ��� p �


