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Exercise 1: The knapsack problem – branch and bound

I Solve the following ILP with branch and bound:

maximize 5x1 + 6x2 + 7x3

s.t. 2x1 + 3x2 + 3x3 ≤ 9
x1, x2, x3 ∈ [0, 2]

I B ranch and bound – M ain concep ts
I R elax ation: H ere LP
I B ranching strategy : H ere ≥ and ≤

I T ree search strategy : H ere D ep th-fi rst
I N ode cutting criteria:

I infeasible solution,
I op tim al solution is feasible in IL P , or
I op tim al v alue is w orse th an th at of any feasible solution
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Exercise 2: Company producing wooden furniture –

Sensitivity analysis

A company produces four different sorts of wooden furniture.

Three basic operations are made: cutting, shaping and grinding.

There are 910 machine hours available for cutting, 800 machine

hours for shaping and 480 machine hours for grinding. The

company’s objective is to maximize the profit. The initial simplex

tableau is given by:

-z x1 x2 x3 x4 s1 s2 s3 b̄

-z 1 90 16 0 40 100 0

s1 7 8 3 5 1 910

s2 5 4 8 5 1 800

s3 2 8 4 2 1 480
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Exercise 2: Company producing wooden furniture –

Sensitivity analysis

After simplex, the optimal tableau is:

-z x1 x2 x3 x4 s1 s2 s3 b̄

-z 1 -10 -13 0 0 -15 -25 / 2 -18 000

s1 2 -11/ 2 1 -3 / 4 -5 / 8 10
x4 1 3 / 2 1 1/ 4 -1/ 8 14 0
x2 1 1/ 8 -1/ 16 5 / 3 2 25

Q uestion s:

[a] W hat are the implic it prices (shad ow price/ d ual
v alue/ marg in price) for each con strain t?
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Exercise 2: Company producing wooden furniture –

Sensitivity analysis

After simplex, the optimal tableau is:

-z x1 x2 x3 x4 s1 s2 s3 b̄

-z 1 -10 -13 0 -15 -25 / 2 -18 0 0 0

s1 2 -11/ 2 1 -3 / 4 -5 / 8 10
x4 1 3 / 2 1 1/ 4 -1/ 8 14 0
x2 1 1/ 8 -1/ 16 5 / 3 2 25

Q uestion s:

[b] If a saw mill off ers further machin e hours for
10 / hour, should you ac cept? W hat if an other
g rin d in g compan y off ers capac ity for 10 / hour, should
you ac cept? H ow man y hours w ould you buy ?
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Exercise 2: Company producing wooden furniture –

Sensitivity analysis

After simplex, the optimal tableau is:

-z x1 x2 x3 x4 s1 s2 s3 b̄

-z 1 -10 -13 0 -15 -25 / 2 -18 0 0 0

s1 2 -11/ 2 1 -3 / 4 -5 / 8 10
x4 1 3 / 2 1 1/ 4 -1/ 8 14 0
x2 1 1/ 8 -1/ 16 5 / 3 2 25

Q uestion s:

[c ] W hich profi t is n eed ed to make prod uct 3 w orth
to prod uce?
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Exercise 2: Company producing wooden furniture –

Sensitivity analysis

After simplex, the optimal tableau is:

-z x1 x2 x3 x4 s1 s2 s3 b̄

-z 1 -10 -13 0 -15 -25 / 2 -18 000

s1 2 -11/ 2 1 -3 / 4 -5 / 8 10
x4 1 3 / 2 1 1/ 4 -1/ 8 14 0
x2 0 1 1/ 8 -1/ 16 5 / 3 2 25

Q uestion s:

[d ] H ow much can the profi t for prod uct 4 chan g e
w ithout chan g in g the prod uced q uan tities?
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Exercise 2: Company producing wooden furniture –

Sensitivity analysis

After simplex, the optimal tableau is:

-z x1 x2 x3 x4 s1 s2 s3 b̄

-z 1 -10 -13 0 -15 -25 / 2 -18 0 0 0

s1 2 -11/ 2 1 -3 / 4 -5 / 8 10
x4 1 3 / 2 1 1/ 4 -1/ 8 14 0
x2 1 1/ 8 -1/ 16 5 / 3 2 25

Q uestion s:

[e] T he man ag ers are con sid erin g to in trod uce a n ew
prod uct. T he prod uct d eman d s 5 hours cuttin g , 3
hour shapin g an d 2 hour g rin d in g . T he expected
profi t is 120 / un it. W hat is the d ec ision ?
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Exercise 3: Duality

maximize z = 2x1 + 3x2 + 4x3

s.t. x1 + 2x2 + x3 ≤ 4
2x1 + 3x2 + 3x3 ≥ 1

x1, x2 ≥ 0

[a ] G iv e th e d u a l p ro g ra m

[b ] C h o o se a n a rb itra ry p o in t in th e p rim a l a n d o n e th e
d u a l, re sp e c tiv e ly, a n d sh o w th a t w e a k d u a lity h o ld s

[c ] D e te rm in e th e o p tim a l so lu tio n fo r th e p rim a l a n d
fo r th e d u a l
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Exercise 4: Network modelling

Two cities, A and B, produce 500 tons and 400 tons, respectively,
domestic waste every day. The waste is transported to, and burned
up, in one of the two burning plants, C and D, with a capacity of
500 tons per day each. The costs for burning at C is 320 SEK/ton,
and at D 240 SEK/ton. During the burn up the waste is converted
into dross, and 1 ton waste results in 200 kg dross. The dross is
transported to one of the two end plants E or F. Each end plant
can take 150 tons of dross/day. There are no costs when dumping
the dross. The transportation costs are 150 SEK per ton and mile,
for both waste and dross. The distances are given in table below.

A B E F

C 7 8 1 3

D 1 9 3 2

F ormulate a network model to decide minimal cost for transporting
and burning the waste, and transporting and dumping the dross.
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