
Solutions outline

Q1.(a) xi = number of nurses starting their week on day-i

Minimize

7∑
i=1

xi

Subject to x1 +x4 + x5 +x6 + x7 ≥ d1

x1 +x2 + x5 +x6 + x7 ≥ d2

x1 +x2+x3 +x6 + x7 ≥ d3

x1 +x2+x3 +x4 + x7 ≥ d4

x1 +x2+x3 +x4 + x5 ≥ d5

x2+x3 +x4 + x5 +x6 ≥ d6

x3 +x4 + x5 +x6 + x7 ≥ d7

xi ≥ 0

(b) Idea: |x| = max{−x, x}

Minimize a+ b+ c

Subject to x+ y ≤ 1

2x+ z = 3

a ≥ x, a ≥ −x
b ≥ y, b ≥ −y
c ≥ z, c ≥ −z

Q2.

Minimize x1 + 4x2 + x3

Subject to 2x1 − 2x2 + x3 = 4

x1 − x3 = 1

x2, x3 ≥ 0

Minimize y1 − y2 + 4x2 + x3

Subject to 2y1 − 2y2 − 2x2 + x3 = 4

y1 − y2 − x3 = 1

y1, y2, x2, x3 ≥ 0
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Minimize x1 − x2 + 4x3 + x4

Subject to 2x1 − 2x2 − 2x3 + x4 = 4

x1 − x2 − x4 = 1

x1, x2, x3, x4 ≥ 0

Finding initial BFS

Minimize − x5 − x6

Subject to 2x1 − 2x2 − 2x3 + x4 + x6 = 4

x1 − x2 − x4 + x5 = 1

x1, x2, x3, x4, x5, x6 ≥ 0

x6 =4 −2x1 + 2x2 +2x3 − x4

x5 =1 −x1 + x2 + x4
z =− 5 +3x1 − 3x2 −2x3

x6 =2 + 2x3 −3x4 + 2x5

x1 =1 +x2 +x4 − x5
z =− 2 − 2x3 +3x4 − 3x5

x4 =
2

3
+

2

3
x3 +

2

3
x5 −

1

3
x6

x1 =
5

3
+x2 +

2

3
x3 −1

3
x5 −

1

3
x6

z = −x5 − x6

Original Simplex tableau with B = (1, 4)

x4 =
2

3
+

2

3
x3

x1 =
5

3
+x2 +

2

3
x3

z =
7

3
+

16

3
x3

[z = x1 − x2 + 4x3 + x4 = ( 53 + x2 +
2
3x3)− x2 + 4x3 + ( 23 + 2

3x3) =
7
3 + 16

3 x3]
zopt =

7
3
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Q3.(b) Primal: max cTx Subject to Ax ≤ band x ≥ 0
Dual: min bT y Subject to AT y ≥ cand y ≥ 0
Any feasible solution of the following LP gives an optimal solution (using dual-
ity theorem)

Maximize f(.)

Subject to Ax ≤ b

AT y ≥ c

cTx ≥ bT y

x ≥ 0, y ≥ 0
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