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Department of Mathematics
MTL 725 (Stochastic Processes and Applications)

Tutorial Sheet 4 Answers

2 Before training the mean waiting time is 25 min and after training the mean waiting time is 45 min. So
training is not beneficial.

4
Let pij = P(Xn+1 = j | Xn = i).

pij =



1

b− a

∫ b

a

(λs)je−λs

j!
ds, i = 0, j ≥ 0,

1

b− a

∫ b

a

(λs) j−(i−1)e−λs

(j − (i− 1))!
ds, i ≥ 1, j ≥ i− 1,

0, otherwise.

Equivalently, letting k = j − (i− 1),

pij =


1

b− a

∫ b

a

(λs)ke−λs

k!
ds, k ≥ 0,

0, k < 0.

5
For an M/G/1 queue, using the Pollaczek–Khinchine formula:

L = ρ+
λ2E[S2]

2(1− ρ)
, W =

L

λ

where ρ = λE[S].

If S ∼ Beta(α, β) on (0, 1), then:

E[S] =
α

α+ β
, E[S2] =

α(α+ 1)

(α+ β)(α+ β + 1)
.

⇒ ρ = λ
α

α+ β
.

Mean number in system:

L =
λα

α+ β
+

λ2

2(1− λ α
α+β )

· α(α+ 1)

(α+ β)(α+ β + 1)
.

Mean waiting time in system:

W =
L

λ
=

α

α+ β
+

λ

2(1− λ α
α+β )

· α(α+ 1)

(α+ β)(α+ β + 1)
.
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6
E[X] = 3

E[R] =
3

5
= 0.6 hr = 36 min

7
(a) Use M/G/1 (not M/M/1)

(b) Lq ≈ 1.48

(c) E[S] ≤ 37.1 seconds

8

(a) Lq =
8

9

(b) Wq =
8

3
minutes

9

πn =
ρn

1 + ρ+ ρ2
, n = 0, 1, 2

10

πn =
ρn/n!

1 + ρ+ ρ2/2
, n = 0, 1, 2

11
Minimum number of teams required = 2

W < 1 hour and L < 3.

13

Mean fraction of time each operator is busy =
1

60
≈ 0.0167

Mean stop time = E[S] = 2 hours

14
kmin = 50
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