Chapter 12

Solutions:
1. a. 2=35(04) =2 per five minute period
b Px) = At = 2 e
x! x!
X Plx)
0 0.1353
1 0.2707
2 (0.2707
3 0.1804
¢, P(Delay Problems)=P(x>3)=1-Px<3)=1- 0.8571 =
2. a. u=0.6customers per minute
P(service time € 1) =1 - e(0.6)1 =0 4512
b, Pservice time < 2) = 1 - ¢(0:0)2 = 0,6988
¢.  P(service time > 2)=1-0.6985 =0.3012
3oa p=1-4=1-04-03333
H 0.6
o L= =BT =550
' il - A) 0.6 (0.6-04)
¢ L =1L,+4=13333+04 =2
"ou 0.6
Ly - 13333 13
d W, = 2= === = 33333 min
A 0.4
e Wo=w,+L1=33333+ L = 5min
' ! 0.0
poPo= 4 =04 = 06667
' w006
4 P, = (&P = (1] 0333
L 0.
" Py
0 0.3333
1 0.2222
2 0.1481
3 0.0988
Pn>3)=1-Pn<3)=1-0.8024=0.1976
5. a0 py=1-4=1-10 -071667
L 12
boop o= A - 100 = 41667

pilp - 2) 12(12-10)




W, = —4 = 0.4167 hours (23 minutes)
pi
W=, + L = 5hours (30 minutes)
i
£ 10
B =2l =08333
w12
L 25
Bei-tag 22 p s
) L 2
A? i
1, . —1.0417

1.0417

2 25)2
S ) M 1
Toap—A)  5(5-23)
A 25
L=L, +—=05000+—=1
7 5
L
= D000 0.20 hours (12 minutes)
YA 25

W=, +—1- =020+ % = 0.40 hours (24 minutes)
T

=0

in

1 25
£, Bt 050

A
JTR-
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B so= 1 and o« = 125
A 1
P=l-—=1- - =0.20
U 1.25
o a3
(= Ay  1.250.25)
A 1
L=1 +==32+—=4
Tu 1.25
L, 33 ,
W =—= = 3.2 minutes
A 1
| 1 .
W=l +—=32+ = 4 minutes
toou 1.25
; 1
p=Le—=030

wh

L/ ()

Even though the services rate is increased to u
due o the fact that arrivals are occurring at a higher rate. The aver

but there is a higher probability of waiting and the number waiting increases with the new system.

9. a p,=1-4=1-2L =056
4 s
b P = (.f:_) p, = 2:2(0.560) = 0.2464
U 5
¢ p, = (z_) P, = (’_3_) (0.56) = 0.1084
ya 5
d p, = (/_) p, = (2_3_)* (0.56) = 0.0477
H s
e, P(More than 2 waiting) = 2(More than 3 are in system)
= |- (Py+ P+ Py- P3)=1-09625=00175
A ap
£ = =0.3457
Poulu—A)y  3(5-22)

e
W =—-=0.157 hours

7

(9,42 minutes)

= 1.25, this system provides slightly poorer service
age wailing times are identical,




Waiting Line Models

Average number waiting (L) 1.3333 0.3000
Average number in system (L) 2.0000 1.0000
Average time walting [Ii"q) 0.6667 0.2500
Average time 1n system (H) 1.0000 0.5000
Probability of waiting (P 0.6067 0.5000

It

O(L) + 514
0(2) + 14 =574 per hour
Experienced mechanic = $30(L) + $20

30(1) +20=185 0 per hour

b.  New mechanic $3
10
=3

- Hire the experienced mechanic

11, 2. A=253u~= 60/10 = 6 customers per hour

y 2 (2.5)
Ly & condiom & st = (.2976
g = A) 6(6-2.3)
L = Lq*/L = (0.7143
i
Ly o
Wy = —= = 0.1190 hours (7.14 minutes)
A
W = W+ L = 02857 hours
T
py = A =23 = 04167
L 6
b. No; H'q = 7.14 minutes. Firm should increase the mean service rate {u) for the consultant or hire a

second consultant.

c. p= 0608 = 7.5 customers per hour

2 735\
Ly = A = @S] . = 01667
p (- A) 15 (1.522.5)
o tg . —
Wy = — < 0.0667 hours (4 minutes)
A

The service goal is being met.




