Srvcts7ze ensig [ CirnpriAs,
S Fezigr Nozes 126~ 172 7-12 9
o prackls -
K imy T Gnstard
g3 /Waczéé.__ .
/d,&# /'nzéz-arﬁ'v'a/ Eires ae /.<J fyam%a/(f))
5 " snd i
( /;;/M Service. D‘?ﬂe.f- ae 5 £xpones 2l /K"/
(/}'7} The # d’/ SLerverf ) Lin0 res aé-xbz{&‘ﬂ- &7 c'gpaa' S~

—

M/ Feeuo P A A
A A et /—5@/1
@&—/@&_/@R_/“__CM N o )
A A AL M A
M/ s A )
B & ---E3 @) (&) - @D @ ---
A zay lslu SM st S S Sy
Notes
(}/ We f@acﬂ./ _S‘/ea% S e w/éﬂ_ ./>=J_—/—’1—/—__ Z A

(/}7% 74 ”a'/ Ca, £ e’ f4 as Jea/are, %)‘fl{f y/ /A

i

/%Me._c&_ We A/aue.; L:z/g ars’ we 74‘40/ J/é/*

A=o

P formance reaSares  ptirg L < Heso/E. f we
éﬂow e /)ma.é/, we. /‘&%/9 Save e jgf/nwé;_ ( e B NOT
reeo/ Fo catoht Fann bt Lot trons )

Alp Giray Ozen | 0533 54991 08 | alp@lecturemania.com | v




P(ﬁ)s‘//' i ¥y /lf/m fZﬁ

= 72 ok ef

Pt il >£_) o 6'7"(1.'/)‘7’1 about a/a/.;ﬁy— Fre.
9 g

¥ forambers i Pandbps Voariabl, waitirg Five of Az
Costomer e %7@71 cwhose average 7E W= f//uy

17.6-5. 1t is necessary to determine how much in-process storage / ? 6 _5-) & =
B i M/ L  model.

space to allocate to a particular work center in a new factory. Jobs
arrive at this work center according to a Poisson process with a

mean rate of 3 per hour, and the time required to perform the nec- / = Z‘Z. = &S 7 /g o= /.-/0 =0,2S

essary work has an exponential distribution with a mean of 0.25
hour. Whenever the waiting jobs require more in-process storage
space than has been allocated, the excess jobs are stored tem-

porarily in a less convenient location. If each job requires 1 square /,, ;-../9
foot of floor space while it is in in-process storage at the work cen-

A/
ter, how much space must be provided to accommodate all wait- b )
ing jobs (a) 50 percent of the time, (b) 90 percent of the time, and y ¢ m-?( f (/U/ = Z /;3, > d .90
(c) 99 percent of the time? Derive an analytical expression to an- / nN=c

swer these three questions. Hint: The sum of a geometric series is

| = Note- that, fOV) 15 Maﬁ:y%
s wACT4D
h | N let fN)= 059 7 -
AN A £ z
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17.6-9. The Friendly Neighbor Grocery Store has a single check- avrive. ro9db, €
out stand with a full-time cashier. Customers arrive randomly at 1
the stand at a mean rate of 30 per hour. The service-time distribu- / ;}' £-~9/ A = .gd C'-".ﬂé/"ef -"—/A?U/; £V°M74"/
tion is exponential, with a mean of 1.5 minutes. This situation has (S
resulted in occasional loqg lines and complaints from customers. = 4 . Jd - A& @JAMLA{PCJ/‘
Therefore, because there is no room for a second checkout stand, /(j / s
the manager is considering the alternative of hiring another person / z{
to help the cashier by bagging the groceries. This help would A M .c':i
reduce the expected time required to process a customer to 1 minute, 'gﬂyé‘ e j
but the distribution still would be exponential.

The manager would like to have the percentage of time that

there are more than two customers at the checkout stand down be- }44;"6- mﬁé,- /ﬂ_e,. ~Le&)? _9 // : = 5 Oam%u/\

low 25 percent. She also would like to have no more than 5 per-

cent of the customers needing to wait at least 5 minutes before be-
ginning service, or at least 7 minutes before finishing service. C{?‘I” &= b4 a"-/
(a) Use the formulas for the M/M/1 model to calculate L, W, W,, erp o087 ?4-..

L, Py, Py, and P, for the current mode of operation. What is /

the probability of having more than two customers at the check-

E! 7 : / »
out stand? o @{/‘e‘ {( -
T (b) Use the Excel template for this model to check your answers M/ /

in part (a). Also find the probability that the waiting time

before beginning service exceeds 5 minutes, and the prob- (_) ﬁ[N) 2) 4 0,2.5
2

ability that the waiting time before finishing service exceeds

7 minutes. 5
(c) Repeat part (a) for the alternative being considered by the (/}} /( fv/q-‘ é --"") < a9/ 5'5
manager. go

(d) Repeat part (b) for this alternative.

(e) Which approach should the manager use to satisfy her criteria (///)P( M _> 17- ) ‘_/_ (9;0 5
i
5o

as closely as possible?
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17.6-14. A gas station with only one gas pump employs the fol- 19‘. 5— /4 M//‘V/i e 9“"“;}
lowing policy: If a customer has to wait, the price is $1 per gal-
lon; if she does not have to wait, the price is $1.20 per gallon. Cus- = A - lsl__ = 9,75
tomers arrive according to a Poisson process with a mean rate of ~ yZ 2o ~
15 per hour. Service times at the pump have an exponential distri-
bution with a mean of 3 minutes. Arriving customers always wait ﬁ ‘,
until they can eventually buy gasoline. Determine the expected y P/‘lcﬁ-, f{ )
price of gasoline per gallon. f( 3 1 } > ) A= ﬂ(f .‘P)
= 2 42) 2 AW=1 [N>O
)’(' AD> o)

PlY=1) = f{ﬁ)i/;v)o) = J a,-a.r- o..:es = 0,35
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f[ﬂ)-‘-‘ Z.y/% = £,20. 9,25 + 1.,25= l,05

T 17.6-11. The Security & Trust Bank employs 4 tellers to serve [—?- b -/ﬂ S = 4 —WW;

its customers. Customers arrive according to a Poisson process at

a mean rate of 2 per minute. However, business is growing and =

management projects that the mean arrival rate will be 3 per minute /\ = 2. éd =20 s 76/&@- - /XO e

a year from now. The transaction time between the teller and cus- ,A

tomer has an exponential distribution with a mean of 1 minute. M?f = .?-JO:." 5O C“'J’gMJ-/Z
o

Management has established the following guidelines for a
satisfactory level of service to customers. The average number of ﬂ - do d
customers waiting in line to begin service should not exceed 1. At = T =200 cug MJ_ //Q J
least 95 percent of the time, the number of customers waiting in i
line should not exceed 5. For at least 95 percent of the customers,

the time spentin line waiting to begin service should not exceed /”//”/4 /Meé/

5 minutes.

(a) Use the M/M/s model to determine how well these guidelines % W 7&_/,

are currently being satisfied.

(b) Evaluate how well the guidelines will be satisfied a year from ) / 2 ‘t

now if no change is made in the number of tellers. (" =

‘¢) Determine how many tellers will b eded a year from no - )

(c) De i ow many tellers will be needed a year lrom W (ﬂ}f/’vq.és' .1;&{_9_5-

to completely satisfy these guidelines.
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17.6-25." Janet is planning to open a small car-wash operation, f‘?‘ é -25) /‘) = _i_—- = /Saaﬁd;_//ouf.

and she must decide how much space to provide for waiting cars.

son input process) with a mean rate of 1 every 4 minutes, unless
the waiting area is full, in which case the arriving customers would
take their cars elsewhere. The time that can be attributed to wash-

= z; K .5
ing one car has an exponential distribution with a mean of 3 min- /YJ/M/ 2 /M me Cé'/ /'{ J 7

utes. Compare the expected fraction of potential customers that will E
be lost because of inadequate waiting space if (a) 0 spaces (not in- / _ = / = &

cluding the car being washed), (b) 2 spaces, and (c) 4 spaces were 49 H = J J / =. 29 - , 7 5
provided.

paz 1—0;?’5 S O, 57"-14
2
_A) /4:3 ( /- &r 2S5

/
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L- o175

3
Py =03657. 075 20,1543\
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17.6-29. At the Forrester Manufacturing Company, one repair techni-
cian has been assigned the responsibility of maintaining three machines.

For each machine, the probability distribution of the running time be-
fore a breakdown is exponential, with a mean of 9 hours. The repair
time also has an exponential distribution, with a mean of 2 hours.

(a) Which queueing model fits this queueing system?

T (b) Use this queueing model to find the probability distribution
of the number of machines not running, and the mean of
this distribution.

(c) Use this mean to calculate the expected time between a machine

breakdown and the completion of the repair of that machine.

(d) What is the expected fraction of time that the repair technician

will be busy?

T (e) As a crude approximation, assume that the calling popula-
tion is infinite and that machine breakdowns occur randomly
at a mean rate of 3 every 9 hours. Compare the result from
part (b) with that obtained by making this approximation
while using (i) the M/M/s model and (ii) the finite queue
variation of the M/M/s model with K = 3.

T (f) Repeat part (b) when a second repair technician is made
available to repair a second machine whenever more than
one of these three machines require repair.
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17.6-32. A shop contains three identical machines that are subject
to a failure of a certain kind. Therefore, a maintenance system is
provided to perform the maintenance operation (recharging) required
by a failed machine. The time required by each operation has an ex-
ponential distribution with a mean of 30 minutes. However, with
probability 3, the operation must be performed a second time (with
the same distribution of time) in order to bring the failed machine
back to a satisfactory operational state. The maintenance system
works on only one failed machine at a time, performing all the op-
erations (one or two) required by that machine, on a first-come-first-
served basis. After a machine is repaired, the time until its next
failure has an exponential distribution with a mean of 3 hours.

(a) How should the states of the system be defined in order to for-
mulate this queueing system as a continuous time Markov
chain? (Hint: Given that a first operation is being performed
on a failed machine, completing this operation successfully and
completing it unsuccessfully are two separate events of inter-
est. Then use Property 6 regarding disaggregation for the
. exponential distribution.)

(b) Construct the corresponding rate diagram.

(c) Develop the balance equations.
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17.7-4. Marsha operates an expresso stand. Customers arrive ac-
cording to a Poisson process at a mean rate of 30 per hour. The
time needed by Marsha to serve a customer has an exponential dis-
tribution with 2 mean of 75 seconds.

(a) Use the M/G/1 model to find®C;"L,,, W, and W,.

(b) Suppose Marsha is replaced by an expresso vending machine
that requires exactly 75 seconds for each customer to operate.
Find L, L,, W, and W,.

(c) What is the ratio of L, in part (b) to L, in part (a)?

T (d) Use trial and error with the Excel template for the M/G/1

model to see approximately how much Marsha would need
to reduce her expected service time to achieve the same L,
as with the expresso vending machine.

17.7-5. Antonio runs a shoe repair store by himself. Customers ar-
rive to bring a pair of shoes to be repaired according to a Poisson
process at a mean rate of 1 per hour. The time Antonio requires to
repair each individual shoe has an exponential distribution with a
mean of 15 minutes.

(a) Consider the formulation of this queueing system where the
individual shoes (not pairs of shoes) are considered to be the
customers. For this formulation, construct the rate diagram and
develop the balance equations, but do not solve further.

(b) Now consider the formulation of this queueing system where
the pairs of shoes are considered to be the customers. Identify
the specific queueing model that fits this formulation.

(c) Calculate the expected number of pairs of shoes in the shop.

(d) Calculate the expected amount of time from when a customer
drops off a pair of shoes until they are repaired and ready to
be picked up.

T (e) Use the corresponding Excel template to check your answers

in parts (¢) and (d).
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17.7-10. Consider the Ex/M/1 model with A =4 and p = 5. This /% _;_/(,) ; K AE) o Chi A Q/a /

model can be formulated as a continuous time Markov chain by di-

viding each interarrival time into two consecutive phases, each hav- &

ing an exponential distribution with a mean of 1/(2A) = 0.125, and @z & -%74&'7 ﬂ’z 34/4"@. ZL'-E o "
then defining the state of the system as (n, p), where # is the num-

ber of customers in the system (n =0, 1, 2, . . .) and p indicates SS A f& /} / 7 é/l/ = (rj/ 2] j
-— 7 )
} & £ P 4 / s &

the phase of the next arrival (not yet in the system) (p = 1, 2).
Construct the corresponding rate diagram (but do not solve
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17.9-2. Consider a system of two infinite queues in series,

where each of the two service facilities has a single server. All /? 5-2,/ T ‘?
service times are independent and have an exponential distribution,
with a mean of 3 minutes at facility 1 and 4 minutes at facility —_— _
2. Facility 1 has a Poisson input process with a mean rate of 10 = > M/”/‘f'
per hour. A=310
(a) Find FJ'{& ste’ady-statc dl.?[[’{bf.l[l[}l‘l of the number of customers //, =20 ﬂ.l = f5
at facility 1 and then at facility 2. Then show the product form
solution for the joint distribution of the number at the respec-
tive facilities. J 2 - 0,5
(b) What is the probability that both servers are idle? q) (I) ,/0 - — = M.__-. =
(¢) Find the expected iofal number of customers in the system and /u"

the expected total waiting time (including service times) for a Z 1

< 5,5
customer. - IO(M =ﬂ/= Y = -f___ o,

”
7@; pf;(ly)f = 0}5.- 6/5

1] A
Plliza, Moz=m) = 0,162, 05 04" (T = so 047

o n
€z= 0,333 ; /% :0;33].0,56'?'
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17.9-4, Consider a Jackson network with three service facilities
having the parameter values shown below.

Py
Facility j 5 By q; i=1 i=2 i=3
j=1 1 40 10 0 0.3 0.4
j=2 1 50 15 0.5 0 0.5
j=3 1 30 3 0.3 0.2 0

T (a) Find the total arrival rate at each of the facilities.

(b) Find the steady-state distribution of the number of customers
at facility 1, facility 2, and facility 3. Then show the product
form solution for the joint distribution of the number at the re-
spective facilities.

(c) What is the probability that all the facilities have empty queues
(no customers waiting to begin service)?

(d) Find the expected total number of customers in the system.,

(e) Find the expected total waiting time (including service times)
for a customer.

-

2

TI(Q/J 5,64 AB =/2,£2

2‘3 = 2‘9104
p—

Hi85 Ay =017 A3 = 20
0 85)2 =20 +017.20,4

Ay 2 40133
%

A, &3 d2-00k4 A3 =19
Ay =1040,3 40133 +C4. 20,04
AN =30,12

77
Alp Giray Ozen | 0533549910

17 9-4) 2>
?“4::)—/—-@/’

d,=(2
I o
VoV V.
M2 40 Adz=50
N =3012 Az 740,33
/\, = Jo +

M 215 7 OSA+

= b4/2= 5,

(4
=%
/ \?3_-4/

Q=/5
- —nFa=
0(

G)
%S
.4

&

d,_?

Q=3
V74
My L

Az =39

037 #0403
0573

/\3 =3 +93 O + ‘32/32

o5

\ 2

-a‘s

A,
L

Ay

Az

-%;3 "0;9[ lo
1 -05[15

-0:3 0,2 [ f3

23
& 2 &
085

N
1
@
o

fﬁj

08 | alp@lecturemania.com

N
- dl}

. &S
&

0,54 'H?)_

0:313*'3! 3 0 &85

y -03 =% }za
~& (29

Mmg V4] -0,29 0{?”6

A3
-4 { Vi)

-0{9{ 20



lecturemania

I
é/ﬂ.: i;l{é_‘z.'-:@, 7?53 P /53: O, 243, 0/}530,
- 4933 _ . & /7
./02-- ?-a(ﬂ}) ﬁ =4 /93 , 0, Fo? =

= 29/¢ . @~ 2
f; 3_6;-—&'5‘;-0/ /;Z 20520 , O, 60 >

A; »?
Pl ~a,, /V:?-:”z-; /{;-.-.d_d:ﬂ,a/.‘i 0,283 . O,50% fﬂ,/fﬂﬂ‘?

C) P/M .é L/NJ- éj, A{; .‘.{:1) :ZZ‘Z’ P{M&'ﬂ:)M-ﬂz,A{;:/?’,)

@39 ,a:a ™
o g 0 J < ©
= G,015. 0153 . 0,507 . OibF0 + 0,0l .0,7S5~ 01602 . 0,460 4 _ . - _ .

+ O,0l5. 0,230,807 0, 650"

505
A=y 4H=28,/2
/2, " (01.;3 A 4’/_?_ ; A_{ 2&;04 -2 i
50 =403 20-206,04 !

L = Z;-f'lz, 1“4_; = 9:23

4 g
8) W = = Sl =037 hoursy =280 min,
Qi+ dz 493 10 157 2

(foke Hhat W WirWs #15)

AlpGlrayOzen | 053354991 08 i.;"‘,!',) Yecturemania.com ’ "



