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1 4 6 4 1 L ‘
a) L=0 —|+1— |+2| — |+3 — |+ 4| — | =2 which represents the average
16 16 16/ 16, 16 .
number of customers in the shop, including those getting their hair cut.
b)
n # in queue probability praduct
0 0
1 0
2 0
3 1 0.25 (.25
4 2 0.0625 0.125

Lq =0.375 which represents tha average number of customers in the shop
wailting to get a haircut,

e) El# customers 53*;""9 served Y =1.Py +2 (&+P3+P¢} =
| =8 pafl 4 _ 13,
_i6+2‘(l6+'jg+'1‘- =3

=L 2 0530 m
1 1 =Ua= IRInues
L, 0375
W, === =0.094=5625 minutes

These quantities mean that customers will be in the shop an average of half an

hour, including the time to get a hair i i
» INC cut, and will have to wait an avera
5.625 minutes before their haircut will begin. geot

W - Wq =0.5-0.004 = 0,406 hours = 24.36 minutes



11.2-3
a) A parking lot is a queveing system for providing parking with cars as the
customers, and parking spaces as the servers. The service time is the amount of
time a car spends in a space. The queve capacity is 0.

b}
L=0(R1+1(P)+ 2B)+3(F)=0(02)+1(0.3) +2{¢.3)+3(0.2) = 1.5 cars
L =0 cars
I
W= (——L-J = 2] = 0.75 hours
A L2,

H.? —_ L‘? —_ A "

y = —i_ = E; =Uh0urb

¢) A car spends an average of 45 minules in a parking space.

1% .2-G

The utilization factor p reprasents the fraction of time that the server is busy. The
server is busy except when there are zero people in the systern, P, is the probahility

of having 0 customers in the system. Hence,p=1- P,.



Iy 2"
2n2l S$or nze = Pin arcivals in an hour} T

(a} F{Mrriuls in an-hau,r} = E't 135'
b) Pf2 arrivals in an hour}s ,L 220 = 270
e} PfSot more arrivals in an hou.r}‘ I-E._ P{n ﬂl"frlrnl's in an hout}
I~ e ;Ze taze - (1) "-(*Ia)e
1-7e "= o827
134-3 - oz
Paxd E Pf‘r<z;’ + Bo. P‘-fT?E'f [0 — 2p. Py T ’f
P-f|dd>2’$ "'zua*=o6n7

'I-,-.

12 -|

PfTsrwal? :-.:;'- e
Inrease = Paj,?gap- Pﬂpu = 20(P-{T,.-¢r2}*P‘FTqm2J?3§)

d
= 20(e"2-e"")



3. 5-5 a) L o, _&, B

— e

©_0__ e @
5 i5 15
b) (15p0 = 15p @

I5pe+ 15p: = 25p &
lo Ps + fFF! = Z-OF:@

5F.1= l"FF; @
f',) Po" PI P {?-1"-: 5!"'__55!?_.' - 'a'_::PP 7 P5= ':},!_PJ-: qg'Po
Pot it Pa+pPi=) = -%réf’a = fo= %
= 2 - 32 _ -
‘T2 =73 Pas

) | = P.-I-.?.P;.-'r 3F._; = :2 2104 = Moo+ A.f,fA;F; = 252

—

0= /5 = 45 ) -1 1

S, =2 A= O /43--60

@R~ EEm] - - ez L G" T <[ 5 )]‘I

= [I +3(‘ﬁ'}';)]-'= 2/ =

f-P /""-' = (2NL)" For nz
) L= Eab= fn( .;.e.- R e
Li L (;— = & - li=-2/5)= 3/

W=LlA = Vs
W}= Ljsz /5o

N
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A 30
= = = 3 customers
p-A 40-30
|
W=——= : = 0.1 hours
-2 40-30
W A 30 = 0.075 hours

* T p(— Ay 4040 - 30)

L, = AW, =30(0.075)= 2.25 customers
B=lep=1-075=025
B=(1-pp=01-0750.75=0.188

P =1-p)p* =(1-0.75)0.75 = 0.141

There is a 42% chance of having more than 2 customers at the checkout stand.

b)
Data Resulis
A= 30 (mean arrival rate) L= 3
n= 40 (mean service rate) Ly = 2.25
§ = 1 (# sorvers)

W= 0.1
Prie>1) = 3.975E-31 Wy = 0.075

when t = 7 .
p= 0.75

Prob{w>t) = 1.447E-22
when 1 = 5 Py = 0.25
Po= 0.1875
FO+P1+P2= 0.578125 P:=  0.140825




A 30

L= = =1 customer
H—-A 60-30
W= ! — = 1 = (.033 hours
@-s 60-3
A 30

= 0.017 hours

W = =

T up-A) 60(50 - 30)
L, =AW =3000.075} = 0.5 customer
P=l-p=1-05=05
P =(1-p)p=(1-0.5)0.5=025
Po=(l-pp’=(-0505=0.125

There is u 12.5% chance of having more than 2 customers at the checkout

stand.
d)
Data Results

A= 39 {mean arrival rate) L= 3
b= 60 {mean sarvica rate) Ly = 05

5= 1 (# servers)
W= 0.03333333
Prie>t) = 6.283E-92 We= 0.01666667

when { = ¥
- p= 0.5
Problmet) = 3.588E-66

when t = 5 P, = o
Py = 0.25
P3+P1+P2= 0875 | P, = o 10e

e} The manager should adopt the new approach of adding another persen to bag
the groceries.



11& 11

Data Results
= 2 (mean arrival rate) L= 2.1733130<
= 1 [mean sarvice rate) Lo = g.17351302
5 = < [# servars)
W= 1.08B695652
Wa = 0.08695852
Prio=1) = 2.007901%
when t = 5 p= 0.5
Frobieg>t) = 7. 8B6E-06 Po = 0.13043478
when t = 5 Pi = o.26086957
Fo = gn.26086957
FO+P1+22+P24P44+P5+PB+P7+P8+-P5= P:= p.173p1304
D.9972B2600 P = p.08695652
Fs = 0.04347628
Pa= op.0z2173813
P = p.o1088857
Pa = o.00543478
Ps = g.00271730
All the guidelines are currently being mer.
b}
Data Resulis
= 2 {mean arrival rata) L= 4.5283018%9
o= 1 {mean service rale) Lo = 1.52830189
5 = 4 (# servers)
W= 1.50943388
W. = o0.s094330s8
Prie=t} = 0.0239006
when t = ) p= 0.75
Frob{wm.>t) = 0.0034325 Pe = 003773585
when t = 5 Pi = p.11320755
Pz = 16981132
PO+P1+P2+P3+P4+P5+P5+P7+P84P9= Pa= o.16e81132

£.0093317 Pe= 12735849
.09551887

07153815
08372938
04029702
03022277

&
- -

The first two guidelines wiil not be satisfied in one vear but the third will ke,

¢) Five tellers will be needed in a year,
8



16-2% () The M/M/s Model:

=5 Py = J.21D53
P - 0.3157%
L =4 P = 0.23684
P3 = .118a2
= = 3 g = 0.C5D021
P = D.C2951
Pg = 0.0148
7 = C.O074
Pg = 0.0037
Py = 0.00185
I. = 1.737 Pig = D.QOD23
] r11 = 0.00046
ILg= 0.237 Piu = 0.00023
P13z = 0.00012
w = 0.289 P1ga = 0.000G5
P15 = 0.0Q00C3
Vig= 0.039 P1g = 0.00D001
P17 = 0.000071
F(W > try = 0,026, where £t = 1 P1g = O
Pi1g = 0
P{MWy » £t} = 0.237, where £ = O Pag = 0O

(b3 P o phone i ancuered immaddictuly b o= PfWS?n} _ u_-;-'g%

br, = Pfa last me zppver to $10et = P Bt

= D.2253 % O 5-571 + 0.*3EBF = 0,763
(c) ??’nmllsmhmla!]‘—-—?:,m FPrss tnzt)
' PL o= Por@+Paipr= 5 38158
> ‘Tia-rﬁhﬁmi mesuies are Fn the next page
p{m«-‘ujMI 1 Lest §
:—.F{m[l three servers ase bu.sj}
= Pz = 0.i3433

Finite Cueue Variation of the M/M/s Model:

A= 6 g 0.238E81
0.35821
0.26866
0.13433

L=4
=3 Pa
3

t
I
[

.299 P10

t
W
i
=]
o
R

o
-J
L | (| | O [ O O T I T

DooCoDoOoOoOLEELOOoCOo

.25 P14

=
o}
|
o ©
m
H e
<o
LI A VI | I P |



-6-Z% 1oy This s a finite Guling Populetin of m/m/ s Model .
Here, A:f; F':.'z; S=t N=-'3

(L) Finite Calling Population of the M/M/s Model:

C.21053
C.31579
0.3157¢

n

i
[
in
=J
wa )
sl

- 1

u=2 Pz
1
3

Z
L

-
]

A21 P10

. 632 Pl1z

L | O T O T TR R T I R TR W munni

DOoO00000oo000oDOOoOOo0O
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!1,’4-]. {a) ¢f) Mpohe.ﬁh'a.-!' \‘\z'ar- O 'y

Kl : - 1 A

({) constant W“r* A '__[_-—— p-A

VL - z =S K;'J‘
(HL}ErLa‘rx‘i: 0= (g+{ ) ._:»ﬁ-_ﬂ_‘ >

w 5
v g )‘-U-““ 8 :‘*—9‘*‘“

So %“r a\'\f —(’ES)WEPL““"

(Y Let B-1, (42) and (54) whemn the disbrcbybiom s
Exponential, Constant or Ehlcmqa re.sper-_f:r.ue Ltj

NDM Au']: adA AL and - a

1— _ E’ 2 Au" I'UL ) ﬁ{"j

- ) a0 an = L P
EPRTFCTIPPUE n

[~ in (C}]

L—Q ) A N(n A[n ""'"'-} f_‘.] - .:l.[” Wf:t - Lq-

So tne waihing bime s ewd imhalf while the
queue lenght s unchanged .

113-4 al
Data Results
A= 30 {mean arrival rate) L= 1.6GGEGELT
It = 0.0208333 {expeciec service time) La= 1.04166667
c= (L0208333 (standard deviation)
§ = 1 (# servers) W= 0.05555556
W= 0.03e72202
b)
Data Results
A= an ymear. arrival rate) L= 1.14583333
Lip = 0.0208333 {expected service lime) Lo = 15.52083333
o= 0 (stanoard cdeviation)
g = 1 # servers) W= 0.03812444
Wo= p.01738111

) LLI in part b) is half of L{I in part a).

d] Marsha needs to reduce her service lime to approximately 61 seconds.
11




e a&b)  Current paiicy:
Data Results
A= 1 (mean amival rate) L= 1
d= 2 (mean service rate} Lg = 0.5
= 1 {# servers)
W= 1
W = 0.5
Proposal:
Data
A= 0.25  {mean arival rats) L = 0.8125
fi= 0.5 {mean servica rate) L= 0.3125
k= 4 (shape parameter) i
g = 1 (# servars) W= 3.25
W, = 1.25

Under the current policy an airplunc looses | day of flying time as epposed to
3.25 days under the proposed policy.

Under the current policy | airplane is loasing flying time per day as opposed ©
0.8125 airplanes.

¢) The comparison in part b) is the appropriate one for making the decision since it
takes into account that airplanes will not have to come in for service as often.

12



13.8-2

Wigi | Lgn Wy Woallegal| W, | La l
Scd , M-40§.493 | . 533 .233 | 933 b6 266y .F6F |2 053
dad , Me 5 | 419 | 454 ].319 [£235]. 5930 330].395 (3. 130]

the
Other hamd, f Wa, (3 the primavy S
ore should choose the secend altermaty

Slow servers)

13.8-5

2,704, A= 0.4, A5= 15,

ts4

[Freernptyve Honpree mptive
Prcorities | Prioritles
b= 5= T | 2=l

A - 5 | 36
By . 6% QeF | .983
By . %33 833 | 94t
Py, | . 313% 333 1 . 6b6F
W, - 044 |.pe009 .230 | .pag
W, - j:._ D30 00288 .2%6 .03
Wy- L | get|05M3| g0 | 045 |

13

TP W, (s the primory comcern ,ome should choose
first altermative (one Bast serverd D the

LOMNCET 7,y

2= lgﬂi_: 2 , ,uns



