Chapter 1b: Queueing Theory

tinput douvce: population hoving hair

talling units: castomers wanting haircuts

ueue: customers waiting foyv a vorver
gerw':e disciptine @ usually Pirat in, first ouv.
jervice mechanism . barbers and tcku.ipment.

1 [Part CuaTomers Seyvers
(a) | Customers waiting eheckout checiKers
(b)Y | fires £ice Fighting units
{e) | cars tol\ colleckors
{4) | broken bieycles bicycle vepairpersons
(€) ships h be leaded or unlecaded LDnQShorfmeV\-!-C%uipmeﬂ'f
€3) |machines newding oparator. opPevrator
(9) [materials Te be handled handling equipment i
(h) |calts Jor plumbers plumbers
() |cusTom ordars customijed grocess
({) |typing requests typists

/2 for n=|
| for NX 1

A= Y = ¢
Aq® V2 for nyo and/un-{

a} P§ neyt arrival belore l'\oo}= |- e fx =,393

)
P § next arrival between 1:00 and 2590} = (l-e,‘v".t)"(l“e h): 239
Pfhex‘t grvival af;ter J:oo} = e,'z“h' =, 3L¥
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) : etwe ao arrivals beltweent - |~ - .
'b) P{neit“il:rc::’/\:l 15"“:» enl A AR } - |~-e 3913
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le) PZno arrivals belween p1op und z:oo}: (’\‘_).Oe"t\ = e"/z = 607

Pfone arrival between 1loo and 2:00} - Q_S%g_’}f_ = 71-6"'/1: ,303

Pétwo ev more arrivals between o and' 2:00}1 \n&‘%‘_é e-f,O?O
'd) Pfnone served by 2100} = ez . 3b%

P§none served by Vief = e"‘(‘/ﬂ: BYL

Pinone served by o1 = e_"m"’\ =.9¢3

‘ _ 2"

%n:r_ for nyo =% an arcivals (n an hou.r} Bl
4 P{D arrivals [n an howf} p e"':.:a:r ‘
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H' tcontinued)

b) Pf2 arrivals /n an hour} = & = .= 32e e Ao
y

c) 5or mor re N - ) -
P ore arrivals in an ‘w“'} ! ?:—OP{" avivals in an houe}
=1~ _2-29_ ~2e” -(4/3) e‘-(’/a)e ¢
=1-7e%= 08527
pYSELY A, =

5 3,
R -ay:
A8 AU /u’-lf
{6) EY P = | & P
|5 P +15F=25F
lo P + ISP 20F
5P Iff,'
fe) Solvin hv_ CLbove sysfem we obtain :
(h,P,P -.,3 ('1/“.,‘!/26,3/”” /.53-(35',.35;,2.3,,07)

Non l;\‘:l"f;‘i) t:;"- qeneral solution fer the Lipth and death procoj _
;
ANWEY: !
MMy 3 .
Rede Ny P _2p
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:nd Pot P'-I— Pz.* P3: |=§(P,,P,F:_,P) (q/zb Yse 3/3 /|3) as prcV“’“S’)'
- yound,
rd) L nFn,:Z‘J'/z‘Z ‘.04
I'I-o

z_xﬁ_sz/ze-c’?'

So = L./,\ = 2V 256 = 1l hours |
6. {a) A 3 N 2 Y a *
AR IL I o8 o w ep
M M6 uEIe HMn=  girae Airn® e
() pb= 2T

) F-;J (f+©)F, = (tsr) P
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n!p® ‘nt

0 = z"%:‘ - QI,. =ef notice {hatfnecd net be 2l {n this case
(R +] -

e < - - N -

@ w = //,l , L=XxW //u P

L (@ AR =uf O

NE 4Bz AFM B, L L . )

A R.,._‘i-ﬁ P,z {xem)lbr. - - (n)
The solution given in Sec, lb.b 13;
Pl\:’ (I'-(?)?“ for n=o4,2 .-
Verifying that the above satis{y the balance eguations:
e%ua.t't'on (°):)~'(1‘p3=ﬂ(l-P)-P¢g Mepep X ok
@quation tn) 1 X\ (1-p)p" + M u-f.)(,"" = uw“,_ﬂ)f’hﬂ

A Gy

Aq./.z_é' /_%“A oK
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_h". (continued)

(b) » P, P
» ,,.F P ..()\174)?
AP _;uP r
The solutjen given in Sec, lb.b rs:

P“z(l':e’)"n for nz 01,2
Ven{ n
’—é 'P‘.r@,\:/l-f.f:/u.ﬁ_ ... OK
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(a) [ A T L Vgl w [vwalPief>sg|
5 i ] ko 3 i . 0ga
.4 9 lgro 1o | 14 L 01
49]_99 [92.01] 100 [ 4919 451

(b) A_TAa/m] 2 TP T L [ talw | viglBawast
5 5 1.33330¢253 1. 33312 ep 3] 663 .i50
9 4 1.9 los3b1943413.634 |r082617.526] b4
434114 1910050193 49497 511100 s03]ag 508 356
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L’_fL? 8_ A2y _ 421
A 33712
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(c)lg- z_(n ). B = >_ (n-) :S(_:_)“__’
-5 a e
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\N = W1 + 4/}‘- :(;14/‘53‘)* - 90 /53 = {50‘,
L. aw = 240/53 = L g5ag

dx ,/u.=11' s:1 , p= Vo
LA
For M/m/4 Guede Voot -Au.yz and Pu-(1-p)f s ()
descred proportiom of tome - >1 P - 31 /3
tzo *

y M=h 524 , Pe3/y
Thc, susterm uscthout the stnra%e vestriction (s a

MIMI queue T n square Peet of £(oor space were

Qvailable for wautqu,thc propertion of tyme this
Would be SuWLcLeht (s

L.Z_‘P CThus we want Yo find
M, Such that

(= LA %e For €£:4,3,3 where 4= 5,4, .‘1’%‘,.‘!‘!
T
Now 3 P >4, <’>} (t-p) Pt > Ge > (1) ((‘i:‘) 2q9e ¢
e -
P 1_‘;\”12 a‘e PEEN Pﬂujé A ‘%E P (ntva\)ln'p SQK(!,(‘C\

€= (npea) s Inlger e m, 3 duliige) _a
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/3 (contirnued)

part| 4¢ en(gjﬁ‘)‘ *1floor space Fe%LLLFEd
 (a) | .50 hoq -
(b) 40| §.004 >
(e)].9513%4 008 15 e “
.f_
W Lt Piwcel=G) and let 460 g
& -

Them Piaww>t]=4- Plo)
So [1-Geol- 5 Py Pisw >4l

= lz U-‘p),o“[ W}Mﬁ-&x];

A Kt ol

@ n L O T
g =t
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AR e—}AfJ
!

4 = & p) P

C e M T
MO _y\"

= H-‘p)/u e'f*t PR
:/KU‘P) e—}l(i«p)t
HQT\CC, buj i"nt&qt‘tlt(_bh. ‘_p{'hf">t}=1 _E%u)dx: t—}l.(\-p)t

o
15. {a) Let P{’W{kgt} - Gle) and let 6o g1
dt

Then Vil rt}- P -Gile) o . '

5 - - ] AL W ol

° [1-6i0]s 2 P PESt —W._S_‘_U-p\f)['l-gol%—ﬂ—r_h’i*e. dx] _

D\';F‘-’-N“tLQ*LT\aJ bOH\ 5L‘de5 ﬂl.'\leﬁ: :.
lt) = _ n noogm T -+

3 ngu P LA (“-‘ciﬁ l . i

_(hepy A e At 3 as)

AT (-1
at

= (4-p) A eMt e
- _ ~{pm-At
= (,%i)(f“ ANe

de. A

501 (}L-A)e'(f“' -
a-a)

+]
L}

s

At

Then Wn‘ - (i)

(b)Y Lat Piavd ¢t} =Gt (et () _
e 19 } -Gl and Le %%_t__ﬁm

—;he'“ p‘i%)t}: |- &)
™
o V-G )] =
L - 6wy] “_zg P PRS2t
- E,Pm i t Arrt med (AR
nes [1 5o (m-a)] d"]
Now "P.,\-; Z/! ;‘ﬁ-s ?o ?b'r mniIs
50 ditferemntiating boba sides qrves
il s -(s,u)t]

ql) = 3 (A/&f‘pu][(i T
" (-5t

=4 a1 8
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E15 (cont inued)

-5 ht @ At
Po (300 () o754 (ae)
5? ‘H:S_-!: ('h-S),i

s Blss0 (Wu)® -aut ae

Y

- B s ) {3/ e-(a,uiti-p)t

s'l

S0 Wys RGuu? 5“% (s e OHUPEY,

i A o _ -Gu)u-pr &
.;_IL(%L) Sa b (sp)0-p) e It

1

= ?ﬂ (Af&)s
S1{(a-p) ()

= P (A p

31 (1-p)* A

'/b. W and W represent the wmtma times of
. b

who enter the system. The probd
finds A customers already There is:

P fn wstomers in gysTem\system not full}=

And 50 | ’
(a) P§w>t}=,-.‘—— E.F:\P{Shu)t}
(b) P{u)‘in} }K___ P P{5, 7}
n (L*;.s is a M/r:/Z/x Fuatue u;:ﬁl:x)& 3, A=5, M=
@oeo

P . CIPCAR FEO L
CRLA IR AN ni(; 1

f,)'-()%-r)}?: Y = 364

Foe Q) fs g -2 = o2

P :(>/ff 3 4 M

’ .21.23)-; o= TR
Se P{«}=0+8 =8/ - . 127

P{(lLJj P / 82
P{(HL)}: F; = '/u
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(8' (tl) State n = 4 machohes broken dovw
Stnce Lhe AN pachiine (5 shut of f when the
- 224 s achime breala, w= 04 or 2

LN ,'.'I,,: 3/,1 Ay = 1 . :
o al w
/LL“ 5 /{»(1: 10

(b)Y The balarnce e%uc«.fﬁo‘hs are:

5P, -(3/20%
(3B +207;, = 6P ,
P, = a0 P, s
Sofw.’n3 the bulance equations we obtacn
(%, Py, Pa) o (200 /245, ©0ps , /2630 (760, 2af,.011)

- nl
(c) ETw operators avarlable]= a o+ abyt D s
-530/263 =19%F

Y Cay . ¢ n: Aumber of 'Cqstome“ (n the system Then the rate diajr’am (s 8
¥
! [ [ '
The balance e%uafl'ons are:
=R !
A =Rk i
Af =P + F
ZF; = P‘-L '
- R=p 4

(by The state space has {e be rrore cornplex i this case because you need teo =
Know how raany cuslomers are beiﬂj LoovrKed pw b)J the seryer :
Let the slate be (s5,9) tohere 9

ST nuwmber of customers befna Sevyed ]

3,: nuwaber of cuslomers in the %q'eu.p_
Then the rate diajram (s
/

The holance e‘;buqfr'ons are
0

Bo= Bt '
D‘Pw:\%oi—ﬁ,t—ﬂ. "
J‘Pl‘l = Fm B

Pl\-: Pn
N :‘PI_L+ F"_L i
Q\Pu = Plo

1 = PL‘
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T W -;,___

B ooy et the state be (N, Ny) where
M= number of type | CusStomers n the 4 sfem
By nbrmbe, ,; pe 2 customers [ n the -,yjff_m

Then the l’atc Amsram ls R
)

@f_y_ ne &

4
(b)) The balance Cﬁuﬂf’lOﬂS are:
120> 58,
|5P°D:Il(m+P\p)
Ziﬂg: 'Dﬂ:o+2"LPJ.a
AR, = fo €, )
( P + w T E:\ v F;‘—D: !
S22 . 222 F, =2
‘? o~ "_' P;o’;??'r?ﬂlhlg;"zo h??
(e Type | cu;&omers are Wlocked when the t)&fem (6 i 5tafe (2,0) ar (6,1) whick
means that the Craction unable to enter the -jstcm (35 Pt = S55//8F .
l\“;.e 2 custowiereg are Llockes when the system (s i slafe hoh(ra)ol" te, iy twhich means
Llhat the (—raclmn wrable To enteyr the 5,=rem ts F;G,‘T o T P = \\f/gg‘]

. : - d 5
21, Thes (s a M/MH/V\ gueue with K-{ 3 @S,

respectively Atso , A= 14 and f 73 o0 that p= 2
The Froction of customers lost = Ty = ((11 ﬁz_‘)/o
F
P L) (34) e 2oz h29
(a) z&ro spaces . ' "_(LT ()Y
; - . A} - 154
(o) bwo opaces : Py« (12 34D (3/‘15’——‘2' -
P N TINEY e

(¢)four spaces: P, = U240 (374 aun__ 032

(- (3% 3363
22 M/M/[s/K amadel
i P
L-Dt ‘_h_‘% (-“ )¥r& - LY
- 33 (m-5) (i\/u) ‘P0
n=s ss[s /
Po ) L e AN
Sl s n=s : (5/")
-] K-& A
= YA p 3 R
5|. J:O éP )
- ?o (Af&)‘e é——_s Q(E)*) -
s) y=o dp
YR ¢
_ P {MuYp _é_;[f% Ioi'l
s dp
= ’Pn :\/ > L-‘___(.__q_f_ﬁ\':r—i-)—
s ap - f l
= _Q_L_"Au),a[wk_ﬂ&kim )] |
5 (1-p)* !



A%,

- @( - —\CL/:(JQJ

/“t*"/.‘l d
ua(hcﬁ the :’t‘:“d'ﬂg state sol.ublo‘r\ of the b v am
death process:

b 2‘15 L‘ !

po:[d 0—9. j+%43} 243
Voo 2. ¥ . dea_ 329

o 43
[ P S L

1 B5 e s 12k
Bo- 46 P -tk 033

’ a3 Hq3

E[# +iot r‘unng)ﬂ,g]: 354 /Hq_% = .18

o)) Thds 5 a MM queuns with A-la amg e Yo
S0 Po- 4-p -3 = .333
Ps(.p)p=d/a = . A4
Pl prh/at . 148
P, (1-p)p3 8 /ga =079
Le Aty = Plapys L

(1) Thes s & MIMIK Quewe Lodke K=3 Al =l
Thws . ©. {op o A% 21, 41s

¥, - 'p-Pc SR = S - SU- S
3 &5 [
Powp*Po o 4 23 . 3 4gs
‘P (_'1 bs ‘A -
PP d 3. B L a3
5PD|'-?’PT=§'65"
La2. - tkel2™0 0 g6 oy o1s
1-5 1—'(;"*” [#3:)
SIA_'Y?\W\O\T‘LZL'haJ

P, S (R Ve L ded /MU - - DLE
Poe e Py o 30/445 L 08)
Voo lenuyye, o b /qys 2 009

El# not runpngl. A4k A4Us = 553
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B ek o on B B

29, (a) The wodel for eachh operator with the machunes
assigmed ko hom s A M/M[1 quene Wit
Limcted source Also, A= 17450, M= 145, and s0 Py
Lat N be the nuwmber of yrochines assigmed ¥o
Gm  operao o Then

L. N- (p200-P) = N - 10U-B)

where Py = i&' [_1105’\]—1

SAEERN VI

Tt s desired that L &.MAN

N | P L Jrs 1 £ 44 N2
i fo/q1] 0494 Yyos
2 50/bd| 191 Yes
3 |soa/ega} .31 yes
4 lascid .4p% )

So the opemtor can be assigned at rnost S mackines

() E{ frackiom of time operator will be busyt=4-Pa
= 183 /683 - 208

25_ /111-. 4/€
ta) gy = Yy < K5(1) = a- 4 = c= Ya

G (8/5) . .
() =Yg = 408 = s 24 cm m‘L 339
26, Using the LUs of frgure 1640 and bhose caleulated
(n problem 9

35, ¢ .20 4o 60

50 Sc i 3800 6500 b 000

: s=2 |.9600 | 84y3Ss |.9935
ap a=0 l.aguy | 4683 |.1333
. 5= 1. A4phL [ 424 215
99 3= }.0agg [ .04} _[.0¢239
' 3 <a ). 048y | 0303 |, 252

27, (a) () wpo“ne“nh'al : War—_ 4

mlp-a)
(i) constant " Weq - L _4—
2 ulpm-a)
. 4 — 6‘1— = K:‘f
(LLOErLamﬁ.GE_Ii(gfL);E}: > -—:j;: >
Waq -1ty 4 - 5 _4
¥ ,‘Si ).L(/u-ﬂ) g fk.(/u—ﬂ)

S0 W 2 wWg L (575 wg T
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a7

30,

At e ued)
(6)fet 3.4 (12) and (54) whem the distribution s
ekponential, Constant or Erlang,respectivelu

Nouw .:\(“_‘EIA‘” and /u.“": .‘-l/u.m
{2} {1y [RN]
We - [2da —
% I;)A(”(J/.A(”_JR“') = E“k—‘
[ (a1t (ay e g tn (0 )
Ly - AT ATy A ey Ly

S0 the warhng hume s cut tnhalf while the

SETAVEY l&h\ﬂht L L&ﬂd"‘a‘nq(_‘d

CX Fopasoan 1‘!’\)3;1.!

.‘.r'r'l__'{‘r\-_j sevvice with - 1y and ko

e Taesan Ihpmt
(:"L’Y'.‘Zr'.’-\t servize s bl omeam 24943 and
i

darcance - ¢ L =30
(k) (K u)
Urder the current poling the queuvecny system has ?DL'SSDH
enpul with A=t omd MPD“ET}{COL{ service wibh paod Llﬁde'”
g pro(::.:al,thg GUELELNG Slﬂst(.‘rﬂ wou ld have e.xi:cr.erh&{
Toiseom toput with A4y and Evlang servece

and K4 Un the bascs of the (nformotion P@L'ded;mcw L
two

Wik fhe {/a

o opparent differerce in the service cost of the
alter ratves 'H\E\re?ore,uh\ﬁ Afferences (n cost must be
due to diffevences . n waiking costs of the planes Let
isdijffc Yhe ost yer day of am dle at"r‘?wme Then,
Plotned on Zpction (H.3 oF ChaFtefﬂ“lfCl— s Ehe
CepPcted waiting Costs per day for ooth alternatives [hus
A SOMpAnSon OF 81e two alter pafoves red uces to
Comparison o thedr respective values for L.
vor the cuvrent poliey L= A__ 4.4

For Mme AT 2
y 1 )
the proposal L.(%)(ﬁ/fm)*}*&_ i‘l%

Hemnce the Prop.og,al should be adoptﬁd

a: 5 A=A A-1 e

e e oo

§ o owC

“J v freh

I Ml M=h

wPhoate

= ?';_ - (nf)A-) Pq

A L/M?d - LA *)‘Lj pl

A P,II,JQ}.A_ ?T\tq; {AIM)DM
(b) Peissom C‘npmt Wity A= L amd EV‘LC\Y‘.C,B Service wibl,

jun 124 and =2

= ffaRY_A 4 .
W Ki}ﬁ“)/a(ﬁ-:’%ﬁ KT

it
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3| (a) Let the state he (n9) where
Nz gairpglanés at the base
5= 5tage of service of the aivplane bea'nrj overhaul gz

(b)) The rate diauj(am. (5 3

3

e L?’ = »?_iaiqa!anes, L:_ngirplan?.ﬁ, Wj: %’-MEF—"S, \/J: i{% wee ks
Il !

L% whem no one s (n the scjstam
lq+1  otherwise

So LaWlg +(-Ry(Lgetde bg* (1-7,)
(b) L=AwW=2Alwg ri) . Aw%fﬁ/},_g Lg+p
(e) L—-—-Lc\_-&-f) = L%'zU-P.) from ()Y and ). So p- V-B.

3. (a) an

@ - ® -
35 be TP s Fd v S P S nn S eonad e
n=o n=p m=g n=0 =S nes
-4
""‘_Pm* L.%_-vs EP«N;
Q NneS
54
= _M?M+L_ot-+ s(1-T P
meo

Yo=0

- —_ = 8
34, For the turrent avrargement, Azab and w30 8>/°
for the pmposcd, A=k, p=30 amd s=d =>pP=

(_J-LY‘ n&' -PI‘OPO.DCL[
Mo del Lat cocherid fofal L [ W, /A L W= b/a
Fiqure 16, + Ho 1.0 [oter| %444 0.093
Evgure 4b .14 a4 48 loo9g] 34 0 064
frourg 46.43 3 a 64 PIER] 3 3 _0.03¢
Fgure 1614 2.d .4 oo} 2.¢9 0.058
2 &
50, Was | Eq Wy Ly IwWgallga | w, L a
Sed , M=40|.433 | . 533| 2331 .933] o[ ebl FéF|IA0b67?
sad  Me 3 [ 419 ] 434,399 1 AF41. 59300 3. 393 (3130

TP W, {3 the primary concern  one shoald choose

the first altermatbive (ome East scrver) Omn the

other hand, (f \f\(g‘1 (s the primaovy oo*rjcc.rn,
ore should thopae the 5s52comd altermnatrve (two
Slow sevvyers)

36 A-8 A2, Axch | Aysd, m=40
{a) Frst come , Pirst served - \N:/rb = ‘;% days
(o) Nompreempbuove

» a
A A 2 e

A 2
BI; 4- 6j‘a{tl>.; L’/f»
B - {Ayedadu L oass
155 ER - 2/’:1-4. '../_‘)
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3510 ontinued)

WL g 10 daus
i am, T a5 4 :
Wt L. 3 J
TN N T 3
Wyal _ 4 4 M ) days )
ABB, M 10
(€} Preem pteve: ',
Wi= w4 gas days -
B, %
W, M .5 . .3425 days
BB, !
W_,‘:__%-:—:l*: *25 da"‘j‘:’
B, B, 4

. .2 p=3
37 3,204, Az= 0_‘1,2_5:1‘5, A-(%Q‘ i

Freemptive Nompreemptive
Priorities | Proovibces

5= S5=4 3w Lwad
A %5 36
B % =l I 96t | .983

$33] .- -1 .833| 913
333 . - | 333 | 667

Ba

By
w,_é 0414|0000 .230 | pas
Wi 4 ].080[00289) .2%4 | 031
Wa-,{ K6F[.0593] Bo0 | .CUs

B For the group of ten macdunes, the tnput ts a Pocgsom process

with A=30 perhour and the output s EaPDY‘-E.'Y.\tﬂAj wibh = lotpzr

hour Sg 100 - 5/_;>A:'}-O,Thq5‘ by the E%L&Lua Lemcg gﬂp(eé r u.s
e

UF Sectiom 16.9 the steady State output of the wioch (ihrich

e ' =1
(s the nput to the (nspector) (s also a Potsson process withi=10

S0 the input of Jobs to the tmspector va a Poussom protess wxth
AzY0 per hour and his nspection bime (s Erlang wibh pava-

wmeters w=¢0 mlwd K=d5, He,mc;,oo 3 195
ba < () ) - (38)[4999 -

Thus uwnder the status guo, 3125 Jobs awact
tnspectton in steady state.

() ‘Pro]aosal I would decvease s for the mache ne
from M40 to - B 5% However 100: s> A=30,
S0 the Eal,u.r.'va lence @yoperh.j again (mplies that
the (nput of Jobs to the inspector o> Pocsson
Weth A=30. Hence, 'Pno[.wsat { would cause no
change ; that os Lg=31¢5 would sttt hold.
This could be t’up’cu'hed by sauing that the power
decrease (n the machines was not sufficiently
%rea‘l to cause a decrease n the outpul of the

machines , which s hpul tb the tnspechor.
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38. (continued)

Lb) For ?roposa!& N the thput to e L"n,SFC(,{'or s
?o;‘ssow with A-30 as before, but tne (nspectiom

tome (s mow Erlahrj w,_‘{-hf.A_,;Eb Y3 and K=2. So

" B 2

So the €xpected Guexc Iznskt barely cha-n@e.s, Ths
e explacned by the varcabilhy due fo the inspectos
lack of espenence.
39, Let state U,;) denote ( yobs of hygh predrchy and |
Jobs of fow prl.'ort'hj-

Aa

_Rale on - Rate gt
/M(Po,p'po_|]: (’qt"ﬁ?] qu

H.D) Q}Fl)/1 AI?*'.U 1.:;“ };A\'O = (/u pA,'rlQ_k)'pio
IU,J)FDTJ)/1 /ulp-\,j ¥ D,,-i) "AJIPO -1 [‘}AL‘J‘0,Q:)P°J
) - 1 - .

] Vor ld)' }A‘)lllr: ‘/‘1?‘__'_; ‘Al P\.}~l; ()'L'A“‘:JZ\J‘P\__)

#0. ta)y [et the state be N, = Number of fype.[ cusTomers in the gysfem
Then the rale clfaﬁram for type’l customers |s:

(0 fet the slate be n= number of customers /n the syztenm,
Then the rate diaaram for the tofal numker of custowers [g .

(€) Let the state be (n,,n,) where
My = number of type | customers in the Systewn

‘ Na = number of ¢ pe 2 customers |, the syslen
Tnen the rate d.‘ajra.wu (g -
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Ho.tey lecontinued)

41, Let state (i, j) denote ¢ (a.l{g“% uniits 'n the system,
with Whe calling unit beimg served ab the 1 stage
0F s Service. Them the state space s : 3,00, (4,2), (4,0
(l,l),{ﬂ,d)E.The rate diagran s, S

A:J A= A:-2
0.0| 1
P

Ml M= 8 Paakdi

Note thes ana.hjscg (s possible because an E,‘[mﬂi
d'Str‘:bU‘ho“ with ‘//M-= Yy amd k=2 3 eqau_‘vatem‘. bo
the sum of two independent erponentials wth
Parameter 4/M= g
Hence ‘ the steady state equations are:
8 PIIJ ES Pn,o
LI
JPO,O + % pala = 40 Pﬁ"’
‘lp"l; + 3 ?q,ﬂ = Sa’;
APy = 87, ,
The solution bk bthese eosuah'oru'_s Vs
P Ras Pt Paas pa,|)= (""/MH, by, *Chey , Tura, 5/114 )
Hence ?D: &y _ 561

fiy -

Pa 16230 34

{1y
P 4t5
2w S 123
L=48+44 . 509
5a -
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4. (tontinued)

I0 the sevvice hivme ts exponential then the
SYstenm s an M /m/4 queue lemited to k-a and
Withh A=2 and }A_'-Lf So'q

Po A-p Uy 4 _ 534

’ 4“’%' ($-4m) 7

P
Pz(i)?o_— 2. 28b

:}
1
Y- (3) P"‘;’-:-“'j'
L~ &d 4 531
PR

B (a) statecs(m, () where n s the number of customers
wr the system (31} and ¢ (5 the number of
Completed arr val 5?73;555 for currently arrcving

tmastomner (y= O,l)‘

43 {a) state s (n,.) where m s the muwnber of

facled achines (m=0,1,2,3) and U 3 the

p]
staae of servece (which operation for fthe

Machone under repacr (o
are fulled ), 1, 2)

- O(f no ymachines
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73, ccontinueg)

(5) State

Rate tn = Rate oul
{o,0) 43 Pavd Pra= B,

(1|1) ‘Pg,a + "'/3 .P_-'“1 -'-'1 ‘Pﬂ.ﬂ"—' (‘l/a "2/5 *&l)?",ﬂ

(a1 3 s *1'/3?9,1*-1?5,2 ={bp *3/5*‘!/5)?1,1
XY by Pag =4z v 2 ) Py g
(1.2)

3P 2+ 33) T
(2 ,2) E2N (?.,a. t P;,!) = (a4 ’/3) Va2
(»2) 3 ?,‘a t &3 Paace 2 Ps.2

4y, {a) Let T be the f‘epa.(‘r HEwme

ELT) = ELT wmor Yepair needed) (09 +
v E(T) major feguue needed).(g.”:Ji_b.fa)rs_{a.lh
= .45 hoars

Now leb X be o benary randowmn vardable with Pe ) p=01
and P(X: 0) = %: 0.1 |\,," be am expomembal randemvariable
with mean ¥;, (Weh2) ) wina 1.1 and 4:6 Then
we may eupress T as folfows . ' *

T= Yo X+ Y,(4-X)  where X, ¥,)}, ore independent

To CCLLULLO.tt (f": \’ay(_T) we wse the formula:
Var(T= € (Var(TIX)) v Vow (E(T(X))

Nar (%) = Var (%) X+ Var(¥e) (4- ) = (B)x e (J2) (4-X)
- ElVar (TIX)) < P/ + 1/

E(TIX) = EH). X+ E[‘fz).(«—x);’qi.x,
N A

L 0w,
& (k- 4)3
e AT G
Var (T) - ,"-’\ﬂ *';?f 4 (,%; : %j’f"% - 45435

292




H4 () (continued)

Now we cam sec Hrat T has a vdriance much

bigger thaw thatl of an expmenhal random

varable with sume mean,which would be
(-QS)lz _qoa_s

'QS{Q :..qg
Aa 4 f

dince this is am M[GI1 quene we can oppy the
Ltlonina, Formulas:

Yor 4op. 1 -.95: o5

Lo. Atgtep® | (4.5438)7+ (A8 545 g0

alh-p) dx .05
l"’: /Oi Lc‘,: -216?'}'

Wa - Le . 21582
A
W - Wq ¢ Lo 21633
P

(e) W |major repaic needed: Wg 5 . 220.92
W [minor reparr needed= Wg+.5 = 21b.32
Lmjor repocr machines = (3)00-4) 22092 » 22,08
L imor regair machuines» (AN04) (216.30) - 144,69

(d)f)tﬂ{'c vs (71"') whcr‘c N s Hae iimber DF (‘d—L(CJ

moachines and [ the hjpe of repayy bcchg

done oh Mmache ne ander epair ((:{ denotes
Muner Yepaer amdl =2 denotes ma,or refnal'r),

(e)

45-(&) P,\ =
78
P
k) P
fey L=
]
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: ©
%. Faciliby 4 [, g 922 ge3 M e S
g1 A 0 ' 7 B
J‘ 2 G 4 0 1 r 0
jrme 4 ) ) I
J=m [/ 0 0 " 0
47 ¢ay L = 10 t A 1 4R,
}‘1~ ,'51'_5'9" + 5A3

A A R N S

= ,’Lf =30 A, 40 und 1} =20
by = (2™
FJnl: (é](%)nl
A C
PLM NG Ny < (o, ey} = ()3 (43

(e P{(N,' NZ,Nﬂl(O,D,o)}: 1
L= +L,+L,=344+2=9

(e) - - -

a2
_—
a,+ e, roy 28
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Chapter 17: The Application o! Queueing Theory

Senice Cosls Walting Costs

(a) S@M&mﬂmﬁ hr | Lost profit rorm lost Dysiness

(o) firgm fire Expecte i itin

(c} i { tolf- kr f ing toll tan Social iti muter

{d) wmmls Lost grotit from lost buginess

() lart ngshoremen ipmen rofit fr I

() Satary of an aperator'as a funcﬁon of their experience | Lost profit from lost productivity of unused
machines

(g) Salaries of operators, cost of equipment Last profit due to lost productivity of materials
not_handled

(hy Salaries of plumbers, oost of tools st profit from !ost business

() Salaries of employees, ogst of equipment rofit from | in

{) Salaries of typists, cost of typewriters Lost profit due to typing jobs being
nfnichad

s=1.A=2,0=4 = p=12 =P, =(172)™  andf 1) =202
The answers o {(a) through (d) are based on the following identities:

ann=—-x—— d{x]<l
(1-x)?

X
x) 2
(i) Zn3xﬂ=——6l-{3——+—6—5£-_+ X 5 i]x|<1

0 a?
(~ a1
v xe *dx =
Jo o?
i) f x2e ¥ dx = g-ab 42D g-aby.2 g-ab
Jo ¢ o o?
(i) x3e * dx =-8_
0 o
@ EWCl - 3 (10n+2n2)P, = 10 Z (L)™' 42 3 nz(hy
n=0 ne=0 2 n=20 2
5y (L))" ¥ 2"
n=0 2 ne=0 2
1 2(1,2 1
-5|—2 4 2l _ 4 2 by (i) and (i)
-5 {01 a- b7
" 2 2 2
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2 {continued)

o0

J_ n+1
Z n? ()

2 5
(b) E]WC] = Z 10n(1 Z

-0 ) e) s g) = ) 2 T

=20+ M9 . 23273
128

_L
2

{c) EWC] = AE[h{w)] = 2[ (25w+w3)(29-2w)dw
0

-100J we'Qdem[ wle-2wdw = by(v)and{vi)
0 0

1,46,
- 100.22 + 4.24 26,5

1 o0
d)E{WC]-E[ w(2e 2wdw +2[ w2(2e-2w)dw
0 1

-4[4—(1-9'2-29‘2)} +4[9—’—3 s 282,202
22 2 22 23

“1-3024+506°2 at426°2 =127t

0 for Na 0
3. A=4,p=5cg=20andg(n) = 120 for N= 1
1204+ 180(N-1) for N2 2

E(WC]= 3 g(n)Pa-120) Prstaod N-P,-180) P,

naQ nmi =2 ne?

= 120(1-Py)+180[L-P,]-180{1-Py-P ] = 60P  +180L - 60

s lp=4/55 {Pn| L |E[WC)| EISC] | EIC]
1 8 2 140l 67200 { 200 692.00
2 4 A3 ] 95113680 | 400 176.80
3+ 27 laste2l 11460 | 600 174,60
a b 2 44 1 8ol 11040 | 800 190.40

Herce, s"=3and E[TC]=% 174.60 per hour.

4. (a) Model 2, with s fixed {equalto 1), A={40,80),
10 for p = 40

f{p)= LA =30
15 tor u= 60

That is, we must choose between a slow server (cashier) and a fast server
{cashier + box boy)
E[WC] AEh(WI=AE[{.05)W]=A(05W=(05)L=(.05)" _A
B-A
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4 (a) (continued)

Therelore we have

u sf{u) _EMWC] _E[TC]
40 10 J5 1015 &« minimum
_60 15 05 1505

Hence the status quo should be maintained.

5. A=d,ua=5ng=623, h(W)_ 20W floro<Ws1
20W4H+(W-1)100 for W21

1 0o
E[h{W)] = (20w){oe " )dw. [20w +100 (W-1)]o e =% dw
0 1

wherea = p{1-p). Simplitying, E[h(W)}:ZdQ (1+40%) where am (1 forA

83 forB
So E[WC]=AE[h(W)]. [80(1+4e) for A
30(1+4e 83, for B
Alternative] E(SC) E{WC] { E[TC]
A 50 19772 | 247.72
B 150 3834 [ 18834

Hence, purchase equipment B, E [ TC | = $188.34 per hour.

6. For alternative 1, tha system has Poisson input with A = 1/5, constant servica with it = 1/6 and s = 2, For
Altarnative 2, the system has Poisson input with A = 1/5, constant service with L= 13 and s = 1.

Alternative | E[SCY | p Il {from Fig, 16,11) E[WC]=501 [1C)
1 325 13/5 12 60 4.25
2 4566 [3/5 10 50 00,66

Hence, Alternative 1 should be chosan, E[TC ] = $94.25 per hour,

7. For atternative A, the system has Poisson inpul with A = 1/45, Erlang service with k = 2 and [1 = 1/36 and
s = 2. For Alternative B, the system has Poisson input with A = 1 /45, Erlang sarvice with k = 2 and 1 = 1

/18 and s = 1. Planes arrive at the rate ol one avary 45 hours or, equivalently, 8760/ 45 = 195 arrivais
per year. Since each plane goes lo the maintenance shop five times a year, there are approximately
195/5 = 39 planes.

So, for Alternative A, E [ SC ] = $§100,000 x 39 /8760 = §1780.82 per hour

and for Alternative B, E [ SC ] = $550,000 x 39 / 8760 = $2448.63 per hour,

(1)
Also for Alternative A, p = ——45 = 2 = | = 91 trom Fig. 16.13
(2 (1) >
1)2 1
: e
and for Alternative B, L -=(121k) A A =%_ TA;S—_T_ + 115__ = g_
A H (# 1y (1
mp-24) 18)‘18 45) (18)
Alternative | E7SC] E{WC]=3000L E(TC]
A | 178082 273000 4510,82
B 244863 1800.00 424863

So choose Afternative B with E [ TC | = $4248.63 per hour.
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8.

10,

For Status Quo, the system has Poisson input with A = 3, expenential service wth u=4ands=1, Sol =

_A .3
A-p
For the Proposal, the system has Poisson input with A = 3, and general service with |1 = ———1—1—- = 1—3Q
UL S T
10 5
and
= v oL wihsan, So,
200 50 40
2otap? | L)
A
AR L +9 _6075
2{1-p) 2(1- 3_) 10
maty =1 TC_I
Status Quo 20 30.00 50.00
Proposal 15 60.75 75.75

So continue Status Quo with E{ TC | = $50.00 per hour.

For Alternative 1, the system has Paisson input with X = 0.3, exponential service with 1 = 0.2, and s = 2,
So

-1
Po= | 144 + 1_(&) T IS B L |
Lo W 1 _QL_ 2 8 1-3 7

4

2u
DL = PG(LJZP+L=;_%%+B_._A=3,43_
21(1- pZ H 2(;_,2 2 7

For alternative 2, the system has Poisson inout with & = 0.3, general service (sum of E ( (Hy.Ky)and E(
Ho ko )wheteky =k, =4, 1y =05 and Ho=1- E (i, k ) denotes Erlang distribution with parameters (L

and k, see Section 16.7) with 1 = 1/3 and 622574

5
1202 4 02 09- 2 +081
SoL=p+ O *P” 5o« 4 = 551
2(1-p) 0.2
Alternativ S ' WC]=t c
1 2000 | 343 2343
2 1500 | 55t 2051

So choose Altarnative 2, with E[ TC | = 2051 per week.

Eor the status quo, the system has Poisson input with & = 15, exponential service with |l = 15, s = 1 and
limited watting room with k = 4. There is a waiting cost of 6 W_ for each customer due 10 koss of good will

and also a waiting cos! of $45 per hour when tha system is full (4 cars in system) due to loss of potential
customers. So

E[TC]=E[WC]=A6WQ+45P4= 6Ly +45P,.

In this case, AL 1,80
tL

1 ‘Pn=.——1-— n=12....k .'.P4=1—
kl-(” k+1 K 5
Lﬂ Z nPn= 1 n.M

n=1 k+1n——1 2(k+1)
L-(1-Pg)=K e 1 24 94,1
La=L-(1-Pg) 2 "t

Thus, E[TC]:-S (8/5)+45(1 /5) $16.20 per hour,
Egqr Proposat 1, tha system has Poisson input with A, = 15, exponential service with [1 = 2C and s = 1. n
addition to the waiting cost of 6 Lq due to 'os of good will, there is an expected waiting ccst of $2 per

298
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10.

LN

12. This ts an M/E /1 medel with X=3

(continued)

customer that waits longer than 1 /2 hour before his car is ready . The expected value of this additional
waiting cos! is given by
2AP(W>1/2)=2xe M1 P)2 356725 1246

Also, 6 Lq

Hence, E[ TC] =3+ 13.50 + 2.46 = 18.96 per hour (where 3 is the capitalized cost of the new

equipment.)

pu{p-2)

20x5

._6A% _6x225 _ 350

For Proposal 2, the system has a Poisson input with & = 15, Efang servica withpl =30 andk =2, and s =
1. The only waiting cost is 6 L due 1o loss of good will. Inthis case,

LQ’(k_L(p(p :k) (1)(30x15 )

Summarizing, Status Quo: E{TC =0+ GLq +45P, = 16.20

Proposal1:E[TC]=3+6Lq+30P{W21/2} = 18,96
Proposal 2: E[TC =10+ 6 Lg=10+2.25=12.25 .

Hence, Proposal 2 should be adopted.

(@Y s L ,“?JJ Elweledst| ELscl=10s | E[c]
§ o [+4] 10 @
d { 15 0D 10 35.00
3 172 3. 50 30 33.50
Scnce clearly ELSCI> 35 For s2 it follows bhat 37=d
(6) s | pseys Lﬁﬂ—; Efwclat5L] ECscT:10s| £rTe]
H 1.0 o o {10 @
2 .54y Q494 ) 36 a4 20 56.24
3 4332 1.366 | 2p.49 30 50.49
SN 1.000 | 45 po 4o 55.00
51 a3 809 | 1315 50 63.795

Since clearly E[SC]>50.43 for $56,ct Follows thal s7= 3.

El(re] = Yo,000 + 19 000 4+ 90,000 [Zas

A ELTCT =

A

10,000 — 70 po0 T_,

wée gﬂt /L( = 7?7‘#,

at which /Jlr'ﬂ‘f E[TC] =

1f we check A*E€ELTCT . 95 000(

rf /14 zZ

i

A e

fig T A

Blbe, 840/ wk
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and. S0
R
O A

'_/%{_-z]:&‘

= 0.375. Hence, E[TC]= 10 +2.25 < 12.25.

Solv.'ma J;or/.(

e .21 2%
Fs*z/u(/ae)‘ ’Lzﬂ‘ét«-w' f 1/4 9u PPN j zZo



/3

14,

/5

/6.

ECSCT= 4042 ond €Twed = .goL= :200W), 4O

a 0 MV A Va
EfTC]) = . A
So (¢} lo,&ta-#_—-r—_ ”
M Elvc]
5 o
15 | 48625
§.00 | 30000
140 | .28361
145 | 28640
}ag 18656
a5 | 28458
1.50 | 32500 So pm= 445
1.35 | .38 25
1.00 | 4ebb%F

Geven that ssd (by the Optimalchy of the Scngle
Server result) g « C CLot=¢C, C A
EITCIa Cop s jev o ()

delrc) . ¢, ¢wd .o - (m-a¥% 3 Cu
d/l-l- ("n--‘)'l Cn

:)/u-: A \JEIC../CP

j‘%&@‘ﬂﬁ% 50 For all u>A

Hence | M= A VaCu/c, s the minimizing value.

Emtj:D#fAC/ykﬁf

¥3
dELC) . p_2ac - 0 => (u-A.JAC 4. 4./a4C.
T e po S e A3
Also, izﬂ—l(:_']_: £2AC S0 whem C>0

d u? (A

‘,’
Hence, w=-A¢ (L.gc)a (3 the minimizing value.

(a) Part (a) of Problewn 21 s a speccal case of
Model 3  un which we want to determine %
(smce determining the wumber of machines
asscaned tv one operator ps equiwvalent to

rietey*m'.'m.'nﬂ A the mean arrival vate ) and 3 os

Fixed  (equal b 1 1n tiws case)

U:)LL‘) the r‘esulh'hq 5..jstem would be a M/M/s with

t«:‘nde mil.(n(;\ PoPu.la..tc'oﬂ (scze of populah’o*n
LS ecbua,f fo bhe btorul mumber of machines)
smd  the associated deccsion problev fbs

Model L {unkmown $).
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/6 () fConlinyes)
(1) the resulbing system s a collechion of (ndependent

M/M/1 wih honte calling populations avd the

appropriate deccston mode( s a combenation

of Models 2 and 3 since (n this case we have

to determine (Mhe service rate of o crew
depends on how many operators are assuned to
the crew) and 2 { the wean arvival rate depemds
o the nuwmber of ynachines assimed to acrew)

ard s (s fixed equal to 1.
(i) the resulbing sqstem doesnit fot any of
the models deserched in Chapter {b.

Each of the proposed altermatives allows, tn
varced degrees, the sharing of resowres (e
Operalors } tn conbust o the orgimal proposal.
Now, stnce in the original propesal the operators
wWowld be (dle most of Hne Bme, it s reasonable
b expect Haak (F we allew (nterackton | vhe
produchon vake obhuned it the 4ame rumber
of operators will trevease | amd thas |, the m%u.r.‘r{’cl
number of grerators that are needed to achieve
the descred production yate will decrease.

what might prevent tais from hoappencing?

In altermakives () and (i), the $ravel bime
(nob tokan (nto OCCmMY in the above amument)
May  pose a pvoblem (tnstead of fur‘nmg cdle
Bme tnhb service home we may be harnimg vdle
Rome o bravel time) Also, (n altermakve o)

the service vate of a group of workers may be
smaller thaw the wndividual Service vate scnce

U"lt.q wonit be wOrKing tmae_i'her r‘e.au.LarLu; . And
firally although this vs mot the case on Alternahve (i)
(the COMPDY\E‘ntJ OF a crew 0o work tagerner rtcju.larlaj)

cuen them e oy have Wit /u' <o
(wherc /u' (s the service vate of crew of
h pperators and Mot e rndovidaal servece

rate).
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(T,

d=b=c-d= 300 and v: 3 mideshon, .24 teet fmin

So g{1)- A [ fooyisey® | g_aio)ﬂuaof]__
Jit L (3004 300) (300 + 300)

2600 /apy mcnutes = 1 1Y minwtes

(400,000} 0
/ 8 - Area ass%ned o tool h—‘-‘—_* %, 400)

“rib un locahon 3 in
Mternghye 3

Location}
»
46D,440)

-The first step s

b reldvel tocation (300, 300)
as the origun 0,0)

for an (x.y) Coordc nale

System {subtmet 4§50

rom all coerds nabes shown

tn faure on the nght )

- The probabliby dcns;.h) Bunctron of X (606,0)
LS oblained by using the heght of

the area assigned fo the tool erntb at Loca.hbnjh

for each possible value of X:x and then daviding
by the scee of the area, as geven ﬁtqums f.(a)
below Thes then yuelds the umbomm distrybabion

of 1X] shown (n hgure 1 (b)

1)
F)r>t/ r_'f?b
)
;x Ifi‘s
7
(a) ' °(b) 150 %
F.-a-.L Lpr;b‘bih'hj denscly funchons of (WX and
b) 1yl ’

/!60

Thus | EINIE . L s s
a
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/9. (Conlinued)

1 - The probabeliby denschy funchon of Y s dblacned

' \ by uiang the width of the area assigned tool
orvh at Leabion 3 for each posscble value of V"’i

‘ md then du.'v(ddn@ b(.) e scae of thearea, as

| given n Rﬁurc d.(a). Thas then leads bo the
probabe iy denschy Funchion of 1Y shown (n Frgure 1.tb).

b f9 i
Iy ;L
gY 50 {_éo
4 -
kI o ! 4:2?)
Y %0 0 1%0 3 2 1% 160 g
Fa 1 Prombilchy dewsihy funchions of 1Y | and
{b) V],
T'nug_‘,f
v fw dy
- 1 du ¢ _1- ooy =
Efivig = L j{) 3 e el Ps0)
FEE ) V_’;

Lonsequently, E(T) for the bool crib ca Location 3 s

E(T) - 2. {efixiy + £31V1D) .
v
.2 (:}5 + 433 1/5)
15,000

0 0118 hr

n

(9. (a) Total area = (ard*, (4r)?. 20r2

rohabol by denschy for X = Probability densiby for Jx]

1
rr} 5!7
[iﬂL
:r r 50 " 5r X

Sr ~
Se, EfI¥Ig = ja (s‘_r)*n\m = ASr
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19 ¢a) ceontinued)
Probabilihy denschy for Y = Probabilihy denscty for 1Y)

)
2

4T

~ ar

-f r Y
r ar
50, E3IVIEs Su (2149 - J (g_r)«,au‘ I

r

-1

Hence, E{7). 2 {25+ .Nr 2 L 3Br
v v

(b) Area s S','rhmth'n'c about (0,0) so EfIXI} = EfIVI
Tokal area = 5{ar). 20r

Probabtlifq%dcns«'h’ for X = Pmbabc.'[c.’(’q denscty for IX}
or
3

1 ‘ﬁr l—l"

r Ir™ r ar x

-3'- -r

S0, Efixii- Jr(f'-_)!h- 'j”(.g‘.;)u\z = 1 dr

r

Hence, E{TT - ar (444 1.0) = 4.4r
prs v

() Total area = 2lardy riy ¥, rad= 3r2
Prohab Lt'h1 dcns;,‘h.j for X => Probabilihydersiby for{X]

,*;_ |
=3 b : ‘Lrl(ﬁr-;la)
&
b i
r v ar ¥ r ar X

So, EqixI3s [7(S)xdx ff'(in?l)[sm,),dx. e v

L4

Probability density for Y = Probability density for 1Y

% PRl
4
-w)
?F" & f';F'(Hr 4
k 3
k!
car - " rooar 1
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[9(c) (continued) ,
So, E?l‘f'; ;‘Arl§_j°(5r-lj)lﬁdtl er C“lf‘-tj)tjdﬂf: %g

H . & {32+4353] . 31
ence, €(T) _;"[_T_{_] 3;“

= Cg(‘{r‘): A4rd

{d) Total avea =
Probabah'hj Jensfhj for X => Probabulity denscly for [X]

P8 . P S
ar ar
2
12r 2
[____4L 1ar
e
“hr -ar ar ¥ r yr
yr

+j (;;:;)Idx_ _55:

So. £ - (74 Yxdx

ar

Probability density for ¥ = Probabclity denscby for 11
L b

4 1Ar
3
181
A
I 1ar
Aar
R e ar ) ¥ ar ar Y
ar
S0, € 3 5
Wt {1 Yoy - R0 5
S0 E(T) - 5y . (35Yr . 583 r
( ‘%f (3 4) - ( ¢ ) v v
=dB
o =30 3= 4 A - 2% C,=120 C:‘S Ct‘ .
< # ' j 1’(—50.50) » ¢ e } (100,50)
___U\: . A = at = ;‘1
n (0,0)
(50, -50) (100, -50)
S0 a-50,b=5%0,¢c=400,d:=50
LD . __*___,.(5_0_’:_*_%", .E:\_Q‘iiQ‘); 0a¢thrs,
5,000 v TOT{00 50 +50
A‘.SO, L:_a—-:fA—ﬂ‘ :‘1
M-A 30-24
(-50.50} (13,50)
N=2A: A= 2e_12
"
Relabe U.L'\f'pl S%MMCWCC areas, l.o.o)
(-50,-50) s,-50)

50 ﬂ-‘-so, b=60’c=15,o\=‘50

305



20.

2.

{oatinued)

ECr) - i__.(_ig’.ﬁﬁi . M): 0183 hrs.
“Booo\ 50+25  S0+50

Also,[_:_a____:____‘_g._

43
M- 304173

Hence | E(7¢) < m (e, +C) el Lr 20 ¢, EM]

w] A [EMI] L [CeC, [CLTAGEMELTCT
btay l.oaer| g | 35 100 | 1b 154
L 12 1 ougyl ¥ 35 50/3] 55 [14433

So there should be two facclilres.

Given : Cc-.qo,CM=JS,C£=AO,A?-‘70_V: 20000 feet fraur
E(loa.d.u'w& teme) = Y20 hours

For unload;'nﬂ,/u,,,.-. 30 m  where m us the

Crew side.
(Jeo,600) 1300,600)

So a=- 500, b=0,Ce300 and d-000

VBT, 4 [200%e300" o 600, ok hrs
Weod L3oco+t 30 L0

{-%00) (50) (%00,0)

Also, L:.A _Q'O_______S___

2" _gp -3
Hm 30m -4 (-300,300) {3003

n=2: Labelting the two symmetrc areas:

(300,00 (80) 0c0)
S0 a= 300, b:0, ¢ <300, d= 300

S0 B4 _rapkamt, 3007
2 % 3¢
30005 [ ok SEOE =~ .030 hrs.
- Awp - _ 45 -
Also, A= A2: 45 = L= gl s 135
hed: The facilities would be (xated as foilows
Locationd
Locatien 3
Lacation |

Considen Locakions 4amd A that arve symmetric

The area wowld be (abelled as
(~300,108) (6,300)

Total area = 135,000

(-300,0) {o.0) 1360,0)
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21 {continued)

W] v x
Proba <l hy denscly of X = iﬂé{_}bﬁbthf‘q dt‘nsth.jdf'i )

50 i (-3
&Wu-;&,) i |
300 a0 * 300

So EfIXI] 530&'_53)(3-%6)1.&«: oo

Probabi Liby densiby of Y=1¥I :

So E3IVIT< Efix13- 4ooy,

CEM. 2 [‘19_0., ‘_fQ_QJ: 4. 0263
10000 3 3 150
Also N A= 34 3y =» La ‘55/3 - 135 .9

0m-435/4 120m-135 $m-9
Now comsider Location 3 The area would be

)
Labe lied {130 Total area = 90000

(30,0 (000  (300,0)

Prohabiliby denschyof X => Provabilc by densiby ofF 1X]

Y00 I_':IT:
i 4
Lz | okl (5 ('~ 3%)

>

~300 100 * Wy o *

Se Efnila Somré‘a("fa)"“—' {00

L
. . T
Probability demsity of Yol il L)

doo b

So EfiVIT: EFIXIT - 400

E Em=—f—lm5-ltoouoo)=



21

{Continued)

n=h ; The aréas served by the four facilibves would
be tdentical tv that of Location 3 forw-3.
30 E(_T):: l’/,?w =020 hrs, ﬂ‘hd L. 3

D —

s Gm -3
“Wmmariiing:
Py E(TY L
{ .045 hrs. 3/tm-3)
2 030 hrs. 3/@m-3)
3 Locatiansd,3;Location 3{Locations 1,3;: Location d
D23 hrs. 020y | Vigm-4)  3/ym-3)
0320 hrs. 5/¢ym-2)
n=t: E(reys (G ym )t C Le A CEMYeAC,,, where A-10

m [ L TEM [Gimbu] (L [3GET)[AC a0 ELTC)
4 1 3_J085 1 0 |10 ) te2 ] 180 320
545|045 | %5 | 60 | fed (190 4w
& 14 |.04%5 l1ipo H0 | 162 150 4g2.0
P ]¥5 o4 {115 30 | 162 190 |48+

So for nzd, the minimum cost per houy vs §482.00

WeHy = b.

ned: E(70)=2[(GamEW ¢ C L A6 ED AL, f20] | where A=45

m (L | ECT [CpamCm|Git |ACE]ACHO | ELTC)
2 {3 |.030 | 4o 120 54 90 _ | e03.00
3 {4 ] 030 55 ho_|_ 5% Y0 (41700
§ (.6 ] 030 | D 1y 54 10 149%b.00
5 134 030 ¢5 vy 1 5% 90 {492.29

So for ned the minimum cost per nowr (s $4T 00

with W= 4.

nz3. At Locations dand & where 3.33 %,

w f L e JpemCm | Gt [AC, ET) (AL /20 | E(TC)
2_ (93 | 003 4o 5443 1 3¢ ¢3.s 19493
3 1¥s | ezer| 35 (a4 | 3 €r.5  (1g3.50
b (%3] p2er| Yo {5651 36 615 (18145
At Llocation 3 , where Az2a Y,

wm | L | Er) [ emCm | €L {ACET) | AC /20 | ELTC)
¢ | 3| .020 25 {ao if is J0£ 00
a | 35| .0d0 bo 2y 1§ 45 1122.00
3 |ag 020 | 55 14333 18 S 113133

SO,For na23, the minimum st per howr (s
3(192.50) 5 427.00 = 482.00 w(rh mv3 at Locations tandd,
amd wm=2 at locakon 3.

n=li: Synce al) areas served are symmebric te Erat of
Locakon 3 fer =3, the wavumuwt (ot per hwr
(s Y4 (433.00)= 50%.00 with m=4a.
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22,

Z 3.

{Continued)

S mmarg Ling,

n m E(TC)

i b 4ga.c0

4 b at both Locatioms| 436 .00
3 ot locateoms land 1

3 2 al Location 3 442.00

4 1 at all Locakions| 5pg.00

There fore, there should be two Faclikes with
Crew site of Y.

From Table 1b.4 and ad|acent text sx1 |s=2
we= Y | 025 | 00033
wa-Yaw | 18Y |0o43
W=t [1.033 06542

Notc hfut A1=.1,R;=.5 Qﬁd A5:4'A

Efwarking costs]
T
5 crilical [servous | stable ] total E[sc] 1EDc]
{ 48000 | 4240 | 12.4%0 [5¢4y.80 Lovoo pIu.Lo
bl 14 L 0391 12.949 2000 4295

50 there ahould be hwo doctors.

The 5tjstt'm tS @ mon-preemptive queuecng system
Wi HA /M:"i , Ae= b lA,:‘j omd Ag=24, where Class 1 s
qovernment jokos, Class & (5 commerual jobs and Class3
t5 standamd {obs. The problem ¢ to determine whether

924 o 525,
For 5:.'1' A.'.H"'J‘f
Aoz 4 wy: . 30094
B,: 54 W, = 38585
B, . Y
B)-'/‘I W=, EAdlie
For 525, A= 5235
By« | W,z - 29729
Bye Mo w, - ,30458
B):'li
B,:‘/S WS;'3"552
E[wcg
5 Gwernme.ng Commercial |Stamdard To!'al_. Elsc] Efrc]
4 1. 6?1115 13432. 45 889,493 11138 M se00 |1p12g 23
S_1 623902 [2241.22 | 51828 |141¢4d6as0 [i54s

So two additional lathes should be obtacned
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