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1
L =4 W) =4
L) =4 -W,0=4
I

L= A W)= 4

] 1
LI(]HLJUHL‘“)=A1(-l§+l+]_2_)=l

> 4 =04
> L(1)=032667. Ly(1)=04. L,(1)=03333

For N=2,
w,(2)= A + S - L,(1)=0.8445
o H

W)=+t =14
M. M

W)=+ L y=1111

He My
[{2)= 2, -W,(2)=4,-0.8445
L,(2)=4,-W,(2)=4,-14
Li)=4,-W(2)=4,-1.1111
2 L2+ LA+ 1,(2)=2,(0.8445+1.4+1.1111) =2
A,(0.8445+1.4+1.1111)=2

> A, =0.59
) W(2)+ W, (2)=14+1.1111=25]11
th) 4, =0.596
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In state space. number with prime indicates job blocked by subscquent node.
b} Following Now balance equations should be salisfied in the equilibrium,
for stne (2000 u, -72(2,0,0) = 4, -7(1,0,1)

for state (1.1O) 4 - #(LL0} + gy - #(11,0) = o1, - 2(2,0,0) + JTAEY {(1RR)]

for state (17.0.0) 41, -2(1',1.0) = 2, - 7(1.1,0)

for state (011 (g, + ) 2(0L1) = g, (11,0} + g, - 2(1,0,1)

for stne (1013 (g, + 4,)- 7(1,00) = p, -x(LLO) + g1, - 2(O1',1)

for stine (.17 1) gy - m(0,1.1) = 4, - 1(0,1,1)

by distribution property er(.v)=l.

ek
il we solve the above cquations, we ean get stationary probabilily for each state.
I got the fotlowing result by several matrix operation using Matlab.
[7(20.0)] [0.10607
z(l.LO) 0.1589
(I 1.0) 0.2383
a{(.LD) 0.1987
z(1.0.1) 0.1325
_71’(0,".]” _0.]656J

=> probability that any customers are blocked:

x(I'1.0) + z(0.1'.I) = 0.2383 + 0.1656 = 0.4039

Further, | think sthernative waty using special structure of this problem.

What il we replace (110} (respectively (0.1°.13) with (0.2.0) (rospoctivety (0,0.2)7
Simee there is only two costomers in Lthe system. the state chagram of (a) will not
change at alk In other words. we can substitute (0.2,0) and (0.0.2) for (1°.1.0) and
(0.1°.1) respectively without any change of state diagram. Morcover. the changed state
diagram is nothing more than state dingram of network without any capacily constraints.
Therefore. we can analyze this system as the normal closed nelwork. while considering
state [0.2.0) and (0.0.2) as blocking siluation (171.0) and (0.1°.1) respectively.

IFthis is normal closed network. we can assume thal stationary distribution is product

form as follows. Since relative arrival rates are samoe. we can dssime thal A=1,

> n =rlrl-5-=0.667. P =1. p, =0.833

> #{n.n,.n;)=4-0.667" -0.833"



Lets et a normalization constant A,

Zﬂ'(ﬂl.ﬂ-_..nl)z A 20-667”' .0.833" =1

ERyhaan) it

5 A(0.667" -0.833" +0.667° . 0.833° + 0.667" - 0.833°
+0.667' -0.833° +0.667' -0.833' +0.667°-0.833') =1

> A4=02384
In this new stite diagram. (0.2.0) and (0.0.2) indicate blocking siluation.

7(0.2.0) + 7(0.0.2) = 0.2384 - (1+0.833*) = 0.4038

(¢}
States that only one node actually does processing are:

7(2.0,0) + (¥ ,1.0) + #{0,1',1} = 0.1060 + 0.2383 + 0.1656 = 0.5099 from 1"

appraach. On the other hand. from 2™ approach.,

7(2.0,0) + £(0,2,0) + 7(0,0,2) = 0.2384(0.667" +1+0.833*) = 0.5097

We can see both approaches produce same resuits.

n=l)

. whoere X is thesgumber of cusiomers in the sys when & new customer is Arrving.

Since service timoeNs exponential, when a ng® customer joins the gueue, the current

service can be rencwid like starting v because of memoryless property.

i 't" _e—ﬂ-l

U

> PriW=t|X=n)=
nl

Note that in wrder o get through the entire system. n+ 1 processes should be repeated.

including the neA€ coming customenitself.

0 ”n-i-l.!n e--,u-l

=L B 1-P)

w(l-B)- e""'i(—‘”—"n—"gz = p(l-

n=0
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Problem 4 (20 points): A scrvice station is processing the comningled
streaun of two part types. cach of which arrives according to a Poisson process
with rate A;. Parts are processed on a FCFS hasis, and the expected serviec
time for cither part is cqual to f, time units. but when switching from
one part type to the other. there is an additional detenmninistic set~up time
equal to ¢, time units. Provide the stability condition for this station; your
response mnst expressed in terms of the data set provided above.
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Problem 2 (20 points): A machinc can experience two types of failure.
Both types of failure can occur only when the machine is operational {i.e..
failures are “operation-driven™ nud not “time-driven”). they occur indepeu-
dently from each other. and their occurrences follow Poisson processes witlh
corresponding rates X;, i = 1,2. Also. the corresponding MTTRs (monu
titne to repare) are equal to ¢;, 7 = 1,2. Answer the following questions:

i. What is the auailablity of this machine?

ii. If both types of failure are non-destructive and the “nominal” process-
ing times (i.e.. the times that are required for the processing of the
parts without accounting for the downtimes due to failures) for this
machine are uniformly distributed over the interval o, b}, what, is the
expected number of failures that take place during the processing of a
single part?

In your response. consider that all the referred quantities are given i con-
sistent units.
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