1. A computer system consisting of a CPU and three disks processes three
types of jobs A, B, and C. The open queueing network model for the system
has a product-form solution.
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The model inputs are:
A, =0.01 Ay =0.05 e =0.04
DA,CPU =10 DB,CPU =5 DC,CPU =8
DA,diskl =0 DB,diskl =15 DC,diskl =0
DA,diskZ =0 DB,dika =12 DC,diskz =6
DA,diskS =0 DB,disk3 =0 DC,dixk3 =12.5

(a) Is this system stable? Prove your answer.

First compute the per-class utilization of each of the queues.

pA,cpu = )\’ D

A,cpu™— A,cpu

=0.01(10) =0.1

Padisit = Padiska = Paaisks =0

pB,cpu = )\’B,cpuDB,cpu = 005(5) = 025
Ps disk1 = )\'B,disleB,diskl = 0'05(15) =0.75
Os.aisk2 = Mo aiskr D aiskr = 0-05(1 2) =0.6

Pg gy =0

Py = *De. oy =0.04(8) =0.32

Pc dgisi1 = 0
Pc.aisiz = 2 De gisir = 0-04(6) =0.24
Pcaises = M De gisis = 0.04(12.5) =0.5

Total queue utilization is the sum of the per-class utilizations:



Pepi = Pacput Ppopu t Py =0-1+0.25+0.32=0.67 <1

Puisii = Pagisa + Ppaisa + Peaia =0+0.75+0=0.75 <1

Paisiz = Paaiscz + Pr.aisez + Peaisz =0+0.6+0.24 =0.84 <1

Puisks = Pa dgiscs + Poaisks + Peaiws =0+0+0.5=0.5<1

. The system is stable.

(b) What are the average system response times for job classes A, B, and C?
How many customers total (of all classes) are in the system on the
average?

Average system response times for each job class at each queue:
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Average system response time for each job class:



R, =R, . + Ry s + Ry siir + Ry siis
=30+0+0+0=30

Ry =Ry ., + Ry gy + Ry giir + Ry sis
=15+60+75+0=150

RC = RC,cpu

=24+0+37.5+25=86.6

+ R gisi + Re iskr + Re aiors

Average number of jobs of all classes in the system:

N=N,+Ny,+N.=AR, + AR, + A R,
=0.01(30) + 0.05(150) + 0.04(86.5)
=0.3+75+3.46=11.26



