STA 4821 Homework 6 (The M/G/1 Queue) 40 Points

The following BASIC code simulates the single-semypeeue with FIFO service. It generates the intesar
times and the service times for 100,000 custonagrd;it produces estimates of the server utilizatioa
fraction of customers who must wait in the queuwel, e average waiting time.

100 FORi=1 TO 100000

110 1A= (generate interarri val time)
120T=T+IA

130W=W+X-1A

140 IFW<0 THENW=0

150IFW>0 THENc=c+1

160 SW =SW +W

170 X = (generate service t ime)
180 SX =SX + X

190 NEXT i

200 PRINT SX/T, ¢/100000, SW/100000

Adapt the program and run it (using the languaggoaf choice) for four different service-time
distributions:

(1) exponential service times, with mean serviocett(X) = 0.5

(2) constant service tim¥ = 0.5

(3) X~U(0,1)

(4) P(X=1/3) = 0.9 P(X=2)= 0.1

Assume that the interarrival times are exponentiiitributed with mean value 0.625 (that is, Paiss
arrivals with rate. =16) . Fill in the table. For case (1), draw the grapthe theoretical distribution

function of waiting timesk,(t); and, on the same axes plot the simulation estisraitthe values ofast
goes from —1 to 12 in increments of 1, and filthe corresponding table.

Theory for the M/G/1 queuelf 1 is the arrival rate and is the service time, then tserver utilization is
given by

_JAE(X) if AE(X) <1
P11 if AE(X)=1
The probability that a customer must wait in theugiis
P(W>0)=p,

and the mean waiting time is given by the famBaisaczek-Khintchine formula,
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In addition, if the service times are exponentidilstributed, and the service is FIFO, then

0 0 (t<0)
Fwt = (1~ ).L
1-pe B0 (t>0)



There is no simple formula féi,(t) when the service times are not exponentially ithgted. (Therefore,
simulation is an important tool for the analysigjobues whose service times have any arbitraryfegzbc
distribution of service times; and the theoretreslults for the special case of exponential senwces are
important because they can be used to check tiedad accuracy of the simulation.)
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