MIDTERM TEST -- CS 177
University of California, Rverside.
Spring 1995
All aids alloved.

Notes to students:

a. State all assumptions where appropriate.
b. In general, sha your intermediate wrk.

1. [10 marks]

The poker test is a procedure (in conjunction with the chi-square test) for testing independence of random numbers,
based on the frequenavith which certain digits are repeated in a series of numi@osisider a series of 3-digit
U(0,1) random numbers (e.g., 0.375, 0.688, In)this case, there are 3 possibilities for treywigits can repeat

within each random number (see velimr an &ample) and there are theoretical probabilities associated with each
possibility

a) What is the theoretical probability that the three-digiiker hand’ contains three diérent digits, gactly one
pair of like dgits, and three lik dgits? (Bevare that these digits are independently sampled, aiglileal poler
hand dravn from a deck of playing cards!)

b) Suppose we generate a sequence of 1000 3-digit U(0,1) random numbers frogethharidom number genera-
tor, and find that 680 hae tree diferent digits, 289 contairxactly one pair of lik dgits, and 31 contain three &k
digits. Leta = 0. 05for the chi-square tesBased on the pak test, are these numbers independent?

2. [10 marks]

Let X be a randomariable with distriltion functionF yx(x) and letY be an independent randorariable with dis-
tribution functionFy (y).

a) Briefly explain the meaning of the disttiion functionF x(x), and its relation to the density functidg(x).
b) What is the distrilstion function of min (X, Y)?

¢) What is the distrilstion function of max (X, Y)?

3. [10 marks]

In thetheory() routine of the CSIM sgrsion of theM/M/1 queueing system, slva belawv, 4 quantities are calculated
as follavs:

throughput = 1 / (mean interara time)

utilization = throughput * (mean service time)

mean number in system = utilization / (1 - utilization)

mean response time = (mean service time) / (1 - utilization)

Note that both mean interaral time and mean service time angitable as defined constantilot surprisingly Lit-
tle’s Law is & work here, in seeral ways.

By assuming that 2 out of 4 of the left-hand-side performance measuresilge (you choose the 2) as well as
the defined constants, sthdow Little’s Law an be used to calculate the other 2 left-hand-side measures.
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4. [10 marks]|

Consider the CSIM program for modelling BiM/1 queue shen belav. Modify the program to handle a system
with two seners, one after the othenstead of just oneAs before, n& customers enter the system from a Poisson
source and thenait in line for the first seer. Howeve when thg havefinished their first service thigyo on to the
second sewrr instead of leang the systemService times at the second srare gponential with the same mean
as the first seer, but they are independently resampled.

We will consider tw cases. Incase |, we assume that there is separaigéng area for customersaiting for the
second semr so there is no connection between the queues rcept the flav of customers from queue one into
gueue tw. Incase Il, we assume that there is raiting area for the second servThus, if a customer completes
service at the first sesy but the second seev is still lusy with the preious customerthe customer islocked at
the first serer, unable to lege kut no longer receing ary service.

Briefly indicate what needs to be changed in the CSIM programvbelorder to model these twcases. Dot
worry about performance measured/orry about ne data declarations and wecontrol structures, in CSIM.
Answers with "Replace line ... with", "Delete line ...", and "Insert after line ..." are fine from a styjmirie

5. [10 marks]

a) Briefly explain what the liklihood function is, and hwit is used to determine the maximumdilhood estimate
(MLE) for some parameter of a randoariable.

b) On page 349 of the book, it says that the MLE for the Poisson digtritwith parametet is:
1 =X(n)

Prove it.

/* simulate an M/M/1 queue
(an open queue withkponential service times and interagiintenals)
*/

#include "lib/csim.h"

#define SVTM1.0/*meanf service time distrilation */
#define 1A M2.0/*mean of interarrival time distritution */
#define MRS5000/*number of avels to be simulated*/

FACILITY f;/*pointer for facility */
EVENT done;/*pointer for counter */
TABLE tbl;/*pointer for table */
QTABLE qtbl;/*pointer for ghistogram */
int cnt; *number of actie tasks*/

sim()  /*1stprocess - named sim */
{

inti;

set_model_name("M/M/1 Queue");
create("sim");/*required create statement*/
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cust()

}

f = facility("facility");/*declare fcility*/
done = gent("done");/*declare went*/
tbl = table("resp tms");/*declare table */

gtbl = ghistogram("num in sys", 10);/*declare ghistogram*/

cnt = NARS;/*initialize cnt*/

for(i=1;i <= NARS; i++) {
hold(expntl(IATM));/* hold interarrival*/
cust();/*initiate process cust*/

}

wait(done);/*wait until all done*/
report();/*print report*/
theory();/*print theoretical res*/
mdistat();

[*processustomer*/
float t1;
create("cust");/*required create statement*/

t1 = clock;/*time of request */
note_entry(qtbl);/*note awa */
resene(f);/*resene facility f*/
hold(expntl(SVTM));/*hold service time*/
release(f);/*releaseatility f*/

record(clock-t1, tbl);/*record response time*/
note_«it(qtbl);/*note departure */
cnt--;/*decrement cnt*/

if(cnt == 0)

set(done);/*if last arvial, signal*/

theory() /*printtheoretical results*/

{

float rho, nbarrtime, tput;
printf("\n\n\n\t\t\tM/M/1 Theoretical Results\n");

tput = 1.0/IATM;

rho = tput*SVTM,;

nbar = rho/(1.0 - rho);
rtime = SVTM/(1.0 - rho);

printf("\n\n");

printf("\t\tinter-arrival time = %10.3f\n",IAM);
printf("\t\tService time = %10.3\n",SVTM);
printf("\t\tUtilization =9%720.3f\n",rho);
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printf("\tWThroughput rate = %10.3f\n",tput);
printf("\ttMn nbr at queue = %210.3f\n",nbar);
printf("\ttMn queue length = %10.3f\n",nbairho);
printf("\t\tResponse time = %10.3\n",rtime);
printf("\t\tTime in queue = %10.3\n",rtime - SVTM);
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