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Homework Assignments, Spring 1996
Prof. Dennis L Bricker, Dept. of Industrial Engineering
University of lowa
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Be sure to state what probability distribution you assume in each problem! You may find the necessary
probabilities in tables, compute them manually with a calculator, or use the APL workspace "ProbLib" which
can be found on the ICAEN fileserver (in the folder for 1E). (Using the APL workspace requires that you
have a disk containing APL.68000 Level 11, an interpreter for the APL language.)

1. (@) Find the probability of throwing a"7 or 11" at least twice in six throws of a standard pair of dice.
(b) What isthe expected number of 7's & 11's obtained in 6 throws of apair of dice?
(c) What isthe expected number of throws of apair of dicerequired in order to obtaina7 or 11?

2. A certain production process has a fraction defective of 8%. Four good pieces are required. Piecesare
produced until the 4 good pieces are obtained.
a. What are the expected value and standard deviation of the number of pieces produced?
b. Compute the probabilities of producing no more than 6 piecesin order to obtain 4 good pieces.
¢. Supposethat instead of producing until 4 good pieces are obtained, a batch of size n is produced, and
then the pieces are inspected. How large should n bein order to be 95% certain of obtaining at least 4
good pieces?

3. A telephone exchange contains 10 lines. A line can be busy or available for callsand al lines act
independently. If each lineisbusy 72% of the noon period (so that the probability that a specified line will
be busy at any given time during the noon period is 72%), what is the probability of there being at least
three free lines at any given time during this period? What is the expected number of freelines at any time
during this period?
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Be sure to state what probability distribution you assume in each problem. You may find the necessary
probabilitiesin tables, compute them manually with a calculator, or use the APL workspace "PROBLIB" .

1. Supposethat X isadiscrete random variable with probability mass function given by:
p(1) =0.1 p(2) =0.3 p(3) =0.2 p(4) =0.3 p(5) =0.1

@) Plot the probability mass function p(x).
(b)) Compute and plot the CDF (cumulative distribution function) F(x).
(c) Compute P{1.4 £ X £ 4.2}.

2. Supposethat X isa continuous random variable with probability density function given by:
f(x) = 4x/97.5 155£x£17.0
0 otherwise

@) Plot the density function f(x).

(b)) Plot the CDF (cumulative distribution function) F(x).
(c) Compute P{X £ 16.0}.

(d) Compute P{X = 16.0}.

3. Along highway [-80 in lowa, the probability that each passing car stops to pick up ahitchhiker is p=2.5%,

i.e, an average of onein forty driverswill stop; different drivers, of course, make their decisions whether
to stop or not independently of each other.
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a. Each car may be considered asa"tria" ina process, with "success' defined asthe
car's stopping to pick up the hitchhiker.

b. Given that a hitchhiker has counted 25 cars passing him without stopping, what is the probability that
he will be picked up by the 40th car or before?

Suppose that the arrivals of the cars form a Poisson process, at the average rate of 10 per minute. Define
"success' for the hitchhiker to occur at timet provided that both an arrival occursatt and that car stops
to pick himup. Let T1 bethetime (in seconds) of the first "success', i.e., the time that he finally getsa
ride, when he begins hiswait at time T1=0.

¢. What isthe arrival rate of "successes'?

d. What isthe name of the probability distribution of T1?

e. What isthevalue of E(T1) ? What's the value of Var(T1)?

f. What isthe probability that he must wait lessthan 5 minutesfor aride (P{T1< 5} ?

g. What isthe probability that he must wait more than 5 minutes for aride(P{ T1> 5} ?

h. What isthe probability that he must wait exactly 5 minutesfor aride? (P{T1=5}?
Note that your answersin f, g, and h must have a sum equal to 1!

i. Suppose that after 4 minutes (during which 42 cars have passed by) heis still there waiting for aride.
Compute the conditional expected value of T1 (expected total waiting time, given that he has aready
waited 4 minutes).

4. A bearing in a Grass Chopper mower's PTO mechanism fails randomly, with an expected lifetime of 250
hours. Assume that the lifetime of the bearing has an exponential distribution.

(a) What is the probability that the bearing lasts longer than 250 hours?
(b.) If the mower has already operated without failure, for 150 hours, what is the probability that the
bearing will last at total of at least 250 hours?

(c.) If the bearing experiences itsfirst failure at 238 hours and is replaced (with an identical bearing),
what is the probability distribution, mean value, and variance of the time until the second failure?
(d.) What isthe probability that the bearing will fail (& be replaced) three or moretimesin 750 hours of

mowing?
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(1) Runthe SLAM simulation model with single teller window and with queue capacity equal to 4 by using
the SLAM input file:
GEN,yourname,BANKTEL L ER,month/day/year,1,,,,,,72;
LIM,1,2,50;
INIT,0,480;
MONTR,TRACE;
NETWORK;
CREATE,EXPON(5.0),,,20;
QUE(1),0,4;
ACT(1)/1,EXPON(2.0);
TERM;
END;
FIN;
Notes:
» The“ 72" inthe GEN statement specifies that the width of the output report isto be 72 columns.
» The“ 20" inthe CREATE statement specifies that only 20 customers are to be simulated.
» The MONTR (monitor) statement specifiesthat a traceis being requested.

Using the TRACE output, prepare alog recording, for each of the 20 customers:
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a thearrival time

b. length of queue (including current arrival) at time of arrival
c. status (busy or idle) of the teller immediately after the arrival
d. time that customer begins being served by the teller

e. departure time of each customer

f. length of the queue when the customer departs.

Which customer waits longest in the queue? Which customer spends the most time in the system? (Note
that these will not necessarily be the same customer!)

(2.) Now, run the simulation again five times (simulating five days), by
» changing the“1” inthe NNRNS (# of runs) field of the GEN statement to “5".
» removing the MONTR statement so that TRACE output isn’t generated.
* removing the 20" from the CREATE statement, so that more than 20 customers are simulated
each day.
(a) Verify that the results of thefirst day are identical to the results shown in the Hypercard stack.
Explain how thiscan be. (Aren't the interarrival and service times random ?)
(b.) How many cars were unable to enter the queue each day, because the queue wasfilled to capacity?
(c) What fraction of the time wasthe teller busy each day?

(3.) Supposethat, after seeing the results of the simulation above, the board of directors has decided to
consider the possibility of redesigning the layout so that the driveway for carswishing to visit theteller
window would be extended for a waiting capacity of 5 cars (not including the car at the window), if, in doing
s0, a single teller window would be sufficient.

Again run the SLAM simulation model (specifying 5 runs on the GEN card) with the single teller window but
with the queue capacity increased to 5.
(a) How many cars were not able to enter the queue each day?
(b.) What was the maximum number of carswaiting in the driveway each day?
(c.) What fraction of the time wasthe teller busy each day?
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1. Generating Arrival Times in Poisson Process. Suppose, in preparation for performing a manual
simulation of the arrivalsin a Poisson process (e.g., parts randomly arriving at a machine to be processed),
you wish to generate some inter-arriva times, where the arrival rateis 4/hour, i.e., one every fifteen minutes.
First, you need some uniformly-distributed random numbers. To obtain these, select arow from the
following random number table, based upon the last digit of your ID#: if 1, use row #1; if 2, use row #2; ...
if O, use row #10.

Uniformiy-Disributed "Random”™ Mumbers

3730 3018 6286 AY2Y 3263 FI48 2903 A17e 132 8283
E613 9328 5159 5559 4755 2992 2960 7492 14808 4217 §
BFEE F198 4ved 2181 3523 9297 4171 1247 2898 3589
4326 1874 2090 VeeD 3421 874V 1889 FeA9 9894 3E63
2881 Bdel FOVF BIFI 3930 8291 9831 2449 3346 1644
6390 32B2 DE9e oVE3 3414 363V eB43 6ASC 9561 I
4835 1573 oB2A e&2E 2404 8273 1389 B217 3518 e474
2134 1844 2728 5399 Be09 4932 3028 4720 VIde 2705
FESD 22YV 8133 1447 384D 8738 2435 4876 2eE2 @73
4855 6443 5069 BEA4 388V 3189 8049 IIFE EFEL 3EE3

L I I Y I ) O A I

] -
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a. What isthe name of the probability distribution of the time T of thefirst arrival?

b. What will be the name of the probability distribution of the timet; between arrivals of partsi-1 and i
(wherei>1)?

c. Usetheinverse-transformation method to obtain random inter-arrival timesty, to, ... t1g (Where T1=

t).

d. What arethearrival times (T, Ty, ... Tqg) of the first ten partsin your simulation?
i Xi ti Ti

Boo~vwounhrwnpRr -~

e. The expected number of arrivalsin the first hour should, of course, be 4. In your simulation of the
arrivas, however, what is the number of arrivals during the first hour?

2. Regression Analysis. Testson the fue consumption of avehicletraveling at different speeds yeilded
the following results:

Speed s (mph) | 20 30 40 50 60 70 80 90
Consumption C (mile/gal.)| 11.4 179 221 255 261 276 292 298

It is believed that the rel ation between the two variablesis of theform C=a+ b/s.

a. Run the"Cricket Graph" software package (on the Macintosh), and enter the above observed values
of sand C (columns 1 and 2).

= I=———— lintitled Data =

1 2 z
E cC : g :

1 114 20

2 1794 0

3 22.1 | 40 |

4 2591 a0

5 261 | &0 |

& 276 70 i

7 29.2 | 20 |

2 29.81 20

b. Plot the "scatter plot" of C versuss by: choosing "scati[er" on the Graph menu, and specifying s on
the horizontal axisand C on the vertical axis. Does the plot appear to be linear?

¢. Choose "transform" from the "data" menu to create anew variable 1/swhich isthereciprocal of s.
(Put this new variable into Column 3.)
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1 2 S
L3 C s 1/
1 11.4 ] 20 | 0.050 §
2 1791 z0 ! 0.033 §
z 221 40 0025
4 255 | 50 0.020 i
5 261 | &0 | 0017
& 276 | 70! 0014 §
7 2921 20 | 0.0z}
8 298] a0 | 001

d. Plot the"scatter plot” of /s (horiz:ontal axis) versiJsC (vertica a>:<is). Does the plot appear to be
linear?

+

«2+.°| Scatter Plot k
Scatter

Horizontal (H) Axis Vertical (Y) Axis

§ 5
C

s HEEE

53

|
|

(Rewrior )
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Untitled

0 g

Data from “Untitled Data”

20 1

0.0

o0z

0.03

0.04 .03 008

1=

e. After plotting C versus 1/s, select "Simple" from the "Curve Fit" menu, in order to fit asimple linear
relationship between C and 1/s, i.e., to determine aand b such that C 2a+ b(1/s). What isthe value

of a?

of b?
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z0

20 4

10 T .
0.01 0.0z 0.03 0.04 0.a5 0.0&

1fs

(Note: the above datais complete fictitious!)

3. The numbers of arrivals during each of 100 one-minute intervals of what is believed to be a Poisson
process were recorded.

Humber of amrivals during

The observed numbers above ranged from zero to eight, with frequencies Og through Og:

Numberofarrivdlsi | 0 1 2 3 4 5 7 8
observedfrequency O; | 12 11 19 23 22 10 0 2

o

The average number of arrivals was 2.78/minute. We wish to test the "goodness-of-fit" of the assumption
that the arrival's correspond to a Poisson process with arrival rate | = 2.78/minute.
Thefirst step isto compute the probability pj of each observed vaue, i=0 through 8:

page 7



57:022 Principles of Design 1 HW’ 96 Instructor: Dennis L Bricker

b, !
B BE2E33S

B.1724678
B.23970as

8.1543936
8.6338428
86397738
B.6137959
8. BE34E38

a. What isthe value missing above? (That is, the probability that the number of arrivalsis exactly 3.)

Ln T I T | I =N I et

b. Complete the table below:

. 0; - Ey?
i Bi Ej O |- E 19 - B
E;

B B.BE203ES8T  6.2M38587 12 5.7961493 5.4152489
1 B.1TE46TES  17.246785 11 6.2467ESL 2.2625379
2 B.2IITESE  £3.97E92 19 4.978%2  1.8315779
3 [ ] | 2z | | |
4  B.1543936  15.43936 22 £.56DEAD4  2.7ETELAD
S B.BESEdEERS  B.5848839 18 1.4157161 @.2334792
&  B.EISTTIEAS  3.9773849 1 2.9773849 2.2288064
7 B.B1S7aSA 1 .57959 B 1.5795% 1.57959
2 B.BES4E9ATSE B.548987S2 2 1.451@925  3.8361895

What is the expected number of times in which we would observe three arrivals per minute? Did we
observe more or fewer than the expected number?

c. Because of the small number of observations of 6, 7, and 8 arrivals, we will group these observations
together with 5 arrivals, so that we will have 6 cells (0, 1, ..., 4, and 3 5). Now, we can compute the
expected number of observationsin each of these cells, which we denote by Eg through Es. What is
the expected number of timesin which we would observe three arrivals per minute? Did we observe
more or fewer than the expected number?

| ;- By

i By E; O - Ef (©i- B
Ei
B 0.062038587 6.2038587 12 5.7961493 5.4152489
I @.17246785  17.246785 11 6.2467051 2.2625379
¢ B.2397292 23.9729E 13 4.97292  1.8315779
3| [ ] | 23 | I |
4 B.1543936  15.4393% 22 6.56@5404 2.7ErEl01
S5 B.14690166  14.690166 13 1.6901663 ©.1944508
2
1 g

e. Keeping in mind that the assumed arrival rate |=2.78/minute was estimated from the data, what isthe
number of "degrees of freedom"?
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f. Using avalue of a= 5%, what is the value of cf—,% such that D exceeds Cé% with probability 5% (if the
assumption is correct that the arrivals form a Poisson process with arrival rate 2.78/minute)?

g. Isthe observed value greater than or lessthan C%% ? Should we accept or reject the assumption that
the arrival process is Poisson with rate 2.78/minute?

LI EILOI LI LI LOI LI O OIOND> HW #5 LI LI IO LI LI O LOICOIN>

Thefailure time of an eectronic deviceis the minimum of the failure times of itsindividual €lements (all
nonnegative random variables). We will therefore assume that the failure time of the device has approximately
aWeibull distribution. Suppose that 100 units of this device are operated simultaneously for 800 hours, at
which time 60 have failed, and the failure times are recorded. These are;

Failure times f(hrs.) for 60 units failing before 500 hours

2.17 SE.¥e ed4.81 Pe.EF O198.55 162,52 173.21 1868.25 286.48 211.79
213.47 22a.26 228.58 243,49 242,93 271.52 200.63 300,92 365,59 320.16
J24.14 239469 399,12 484,24 485.80 411.12 412.67 414,73 434,94 435.18
447 .62 438.84 475.89 498,71 492,67 SE1.36 SE1.86 516,33 530,37 53367
295.69 55686 599.31 eB84.51 &AY.AD 6E9.16 67471 6YE.42 6PE.4Y 631.83
631,15 69562 &92.77 PED.62 V14.47 FE2.95 Y3241 P43.64 Ve@.31 FER.37

The manufacturer wants to determine:
a.) the expected lifetime of the device
b.) the standard deviation of the lifetime
c.) the probability that the device will fail during itsfirst 100 hours of operation.

To estimate the expected lifetime (and its standard deviation) by recording the failure times of all 100 units
would require an excessive amount of time, since typically the last few surviving unitsfail at alow rate.
Hence, we wish to estimate the Weibull parameters u & k from the data above, and use these to estimate p and
S.

a. Group the observations as follows:

Interval # failures % surviving
0-100

100-200

200-300

300-400

400-500

500-600

600-700

700-800

b. Enter the observed values of t and R (failure time & rdiahility, i.e., the fraction surviving) into the
Cricket Graph program.

c. Using "transform" on the menu:
- compute Int and place it into column 3 of the data matrix.

- compute R and place it into column 4 of the data matrix.
- compute In R"1 and place it into column 5 of the data matrix.
- compute In (In R1) and place it into column 6 of the data matrix.
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d. Plot the scatter graph of the data, with In t (column 3) on the horizontal axis, and In (In R-1) (column 6)
on the vertical axis. Do the points appear to lie on astraight line?

e. Fit alineto the points, using the Cricket Graph program. What is the equation of theline? What isits
slope and y-intercept?

f. Based upon thefitted line, what are the parametersu & k of the Weibull distribution?

g. Using the parameters u & k, compute the expected number of failures (of the 100 units tested) in each
of theintervals:

Interval  observed #failures Expected # failures
0-100

100-200

200-300

300-400

400-500

500-600

700-800

h. Perform a Chi-Square Goodness of Fit test to determine whether this distribution provides an
acceptablefit to the observed data, with a= 5%.

i. According to these estimates of u & k, at what time should 5% of the units have failed? ... 50% of the
units? ... 90% of the units?

j. According to the value of k, isthe failurerate increasing or decreasing with time?

LENLOIHOILIN LI NI LI LN LI LI LI OIIND> HW #6 LOILEIOILII LI OILIN LI LI II LI LI OILN >

1. A system contains 4 types of devices, with the system reliability represented schematically by

et et
ity ity
Wt Wt

It has been estimated that the lifetime probability distributions of the devices are asfollows:
A: Weibull, with mean 800 days and standard deviation 1200 days
B: Exponential, with mean 3000 days
C: Normal, with mean 1500 days and standard deviation 500 days
D: Exponential, with mean 1000 days
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a) Computethe reliabity of aunit of each device for adesigned system lifetime of 1000 days.
Device Reliability
A
B
C
D
b.) Usingthe rdiabilitiesin (b), compute the system reliability:
Subsystem Reliability
AA
AA+B+C
B+DDD
Tota system:

2. A system has 3 types of components (A, B, & C) which are subject to failure. Asshown below, the
system requires at least one of components A and B, and at least two of component C. One of component
A isin stand-by. When the first component A has failed, the second isto be switched on, and until then
does not "age" or fail. Assume that the sensor/switch has 95% reliability. In the case of components B &
C, on the other hand, al units of these components are in operation simultaneoudly, so that each unit is
immediately subject to failure.

Zoutaf 3

required

AmCm [
i

L K

The lifetime distributions of the three component types are:
Component A: Erlang, being the sum of five random variables, each having
exponential distribution with mean 50 days.
Component B: Exponential, with expected lifetime 200 days.
Component C: Exponential, with expected lifetime 250 days.

a. Draw aSLAM network which can simulate the lifetime of this system.

b. Enter the network into the computer, and simulate the system 1000 times, collecting statistics on the
time of system failure. Request that a histogram be printed. Specify about 15-20 cells, with HLOW
and HWID parameters which will give you a"nice" histogram with the mean approximately in the
center and with small tails. (This may require a second simulation, with the histogram parameters
selected after observing the results of the first smulation.)

Note: Be sure to specify on the GEN statement that you do NOT want intermediate results, and that
the SUMMARY report isto be printed only after the 1000th run. Also specify on the INITIALIZE
statement that the statistical arrays should not be cleared between runs. The following should work:

GEN,yourname,RELIABILITY,3/2/94,1000,,N,,N,Y/1000,72;

LIM,,.8;

INIT,,,NO;

NETWORK;

(SLAM Il network statements go here)
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END;
FIN;

¢. What isyour estimate of the average lifetime of this system, based upon the simulation results?

d. Suppose that the system isrequired to survive for a 100-day mission. What is the estimated reliability
of the system, i.e., the probability that the system survives 100 days?

e. Suppose your company will offer awarranty on this system, specifying the length of the warranty
such that 95% of the systemswill survive past the warranty period. What should be the length of the
warranty?

LI LI LI LII LI LOIONIND> HW #7 LI LOIOILIN LI LINLIICOIIN LI COIIN>

1. A bank currently hastwo tellers, each teller having his own queue. Customers arrive randomly at the rate
of 1 per minute, and choose the shorter queue. The average servicetime by teller #1 is 60 seconds, with a
standard deviation of 10 seconds, while for teller #2 the mean is 40 seconds with a standard deviation of
20 seconds. Assumethat for each teller, the service time has a normal distribution, and that a customer
cannot "jump" from one queue to the other, once he has selected a queue.

A new arrangement is being considered by the management, in which a single queue forms, and the
customer at the head of the queue chooses the next available teller. (If both tellers are available when the
customer arrives, assume that the choice of teller israndom.) Simulate both systems (using SLAM 11) for
an 8-hour day, and compare the average time in the systems for the customers. (What, if any, isthe %
reduction in average timein the system if the new plan isimplemented?)

2. Thearrival of copper coils at an annealing oven forms a Poisson process, with an average arrival rate of
2/minute. When enough coils have arrived to fill the oven (with a capacity of 12), the annealing process
begins. Thisprocessistimed so that the coils remain in the oven for exactly 5 minutes. At that time they
are removed to be packaged, 12 coilsto acarton. The empty cartons arrive in bundles of 10, with time
between arrival of the bundles having normal distribution with mean 60 minutes and standard deviation
10 minutes. One person works at this packaging station, with the time required to fill the carton, sedl it,
and carry it to the shipping dock having anormal distribution with mean 4 minutes and standard deviation
1 minute.

Using SLAM II, simulate this system for a 24-hour day. What are:

a. The number of cartonsfilled during this day?

b. The average and maximum number of annealed coils waiting to be packaged?
¢. The maximum and minimum busy intervals for the packager?

LI LI LI LI LI KON LN LI OINO> HW #8 LEMLOIHOILNI LI IO LI O LI OIONKO>

Project Scheduling. A building contractor is preparing a project schedule for the construction of a house.
The activity descriptions and estimated durations (in days) for the project are:

Duration

Prede- opti- most pessi- Std

Activity | Description | cessor(s) | mistic likely migtic | Mean | Dev'n
A | Excavatefoundations | none 1 2 3 .
B | Pourfootings | A - 1 - 1 0
C | Pourfoundations, including | B 2 3 5 .

| placing & removing forms |
D | Framingfloors, walls, & roof | C 6 9 (I N
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Congtruct brick chimney

Install drains & rough plumbing
Pour basement floor

Install rough wiring

Install water lines

Instal heating ducts

Lath & plaster walls

Finish flooring

Install kitchen equipment

Ingtall bath plumbing
Cabinetwork M,N
Lay roofing

Install downspouts & gutters
Paint walls & trim

Sand & varnish floors

Install electric fixtures
Gradelot

Landscape

mooToOn

O
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c

1
2
1
1

0
0
0
0

a. Assuming that random durations have the BETA probability distribution, compute the expected value of
each and write in the table above. (Y ou need not compute the standard deviations, except for those
activitieswhich are determined later to be ‘ critical’.)

b. Draw the AON (activity-on-node) network representing this project.

¢. Schedule this project by entering the AON network into MacProject |1 (found on severa of the
Macintosh || computersin the computer lab on 3rd floor of the Engineering Building.) Specify that the
start time for the project will be April 1, 1996. What isthe earliest completion time for the project?
(Notethat 5-day work weeks are assumed by defaullt.)

d. Draw the AOA (activity-on-arrow) network representing this project. Explain the necessity for any
"dummy" activities which you have included.

e. Labd the nodes of the AOA network, so that i<j if there is an activity with node i asits start and node |
asitsend node.

Determining the critical path. Inquestions (f) through ( j), usethe "most likely" asthe duration:

f. Perform the forward pass through the AOA network to obtain for each nodei, ET(i) = earliest possible
time for event i.

g. What isthe earliest completion time (in work days) for this project?

h. Perform the backward pass through the AOA network to obtain, for each nodei, LT(i) = latest possible
timefor eventi (assuming the project isto be completed in the time which you have specified in (€).)

i. For each activity, compute:
ES = earliest sart time EF = earliest finish time
LS =latest start time LF = latest finish time
TF =total float (dack)
j. Which activitiesare "critical", i.e., have zero float ("slack")?

Now, assume that the durations are random, with BETA distribution.
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k. What isthe expected duration of the critical path foundin (j)?
I. What isthe standard duration of the critical path foundin (j)?

m. According to the PERT technique, what isthe probability that the project duration will not exceed the
expected duration by more than 5 days?

Simulation of construction project. (For convenience, usetriangular distribution instead of BETA
distribution for the random durations-- the BETA parametersrequired by S_.AM are not the three
parameters given above, and their meanings aren’t well specified!)

n. Draw aSLAM network to simulate this project, and simulate it 1000 times.
0. What isthe average duration of the project according to SLAM? (Compare it to your answer in (k).)

p. What isthe standard deviation of the project duration according to SLAM? (Compareit to your answer
in(l).)

(Some discrepancy in (0) and (p) can be attributed to the use of the triangular distribution instead of the
BETA distribution in the SLAM model.)

g. According to the SLAM simulation, what is the probability that the project duration will not exceed the
expected duration by more than five days? Compare with PERT’ s estimate which you found in (m).

r. Doesyour SLAM output provide you with information about which path in each simulation run was
“critical”, i.e. thelongest path? If so, how often was the path determined in (j) the longest path? If there
isn't enugh information to answer this, suggest a modification to your SLAM network which would
provide thisinformation. (Y ou need not actually modify nor re-run your simulation model, however.)
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A certain large shop doing light fabrication work uses asingle central storage facility (dispatch station) for
material in in-process storage. The typica procedure is that each employee persondly delivers his finished
work (by hand, tote box, or hand cart) and receives new work and materials at the facility. Although this
procedure worked well in earlier years when the shop was smaller, it appears that it may now be advisable to
divide the shop into two semi-independent parts, with a separate storage facility for each one. Y ou have been
assigned the job of comparing the use of two facilities and of one facility from a cost standpoint.

The factory has the shape of arectangle 150 by 100 yards. Thus, by letting 1 yard be the unit of distance,
the (x,y) coordinates of the corners are (0,0), (150,0), (150,100), and (0,100). With this coordinate system,
the existing facility islocated at (50,50) and the location available for the second facility is (100,50).

Each facility would be operated by asingle clerk. Thetime required by a clerk to service acaller hasan
Erlang-2 distribution, with amean of 2 minutes. Employees arrive at the present facility according to a
Poisson input process at amean rate of 24 per hour. The employees are rather uniformly distributed
throughout the shop, and if the second facility were installed, each employee would normally use the nearer of
thetwo facilities. Employeeswalk at an average speed of about 5K yards’hour. All aisles are paralld to the
outer walls of the shop. The net cost of providing each facility is estimated to be about $20/hour, plus
$15/hour for the clerk. The estimated total cost of an employee being idled by traveling or waiting at the
facility is $25/hour.

Given the preceding information, build and simulate a SLAM model in order to determine which
alternative minimizes the average total cost per hour.
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1. Consider a check-out counter at agrocery store. Customers arrive at the check-out randomly, with arate
of one every 2 minutes. The grocery store clerk requires an average of one minute and 30 seconds to serve
each customer. However, as soon as the waiting line exceeds 2 customers, plus the customer being served,
the manager helps by packing the groceries, which reduces the average service time to one minute. |If there
are 4 customersin the waiting line (plus the customer being served), a new check-out counter is opened, and
no more customers enter the waiting line. Assume a Poisson arrival process and exponentialy-distributed
service times.
a. Draw the flow diagram for a birth-death model of this system.
b. Compute the steady-state distribution of the number of customers at the check-out.
¢. What fraction of the time will the check-out clerk beidle?
d. What isthe expected number of customers in the check-out area?
e. What isthe expected length of time that a customer spends in the check-out area?
f. Simulate this system using SLAM. According to the ssimulation results, what are:
« fraction of the time that the check-out clerk willbeidle?
« the expected number of customersin the check-out area?
« the expected length of time that a customer spends in the check-out area?
Compar e these results with the theoretical resultsin (c)-(€).

2. A job shop has four numerically controlled machines that are capable of operating on their own (i.e.,
without a human operator) once they are set up with the proper cutting tools and all adjustments are made.
Each setup requires the skills of an experienced machinist, and the time need to complete asetup is
exponentially distributed with amean of 30 minutes. When the setup is complete, the machinist just pushesa
button, and the machine requires no further attention until it has finished itsjob and is ready for another setup.
Thejob tiimes are exponentialy distributed with amean of one hour. The question is, "how many machinists
should there be to tend the machines?' At opposite extremes, there could be one machinist tending al four
machines, or there could be one machinist for each machine. The optimal number to have obviously depends
on atrade-off between the cost of machinists and the cost of idle machines. Of course, machinists are paid the
same regardless of how much work they do, but each machine incursidle-time costsonly whenitisidle.

Assume that the cost of a machinist (including fringe benefits, etc.) is $20 per hour, and that the cost of an
idle machine (including lost revenues, etc.) is $60 per hour of idleness. (Assume also that the machinists are
not assigned to specific machines, but are responsible for all machines.) For eachalternative (i.e., 1, 2, 3, or
4 machinists) answer (@) through (f):
a. Sketch the transition diagram and set up the transition rate matrix.
b. Compute the steady-state distribution.
¢. What isthe percent of the time that each machinist is busy?
d. What isthe average number of machinesin operation?
e. What isthe percent of the time that each machineis busy (i.e., the utilization)?
f. What isthetotal cost of the alternative?
0. What isthe optima number of machinists?
h. Using SLAM, simulate this system with the number of machinists found in (g). According to the
simulation results, what are:
» the average number of machinesin operation?
» the utilization of the machines?
i. Repeat (h), but with job times having a Normal distribution with mean 1 hour and standard deviation
15 minutes. Isthe utilization higher or lower thanin (h)? What was the standard deviation of the job
timesin (h)?
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