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SECTION A • 

Answer any FOUR questions in this paper [25 Marks each] 

Al. Never dull. That is how you would describe your job at the centralized records and 
benefits administration center for Cutting Edge, a large company manufacturing cmn­
puters and computer peripherals . Since opening the fac ili ty six months ago, you and 
lVIark Lawrence, the Director of HLUuau Resources, have endured one long roller coaster 
ride. Receiving the go-ahead fron1 corporate headquarters to establish the cent ralized 
records and benefit administration center was definitely an up . Getting caught in 
the crossfire of angry custmuers ( (1.11 employees of Cutting Edge) i>ecmtse of deu1and 
overload for the records and benefits call center was definitelv a dO\:vn. Accurately 

~ . 
foreca~ting the demand for the call center provided another up. 

And today you are faced with another down. lVIark approaches your desk with a not 
altogether attractive frown on his face. 

He begins complain ing in1mediately, "I just don·t understand. The forecasting job you 
did for us t,,.o n10nths ago really allowed us to uuclerstancl the weekly clernaucl for the 
center, but we still have not been able to get a grasp on the staffing problen1. We 
used both historical data and your forecasts to calculate the average weekly den1and 
for the C(l.ll center. \Ne trausfonned this a"\·erage weekly demand into aYerage hourly 
demand by dividing the weekly dernand by the nun1bcr of hours in the workweek. V\Te 

then staffed the center to n1eet this average hourly demand by taking into account the 
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average number of calls a representative is able to handle per hour. 

But something is horribly wrong. Operational data records show that over th irty per­
cent of the custmuers wait m·er four minutes for a representative to an ,,·er the call! 
Custmncrs arc still sending me numerous con1plaints: and executives from corporate 
headquarters are sti ll breathing down my neck! I need help!" 

You calru ~1a.rk clov.rn and explain to hin1 that you think you kuow the problem: the 
number of calls received in a certain hour can be much greater (or much less) than the 
average because of the stochastic nature of the demand . In addition, the number of 
cnlls a representative is nble to handle 11er hour can be umch less (or nlllch gre::tter) 
than the a,·erage depending upon the types of calls received. 

You then tell him to have no fear , you ha, ·e the problen1 under control. You have been 
reading about the successful application of queueing theory to the oper::ttion of call 
centers, and you decide that the queueing 1nodels you learned in school will help you 
determine the appropriate staffing level. 

(a) You ask I'vlark to describe the dcn1and and service rate. He tells you that calls arc 
randomly received by the call center and that the center receives an a,·erage of 70 
calls per hour. The computer systelll installed to ausvver aud hold the calls is so 
advanced that its capacity far exceeds the demand. Because the nature of a call is 
random ) the time required to process a call is random, where the t ime frequently is 
small but occasionally can he much longer. On average, however , representatives 
can handle 6 calls per hour. Which queueing 1nodel seems appropriate for this 
situation? Given that slightly more than 35 percent of custon1ers vvait over 4 

minutes before a representative answers the call, use this model to estimate how 
many representatives . Iark currently employs. [9] 

(b) Niark t.ells you t.hat he will not be satisfied unless 95 percent of the customers wait 
only 1 minute or le::;s for a r(.)prescntativc to answer the call. G iven this customer 
service level and the average arrival rates and sen·ice rates from part (a), how 
many representatives should I\1ark employ? [8] 

(c) Each representative receives an annual salary of $30:000) and Nlark tells you that 
h(.) si1nply docs not have the resources available to hire the nun1ber of represen­
tatives requ ired to achieve the customer service level desired in part (b) . He asks 
you to perform sensitivity analysis. How many representati,·es would he need 
to employ to ensure that 80 percent of custon1ers wait 1 minute or less? How 
man · would he need to employ to ensure that 95 percent of customers wait 90 
seconds or less? How would you reconune11c.l lVIark choose a customer service 
level? Would the decision criteria be difFerent if Nlark 's call center were to serve 
external customers (not connected to the company) instead of internal customers 
(eu1ployees)? [8] 
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A2. Reep Construction recently won a contract for the excavation and site preparation of 
a new rest area on the Pennsylvania Turnpike. In preparing his bid for the job, Bob 
Reep, founder and President of Reep Coustruction, estimated that it would take four 
n1onths to perform the work and that 10, 12, 14, and 8 t rucks would be needed in 
months 1 through4, respectively. The firm currently has 20 t rucks of the type needed 
to perform t he work on the new project . These t rucks were obtained lnst year ,~~,rhen 
Bob signed a long-tenn lease with P enn State Leasing. Alt hough mosL of these trucks 
are currently being used on existing jobs: Bob estimates that one truck will be available 
for use on the nev,r project in month 1, two trucks will be available in month 2, three 
t rucks v•ill be available in month 3, and one truck will be available in month -!. Thus, 
to complete the project, Bob will haxe to lease additional trucks. The long-term leasing 
contract "·ith Penn State has a monthly cost of $600 per t ruck. Reep Construction 
pays its truck drivers 820 an hour, and daily fuel costs are approximately $100 per 
t ruck. All 1naintcnancc costs arc paid by Penn State Leasing. For planning purposes. 
Bob estimates that each truck used on the new project will be operating eight hours a 
day, five days a week for approxin1ately four weeks each month. Bob does not believe 
that current business conditions justify con1mitting the firn1 to additional long-term 
leases . In discussing the short-term leasing possibilities with Penn State Leasing, Bob 
learned that he can obtc:l.in short- ten u lenses of 1- 4 mouths. Short-tenu leases differ 
from long-term leases in that the short.-t.ern1 leasing plans include the cost of both a 
truck and a driver. l\Iaintenance costs for short- tern1 leases also are paid by Penn State 
Leasing. 

The following costs for each of the four n1onths cover the lease of a truck and dri\·er: 

Length of Lease 
1 
2 

3 
4 

Cost per l'vlonth (S) 
4000 
3700 
3225 
3040 

Bob Reep would like to acquire a lease that would minin1ize the cost of meeting the 
monthly trucking rerptirements for his new project, but he also takes great pride in the 
fact that his con1pany has never laid off e1nployees . Bob is co1nmitLed to maintaining 
his no-layoff policy; that is, he will use his own d rivers even if costs are higher. Perforn1 
an analysis of Reep Construction 's leasing problem and prepare a report for Bob Reep 
that su1n1narizes your findings. Be sure to include information on and analysis of the 
following items: 

(a) The optimal leasing plan. [9) 

(b) The costs associated with the opt imal leasing plan. [8] 
(c) The cost for Reep Construction to maintain its current policy of no layoffs. [8] 

A3. A phannaceutical n1anufacturi11g cmupauy, entered the pharruaceuticaluletrket 12 years 
ago with the introduction of six new drugs . Five of the six drugs were s imply permuta­
tions of existing drugs and therefore did not sell very heavily. T he sixth drug, however , 
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addressed hypertension and was a. huge success. Since the company had a. patent on the 
hypertension drug. it experienced no competition, and profits from the hypertension 
drug alone kept the cmnpany in business. During the past 12 years, the company con­
tinued a moderate amount of research and dcvclopn1cnt , but it never stumbled upon a 
drug&> successful as the hypertension drug. One reason is that the company never had 
the uwtiv~tion to invest heavily iu innovative research ~ud developn1eut . The cmnpauy 
was depending on the profit generated by its hypertension drug and did not feel the 
need to commit significant resources to finding new drug breakthroughs. Now the cmn­
pany is beginning to fear the pressure of competition. The patent for the hypertension 
drug expires in 5 years, and the company knows that once the patent expires, generic 
drug mcmufacturing companies will s·warm into the market like vultures. Historical 
trends show that generic drugs decreased sales of branded drugs by 75 percent. The 
company is t herefore looking to inYest significant amounts of money in research and 
development this year to begin the search for a new breakthrough drug that will offer 
the company t he same success as the hypertension drug. The con1pany believes that if 
the cmnpany begins extensive research and developn1ent now, the probability of finding 
a succcs ful drug shortly after the expiration of the hypertension patent will be high. 
As head of research and development at the company, you are responsible for choosing 
potential projects <tnd assigning project directors to lead e~ch of the projects. After 
researching t.he needs of the market, analysing the shortcomings of current drugs, and 
interviewing numerous scientists concerning the promising area.-; of medical research , 
you hnve decided tlmt ~-our depart tnent \\·ill pnrsue five sep(trate projects , which are 
listed below: 

Project Up is to develop an antidepressant that does not cause serious mood swings. 
Project Stable is to develop a drug that addresses manic-depression. 
P roject Choice is to develop a less intrusive birth control method for women. 
P roject Hope is to develop a vaccine to prevent HIV infection. 
Project Release is to develop a 1uore effective drug to lower blood pressure . 

For each of the five projects, you are only able to specify the medical ailment the 
research should address; since you do not know what compounds wil l exist and be 
effective without research. You also have five senior scientists to lead the five projects. 
You know that scientists are very temperamental people and will work well only if they 
are challenged and motivated by the project. To ensure that the senior scientists are 
assigned to projects they find motivating; you have established a bidding systeu1 for 
the projects. You have given each of the five scientists 1000 bid points. They assign 
bids to each project. giving a higher nun1ber of bid points to projects they most prefer 
to leacl. Table 2 provides the bids frmu the fh·e individual senior scientists for the fi,·e 
individual projects: 

(a) 

(b) 

Usc the Hungarian method 
the scientists. 

to obtain a. solution that maxirnisc the references of 
[12] 

Assuming Dr. Zuner is no longer available for the project Use any methoci to 
find the new assignment combinations that will maximise the bids. [13] 
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Table 1: Bids put by scient ists on projects 
Project Dr K vaal Dr Zuner Dr Tsai Dr ~ Iickey Dr Rollins 
Project Up 100 0 100 267 100 
Project Stable 400 200 100 153 33 
Project Choice 200 800 100 99 33 
Project Hope 200 0 100 451 34 
Project Release 100 0 600 30 800 

A4. Sandstone and '"'aters Ltd. Specialise in cleaning t he outside walls of old buildings in 
the heart of the big cit ies. They obtained a prestige cout rrtct for cleaning 17 buildings 
of historic interest. in a famous London street . The basic requirements arc labour and 
equipment . The labour force can be considered to specific number of men as, due to t he 
1mt11re of work , all t he men employed can he used on any job involved in t he cleaning 
process. T he equipn1ent consists of units of la bour , each \Vith a compressor and a water 
pump feedi ng a number of hand-held units. Limitations on distance of hand-held units 
from the con1pressor and pump are taken into consideration before bidding for t he 
work. This particular contract, whilst giving the cmnpany the 1n axin1u1n publicity, 
was nevertheless a straightforward series of cleaning jobs t hat warranted no special 
approach except to complete t hem on t ime and to make profi t . There were, however a 
series of constraints laid down by t he organi~ation letting out t he work. These were: 
(1) The whole project was to be completed in 26 weeks. (2) Due to localized priori t ies, 
police t raffic details, insurance and a variety of other factors the contractors were to 
ue controlled by priorities as follows: 

(a) Building numbers 1 and 3 must be cleaned at t he san1e t ime~ but building number 
4 cannot be star ted unt il building 1 and 3 are both completed . 

(b) Number 7, 9. 11 , 13 and 15 must be cleaned in t hat order. 

(c) :-J umbers 4, 6 and 8 must be cleaned in that order. 

(d) Number 1-! must. be cleaned after number 16 has been fi nished and before number 
7 is started. 

(c) Number 12 must follow number 10 and number 13 must follow nun1ber 11 ) but 
the two pairs must be cleaned during t he san1e period . 

(f) The whole contract u1ust start with nu1nl>er 2 and theu munbers 3, 16 a.nd 17 will 
follO\\. all starting on completion of number 2. Ntun ber 1 can be started as soon 
as 17 is completed. 

(g) NU1nber 5 cannot be started before number 3 is con1pleted and ntunber 7 cannot 
be started unt il number 5 is fin ished. 

(h) N I.Unber 8 runst be completed oefore llUllll>er 11 can ue started. 

In view of t he limitat ions imposed by the availability of labour and equipment within 
the company, t he contract uta.nager drew up a plant and labour schedule in TaGle 2 
as follows: Overheads costs on t he whole contract are $330 per week: labour costs arc 
$120 per week and plan t costs are $200 per week. 
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Table 2: Scheduling plan for Sandstone and \!Vaters 
Building No. No. of rvien No. of plctut units Tirne (weeks) 

1 3 2 4 
2 4 4 6 
3 3 1 2 
4 2 2 2 
5 5 4 7 
6 3 4 6 
7 2 2 1 
8 3 2 2 
9 3 3 1 
10 4 1 3 
11 2 3 2 
12 3 3 4 
13 2 1 1 

14 4 3 4 
15 3 2 2 
16 2 2 1 

(a) Draw the network diagram for the above problem. [12] 

(b) Calculate the critical paths and the n1ini1nun1 total cost that can be used to 
con1plete t he project. [13] 

AS. Alabama At lantic is a lumber con1pany that has three sources of wood and five n1arkets 
to be supplied . The annual availability of wood at sources 1, 2, and 3 is 15, 20 , and 15 
mill ion board feet . respectively. The amount that can be sold annually at markets 1, 
2, 3, 4, and 5 is 11 , 12, 9, 10, and 8 1nillion board feet, respectively. 

In the past the con1pany has shipped the wood by t rain . However, because shipping 
costs have been increasing, t he alternative of using ships to make some of the deliveries 
is being investigated . This alternative would require the con1pany to invest in some 
ships . Except for these investment costs, the shipping costs in th ousands of dollars per 
million board feet by rail and by water (when feasible) would be t he following for each 

route: 

Considering the expected useful life of the ships and t he t i1ne value of n1oney, the 
equivalent uniform annual cost of these investn1ents is one-tenth t he amount given in 
the tab le. The objective is to determine the overall shipping plan t hat minimizes the 
total equivalent unifon11 annual cost (including shipping costs). 

You are t he head of the OR team that h a.s b een assigned t he task of dctcnnining this 
shipping plan for each of the following three options. 
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Table 3: Cost of t ransportation by rail and by ship 
~ 

Unit Cost by R R.il ($1 OOO ,s) Unit Cost by Ship ($1 OOO,s) 
Market i\!Iarket 

Source 1 2 3 4 5 1 2 3 4 5 
1 61 72 45 55 66 31 38 24 - 35 
2 69 78 60 49 56 36 43 28 24 31 
3 59 66 63 61 47 - 33 36 32 26 

Table 4: Capital invcstrncnt for ships 

242021 
Invesbnent for Ships ($l,OOO's) 

Market 
Source 1 2 3 4 5 

1 275 303 238 - 285 
2 293 318 270 250 265 
3 - 283 275 2G8 240 

Option 1: Continue shipping exclusively by rail. 
Option 2: Switch to ~h i pp ing exclusively by water (except vvhere only rail is feasi ble) . 
Option 3: Ship by either rail or water, depending on \vhich is less expensive for the 
particular route. 

(a) Present your results for each option. Co1npare. [12] 

(b) Finally, consider the fact that these results are based on current shipping and 
invest1nent costs, so that the decision on the option to adopt now should take 
into account management's projection of how these costs are likely to change in 
the future. For each option , describe a scenario of future cost changes that would 
justify adopting that option now. [13] 

A6. California Children ,s Hospital has been receiving nun1erous cust01ner con1plaints be­
cause of its confusing, decentralized appoint1nent and registration process. \tVhen cus­
tomers want to make appointments or register child patients , they n1ust contact the 
clinic or department they plan to visit. Several problems exist with this current strat­
egy. Parents do not always know the 1nost. appropriate clinic or department t hey 1nust 
visit to address their children :s ailments. They therefore spend a sign ificant amount 
of tirne on the phone being trR.nsfened h·orn clinic to clinic until they reR.cll the most 
appropriate clinic for their needs. The hospital also does not publish the phone nun1-
bers of all clinic and departlnents , and parents n1ust therefore invest a large amount of 
t ime in detective work to track do·wn the correct phone number . F inally, the various 
clinics and depa.rt1nents do not con1municate with each other. For exan1ple, when a 
doctor schedules a referral with a colleague located in another departn1ent or clinic, 
that department or clinic almost never receives word of t he referral. The parent must 
contact the correct department or clinic and provide the needed referral infonnation. 
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In efforts to reengincer and impro,·e its appointment and registration process, the chil­
dren's hospital has decided to cent ra lize the process by establish ing one call center 
devoted exclusively to appoint.uwnts and registration. The hospital is currently in the 
middle of the planning stages for the call center. Lenny Davis , the hospital manager, 
plans to operate the call center from 7 A .1vl. to 9 P.l\11. cl uring the weekdays . 

Se,·eral months ago , the hospital hired an ambitious 111anagement consulting finn , 
Creative Chaos Consultants, to forecast the number of calls the call center would 
receive each hour of t he clay. Since all appointment and registration-related calls would 
be received hy the call center , the consultants decided that the~· could foreca~t the calls 
aL the call center by totaling the number of appointn1ent and registration-related calls 
received by all clinics and departments. The tean1 me1nbers visited a ll the clinics and 
departments, where they diligently recorded every call relating to appointments and 
registration. They then totaled these calls and altered the totals to account for calls 
1n issed during data collect ion. They also altered totals to account for repeat. calls that 
occurred when the same parent called the hospital many times because of t he confusion 
surrounding the decentrali~ed process. CreatiYe Chaos Consultants determined the 
averctge number of calls the call center should expect during each hour of a weekday. 
The following table provides the forecasts. 

Table 5: Average nwnber of calls per hour 
W orksh ift Average Numb er of Calls 

7 A.Tvi.- 9 A.l\11. 40 calls per hour 
9 A.i\I.- 11 A.l\ I. 85 call::; per hour • 

11 A .1\II. - 1 P .lvi. 70 calls per hour 
1 P.IVI.-3 P.M. 95 calls per hour 
3 P. i\ti.-5 P. l\ I. 80 calls per hour 
5 P.l\II.-7 P. 11. 35 calls per hour 
7 p .l\II.- 9 p .rv.r. 10 calls per hour 

After the consultants submitted t hese forecasts) Lenny becan1e interested in the per­
centage of calls fron1 Spani~h speakers since the hospital services many Spanish pa­
tients. Lenny knows that he has to hire some operators who speak Spanish to handle 
these calls. The consultants performed fur ther data collection and detennined that on 
averctge , 20 percent of the calls were from Spanish speakers. 

Given these call forecasts, Lenny must nmv decide how to staff the call center during 

each 2 hour shift of a weekday. During the forecasting project, Creative Chaos Consul­
tants closely observed the operators working at the individual clinics and departn1ents 
and determined the number of calls operators process per hour. The consultants in­
forrned Lenny that an operator is able to process an aYerage of six calls per hour. 
Lenny also knows that he has both full-t ime and part-time workers availctblc to staff 
the call center. A full-t ime employee works 8 hours per day, but because of paper­
work that u1ust also be co1npletecl, the en1ployce spends only 4 hours per clay on the 
phone. To balance the schedule) the employee alternates the 2-hour shifts between 
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answering phones and completing paperwork. Full-tin1e employees can start their day 
either by answering phones or by completing paperwork on the first shift . The full­
i itne employees speak eit her Spanish or English, but none of thern are bilingual. Both 
Spanish-speaking and English-speaking employees arc paid $10 per hour for \\·ork be­
fore 5 P.l\11. and $12 per hour for work after 5 P. l\1. The fu ll- tin1e employees can begin 
work at the begirmiug of the 7 A.M. to 9 A.lVI. shift, 9 A.l\11. to 11 A.l\11. shift, 11 A.l\11. 
to 1 P. l\11. shift. or 1 P.l\II. to 3 P.tvi. shift. The part-time employees work for 4 hours. 
only answer calls , and only speak English. They can start work at the beginning of the 
3 PJvi. to G P. l\ti. 5hift or the G P. NI. to 7 PJvi. shift, anrl. like t he fnll-time employees: 
they are paid $10 per hour for work before 5 P. l\11. and $12 per hour for work after 5 P. l\1. 

For the following analysis consider only the labor cost for the tin1e e1nployees spend 
answering phones. The cost for paperwork time is charged to other cost centers. 

(a) Hmv many Spanish-speaking operators and how n1any English-speaking operators 
does t he hospital need to staff the call center during each 2-honr shift of tbe day 
in order to an wer all calls? Please provide an integer number since half a human 
operator makes no sense. [9] 

(b) Lenny needs to detern1ine how 1n any full-t i1ne employees who speak Spanish, full­
t ime employee who speak English, and part-time employees he should hire to 
begin on each shift . Creative Chaos Consultants advise hin1 that linear progra.m­
n1ing can be used to do this in such a way a.c::; to n1inin1ize operating costs while 
a11swering all calls. Formu late a linear programming model of this problem. [10] 

(c) Ohb:tin an optimal solution for the linear programming model formulated in part 
(b) to guide Lennis decision. [6] 

END OF QUESTION PAPER 
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