Case Study: The Dupit Corp. Problem

{source: Introduction to Management Science by Hillier, Hillier & Lieberman.}

Some Background

The Dupit Corporetion is along-time leader in the office photocopier marketplace. One
reason for this |eadership position is the service the company provides to customers.
Dupit has enjoyed a reputation of excdlent service and intends to maintain that
reputation.

Dupit has a service divison that is respongble for providing high-qudity support to the
company’ s customers by promptly repairing the Dupit machines when needed. This
work is done on the customer’ s Site by the company’ s service technical representatives,
more commonly known astech reps.

Each tech rep is given responsbility for a specified territory. This enables
providing persondized service, since a customer sees the same tech rep on each service
cdl. Thetech rep generdly fedslike aone-person territory manager and takes pridein
thisrole.

John Phixitt is the Dupit senior vice presdent in charge of the service divison.
He has spent his entire career with the company, and actualy began astech rep. Whilein
thisinitid pogtion. John took classesin the evening for severd yearsto earn his
business degree. Since then, he has moved steadily up the corporate ladder. Heiswell
respected for his sound judgment and his thorough understanding of the company’s
business from the ground up.

John's years as atech rep impressed upon him the importance of thetech rep’s
role as an ambassador of the company to its customers. He continues to preach this
message regularly. He has established high personnel standards for becoming and
remaining atech rep and has built up the sdaries accordingly. The mordein the divison
isquite high, largdy through his efforts.

John aso emphasizes obtaining regular feedback from arandom sample of the
company’s customers on the qudity of the service being provided. Helikesto refer to
this as keeping his ear to the ground. The customer feedback is channeled to both the
tech reps and management of their information.

Another of John's themesiis the importance of not overloading the tech reps.
When he was a tech rep himslf, the company policy had been to assign each tech rep
enough machinesin his or her territory that the tech rep would be active repairing
machines 90 percent of the time (during an eght-hour working day). The intent was to
maintain a high utilization of expengve personne while providing some dack so that
customers would not have to wait very long for repairs. John's own experience was that
this did not work very well. He did have hisidle periods about 10 percent of the time,
which was helpful for catching up on his paperwork and maintaining his equipment.
However, he dso had frequent busy periods with many repair requests, including some
long ones, and alarge backlog of unhappy customers waiting for repairs would build up.

Therefore, when he was gppointed to his current pogtion, one of hisfirst
moves was to make the case to Dupit top management that tech reps needed to have more
dack time to ensure providing prompt service to customers. A mgor part of his



argument was that customer feedback indicated that the company was failing to deliver
on the second and third part of the company dogan given below.

1. High-qudity products.
2. High-qudity service
3. All ddivered efficiently.

The company president had been promoting this dogan for years and so found this
argument persuasive. Despite continuing pressure to hold costs down, John won approval
for changing company policy regarding tech reps as summarized below.

Current Policy: Each tech rep’ sterritory should be assgned enough machines
S0 that the tech rep will be active repairing machines (or traveling to the repair
Ste) gpproximately 75 percent of the time. When working continuoudy, each tech
rep should be able to repair an average of four machines per day (an average of
two hours per machine, including travel time). Therefore, to minimize customer
waiting times, the god isto have an average of three repair cals per working day.
Since the company’ s machines now are averaging 50 work days between needing
repairs, the target isto assign approximately 150 machinesto each tech rep's
territory.

Under this policy, the company now has nearly 10,000 tech reps, with atota payrall
(indluding benefits) of approximately $600 million per year.

Thelssue Facing Top Management

Dupit has had along successon of very successful products that has maintained its
position as amarket leader for many years. Furthermore, its latest product has been a
particularly big winner. It isacolor printer-copier that collates, staples, and so on, aswell
as having faxing cgpabilities. Thus it is a Sate-of-the-art, dl-in-one copier for the
modern office. Saes have even exceeded the optimigtic predictions made by the vice
president for marketing.

However, this success aso has brought its problems. The fact that the machine
performs so many key functions makesit avitd part of the purchaser’ s office. The owner
has great difficulty in getting dong without it for even afew hourswhen it isdown
requiring repair. Consequently, even though the tech reps are giving the same leve of the
sarvice as they have in the past, complaints about intolerable waits for repairs have
skyrocketed.

This crigs has led to an emergency meeting of top management, with John Phixitt
the man on the spot. He assures his colleagues that service has not deteriorated in the
least. Thereis agreement that the company isavictim of its own success. The new
machineis 0 vauable that a much higher leve of service is required.




Alternative Appr oaches to the Problem
After condderable discussion about how to achieve the needed service, Dupit's
president suggests the following four-step gpproach to dealing with the problem.

1 Agree on atentative new standard for the level of service that needsto be
provided.

2. Develop some proposas for aternative gpproaches that might achieve this
standard.

3. Have management science teamwork with John Phixitt to analyze these
dternative approaches in detall to evauate the effectiveness and cost of
each one.

4, Reconvene this group of top management to make afind decison on what
to do.

The group agrees.

Discusson then turns to what the new standard should be for the level of service.
John proposes that this standard should specify that a customer’ s average waiting time
before the tech rep can respond to the request for arepair should not exceed some
maximum quantity. The customer relations manager agrees and argues that this average
waiting time should not exceed two hours (versus about Sx hours now). The group agrees
to adopt two hours as the tentative standard, pending further analysis by the management
science team.

Proposed New Service Standard: The average waiting time of customers before

the tech rep begins to the customer Site to repair the machine should not exceed
two hours.

After further discussion of various ideas about how to meet this service standard, the
mesting concludes. The president asks the participants who had proposed some approach
to think further about their idea. If they conclude that their idea should be a particularly
sound gpproach to the problem, they are to send him a memorandum supporting that
approach.

The president subsequently receives three memoranda supporting the approaches
summarized below.

Approach suggested by John Phixitt: Modify the current policy by decreasing
the percentage of time that tech reps are expected to be active repairing machines.
Thisinvolves smply decreasing the number of machines assgned to each tech

rep and adding more tech reps. This approach would enable continuing the mode
of operation for the service divison that has served the company so well in the
past while increasing the level of service to meet the new demands of the
marketplace.

Approach Suggested by the Vice President for Engineering: Provide new
state- of-the-art equipment to the tech rep that would subgtantialy reduce the time
required for the longer repairs. Although expensive, this would sgnificantly

reduce the average repair time. Perhgps more importantly, it would greatly reduce



the variability of repair times, which might decrease average waiting times for
repairs.

Approach Suggested by the Chief Financial Officer: Replace the current one-
person tech rep territories by larger territories that would be served by multiple
tech reps. Having teams of tech reps to back each other up during busy periods
might decrease average waiting times for repairs enough that the company would
not need to hire additiona tech reps.

Current Situation

The Dupit management science team begins their sudy by gathering some data on the
experiences of some representative tech reps. They determine that the company’s current
policy regarding tech rep workloads (they are supposed to be busy repairing machines 75
percent of thetime) is operating basicdly as intended. Although there is some variation
from one tech rep to the next, they typicaly are averaging about three calls requesting
repairs per day. They dso are averaging about two hours per repair (including alittle
travel time), and S0 can average four repairs for each eight-hour working day that they are
continuoudy repairing machines. This verifies that the best estimates of the daily rates for
atypica tech rep’s queuing system (where the tech rep is the server and the machines
needing repairs are the customers) are amean arriva rate of | =3 customers per day and a
mean service rate of me4 customers per day (so r =I /n0.75), just as assumed under the
current policy. (Other time units, such as hourly rates rather than daily rates, could be
used for | and m but it is essentid that the same time units be used for both.)

The team aso concludes that the customer arrivals (cals requesting repairs) are
occurring randomly, so the first assumption of the M/M/1 modd (an exponentia
digribution for interarrival times) isagood onefor thisStuation. Theteamisless
comfortable with the second assumption (an exponentid distribution for service times),
gncethetotal service time (travel time plus repair time) never is extremely short as
alowed by the exponentid distribution. However, many servicetimes are a least fairly
short (well under the mean) and occasiona service times are very long, which doesfit the
exponentid digtribution reasonably well. Furthermore, caculations with the data
gathered on service times indicate that the stlandard deviation of the serviceOtime
digtribution is just about as large as the mean (they are equd for the exponentid
digribution). Therefore, the team decides that it is reasonable to use the M/M/1 modd to
represent atypica tech rep’s queueing system under the current policy.

The Excd template shows the results from applying the various formulas for this
mode to this queueing system.

The management science team now is ready to begin analyzing each of the suggested
approaches for lowering to two hours (1/4 workday) the average waiting time before
sarvice begins. Thus, the new congtraint is that

Wq £1/4day



| A | B | C | D
1 |M/MA1 Model

L9 'Arrwal rate, per time period {lambda) 3
ER {Senﬂce rate, per time period (mu) 4
__f:l__Lq Mean number in line 225
5 |L, Mean number in system 3.00
E Wq Mean wait in line time periods) 0.75
_.'f_' W Mean time in system (time pds) 1.00
8 F"rn:uhah|l|tj,r of no one in system 25%
9 \Rho, Utilization of facility 5%
10 |
__1__1___!F"r|:||:| W WWait) More than t days | .353
k] when t = 1
13 |Prob Wy Mare than t days | 0.276
14 | when t = 1

Approach suggested by John Phixitt:

Thefirs gpproach, suggested by John Phixitt, isto modify the current policy by
lowering atech rep’s utilization factor sufficiently to meet this new service requirement.
Thisinvolves decreasing the number of machines assigned to each tech rep from about
150 to some smaller number. Since each machine needs repair about once every 50 work
days on the average, decreasing the number of machinesin atech rep’ sterritory resultsin
decreasing the mean arriva ratel from 3to

| = number of machines assgned to tech rep
50

With mfixed at four, thisdecreasein | will decrease the utilization factor, r =1 /m

Sincedecreasing | decreases W, thelargest value of | that has W, £ Yaday isthe
onethat makes W, equal to ¥2day. The easiest way to find this| isby trail and error
with the Excel template, trying various values of | until one is found where Wy = 0.25.
(By using the formulafor Wy it isalso possible to solve dgebraicaly tofind 1 = 2.)

[ A | | S
1 |M/M/1 Model
__2_‘.Arrwal rate, per time period (lambda) 2
3 |senice rate, per time period (mu) 4
4 |Lg, Mean number in line 0.50
5 L, Mean number in system 1.00
B 'Wq hean wait in line {time periods) 0.25
.'-" [V, hWean time in system (time pds) 0480
B |Prabability of no one in system A0%
_9 Rho, Utilization of facility A0%
10
11 |Prob W (Wait) More than t days | 0.135
12 when t = 1
13 [FPrab Wy hare than t days | 0.065
14 when t = 1




Decreasing | from three to two would require decreasing the target for the
number of machines assigned to each tech rep from 150 to 100. This 100 isthe
maximum number that would satisfy the requirement that Wy £ Yaday. Withl =2and m
= 4, the utilization factor for each tech rep would be only

r=1/m=2/4=05

Recdl that the company’s payrall (including benefits) for its nearly 10,000 tech
reps currently is about $600 million annudly. Decreasing the number of

machines assigned to each tech rep from 150 to 100 would require hiring nearly
5,000 more tech reps to cover al the machines. The additiona payroll cost would
be about $270 million annudly. (It isalittle lessthan haf the current payroll cost
because the new tech reps would have less seniority than the current ones.)
However, the management science team estimates that the additional costs of
hiring and training the new tech reps, covering their work expenses, providing
them with equipment, and adding more fidd service managers to administer them
would be equivaent to about $30 million annualy.

Total Additional Cost of the Approach Suggested by John Phixitt:
Approximately $300 million annudly.

Approach Suggested by the Vice President for Engineering:

Dupit’ s vice president for engineering has suggested providing the tech reps with
new state-of-the-art equipment that would substantialy reduce the time required
for the longer repairs. Thiswould decrease the average repair time allittle, and
aso would substantialy decrease the variability of the repair times.

After gathering more information from this vice president and andyzing it
further, the management science team makes the following estimates about eh
effect this agpproach would have on the service-time didtribution.

The mean would decrease from 1/4 day to 1/5 day.
The standard deviation would decrease from 1/4 day to 1/10 day.

Thus, the standard deviation would decrease from equaling the previous mean (as
for the exponentia distribution) to being just haf the new meaen (as for the Erlang
distribution with shape parameter K=4). Since m= 1/mean, we how have m=5
insgtead of m= 4.

With s = 0.1, the Excd template for the M/G/1 mode yields the results
shown that W = 0.188 day. This big reduction from Wy = 0.75 day under the
current policy islargely dueto the big decreasein s. If the sarvicetime
digtribution continued to be an exponentid ditribution, then increesng mfrom 4
to 5 would decrease Wq from 0.75 day to 0.3 day. The additiond reduction from



0.3 day to 0.188 day is because of the large reduction in the variability of service

times.

A | B | C | b |
1 |M/GA Model
_2 |Aurival rate, per time period 3
_3 |Expected senice time (1/mu) 0z
4 | \Standard Deviation 0.1
5 Lq Mean numbet in line 0.56
E |L, Mean number in system 1.16
.7’ W, Mean wait in line (time periods) 0.19
Ei W, Mean time in systemn (time pds) 0.39
9 |Probability of no one in system 40%
1EI |Rho, Utilization of facility B0%

Recall that the proposed new service stlandard isWq 2 0.25 day.
Therefore, the approach suggested by the vice president for engineering would
satisfy this standard.

Unfortunatdly, the management science team aso determines that this
gpproach would be expengive, as summarized below.

Approach Suggested by the Chief Financial Officer
Dupit’s chief financid officer has suggested combining the current one-person
tech rep territories into larger territories that would be served jointly by multiple
tech reps. The hopeis that, without changing the total number of tech reps, this
reorganization might decrease Wy sufficiently for its curent vaue (Wq = 0.75
day) to satisfy the proposed new service standard (Wq 3 0.25 day).

Comparison of Wq Vdues with Territories of Different Szes for the Dupit
Problem

Number of | Number of

Tech Reps | Machines | | m S P W,
1 150 3 4 1 0.75 | 0.75 workday (6 hours)
2 300 6 4 2 0.75 | 0.321 workday (2.57 hot
3 450 9 4 3 0.75 | 0.189 workday (1.51 hot




L = ) =

_-"-I_?-IEL-I'IIIMIS_M]]dE-I"{nu more than 5 SEW‘E."rE]-

2 | Arrival rate Sper  minute
3 | Service rate diper  minute
4 |Mumber of servers 3

5 |Lg, Mean number in line 1.70

B |L, Mean number in system 3.95

_'._f'_iWq, hean wait in line {time periods) 0.19{minute

B W, Mean time in system (time pds) 0.44 | minute
__Q_}Prnhahility the system is empty 7%

10 [Rha, Wtilization of facility 5%

11 |Prabability of waiting (n=> 3) 0.a7

Conclusion: The approach suggested by the chief financia officer would indeed
satisfy the proposed new service standard (Wq 3 0.25 day) if each three contiguous one-
person tech rep territories are combined into alarger territory served jointly by the same
three tech reps. Since the total number of tech reps does not change, there would be no
ggnificant additiona cost from implementing this gpproach other than the disadvantages
of larger territories cited above. To minimize these disadvantages, the territories should
not be enlarged any further than having three tech reps per territory.



