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Executive Summary:

IDSS Insurance is a company that currently offgoslucts in Montana. IDSS is
looking into expanding their market and entering finore states in the Pacific
Northwest. Currently IDSS has five claims spestalfielding calls during the busiest

hours between 7 am and 4 pm. Along with the fived lines, the phone system at

IDSS can handle and extra 10 callers that will laegd on hold. With the expansion -

the company $150 per year and each claims specizdises $18 per hour which totals
$42,120 annually. :

IDSS’s CEO, Alice Burns has also decided to imgethsome specific goals for
the company, she promised customers an averagdimaibf less than 2 minutes and
she has declared that no more than 2% of all cafisbe involuntarily turned away or
receive a busy signal.

In order to maintain a functioning call centertthaintains all of Ms. Burns

requirements IDSS needs to hire 5 more call sgesand keep the current phone

system than can handle 10 extra callers. Thisavoost the company $210,600 annually,

but they will have an average wait time of lesqitBaninutes for every customer and less

then 2% of all calls will receive a busy signal.
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Problem Statement:

IDSS Insurance is currently faced with a dilemria¢ith their current system they

are at an average utilization rate of 99.28%, eusts are waiting an average of 21.5

minutes, and 17% of calls are being turned awaglmethe system cannot handle them.

(Table 1) IDSS’s current call specialists areadseworking at a maximum rate and the

company wants to add another five states in thdi@&orthwest in the next year. This

problem is only compounded by the fact that the Q&6 placed some strict

requirements on the system. Ms. Burns wants teeage hold time to be less than 2

minutes and less than 2% of all calls should recaibusy signal. IDSS Insurance needs

to find a feasible way to deal with the amount efvrcalls this expansion will generate.

This can either be done by adding additional hioleld, or by hiring new claims

specialists. It will be important for IDSS to fiadcost effective way to meet the

customers’ needs and also maintain their own sgbleised requirements.

Utilization

P(0), Probability that the system is empty
Lq, expected queue length

L, expected number in the system

Wq, expected time in queue

W, expected total time in system
Probability that a customer waits
Probability that a customer balks
Utilization

P(0), Probability that the system is empty
Lg, expected queue length

L, expected number in the system

Wq, expected time in queue

W, expected total time in system
Probability that a customer waits
Probability that a customer balks

Nov. 28
96.81%
0.0011
7.9518
12.7924
0.2347
0.3775
0.9176
0.0842

Jan. 9

100.00%
0.0000
14.2857
19.2857
0.9524
1.2857
1.0000
0.5833

Dec. 5
97.60%
0.0007
8.6197
13.4995
0.2523
0.3952
0.9370
0.1011

Jan. 16
100.00%
0.0000
14.1667
19.1667
0.7083
0.9583
1.0000
0.5455

Dec. 12
96.81%
0.0011
7.9518
12.7924
0.2347
0.3775
0.9176
0.0842

Jan. 23
82.00%
0.0109
2.3335
6.4335
0.0711
0.1961
0.5920
0.0061

Dec. 19
100.00%
0.0000
13.9584
18.9584
0.5583
0.7583
1.0000
0.4898

Jan. 30
99.28%
0.0002
10.6978
15.6616
0.3592
0.5259
0.9801
0.1727

~ - | Comment [m5]: go ahead and give
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97.09% 51.43%
0.0009 0.0743
8.1804 0.1517
13.0351 2.7231
0.2808 0.0084
0.4475 0.1513
0.9246 0.1433
0.0897 0.0000

Average
99.28%
0.0002
10.6978
15.6616
0.3592
0.5259
0.9801
0.1727



Analysis:

The current IDSS system costs the company $2123460ally. The system is
currently comprised of 5 claims specialists withhaarly wage of $18, amounting to an
annual salary of $42,120 per claims specialistd,J@hhold lines costing $150 per year
totaling $1,500 per year.

In order to provide the desired service to custsmdearing the expansion IDSS is

going to have to add additional claims speciahstd additional hold lines. It will not be
. {Comment [m6]: or ]

than 2%. The difficult task is going to be tryitgyfind a low-cost method to meet the
requirement of an average hold time of less thamrites. By increasing the number of
servers to nine, upping the maximum queue lengf®tbSS could reach the goal of a
less than 2% balk rate. Nine servers with a maximueue length of 19 cuts the
probability that a customer balks to 0.4%. The fEwbwith this scenario is rooted in the
2 minute hold time requirement. With this system déiverage hold time is still 3.5
minutes. (Table 2) The cost of this scenario wdaddhe cost of the 4 new claims
specialists at $42,120 annually. The total coshisfexpansion would equal $168,480

annually, This scenario assumes that it does rsitazpextra $150 per each extra line that

) { Comment [m7]: good assumption! ]

would be required for the claims specialist sif@ytare not creating more hold lines.



Table 2*

Arrival rate 46

Service rate

Number of servers

Maximum queue length 19
Utilization 84.84%
P(0), probability that the system is empty 0.0003
Lq, expected queue length 2.6727
L, expected number in system 10.3088
Wq, expected time in queue 0.0583
W, expected total time in system 0.2250
Probability that a customer waits 0.5448
Probability that a customer balks 0.0040

In order to create a system that meets both thérezgent of less than a 2% balk
rate and an average hold time of less than 2 n88S will need to hire 5 additional
claims specialists and increase the maximum quength to 20. This would create a
balk rate of 0.04% and an average hold time of l#utes. (Table 3) This scenario
would cost IDSS an extra $210,600 annually. Th&ragssumes that there will not be an

additional charge for the phone lines because @heyot creating hold lines.

Table 3*

Arrival rate 46

Service rate 6

Number of servers 10

Maximum queue length 20
Utilization 76.64%
P(0), probability that the system is empty 0.0004
Lq, expected queue length 1.0836
L, expected number in system 8.7472
Wq, expected time in queue 0.0236
W, expected total time in system 0.1902
Probability that a customer waits 0.3380

Probability that a customer balks 0.0004



*Both of the previous scenarios used the averageaarate of 36 and added 10
additional calls equaling an arrival rate of 46islilvas assuming that the peak call rate
would increase by a factor of 10.

Having 10 servers with a maximum queue length oin2@ts and exceeds both

the levels of 1% and .5% of calls receiving bugyals. With 10 servers and a queue
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Recommendations:

IDSS Insurance is taking a big step when they ctmsater into 5 more states in
the Pacific Northwest. They are taking a signiftcstep forward in the growth of their
company with this step they are also going to havacrease their resources. In order to
reach their goals they are going to need to hinevs claims specialists. This is going to
cost them a significant amount of money, but it ineésdone in order to satisfy their
customers and continue doing business.

One extra suggestion for the IDSS Insurance Cognjzatiat maybe they should
consider backing off on their statement of an ayeitaold time of less then 2 minutes;
they could save themselves up to $42,120 anndatey would allow the average hold
time to increase to 3.5 minutes. Customers thatatieg in claims tend to stay on the
phone until they get through to their represenéati®f course customers would
appreciate a shorter hold time, but does a mimudeashalf difference warrant the extra
expenditure of $42,120 each year to have one maimg specialist. With 10 claims
specialists they are only working with an averatijiéezation rate of 76.64%. Decreasing
the claims representatives to 9 increases theatibn to 84.84%, the probability that a
customer balks is still at 0.4% and the averagd tiole is 3.5 minutes. This might be a

viable option for the company and it allows thensdve $42,120 each year.



And now for something completely different...

A Better Report...



Summary

With careful review and analysis, we recommendralioation of12 specialists
and 15 hold linesunder current demands a&@ specialists and 60 hold lineafter the
expansion. Our results are based on the annualitseioe IDSS as well as the set of
service goals provided by Alice Burns, the CEO@$S8. Such combinations are most
likely to bring us maximum annual net profits atgbaguarantee our customers’ needs.
Furthermore, according to our sensitivity analydiese choices are least likely to be
affected by the changes from other factors, sud@ngdoyees’ salaries and the
operational costs for hold lines. In other wordsatopting the number of specialists and
hold lines we recommend, our company has roomise rorkers’ payment or other
welfares while at the same time securing an optgaal from the business. This factor is
crucial for our future expansion plan since mormafgssional workers will be needed as

our business enlarges.
Introduction

Foreseeing an opportunity for IDSS Insurance’srmss to expand to 5 states
besides Montana in the Pacific Northwest, we neeaffectively schedule the number of
claims specialists during their busiest shiftsstiwe will investigate various ways of
sizing our phone system based on the current deteaals. Second, we will adjust our
results to accommodate the projected demands withhfew years, i.e. an expected
increase of the peak call rate by a factor of betw® and 10. Our ultimate tasks include
completing a benefit analysis of the existing systand determining a growth strategy

that keeps costs at a minimum. Furthermore, we mest a set of service goals: 1. an



average hold time of less than 2 minutes; 2. less 2% of all calls will receive a busy
signal. A detailed analysis is given as follows.
|. Present Models

IDSS currently employs 5 claims specialists workiirgn 7am to 4pm, Mondays
through Fridays, and 50 weeks per year. Besidditket lines, 10 on-hold lines are
provided by IDSS’ current phone systehable 1 gives the call and service information

collected over the last 10 weeks during the 7-#:shi

Week ARRIVALS SERVICE
Beginning Average Average
calls/hour served/hour
Nov 28 37 7
Dec 38 7
Dec 12 37 7
Dec 19 49 5
Dec 26 32 6
Jan 2 18 7
Jan 9 36 3
Jan 16 44 4
Jan 23 33 8
Jan 30 36 6
Table 1

Assumptions
« Dalily call and service information throughout aryean be predicted from data in
Table 1, i.e. call arrivals and service rates in other kge#o not vary significantly
from those in our chosen weeks.
* On adaily basis, both arrival rates and servitesréollow exponential
distributions with given average number of callseigeed per hour and average

number of customers served per hour per claimeseptative, respectively.



» Each hold line costs $150 per year and the mosatit claims specialists, who
are trained to handle homeowners, renters, andimstioance claims, make
$18/hour. It is assumed that every employee at IBS8ch a specialist.

» The average profit for each call received is edhdo be $90.

» Callers receiving a busy signal take their busirdsswhere; i.e., the company
will not make money from a customer who balks friti® phone system.

Data and Analysis
Based on the second assumption, we can udd/¥és with a finite queue
models to find the statistics under current demandsexpress the gains for various
systems defined by the number of specialists afdillmes, we introduce the following
approach:
1. Find the probabilities that a customer balks farhesystem on different
dates listed iMable 1
2. Calculate the average amount of money the compaloging per hour for
each date under different systems:
Money lost per hour = average calls/houx probability that a
customer balksx average profit per call
systems, we deduct the amount in step 2 and thaesabf all employees
per hour from the total profits of calls receivest pour:
Net profits per hour = average calls/hourx average profit per call—
money lost per hour—salaries of all employees per hour

4. To calculate the annual net profits,nudtiply the net profits per hour by

B { Comment [m9]: date




the number of hours per year (9x5x5@&EPRours per year) and subtract

costs of the hold lines.

Choosing different combinations of specialists hofl lines, we obtain the

annual net profits for each system showin@able 2 The number of specialists and

hold lines we choose here is based on our seragaksgi.e., an average hold time of less

than 2 minutes and less than 2% of all calls weiigiving a busy signal.

Nov 28
Dec 5

Dec 12
Dec 19
Dec 26
Jan 2

Jan 9

Jan 16
Jan 23
Jan 30

Average
w/ line
cost

per year

10h/5s

2898.53
2926.70
2898.53
2159.69
2480.10
1529.85
1259.98
1709.93
2830.61
2558.66
2325.26

5230333.05 6714339.16 6744870.43 6678115.43 6674999.33 6674985.31

10h/12s
3114.00
3203.99
3114.00
4148.48
2664.00
1404.00
2808.52
3613.23
2754.00
3023.96
2984.82

15h/12s
3114.00
3204.00
3114.00
4177.93
2664.00
1404.00
2862.29
3668.98
2754.00
3024.00
2998.72

15h/15s
3060.00
3150.00
3060.00
4139.77
2610.00
1350.00
2962.66
3688.09
2700.00
2970.00
2969.05

50h/15s
3060.00
3150.00
3060.00
4140.00
2610.00
1350.00
2970.00
3690.00
2700.00
2970.00
2970.00

Table 2: Annual net profits for different systems

11h/15s
3060.00
3150.00
3060.00
4138.74
2610.00
1350.00
2951.83
3683.36
2700.00
2970.00
2967.39

*10h/5s means a system with 10 hold lines and 5 sjadists

The red numbers are the annual net profits

8h/15s

3060.00
3150.00
3060.00
4135.48
2610.00
1350.00
2933.75
3673.04
2700.00
2970.00
2964.23

6668309.43

With the current system, we will not be able to e service goals. Therefore,

we must employ more specialists and add extra lindd. Employing more specialists

may bring us more profits to some extent. For eXamp Table 2, when the number of

specialists increases from 5 to 12, the annuagbmdits change dramatically from

$5230333.05 to $6714339.16. However, as we keepasimg the number of specialists

to 15, the annual net profits drop a little, bilt greater than those from our original

system. For instance, the profits change from $87@43 to $6678115.43



corresponding to such an increase (12 to 15) imtimber of specialists employed. A
similar pattern is observed for an increase innilmaber of hold lines. The reason is that
increasing either hold lines or specialists wildeo a decrease in the number of
customers balking from our system, and thus theuatnaf money we lose from business.
In other words, among various levels of servicemaller percent of calls receiving busy
signals should be preferred as long as other ¢sai@ries and operation cost of each hold
line) are kept at or below a reasonable amourikabile 2, note that a great increase in
the number of hold lines may cause a decreaseiarthual net profits as it does in the
case of specialists. Such result is due to thetlfatta sufficient number of specialists
might already cut down the number of customersibglto a significant degree, and
adding extra hold lines will not make a noticeatifeerence while adversely raise the
operational costs for our system. Although thesbtashal costs from the extra hold lines
appear not as significant as those from addin@edrployees (much smaller cost of
each hold line compared to that of employees)nthee hold lines we have, the more
time our customers have to spend on waiting. Batgnall the effects discussed above,
we find the combination df2 specialists and 15 hold linegives us the maximum
annual net profits among all the choices listedable 2 It also well meets our service
goals.
Additional Notes

After comparing all the annual net profits we hav&able 2, you may notice
that December 19, January 9, and January 16 maydummparatively greater effects on
the profits than other dates. The reason lies eridtt that these dates have relatively

smaller service rates with however, a relativetgéa average call rates. Therefore, to



minimize the money losing from people who balk froor system as well as meet our

service goals, we must pay attention to such unusys by introducing a reasonable

number of specialists and hold lines.

Sensitivity Analysis

The above discussions have neglected possible ekamdactors such as the

employee’s salary and the profits per call. In otdestudy the impact of those changes

on the annual net profits, we will first considee tthanges of employee’s salary and then

take the impact of profits (per call) changes imtoount along with that of salary

changes. Annual net profits after 25%, 50%, and/d.00increase in the employee’s

salary per hour are shown in Table 3:

10h/5s

10h/12s
15h/12s
15h/15s
50h/15s
11h/15s
8h/15s

$18 per hour
(Original)

5230333.05
6714339.16
6744870.43
6678115.43
6674999.33
6674985.31
6668309.43

$22.5 per hour

(+25%)

5179708.05
6592839.16
6623370.43
6526240.43
6523124.33
6523110.31
6516434.43

Table 3

$27 per hour

(+50%)

5129083.05
6471339.16
6501870.43
6374365.43
6371249.33
6371235.31
6364559.43

$36 per hour
(+100%)

5027833.05
6228339.16
6258870.43
6070615.43
6067499.33
6067485.31
6060809.43

__ - | Comment [m10]: nice start, but give
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10h/5s

10h/12s
15h/12s
15h/15s
50h/15s
11h/15s
8h/15s

$90 profit per
call &

$18 per hour
(Original)

5230333.05
6714339.16
6744870.43
6678115.43
6674999.33
6674985.31
6668309.43

$112.5 profit per

call &

$22.5 per hour

(+25%)

6538291.32
8393298.95
8431650.54
8348206.79
8345624.16
8344144.14
8335686.79

$136 profit per
call &

$27 per hour
(+50%)

$180 profit per
call &

$36 per hour
(+100%)

7846249.58
10072258.74
10118430.65
10018298.15
10016248.99
10013302.97
10003064.15

10462166.11
13430178.32
13491990.87
13358480.86
13357498.65
13351620.63
13337818.86

Table 4

Fluctuations of hold line costs do not have a igant impact on the annual net profits

because of its comparatively lower costs thandbers’ costs.

Il. Projection Models

With the expansion, the peak call rate is expetdgdcrease by a factor of

between 5 and 10. For our purpose, we assumestttisrfis 7 and it can be generalized to

the average call rate on our chosen datdabie 1 The updated call and service

information is given inrable 5 (the service rates remain unchanged.). Additignall

the assumptions from Part | — Present Models willt®e valid here. Similar modeling

techniques can be adapted to situations involvéll different factors.



Data and Analysis

Similar approach and analysis (as we have donarinlPcan be applied to our
projection modelsTable 6 shows the annual net profits for different systeAggin, the
number of specialists and hold lines we choose isdsased on our service goals, i.e., an
average hold time of less than 2 minutes and hess 2% of all calls will receiving a
busy signal. As we see from this table, the contlinaof 80 specialists and 60 hold

lines provides us with the maximum annual net profit®agall the choices listed in

Table 6. It also well meets our service goals.

ARRIVALS SERVICE
Week
Beginning Average Average
calls/hour served/hour
Nov 28 259 7
Dec 5 266 7
Dec 12 259 7
Dec 19 343 5
Dec 26 224 6
Jan2 126 7
Jan 9 252 3
Jan 16 308 4
Jan 23 231 8
Jan 30 252 6
Table 5




50h/89s 60h/80s 30h/80s 60h/89s

Nov 28 21708.00 21870.00 21870.00 21708.00
Dec 5 22338.00 22500.00 22500.00 22338.00
Dec 12 21708.00 21870.00 21870.00 21708.00
Dec 19 29268.00 29429.95 29424.60 29268.00
Dec 26 18558.00 18720.00 18720.00 18558.00
Jan 2 9738.00 9900.00 9900.00 9738.00
Jan 9 21042.88 20108.04 19992.74 21058.52
Jan 16 26117.67 26207.87 26014.93 26117.92
Jan 23 19188.00 19350.00 19350.00 19188.00
Jan 30 21078.00 21240.00 21240.00 21078.00
Average 21074.45 21119.59 21088.23 21076.04
w/ line

cost 47410021.97 47510067.38 47444011.94 47412099.62
per year

Table 6: Annual net profits for different systems dter expansion
*50h/89s means a system with 50 hold lines and §8esialists
The red numbers are the annual net profits
Sensitivity Analysis
With a much greater number of specialists emplowexiyould expect that an
increase in the employee’s salary might affectariginal optimal decision; fortunately,
it is not this case. Please sksble 7for the changes of annual net profits based on,25%

50%, and 100% of increase in the employee’s sgarjhour.Table 8 shows the results

after raising both the employee’s salaries anditgrpér call by 25%, 50%, and 100%.

$18 per hour
(Original)

$22.5 per hour
(+25%)

$27 per hour
(+50%)

$36 per hour
(+100%)

50h/89s 47410021.97 46508896.97 45607771.97 43805521.97
60h/80s 47510067.38 46700067.38 45890067.38 44270067.38
30h/80s 47444011.94 46634011.94 45824011.94 44204011.94
60h/89s 47412099.62 46510974.62 45609849.62 43807599.62

Table 7



$90 profit per $112.5 profit per $136 profit per $180 profit per

call & call & call & call &

$18 per hour $22.5 per hour $27 per hour $36 per hour

(Original) (+25%) (+50%) (+100%)
50h/89s 47410021.97 59264402.46 71118782.95 94827543.93
60h/80s 47510067.38 59389834.23 71269601.08 95029134.77
30h/80s 47444011.94 59306139.92 71168267.90 94892523.87
60h/89s 47412099.62 59267374.53 71122649.44 94833199.25

Table 8
Conclusion

Using the M/M/s with a finite queue models, we abde to conduct benefit
analysis for different systems. The general rulepiimizing the net profits is to cut
down the number of customers that balk from oumghsystem as well as to keep the
total costs (employees’ salaries and operatiorstsdor hold line) at an acceptable value;
i.e., raise the service level and employ a readermaimber of specialists and hold lines.
Our results indicate that a sound choice is to eynp2 specialists and 15 hold lines
under current demands a@@ specialists and 60 hold lineafter the expansion. A major
weakness of our approach is that service rateassumed to be exponentially distributed.
However, this statement may not be legitimate aliedue to customers’ diverse needs.
Besides, we assume that all employees hired by @¥&$laims specialists and their
service rates follow an exponential distributiohisTmight not be realistic either, because
it costs a much larger amount of money to havelaspacialist staff and also the service
rates largely depend on the types of insurancenslaind the workers’ efficiency levels.
To improve the accuracy of our benefit estimatiwa,need to assess requests of regular
customers and working styles of staff members marefully before applying the

gueuing models.
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