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Case 2-3

Vittorio Poliseno

A) With the information given in the case study, we can create a time chart of the available
Spanish and English speaking operators needed to staff the call center
Time Average Average Calls Average Calls English Speakers Spanish Speakers
Shifts Per Hour/ Per
Calls ENGISH Hour/SPANISH | Needed Needed
7AM - 9AM 40 40 * .80 =32 40-32=8 32/6=53=6 8/6=13=2
9AM - 11AM 85 85*.80=68 85-68=17 68/6=11.3=12 | 17/6=28=3
11AM -1 PM 70 70 * .80 =56 70-56=14 56/6=93=10 |14/6=23=3
1PM -3 PM 95 95 * .80=76 95-76=19 76/6=126=13 |19/6=3.1=4
3PM-5PM 80 80* .80=64 80-64=16 64/6=106=11 [16/6=2.6=3
5PM -7 PM 35 35* .80=28 35-28=7 28/6=46=5 7/6=11=2
' 7PM -9 PM 10 10*.80=8 10-8=2 8/6=13=2 2/6=3=1
As stated in the case study, “on average, 80% of all phone calls are from English
speakers.” We take the Average number of calls during each 2 hour shift and multiply it by .80 to
determine the average calls per hour are from English Speaking operators. We then take the
number of average calls per hour and divide it by 6, which is the average number of phone calls
1 operator makes per hour, to determine how many English speaking operators are needed. For
example, if we take the 1pm — 3pm time shift, which has an average of 95 calls; we multiply 95 x
.80 =76 which is how many average calls per hour in English. We then divide 76 by 6 calls per
hour which equals 12.6, but since we can have part of a person, we round up to make it 13
English speaking operators needed. To determine the Spanish speaking operators, we take the
total average calls minus the average calls per hour in English and then divide the difference into
6.
B) Part B asks us to create a linear programming model to determine how many English

and Spanish speaking operators we need to hire during the beginning of each shift. To make
things simple | divided the linear models into 2 separate models; one for the English speaking
operators and one for the Spanish speaking operators.

First we have to decide our variables; in this case our variables will be the number of full
time and part time operators starting their shift on the phone from each time shift available,
making 7 variables

X1 = # of operators on the phone from 7am — 9am

X2 = # of operators on the phone from 9am — 11am

X3 = # of operators on the phone from 11am — 1pm

X4 = # of operators on the phone from 1pm —3pm

X5 = # of operators on the phone from 3pm - 5pm

X6 = # of PART TIME operators on the phone from 3pm —5pm

X7 = # of PART TIME operators on the phone from 5pm — 9pm

Since were discussing about saving cost and not profit, our objective function is to
Minimize cost. Below is a chart used in excel to help explain how | determined each variables
cost.



| Full Time Full Time Full Time Full Time Full Time Part Time PartTime|

7-9am 9-11AM 1lam - 1Ipm 1-3pm 3-5pm 3-7pm 5-9pm
1lam - 1 pm 1-3pm 3-5pm 5-7pm 7-9pm
| Cost] 4*10=340  4*10=340 4%10=340  2*1042%12=544  2*10+2*12=%44  2*10+2%12 =544 4*12 = $48|

ENGLISH Speakers Needed
6
12
10

13

e
Since any time shift before 5pm gets paid $10 an hour, the first 3 variables will hav
$40. The fourth, fifth and sixth variables also contains 1-3pm which is before 5pm, however we
must also add the 5-7pm time shift which gets paid $12 and hour. So $20+524 = $44. And finally
the sixth variable contains both 5-7pm and 7-9pm which get paid $12 each hour; 4 x $12 = $48.
Also the graph shows us 7 constraints; with each variable, we place a 1 to represent the
operator to work in that time shift. For example we take the fourth variable, which has the 1-
3pm and 5-7pm time shift grouped together, we place a 1 in the 1-3pm and 5-7pm to represent
the operator needed in that time shift. We then set all constraints Greater than or equal to the
number of English speakers needed which were found in part A of the case study. Next we place
the info into the QM Software.

r - r—
%" Linear Programming Results B@E
English Speakers Solution
Full Time 7-Sam Full Time Full Time | Fut Time 1-3pm | Full Time 3.5 Part Time | Part Te 5-9 RHS Dual
8-11am 11am-1pm pm 3-7Tpm pm
Lﬁmtzc 40 W 40 44 44 44 48
7-9am i 0 0 0 0 0 0 - 6 -40
SAlam=— e ol 1 @ o 0| 0 0 - 12 0
11am - 1pm ) | 1] 1 o o 0| 0 o= 10 0
1-3pn 0 1 0 ] o 0 0| »= 1) 40
a-sem o, ol B (1 I | S £ I
5-7pm o| ol 0| i [ | B | R > | 4
7-9pm = o 0 0l 0 1 0| ) - - 2| -4
Solution-> | s 13 i Slise——Sagi-—-=—8 5 e 1228| =

From the QM software we are now able to determine how many ENGLISH operators are
needed to work during each time shift with the lowest cost possible. So we can see that for each
variable, starting from 1-7, we need to hire 6,13,4,0,2,5,0 English speaking operators so that the
Total Cost of these workers is $1,228 dollars, which is the minimal amount the call center can
pay.

Next we do the same for the Spanish Speaking operators, however Spanish speaking
operators do not work part time, and we now have 5 variables and 7 constraints

X1 = # of operators on the phone from 7am —9am

X2 = # of operators on the phone from 9am — 11am

X3 = # of operators on the phone from 11am — 1pm

X4 = # of operators on the phone from 1pm —3pm

X5 = # of operators on the phone from 3pm — 5pm



C)

D)

| Full Time

Full Time Full Time Full Time Full Time
7-9am 9-11AM 11lam - 1pm 1-3pm 3-5pm
1lam-1pm 1-3pm 3-5pm 5-7pm 7-9pm
| Cost] 4*10=940 4% 10=3%40 4%10=%40  2*10+2*12=$44 4*12 = $48

SPANISH Speakers Needed

2

o [N [TV Ny [ (Y

We use the same procedure we did for the English speaking operators, however we
must remember to change the amount of speakers need to the Spanish speakers needed which
we found in the first part of the case study. The QM model looks like this

% Linear Programming Results

Spanish Speaking Solution

W K2 w3 ! 5 RHS Dual
Minimize 40 40 40 44 48
Constraint1 1 _D__ 0 0 ) SRR = 2: 40
Constrairt 2 0 1] 0 0 o | 3| 40
Constraint 3 Y || S A o of e[ 3 @
Constraint 4 ) 0 1 0 1 0 e=| 4 0
Constraint 5 0 0 1 o 1 == 3] 40
Constraint 6 — 0 == ——3 1] 0 = 2| -44
Constrairt 7 = 0 ol o =—qf—— 1 | 1] 8
Solution-= - 2l ] 2] 1 | 4186 |

With the QM software, we can now determine how many SPANISH speaking operators
we can hire for each time shift at a minimal cost. For each variable, starting from 1-5, we need
to hire 2,3,2,2,1 Spanish speaking operators so that the Total cost can be $416, which is the
minimal amount the call center can pay.

Although | kind of included the answer to this in part B | will restate it again. By using the
QM Software, we are able to determine how many operators Lenny should hire for each shift.
Lets start with the English operators, Lenny should hire 6 operators who start their shift from 7-
9am, 13 who start from 9-11am, 4 who start from 11lam-1pm, 2 who start from 3-5pm, and 5
Part time operators who start from 3-5pm; given a total of 30 English speaking operators.

For Spanish speaking operators, Lenny should hire 2 operators from 7-9am, 3 operators
from 9-11am, 2 operators from 11am-1pm, 2 operators from 1-3pm and 1 operators from 3-
5pm; given a total of 10 Spanish speaking operators. So in total Lenny will have 40 operators
working witch a total cost of $1,228(for English operators) + $416(for Spanish operators)=51,644

Since the operator is an English speaking operator, we would only have to modify the
English speaking linear model and the Spanish speaking model can stay the same. Although the
operator is willing to start at 1pm, we must remember that the operators also do paper work in
addition to their phone calls; so the 1pm willing worker can also start work at 11am doing
paperwork; so the variable that is in effect is actually the fifth variable, 3-5pm, and not the

fourth variable.




E)

F)

To solve this problem, we will re enter the linear model data for the English speaking
operators, which contained 7 variables and 7 constraints; however we must add 1 more
constraint to the problem. The constraint we must add is that the operator during the full time
3-5pm shift must be Less than or equal to 1. Again to represent the operator, we place a 1
under the full time 3-5pm work shift. The QM model looks like this

&* Linear Programming Resutts
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Notice constraint 8, which represents what | stated above. Now Lenny should hire 6

English operators from 7-9am, 13 from 9-11am, 6 from 11am-1pm, 1 from 3-5pm, 4 part time
operators who start at 3pm, and 1 part time operator who starts at 5pm. Lenny should hire 31
English speaking operators making his total cost $1,268. As stated before, the Spanish speaking
operators were not affected by the change, so Lenny should still hired the 10 Spanish speaking
operators with a total cost of $416. Lenny’s total cost now is
$1,268(English Speaking operators) + $416(Spanish Speaking operators) = $1,684

If the operators are bilingual, it makes finding the number of operators needed much
easier. Since there aren’t a specific number of Spanish or English speakers, we can simply take
the average number of calls in each work shift and divide it by 6 calls per hour.

Average #
Operators
Work Shift of Calls needed
7am-9am 40 40/6 =6.6=7
9-11am 85 85/6=14.1=15
1lam-1pm 70 70/6=11.6=12
1-3pm 95 95/6 =15.8=16
3-5pm 80 80/6=13.3=14
5-7pm 35 35/6=5.8=6
7-9pm 10 10/6=1.6=2

We simply divide each average number of calls in each work shift by 6 and round up
(because we can’t have part of a person working) to determine how many operators we need
for each shift. We would need 7 Bilingual operators from 7-9am, 15 from 9-11am, 12 from
11am-1pm, 16 from 1-3pm, 14 from 3-5pm, 6 from 5-7pm and 2 operators from 7-9pm.

For this part, we can simply use the same diagram in part B for the English speaking
operators because it contains both full time and part time variables, whereas the Spanish
speaking diagram only had full time variables. We will use the same concept as part B, with 7



G)

H)

variables and 7 constraints and the number 1’s representing the operators for each specific
shift; the only change is the right side of the constraints, which will represent the number of
Bilingual operators needed. Below is the diagram and the QM model

] Full Time Full Time Full Time Full Time Full Time Part Time Part Timel
7-9am 9-11AM 11am- 1pm 1-3pm 3-5pm 3-7pm 5-9pm
1lam-1pm 1-3pm 3-5pm 5-7pm 7-9pm
| Costl 4*10=540 4*10=540 4*10=2540 2¥10+ 2*12 =544 2*10+2*%12 =544 2*10+2*12 =545 4*12=$48|
BILINGUAL Speakers Neede:
| 7am-9am_ 3.: 7
9-11am - ) 15
[ 11am-1pml 1 i i < 12
1-3pm Ll _ i - 1 16
| = ——— —1: = 1 ;'J 2
5-7pm e ax 6
[ 7-9pm e L 2
Again we’ll enter the data above in the QM software and all constraints are still greater
than or equal to the number of bilingual speakers needed. The QM model looks like this
& Linear Programming Results Q@%
{untitled) Solion
X1 X2 3 X4 Lo} KB KT RHS Dual
|
|1_Minimize 40 40 40 44 44 44 48
Constraint 1 . 1] 0 0| 0 0 0! o R -40
Constraint 2 i ol 1 0| 0 0 0 0| »= 15| 0
Constrairt 3 ! 1] 0 1] 0 0 0 0 »= ) T
Constraint 4 Jf 0 1] 0 1 0 0 0 = 16 -40
Constrairt 5 I 0 o 1] 0 1] 1 of | 18 -40
Constrairt 6 of = 1} 0 1 T T 1 » 6 4
Constrairt 7 - o 0| o] 0 1] 0 1] - 2 i
Sakdion-» [ - =i § e 2 6 ﬂ_ = hﬁj} =t =]

From the QM software we are now able to determine how many Bilingual operators are
needed to work during each time shift with the lowest cost possible. So we can see that for each
variable, starting from 1-7, we need to hire 7,16,6,2,6 bilingual speaking operators so that the
total cost is $1,512 which is the minimal amount Lenny can pay.

We can use basic knowledge to find out the answer to this problem. Since the total cost
for bilingual operators is $1,512 and the total cost for English and Spanish speaking operators is
$1,644 (found in Part c) we simple subtract $1,644 - $1,512 = $132 dollar difference. So lenny
would be paying an additional $132 dollars if he goes with bilingual operators in the call center.
Since the question asks for percentage, we take the $132 difference and divide it into the total
cost for bilingual operators; $132/$1,512 = .08731 = 8.73% increase

There are a few ways this call center can reduce its total cost, Lenny might want to look
into replacing employees with answer machines, such as when you call a credit card company,
you’re not always greeted by a person, but by a machine who can answer certain questions such
as how much you have left in your balance. Lenny might want to look into examining how many
average calls per hour come in everyday of every hour instead of setting 1 specific average for
everyday. It will simply give Lenny a better idea on how many workers to have work on those
specific hours; if on Friday 9am-11am has an average of 2 calls per hour, then there’s no need to
have 13 workers working that shift.



Case 3-2 Vittorio Poliseno

A)

Emily must first evaluate the number and type of servers to purchase on a month to
month basis. She will be able to determine which server to purchase in that month to minimize
coast and how many new users it can support with the previous month
Month 1:

During the first month, Emily does not need to buy any servers because Mr. Hamilton
states “in the first month, | do not want to bring any department onto the intranet; | simply
want to disseminate information about it and get buy-in from employees.”

Month 2:

During the second month, Emily has to buy computers because Mr. Hamilton,” wants to
bring the sales department onto the intranet since the sales department receives all critical
information from customers.”

Emily can now treat this as a linear programming model. First we must find our
variables, which in this case will represent the types of servers is required. In this case we have 4
variables.

X1 = Number of Standard Intel servers that should be purchased

X2 = number of Enhanced Intel servers that should be purchased

X3 = number of SG| Workstation servers that should be purchased

X4 = number of Sun Workstation servers that should be purchased

Emily must also keep into consideration that some servers offer a discount only if she
purchases them within the first 2 months.

Since we are looking to minimize cost, we will be using the minimize cost function as our
objective function. Finally we have 2 constraints, 1 constraint is that the computer must support
at least 60 employees, and the other constraint is that she cannot spend more than $9500,
which she has available to purchase servers with in the first 2 months.

Below is a graph that shows the total cost per server

|Standard PC Enhanced PC SGI Workstation Sun Workstation
Cost $2,500.00 $ 5,000.00 $ 10,000.00 S 25,000.00
Discount 10% 25%
Total Cost  $ 2,500.00 $ 5,000.00 10000-1000 =9000 25000-6250 = 18750

Serves 30 80 200 2,000
Cost Available =59,5 Server Support Needed = 60

Our first constraint consists of our Serves row, which is how many people each server can
support, being greater than or equal to 60, and the second constraint consists of the total cost
of each server being less than or equal to $9,500. The QM looks like this
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@ Original Problem w/answers

B

(untitled) Solution
X %2 X3 X4 RHS
Minimize 2500 5000 9000 16750 ;
Constraint 1 ; 0| 80| 200 2000 - 60
Constrairt 2 | 25000/ 5000 “g000| 18750 « 9500
ﬁab@t{rﬁe i | Intéger- irrTeger Irrféger' Irﬁeger' ; 3
Souon> ) ] | o] optimal > 5000

With the assistance of the tutor center, we must use the integer programming model.
As we can see from the results of the QM software, Emily should choose to purchase 1
Enhanced Intel server at a cost of $5,000 which serves 80 employees.

Month 3

In the third month, Emily needs to install intranet into manufacturing, which has 200
employees in it. Now we have the sales and manufacturing departments together, making it 60
employees (for sales) + 200 employees (for manufacturing) = 260 total employees. We must
remember that Emily could possibly purchase an enhanced PC in the second month, which can
support 80 employees; so 260-80 employees that already have a server = 180 employees
needing a server. Below is a graph that represents what is stated above:

Standard Enhanced
PC PC SGI Workstation  Sun Workstation
S 5 S S
Cost 2,500.00 5,000.00 10,000.00 25,000.00
Discount
S $ $ S
Total Cost  2,500.00 5,000.00 10000 25000
Serves 30 80 200 2,000
Server Support Needed = 260 needed - 80 already supported = 180

Since Mr. Hamilton doesn’t give a restriction to Emily on a budget to send and the discount on
certain servers is no longer in affect, we no longer need the constraint of not being able to
spend more than $9,500; However we must keep in mind we want to minimize cost. Now we
are down to 1 constraint, which is the total number of support from each server must be greater
than or equal to 180.

The QM Model looks like this



® Original Problem w/answers

{untitied) Solution
1 X2 %3 " RHS
{Minimize 2500 5000 | 10000 25000
Constrairt 1 B 30| 80 0] 2000 = 180
Varigab{e_typi N Integeri_ lnteggr_' Integerr”_ _Tmegeri |
| Solution-» | __Lj_]__ of 1| 0] Opfimal Z-» 10000 |

As we can see from the results of the QM software, Emily should choose to purchase 1
SGI Workstation at a cost of $10,000 which serves 200 employees. With the previous month, the
company now has 1 Enhanced Intel server and 1 SGI Workstation server that supports 280
employees

Month 4

In the fourth month, Emily needs to install intranet into the warehouse, which has 30 employees
in it. Now we have the sales, manufacturing and warehouse departments together, making it 60
employees (for sales) + 200 employees (for manufacturing) + 30 employees (for warehouse) = 290 total
employees. We must remember that Emily could possibly purchase an enhanced PC in the second
month, which can support 80 employees, and a SGI workstation in the third month, which can support
200 employees so 290-280 employees that already have a server = 10 employees needing a server. We
can use the same graph as in Month 3 but our server needed must support greater than or equal to 10
users

Server Support Needed = 290 needed - 80 in Month 2 - 200 in Month 3 = 10

The QM Model looks like this:

@ Original Problem w/answers

ok

{urtitied) Sohtion
A X2 K3 "4 RHS
|Minimize 2500 | 5000 10000 25000
Constraint1 | v 80 200 2000 »= 10
Variable type s Teger__ Integer Integer | Im-égér'
Sodion> {0 o o o opmazs[

As we can see from the results of the QM software, Emily should choose to purchase 1 Standard
Intel at a cost of $2,500 which serves 30 employees because we are looking to keep cost as minimal as
possible. With the previous months, the company now has 1 Enhanced Intel server, 1 SGI Workstation
and 1 Standard Intel server that supports 310 employees in total.



Month 5

In the fifth month, Emily needs to install intranet into marketing, which has 75 employees in it.
Now we have the sales, manufacturing, warehouse and marketing departments together, making it 60
employees (for sales) + 200 employees (for manufacturing) + 30 employees (for warehouse) + 75
employees (for marketing = 365 total employees. We must remember that Emily could possibly
purchase an enhanced PC in the second month, which can support 80 employees, a SGI workstation in
the third month which can support 200 employees and a Standard Intel in the fourth month which can
support 30 employees. So 365-310 employees that already have a server = 55 employees needing a
server. We can use the same graph as in Month 3 but our server needed must support greater than or
equal to 55 users

Server Support Needed =365 needed - 80 in Month 2 - 200 in Month 3 - 30 in Month 4 = 55

The QM model looks like this:

- e

 Original Problem w/answers ' :.'.JIE}L
{untithed) Solution
X1 X2 X3 ¥ RHS
{Minimize ' 2500 5000 10000 25000 ‘
Constrairt 1 0 80| 200| 2000 >=| 55|
Variablet:/pe = | Intege'r' iﬁtegeri ' lntegerj Imegeri- . |
Solion> N of o 0 opimaZ»  sow

As we can see from the results of the QM software, Emily should choose to purchase 2 Standard
Intel at a cost of $5,000 which serves 60 employees; However we are going to suggest Emily purchase 1
Enhanced Intel at a cost of $5,000 which serves 80 employees because since both servers will cost
$5,000, we might as well purchase the server that can help more employees. With the previous months,
the company now has 2 Enhanced Intel server, 1 SGI Workstation and 1 Standard Intel server that
supports 390 employees in total. The total cost for all 4 servers is $10,000 (Enhanced Intel) +$2,500
(Standard Intel) + $10,000 (SGI Workstation) = $22,500 total cost

B) In order to help Emily evaluate the number and type of servers to purchase over the
entire planning period, we can construct a more advanced linear programming model than the
one we use in part A. instead of 4 variables, we now have 8 variables; we will still being using
the server types as our variables, but we will categorize them by certain months.

X1 = Number of Standard Intel servers that should be purchased in Months 1-2
X2 = Number of Standard Intel servers that should be purchased in Months 3-5
X3 = number of Enhanced Intel servers that should be purchased in months 1-2
X4 = number of Enhanced Intel servers that should be purchased in months 3-5



X5 = number of SGI Workstation servers that should be purchased in months 1-2

X6 = number of SGI Workstation servers that should be purchased in months 3-5

X7 = number of Sun Workstation servers that should be purchased in months 1-2

X8 = number of Sun Workstation servers that should be purchased in months 3-5

Again we are looking to keep cost at a minimum, so we use the minimize cost function
as our objective variable.

We have 4 constraints; first constraint is that In months 1-2, the servers must support at
least 60 employees. Our second constraint is that in months 3-5, the servers must support at
least 654 employees. Our third constraint is that in months 1-2, our total cost bust me less than
or equal to $9,500. Our last constraint is that Emily should buy at least 1 of the 3 servers that
supports more employees than the standard server. The graph below represents what is stated

above:
|Standard PCIStandard PC Enhanced PC Enhanced PC SGI Workstation  SGI Workstation  Sun Workstation |Sun Workstation
Month 1-2 Month3-5 Month1-2  Month 3-5 Month 1-2 Month 3-5 Month 1-2 Month 3-5
Cost $2,500.00 $2,500.00 $ 5,000.00 $ 500000 $ 10,000.00 S 10,000.00 S 25,000.00 | $ 25,000.0C
Discount 10% 25%
Total Cost $ 2,500.00 $ 2,500.00 S 5,000.00 | $  5,000.00 10000-1000= 9000] S 10,000.00 25000-6250= 18750 | $ 25,000.0C
Serves 30 30 80 80 200 80 2,000 2,00(
Total Advanced Servers
0 0 1 1 1 1 1|
The QM model looks like this:
® Original Problem w/answers B@E
(untitied) Soltion
K7 W3 . | K4 K5 HE W7 x0 R
MIIHEEESS ey 2500 e 2 L) P 5000 5000 9000 10000 18750 25000 |
Constrairg 1 30 30 80 80 200 | 200 2000 2000 : ==
Constraint 2 S { 30 30 sl @0 200 200 2000 2000 | == £
Constraint 3 1 0 1 0| 1] o 1 118 <= gt
Constrairt 4 [ [] 0 e 1] 1] 1] 1 Tt
Veriable type | Intoger | Integer integer Integer | Integer | Integer | integer| ~ Iteger| | =
Solution-» | ] ] 0 1] ] ] 0 0|  OpfimalZ-»| 18¢
1

According to the QM model, it suggests that Emily purchase 2 SGI Workstations. The
only way Emily can do this is to purchase 1 SGI Workstation on Month 2 at the discounted price
of $9,000 and purchase the second SGI workstation on month 3 at the original price of $10,000.
The reason she can’t purchase both SGI models on the first and second month is because she
only has a budget of $9,500, and 1 SGI model after the discount is $9,000. So $9,000( 1 SGI
model on Month 2) + $10,000 (1 SGI model on Month 3) = $19,000 is the total purchase cost.

C) The reason we have 2 different outcomes in part A and Part b is because, in part A we
must take into consideration how many employees we have to support within a minimal cost.
So for the second month we needed a server to support at least 60 employees at the lowest cost
possible, which the Enhanced Intel works with at a minimum cost. Emily could purchased a SGI
in month 2 but there is no need to spend the extra $4,000 when she needs to support at least
60 employees and not 200 employees.



D)

E)

If we do some research on servers and incorporating them into a business the other
additional costs we should keep in consideration is the server installment cost, possible cost of
equipment upgrades after a few years, and training employees to use the servers and all of its
benefits.

It’s a known fact that technology is always changing and is always becoming better by
the second, but technology is also able to be modified and possibly hacked by outsiders. Also
any small changes internally can become a big problem to the entire server; its kind of like
accounting, one small number can cause a big difference.



Price Severe Moderate  Weak

Medium
Low

Prior Revenue
High Price Severe Moderate  Weak Probability $thousands)
Sales Sales High 0.245 2,500
(thousands) Sales Medium 0.295 1,500

High Sales Low 0.46 1,000
Medium
Low Medium Pr. Severe  Moderate @ Weak
Sales High 0.3 2,000
Sales Medium 0.4 1,200
Sales Low 0.3 800
Low Price  Severe Moderate  Weak
Sales High 0.4 1,500
Sales Medium 0.475 900
Sales Low 0.125 600

Details:
Price Ranges are Low (S 30), Medium ($ 40) and High (S 50)
Sales Ranges are (in thousands) as Low (20}, Medium (30) and High (50)

Competitic Probability ranges are Weak (0.1), Moderate (0.7) and Severe (0.2)

The prior probabilities are calculated for each sale type for different price ranges are calculated using the prior probabilities of competition
The revenue for each sale type is found using the price range and sale volume and shown in thousands of US $

The decision tree is drawn using Treeplan Academic version Add-in and shown in the next page.

The Decision Node is shown as a Square -

The Event Nodes are shown as Circles -

The Terminal Nodes are shown as Triangles - A_

Brainy_Business_A
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Price

High
Medium

Low

Sales
(thousands)

High
Medium

Low

Details:

Severe Moderate Weak

Prorrobani 02 07 01

Prior Revenue
High Price Severe Moderate  Weak Probability $thousands)
Sales High 0.245 2,500
Sales Medium 0.295 1,500
Sales Low

Medium Pri  Severe  Moderate @ Weak

Sales High . 2,000
Sales Medium

Sales Low ; 800

Low Price  Severe Moderate  Weak
Sales High
Sales Medium
Sales Low

For Maximum Likelyhood criterion, we find the state of nature with the largest prior probability.
Then we need to choose the alternative that has the largest pay-off
In our case, based on maximum likelihood criterion under different Price ranges:

Medium Sales with Medium Price will be Charlotte's decision that gives

the maximum revenue as $ 1,200,000

Brainy_Business_B
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K LM N J o Jele] R [ s [rfu]l v | w [x ¥
1 | 0.20
2 Brainy_Business_D Sales High
3 Predict Moderate I 2,500
4 i 2,500 2,500
5
6 0.0503 0.25
7 Severe Competition Sales Medium L
8 | | 1,500
9 0 1425 1,500 1,500 |
10 |
11 0.55 |
12 Sales Low
13 | | 1,000
14 1,000 1,000
15
16 0.25
17 Sales High
18 | | 2,500
19 2,500 2,500
20 |
21 0.938 0.30
22 |Price High Moderate Competition Sales Medium |
23 1,500
24 0 1521.1 0 1525 1,500 1,500
55 | .
26 ] 0.45
27 [ Sales Low
28 1,000
29 1,000 1,000
30
31 0.30
32 Sales High |
33 1 2,500
34 2,500 2,500
35
36 0.0117 0.35
37 Weak Competition Sales Medium
38 | | 1,500
39 0 1625 1,500 1,500
40
41 0.35
42 Sales Low
43 1 | 1,000
44 1,000 1,000
45
46 0.25
47 Sales High
48 I 2,000




K Ium] N | o el R | s Itful v | w [x[ ¥
49 ' 2,000 2,000
50
51 0.0503 0.35
52 Severe Competition Sales Medium
53 1,200
54 0 1240 1,200 1,200|
55
56 0.40
57 Sales Low
58 800
59 800 800|
60
61 0.30
62 Sales High
63 | | 2,000
64 | 2,000 2,000
65
66 0.938 0.40
67 : Price Medium Moderate Competition Sales Medium .
68 1 | | 1,200
69 1521.1| 0 1317.9 0 1320 1,200 1,200
70
71 0.30
72 . Sales Low
73 ' I 800
74 | 800 800
75 i
76 [ 0.40
77 [ Sales High
78 e i 2,000
79 ! 2,000 2,000|
80
81 0.0117 0.50
82 Weak Competition Sales Medium
83 | | 1,200
84 0 1480 1,200 1,200
85
86 0.10
87 | Sales Low
88 | 800
89 800 800
a0
91 0.35
g2 ' Sales High
93 | 1,500
94 1500 1,500 |
95
96 0.0503 0.40




K__[L[m] N | o Jelg]l R | s I7ful v | w |[x ¥
97 [ 1] Severe Competition Sales Medium '
98 | | 900
99 0 1035 900 900
100
101 0.25
102 Sales Low
103 | | 600
104 600 600
105
106 0.40
107 Sales High
108 | 1,500
109 1,500 1,500
110
111 0.938 0.50
112 Price Low Moderate Competition Sales Medium
113 | | 900
114 0 1107.11 0 1110 900 900
115
116 0.10
117 Sales Low
118 | 600
119 600 600
120
121 0.50
122 Sales High |
123 | ' 1,500
124 1,500 1,500
125
126 0.0117 0.45
127 Weak Competition Sales Medium
128 | 900
129 0 1185 900 900
130
131 0.05
132 Sales Low
133 | 600
134 , 600 600




K_Juml N [ o el R | s f1lul v | w [x[ ¥
49 § i 2,000 2,000 |
50
51 0.597 0.35
52 Severe Competition Sales Medium
53 | | 1,200
54 0 1240 1,200 1,200
55
56 0.40
57 Sales Low
58 | 800
59 800 800|
60
61 0.30
62 Sales High
63 | | 2,000
64 2,000 2,000
65
66 0.3918 0.40
67 Price Medium Moderate Competition Sales Medium
68 1 | ' 1,200
69 | 1466.4 0 1274 0 1320 1,200 1,200
70
71 0.30
72 Sales Low
73 { 800
74 800 800
75
76 0.40
77 Sales High
78 1 2,000
79 2,000 2,000
80
B1 0.0112 0.50
82 Weak Competition Sales Medium
83 | | 1,200
84 0 1480 1,200 1,200
85
86 0.10
B7 Sales Low
88 I 800
89 800 800
90
91 0.35
92 Sales High
93 | | 1,500
94 1,500 1,500
95
96 0.597 0.40




K _Juifm] N~ [ o fele] R | s [7ful v | w [x ¥
97 ' Severe Competition Sales Medium '
98 | | 900
99 0 1035 900 900
100
101 0.25
102 Sales Low
103 | | 600
104 600 600
105
106 0.40
107 Sales High
108 { | 1,500
109 1,500 1,500
110
111 0.3918 0.50
112 Price Low Moderate Competition Sales Medium
113 | | 900
114 0 1066.06 0 1110 900 900
115
116 0.10
117 Sales Low
118 | | 600
119 600 600
120
121 0.50
122 Sales High
123 | 1,500
124 1,500 1,500
125
126 0.0112 0.45
127 Weak Competition Sales Medium
128 | | 900
129 0 1185 900 900
130
131 0.05
132 Sales Low
133 4 600
134 600 600




K _Timl N T o JefQ] R | s [rful v | w [x[ ¥
1 0.20
2 iBrainy_ABusiness_D Sales High
3 'Predict Severe ' 1 | 2,500
4 2,500 2,500
5
7] 0.597 0.25
7 | Severe Competition Sales Medium
8 ' | | 1,500
g 0 1425 1,500 1,500
10
11 0.55
12 Sales Low
13 { | 1,000
14 1,000 1,000
15
16 0.25
17 Sales High
18 | 2,500
19 2,500 2,500
20
21 0.3918 0.30
22 Price High Moderate Competition Sales Medium
23 | | 1,500
24 0 1466.4 0 1525 1,500 1,500
25
26 0.45
27 Sales Low
28 | | 1,000
29 1,000 1,000
30
31 0.30
32 Sales High
33 | | 2,500
34 2,500 2,500
35
36 0.0112 0.35
37 Weak Competition Sales Medium
38 | | 1,500
39 0 1625 1,500 1,500
40
41 0.35
42 Sales Low
43 | | 1,000
4 1,000 1,000
45
46 0.25
47 Sales High
48 / | | 2,000
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K _Tum] ~n [ o JefQ] R [ s Jrlu]l v | w [X| ¥
1 0.20 |
2 Brainy_Business_D Sales High
3 Predict Weak | 2,500
4 2,500 2,500|
5 I
& 0.0741 0.25 |
7 Severe Competition Sales Medium
8 | 1,500
9 0 1425 1,500 1,500
10
11 0.55
12 Sales Low
13 | | 1,000
14 1,000 1,000
15
16 0.25
17 Sales High
18 | | 2,500
19 2,500 2,500
20
21 0.2593 0.30
22 Price High Moderate Competition Sales Medium
23 | | 1,500
24 0 1584.3 0 1525 1,500 1,500
25
26 0.45
27 Sales Low
28 | | 1,000
29 1,000 1,000
30 |
31 0.30 |
32 Sales High
33 | | 2,500
34 2,500 2,500
35
36 0.6667 0.35
37 Weak Competition Sales Medium
38 | 1,500
39 0 1625 1,500 1,500
40
41 0.35
42 Sales Low
43 | | 1,000
<4 1,000 1,000
45
46 0.25
47 Sales High
48 2,000

i




K _JtUm] v [ o e[l R | s Jrfu]l v [ w [x ¥
49 2,000 2,000
50 ‘
51 0.0741 0.35
52 Severe Competition Sales Medium .
53 1,200
54 0 1240 1,200 1,200
55 ‘
56 | 0.40
57 Sales Low '
58 | | 800
59 800 800
60 | |
61 0.30
62 Sales High
63 | | 2,000
64 2,000 2,000
65
66 0.2593 0.40
67 (Price Medium Moderate Competition Sales Medium
68 T | ' 1,200
= ||
69 1584.3 0 1420.7 0 1320 1,200 1,200
70
71 0.30
72 Sales Low
73 { 800
74 800 800|
75 |
76 0.40
77 : Sales High .
78 E | | 2,000
79 | 2,000 2,000
80 |
81 0.6667 0.50
82 Weak Competition Sales Medium
B3 { 1,200
84 0 1480 1,200 1,200
85
B6 0.10
a7 Sales Low _
88 { 800
89 800 800
90
91 0.35
92 Sales High
93 | | 1,500
94 1,500 1,500
95
96 0.0741 0.40




K _Jufm[ ~ | o felel R | s Jrlul v [ w [x[ ¥
97 [ Severe Competition Sales Medium
98 | | 900
99 0 1035 900 900
100
101 0.25
102 Sales Low
103 | 600
104 600 600
105
106 [ 0.40
107 ' Sales High
108 | 1,500
109 : 1,500 1,500
110 :
111 ' 0.2593 0.50
112 Price Low Moderate Competition Sales Medium
113 . | 900
114 0 1154.44 0 1110 900 900
115
116 0.10
117 Sales Low
118 | | 600
119 600 600
120
121 0.50
122 Sales High .
123 { | 1,500
124 1,500 1,500
125
126 0.6667 0.45
127 Weak Competition Sales Medium
128 | | 900
129 0 1185 900 900
130
131 0.05 |
132 Sales Low |
133 | | 600
134 600 600 |
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Case 11-1

Vittorio Poliseno

A) Mark gives us 2 pieces of information that can help us construct a M/M/s Queuing
Model; he states, “the center receives an average of 70 calls per hour... representatives can
handle six calls per hour.” We also get information that about 35% of customers wait over 4
minutes before a representative answers the phone. From the info about we determine that
Lambda (M) = average of 70 calls received per hour and Mu (u) = representatives can handle 6
calls per hours. Our job is to find out how many representatives (Servers) mark currently
employs; and we must also remember that currently 35% of customers wait 4 minutes for a

representative.

With the help of Professor Tiberwalla, we realize that the QM software cannot be
helpful for us in this problem, so we will use the M/M/s queuing model provided by the student
CD in the text book. Since the problem only gives us information on Lambda and Mu, we will
have to guess our number of servers. For example, if we place 12 servers, the Excel template
calculates a wait time in the queue of 26.7 minutes; if we place 13 servers, the excel template
calculates a wait time in the queue of 4.6 minutes ; if we place 14 servers, the template
calculates 1.78 minutes to wait in the queue. Mark currently has 13 employees waiting because
the amount of time waiting in the queue is 4.6 minutes, which Is more than 4 minutes

Template for the M/M/s Queueing Model

From Student CD in textbook
Data Results
= 70 (mean arrival rate) L= 17.07963527
= 6 (mean senvice rate) L= 5.4129686
s = i3} (# servers) minutes
W= 0.24399479[ 14.63968737
Pr(W > t) =| o.77933775| Wo=| 0.077328123[ 4.639687372
when t = 0.08333333
i p=| 0.897435897
Prob(W, > t) =[0:31761266]
when t =70.08333333
B) For this part we can use the same info as part A, and still have to guess the number of

servers; however this time we must remember to have at least 95% of customers waiting less
than 1 minute. For this step we will use the Prob(Wg>t) result to determine the amount of
servers; however in this result we have to take the difference of the 95% and see when the

result in the prob(Wq>t) is less than but close to .05.

Mark would have to employ 18 employees to ensure that customers wait less than one

minute 95% of the time




C)

Template for the M/M/s Queueing Model
From Student CD in textbook

Data Results
A= 70 (mean arrival rate) L= 11.77798802
p= 6 (mean senvice rate) Ly= 0.111321353
s = 18 (# servers) minutes

Pr(W > t) - 0.61292568| Wy =] 0.001590305| 0.095418302
r

when t =[0.08333333

Prob(W, > t) =[ 0.0401512

when t =0.08333333
We will break this question up into separate parts, we'll first answer how many
representatives Mark needs to hire to make sure 80% of customers wait less than 1 minute on
the phone, again we’ll have to guess the amount of servers needed. We'll use the same concept
as part B and focus on the Prob(Wg>t) being close to .20, because the difference of 80% is 20%
or .20.

Mark would have to employ 15 servers to ensure the probably of customers waiting less
than 1 minute is 80%. Mark could hire more servers to ensure that the percentage of waiting
less than 1 minute is higher, but were looking to minimize cost.

Template for the M/M/s Queueing Model
From Student CD in textbook

Data Results
7R 70 (mean arrival rate) L= 12.61532951
= 6 (mean senvce rate) Ly =| 0.948662841
s = 15 (# servers) minutes

10.81313958

W .
Pr(W > t) = 0.93419635| Wo=|  0.013552326( 0.813139578
when t = 0.08333333 i

Prob(W, > t) =[ 0.18502413]

when t =0.08333333
Mark should look into how much time is wasted and lose when his employees wait on
the phone. From this he would be able to determine how much money he could be saving
rather than paying his employees while they wait on the phone. He also could possibly take out
some representatives and save money from losing some representatives.
For the second part, to determine how 95% of customers wait 90 seconds or shorter, we
can use the information from part B; we’'ll focus on the Prob{Wg>t) being close to 5%.




D)

E)

Template for the M/M/s Queueing Model

From Student CD in textbook

Data Results
s 70 (mean arrival rate) L=[" 11.89284685|
p= 6 (mean senice rate) Ly = 0.226180186|
s = 17 (# servers) minutes
W= 0.169897812[ 10.19386873
PH(W > t) = Wo=|  0.003231146] 0.193868731
when t = 0.08333333 ¢
g p=|  0.68627451

Prob(W > t) =] 0.00718436

when t =70.08333333

So as you can see, with the Prob(Wg-t) being equal to .0071, we determine its 7% of
customers waiting. If we have 18 servers then the percentage drops to .0025 or 2.5%, but since
were looking to keep costs at a minimum, mark will hire 17 employees.

Since Mark would like the percentage outcome as in part B, were going to have to be
sure the amount of servers can create a waiting time of less than 1 minute. By changing the calls
per hour to 8, Mark will have to hire 14 employees

Template for the M/M/s Queueing Model
From Student CD in textbook

Data Results
A= 70 (mean arrival rate) L= 8.873005049
p= 8 (mean senvice rate) Ls=| 0.123005049
s = 14 (# servers) minutes

W= 0.126757215[ 7.605432899

Pr(W > t) =] 0.52180843 Wq= 0.001757215| 0.105432899

when t =70.08333333

Prob(W, > t) =} 0.00222866

when t = 0.08333333
With this information, we can determine 14 employees multiplied by $2,500 for training
costs = $35,000 in total cost. If Mark originally choose to have 18 servers as suggested in part B,
Mark would have an annual salary cost of 18 x $30,000 =$540,000, if he chooses to have 14
employees, then the annual salary cost would be 14 x $30,000 = $420,000. So if Mark chooses
the strategy suggested in part D, Mark would be paying $540,000 - $420,000- $35,000 = $85,000
in savings; Mark should choose this strategy rather than the one suggested in part B

p 0.625

Mark should focus on how many calls are received every hour at a specific hour on a
specific day of the week. With having a average number of calls received at a constant, mark
isn’t guaranteed the outcome of the queuing model, Fridays might possibly be a slow day and
not many calls are received, also most calling centers aren’t open on some days of the week.
Also mark should look into how long each call takes, maybe some calls take 2 minutes to help
the customers, maybe some calls take an hour. He should look into how long the average call
lasts.



