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We will apply regression analysis to the problem, treated in Examples 2.2 and 2.3, of predicting
aircraft engine failures. Recall that the demand for aircraft engines during the last eight quarters
was 200, 250, 175, 186, 225, 285, 305, 190. Suppose that we use the first five periods as a
baseline in order to estimate our regression parameters. Then

Soy = 5[200 + (250X2) + (175X3) + (186X4) + (225X5)]
[(5X6)/2][200 + 250 + 175 + 186 + 225]
= —70,
S = (25X6X11)/6 — (25)X36)/4 = 50.
Then
b = S, /Sx = —70/50 = —17/5,
a=207.2 - (—-7/5X3) = 211.4.

It follows that the regression equation based on five periods of data is

D, =211.4 — (7/5t. — t's +the equation
D, is the predicted value of demand at time t. We would use this regression equation to forecast
from period 5 to any period beyond period 5. For example, the forecast made in period 5 for period
8 would be obtained by substituting t = 8 in the regression equation just given, which would result
in the forecast 211.4 — (7/5 = 200.2.
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Finding Q and R, iteratively

1. Compute Q = EOQ.

]

. Substitute Q in to Equation (2) and compute R.
_on
1-F(R)= P

3. Use R to compute n(R) in Equation (1).
n(R) = J’(x ~ R) 1(x)dx
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4. Solve for Q in Equation (1).
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5. Go back to Step 2, continue until convergence.
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1) Mr. Meadows Cookie Company makes a variety of chocolate chip cookies in the plant in

v ET z  Albion, Michigan. Based on orders received and forecasts of buying habits, it is estimated that

the demand for the next four months 1s 850, 1,270, 520 " , expressed in thousands of
cookics. During a 6-day period when there wcrc . the company produced 1.7

million cookics.
Assume that the n over the four months ively 26, 24, 20, and 16.
There are currently 100 workers employey, and there is no starting inventory ol cookies.

a. Find a plan that aims zero inventory with hiring and lay offs to meet demand over the next

four months?
b. Assume that ¢;= 10 cents per cookie per month, cx= $100, and cr - $200. Evaluate the cost
of the plan derived in part (a).
c. Formulate as a linear program. Be sure to define all variables and include the required
constraints.
d. Solve for the optlmal solution.
1 T . , ,
&\ Let x be the number of cookies made by a worker in one day then b\) Total #hires = 7 + 65 + 117 = 189
467120*x=1.7"108 x=308 Tolal #fires = 87
wo 100 workers
K 308 per worker/day ;
hiringcost | 100 R Cost of this plan = (100)(189) + (200)(87) + (0.1)(39,5352) = $40,235.2
firing cost 200 per worker
holding cost 0.1 per cookie per month /
]
Month m“ Demand :"""'I " |Rounded | #hired | mfired [Nt 'm' 5 I"""‘
1 26 850000 106.1438561| 107 7 850000 | 856856 | B56856 | 6856
2 FL) 1270000 171.8073503| 172 65 2120000 | 1271424 | 2128280 | 8220
3 20 520000 84.41558442| 85 87 | 2640000 | 523600 | 2651880 | 11880
@ 16 995000 201.9074675| 202 17 3635000 | 995456 | 3647336 | 12336
units 189 87 39352

) According to Gams resut ( you can try using OPL )
” Total # hires = 7 + 63 + 100 = 170
Total #fires = 80
 Total Inventory= 6856+3496+47896+4216=62464
Total Cost = (100)(170) + (200)(80) + (0.1)(62464) = $39,246.4
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2) Harold Grey owns a small farm in the Salinas Valley that grows apricots. The apricots are
dricd on the premises and sold to a number of large supermarket chains. Based on past

experience and committed contracts, he estimates that sales over the next five years in thousands
of packages will be as follows:

According to Gams result ( you can try using OPL)

Yea Forecasted

r Deman Total#hires =7 +1=8

(thousands of
packages)

Total #fires = 5+1=6

Total Inventory= 105000

Total Cost = $739,200

Assume that each worker stays on the job for at least one year, and that Grey currently has three
workers on the payroll. He estimates that he will have 20,000 packages on hand at the end of

the current year. Assume that, on the average, each worker is paid $25,000 per year and is
responsible for producing 30,000 packages. Inventory costs have been estimated to be 4 cents
per package per year, andshortages are not allowed) Based on the effort of interviewing and

training new workers, Farmer Grey estimales that 1t costs $500 for each worker hired. Severance
pay amounts to §1.000 per worker.

a. Formulate this as a linear program.
b. Solve the problem and round-off the solution and determine the cost of the resulting plan.
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J) The Paris Paint Company is in the process of planning labor force requ

production levels for the next four quarters. The marketing department has provide
with the following forecasts of demand for Paris Paint over the next year:

1 380
2 630
3 220
4 160

Assume that there are currently 280 employees with the company. Employees are hired for at
least one full quarter. Hiring costs amount to $1,200 per employee and firing costs are $2,500

- per employee. Inventory cosis are $1 per gallon per quarter. It is estimated that one worker

produces 1,000 gallons of paint each quarter.

- Assume that Paris currently has 80,000 gallons of paint in inventory and would like to end the

year with an inventory of at least 20,000 gallons.
a Determine the minimum constant workforce plan for Paris Paint and the cost of the plan.

 Assume that stock-outs are not allowed.

b. If Paris were able lolback—ordcr excess dcmana Dt a cost of $2 per gallon per quarter,
- determine a minimum constant workforce plan that holds less inventory than the plan you found

[ d

3)a)
thousands) can he taken as net demand for the first quarter.
gallons are needed asending inventory so demand for quarter
as 160+20=180(in thousands).

in part (@), but incurs stock-outs in quarter 2. Determine the cost of the new plan.
c Formulate this as a linear program. Assume that stock-outs are not allowed.

Solve the linear program. Round the varables and determine the cost of the resulting plan.

Since there are 80,000 gallons of paint at beginning 380-80=300(in

Similarly, 20,000
4 can be updated

'Gdf"di\\"u '\d"\v‘
o W, OF A N
(000) Cum ?( )8\%.%& e } ‘pf
2™ TXE T N &
Unit/Worker  Net Net Min. W\D %Ut O b\,‘ \i»
a0 L ol SR I
Quarter (000} Demand Dem, Work Force T i | Q ey *{:\
(9 5 .
1 ! 300 300 w0 [ N LN bPQ‘
2 1 630 930 465(930/2) I - %.\ ‘
QEGB' %\l\
3 1 220 1150 384 (1150/3) . 4,% !
4 1 180 1330 333(1330/4)
Hence the min. constant workforce is 465 workers.
The cost of the resulting plan is:
Cum Cum Ending
Production Net Demand Inventory
Quarter (000} (000) (000)
1 465 300 165
+Y4b?
2 930 930 0
#l(bg
1395 G 1150 245
1
4 LSEOLJO 1330 530
Total 940

We must also add back in the 20,000 required to be on hand in the fourth quarter. Hence the

total cost of this plan is:
(1,200)(465 - 280) + ($1)(1000)(940 + 20) = $1,182,000.
L

\3&
aliot saUtSI

This is (1)(1000) since production and demand are expressed in (000) of cans.
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b) If we use the minimum number of workers required through period 3 of 1150/3 = 384, it
— will satisfy the conditions stated.

Quarter Cum Prod Cum Net Dem. Ending Inv.
I 1 384 300 84 206k
2 768 930 “T82~ 80
[ 3 1152 1150 2 j—D
(. 4 1538 1330 206 ‘{___,..-—J-—-—-
i (a 13.(lo0) $12
Total cost = (1,200)(384 - 280) +7(1,000)(312) + (2,000)(162) = $760,800.

Better than policies in parts (a) or (b). u"d:(\
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Quarter| Demand| Previous quarter's output 1425 units
q % 1 1500 Beginning Inventory 100 units
2 1800 Backordering Cost $120 per unit
3 1600 Inventory Holding Cost $10 per quarter/unit
4 1200 Hiring Workers $50 per unit
Laying Off Workers $90 per unit
Production Cost $20 per unit

“the following production plans is better:
a. Plan A—chase demand by hiring and layoffs

b. Plan B-level strategy and backordering

¢. Plan C-level strategy and subcontracting (subcontracting cost 1s $60 per unit
alculate the total cost of each production plan.

- Cumulaotive

ep Mo -
4) a) Chase Strategy by hiring anﬁ layoffs: 3 o\
A
Since beginning inventory is 100, demand %s? quarter can be taken as 1500-100= 1400.
i — a
o ¥
Quarter | Demand ledm:tio+ Units Units | l‘ﬁ&\uﬁr
Increase |Decrease
1 1400 1400 0 25
2 1800 1800 400 | o
3 1600 1600 0 / 200
a 1200 1200 0 400
Total
Units 6000 | 400 625 /

Total Cost = Production Cost + Incr
Total Cost = 6000°20 + 400*50 + 62590 = $196,250

b) Level strategy and backordering
6000/4=1500 min. production to satisfy total demand during four

—

ng Cost + Decreasing Cost

\l{"g [

quarter. (ﬂ 5 g_; o5 ;;(.r"
t
Quarter | Demand |Production | Inventory | Backorder i r: :::: e | D ‘:"c'::: 28
1 1400 1500 100 0 75 0
2 1800 1500 0 7200 0 0
3 1600 1500 0 (100 0 0
a 1200 | 1500 0 0
Total 6000
Uniits 6000 100 300 75 0

Total Cost = Production Cost + Inventory Cost +
Backorder Cost + Increasing Cost

Total Cost = 6000*20 + 100*10 + 300*120 + 75*50 = $160,750

L
c) Level strategy and subcontracting (subcontracting cost is $60 per unit) U

7
A\

-\
o

o

Units | Units
Quarter | Demand IPl’odul:ﬁon Inventory [Subcontracting Increase | De
1 1400 1200 0 200 0 Kzzgj
2 1800 1200 0 600 0 0
3 1600 1200 0 400 0 0
4 1200 | 1200 0 0 0 0
Total
eyl / 4800 0 1200 0 225

otal Cost = Production Cost + Subcontracting Cost + Decreasing Cost
Total Cost =4800"20 + 1200*60 + 22590 = $188,250

Based on coét of all the plans, Plan B is better.
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5) a) Chase strategy:
Previous quarter’s output is 1300 and first quarter’s production is 1750, so 1750-1300=450

5) XYZ Company has the following aggregate demand requirements for the upcoming
four quarters.

Quarter 1 1750

Quarter 2 2050

Quarter 3 2750

Quarter 4 1450
Costs/Other Data

Previous quarter’s ontput = 1,300 cases
Beginning inventory = 0 cases
Stockout cost = $150 per case

Inventory holdin; = $40 per case at end of quarter
iring employees = $40 perc
erminafing employees = per case

Subcontracting cost = 360 per case

Unit cost on regular time = $30 per case
Overtime cost = $15 extra per case

Capacity on regular time = 1,800 cases per quarter

Develop an aggregate production plan using:

a. Chase Demand strategy

b. Level (constant workforce) strategy and backordering. Calculate the
total cost of each production plan.

)

will be the units increase in producion in first quarter. b, packord
Pt durimln VO™ (840 Aoy o Sy
PO F——— . overtime | Unies | wwis “'jmsc ond
= = Nat 1
et n
r | De ty |Production| Production | Increase |Decrease ~ al"a(s
1 1750 1800 1750 5 = 5
2 2050 1800 1800 0 = =
4 1450 1800 1450 0 0 350
Total

Total Cost = Regular Time Production Cost + Overtime Production Cost + Increasing Cost +
Decreasing Cost

Total Cost = 6800*30 + 1200*15 + 500*40 + 350°80 = $270,000

b) Level (constant workforce) strategy and backordering:

Previous quarter’s output 1s 1300 and first quarter’s output 1s 1800, so 1

be the units increase in production in first quarter.

200

800 -

MO =500 will

N

Regular Units Units
Quarter | Demand | Capacity Roadaaba Backorder | Inventory i B

1 1750 1800 1800 0 50 500 0

2 2050 1800 1800 200 0 0 0

3 2750 1800 1800 950 0 0 0

4 1450 1800 1800 0 350 0 0
. 8000 7200 1150 400 500 0
Units

8000/4=2000 min production to satisfy total demand during four quarter.

Since regular production capacity = 1800 < 2000 and backorder must be used in this strategy
regular production will be taken as 1800 and backorder will take place when needed.

Total Cost = Regular Time Production Cost + Backorder Cost + Inventory Holding Cost +

Increasing Cost

Total Cost = 7200*30 + 1150*150 + 40040 + 500740 = $424,500







