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[ecture Outline

¢ The Sales and Operations Planning
Process

¢ Strategies for Adjusting Capacity
+ Strategies for Managing Demand

¢ Quantitative Techniques for
Aggregate Planning

¢ Hierarchical Nature of Planning
¢ Aggregate Planning for Services
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Sales and Operations Planning

* Determines the resource capacity needed
to meet demand over an intermediate time
horizon

s Aggregate refers to sales and operations
planning for product lines or families

s Sales and Operations planning (S&OP) matches
supply and demand
+ (Objectives

= Establish a company wide game plan for
allocating resources

s Develop an economic strategy for meeting
demand
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Sales and Operations Planning

Process

Policies

Company Strategic
Objectives

Financial
Constraints

Demand OSaIe;& Capacity
Forecasts et ~ Constraints
Planning
Sales - Operations

Plan : Plan
Monthly updating

Sales per month by product
family

Demand management
(including product
introductions, promotions &
special offers)

Customer service levels

Production per month by
product family(including
regular, overtime, &
subcontracted production)

Workforce and inventory
levels

Backlogs, backorders, & lost
sales
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The Monthly S&OP Planning
Process

4

g Company /
B, ———> Game PLan

Bl N

Step #5

Alternatives, what-ifs, consensus

I st pass operations plan

| st pass sales plan

Run forecasting model
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Meeting Demand Strategies

¢ Adjusting capacity
» Resources necessary to meet demand
are acquired and maintained over the

time horizon of the plan
= Minor variations in demand are
handled with overtime or under—time
* Managing demand
= Proactive demand management
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Strategies for Adjusting Capacity

¢ |Level production ¢ Qvertime and under—time
= Producing at a constant = Increasing or decreasing
rege ago}lclusmg inventory to working hours
apsorb fluctuations in . -
dermand Subcontre_lctlng |
e Ch d d s Let outside companies
ase aeman complete the work

» Hiring and firing workers to Part—time workers

match demand - .
. Poak G 3 = Hiring part time workers to
ea | em.aﬂ complete the work
= Maintaining resources for Backordering

high—demand levels e .
J = Providing the service or

product at a later time
period
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LLevel Production
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Chase Demand
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Strategies for Managing Demand

+ Shifting demand into
other time periods
= |ncentives
= Sales promotions
= Advertising campaigns

+ Offering products or
services with counter—
cyclical demand
patterns

¢ Partnering with
suppliers to reduce
information distortion
along the supply chain
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Quantitative Techniques For AP

¢ Pure Strategies

* Mixed Strategies

¢ Linear Programming

¢ Transportation Method

¢ Other Quantitative
Technigues
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Pure Strategies

Example: QUARTER SALES FORECAST (LB)
Spring 80,000
Summer 50,000
Fall 120,000
Winter 150,000

Hiring cost = $100 per worker
Firing cost = $500 per worker
Inventory carrying cost = $0.50 pound per quarter
Regular production cost per pound = $2.00
Production per employee = 1,000 pounds per quarter
Beginning work force = 100 workers
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Level Production Strategy

Level production

(50,000 + 120,000 + 150,000 + 80,000)
4

= 100,000 pounds

SALES PRODUCTION

QUARTER FORECAST PLAN INVENTORY
Spring 80,000 100,000 20,000
Summer 50,000 100,000 70,000
Fall 120,000 100,000 50,000
Winter 150,000 100,000 0
400,000 140,000

Cost of Level Production Strategy
(400,000 X $2.00) + (140,00 X $.50) = $870,000
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Chase Demand Strategy

SALES PRODUCTION WORKERS WORKERS WORKERS

QUARTER FORECAST PLAN NEEDED HIRED FIRED
Spring 80,000 80,000 80 0 20
Summer 50,000 50,000 50 0 30
Fall 120,000 120,000 120 70 0
Winter 150,000 150,000 150 30 0
100 50

Cost of Chase Demand Strategy
(400,000 X $2.00) + (100 x $100) + (50 x $500) = $835,000
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[Level Production with Excel

E3 Microsoft Excel - Exhibit 14.1

@_] File Edit Yiew Insert Format Tools Data ‘Window Help Adobe PDF
INEHRSSRITE SR S0 o8 F 8] 2B - @ Bis
F12 - A& =F11+E12-D12 —_

1 A 8 | ¢ |\Q\ Inventory at |- O O S -
2 end of summer

3 Example 14.1a - Level Production Cost  $870,000 — 1
4

g Beg Wkforce 100 Prod. Cost  $2.00 Firing cost  $500

5 Unitsiwker 1000 Inv. Cost $0.50 Hiring cost  $100

7 Beg Inv. 0

8

9

10 Quarter Demand Production lmventory

11 Spring 80,000 !

12 Summer 50,000 100,000

13 Fall 120,000 | 100,000

14 Winter 150,000 00,00

15 Total 400,000 400,000 140,000

i Input by user;

400,000/4
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Chase Demand with Excel

No. of workers b . @ J§; ws
hired in sprin
| ¢ | PUNE o1
B3 Example 14.1b - Chase Demand st $835,000 |
4
[ 6 | . Beg Wkforce| 100 | Prod.Cost $2.00 Firing cost  $500
| 6 | Unitsiwker 1000 Inv.Cost = $0.50 Hiring cost  $100
7| _ Begnv. 0
. 8 i
Workforce requirements | || (Workers wgrklgs Workers
10 Quarter Demand  Production| Needed Hire Fired
calculated by system 1] " Spring 80,000 | 80,000 80 0 20
12  Summer | 50,000 50,000 50 0 30
13 Fall 120,000 | 120,000 | 120 70 0
14 Winter 150,000 = 450,000 | 150 30 0
15 Total 400,000 / 400,000 100 50
i . i 7
Production input by user;
production = demand Cost of Cl?a.se
demand = hiring +
firing + production
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Mixed Strategy

¢ Combination of Level Production and
Chase Demand strategies

¢ Examples of management policies

= NO more than X% of the workforce can
be laid off in one quarter

= inventory levels cannot exceed x dollars

¢ Many industries may simply shut
down manufacturing during the low
demand season and schedule
employee vacations during that time
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Mixed Strategies with Excel

®

.' F

MAX(G8+D9+E9+F9-C3 )

Edt View Insert Formst Jooks Data Window Help Adobe POF

) - N

'.l 2 M -.

c [ o] E T F [ @& H | J K
l |Example 14.2 (a) - Level Production
3 \Input: Beg.Wkrs 10 |Regular = $10 | Hiring | $1,000 | _
4 Units/wkr | 100 Overtime $15 |Firing | $500 ost:| $146,000 ~_ |
g Beg. Inv. 0  Subk $25 Inventory  $1
7 Month = Demand nfgg or Subk = Inv_ | #Wkrs~ #Hired | #Fired |
8 Jan 1000 ,000 0 o/ o 0 0
9 Feb 400 1,000 0 0 600 X 10 0 0
10 Mar | 400 1000 0 0 1,200 10 0 0
il ~ Apr 400 1,000 0 0 1,800 | 10 0 0
12 May = 400 1000 | 0 0 2400 10 0 0
13 | Jun | 400 | |1,000 0 0 3000 @ 10 0 0 \
14 CJuly | 500 | [1,000 | 0 0 3500 @ 10 0 0 |
15 . Aug 500 | (1,000 0 0 4000 | 10 0 0
16 Sept | 1000 (1,000 0O 0 4000 @ 10 0 0
il | Oct | 1500 (1,000 0O 0 3500 10 0 0
18 . Nov 2500 | |1,000 0 1] 2000 10 1] 0
19 Dec 3000 | \.000 0 0 /N 0 10 0 0/
20 Total 12,000 | 12,000 0 \ 26,000 0 0
21

Production input
by user; 12,000/12 = 1,000
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Mixed Strategies with Excel (cont.)

0] Fle Edt View Inset Fomat Tooks Data Window Help  Adobe POF

*‘ "'{a E'- x 0 o O | S

e

= No. of workers

A l B I T | D | E | F I = | H I hired in Feb. K
1 Example 14.2 (b) - Chase Demand
7
= Input: Beg. Wkrs 10  Regular $10  Hiring $1,000
4 Units/wkr 100 Overtime $15 Firing $500 Cost:| $149,000
B Beg. Inv. 0  Subk $25 |Inventory  $1
5]
i Month | Demand Reg oT Subk Inv #Wkrs | #Hired| #Fired
3 Jan 1000 71000 0 0N\ /7 o 10 0 0\
g Feb 400 400 0 0 0 4 0 1 6
10 Mar 400 400 0 0 0 4 0 0
11 | Apr 400 400 0 0 0 4 0 0
12 May 400 400 0 0 0 4 0 1]
13 Jun 400 || 400 0 0 0 4 0 1]
14 | July 500 500 0 0 0 5 1 0
1k Aug 500 500 0 0 0 5 0 0
16 Sept 1000 1000 0 0 0 10 5 0
17 Oct 1500 1500 0 0 0 15 -] 1]
18 Nov 2500 2500 0 0 0 25 10 1]
19 Dec 3000 \3000 0 D/ o 30 5 0/
20 Total 12,000 | 12,000 \ 0 0 0 26 6
21
Input by user; Calculated Cost of
production = demand by Excel chase demand
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General Linear Programming (LP)
Model

+ | P gives an optimal solution, but
demand and costs must be linear

* Lol
s W, =workforce size for period ¢
» A, =uUnits produced in period ¢

» /, =Units in inventory at the end of period
t

= /-, =number of workers fired for period ¢

» . =number of workers hired for period ¢
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LP MODEL

Minimize Z = $100 (H, + H, + H; + H,)
+$500 (F, + F, + F3 + F)
+$0.50 (I, + I, + I3+ 1)
+$2 (P + P, + P;+Py)

Subject to
P, -1, =80,000 (1)
Demand l, + P,-1, =50,000 (2)
constraints l, + P;-1; =120,000 (3)
l;+ P, -1, =150,000 (4)
Production 1000 W, = P, (5)
constraints 1000 W, =P, (6)
1000 W, = P54 (7)
1000 W, = P, (8)
100+ H,-F, =W, (9)
Work force W, +H,-F, =W, (10)
constraints W, + H;-F; =W, (11)
Ws+H,-F, =W, (12)
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Setting up the Spreadsheet

Access Solver from the
Taools Menu; if missing,

install from your Office CD

oo Adse PP

B T T e e T ERLRE S|
o i | F & 1 = ¥
1
2 Example 14.3 - LP ¢ &= Cost 80
3
| BegWifores | 100 Prod. Cost 5200 | Firing cost  $500
5| Unitshwher 1000 | |inv.Cost  $0.50 Hiringeost  $100 Set columns equal
al Beg mT & T to each other for
; ;
[ Whers Whers | | Demand Production Whforce constraints
9| ot Damand Production | inventol Needed Whers Mired Fired Constraint_Constraint Constraint
o] 1 | 80,000 0 0 [ 0 ] ] 0 100
1] 2 | 50000 0 0 0 0 0 [ 0 0
12 3 | 120000 ] ] [} 0 ] (] o 0
a4 | 150000 0 0 0 0 [ 0 0
14| Total| 400,000 0 0 0 ]
Solver will put | [ These cells contain
solution here | | constraint formulas
| Minimize cost of solution ]
Solver Para
When model
is complete, solve.
B G
Cells where S & [Chert
: Sptions ick here next
appears e |
p? Change I
gesetad |
Named columns set |41 o] __Deln | =
equal to each other | Lo

Conyergence:  [0.001 Help

Assume Linear Model I™ LUse Automatic Scaling
Ehcck these boxes s
& Tangenk ‘ & Forward % pewton
| € Quadriatic | | " Gentral " Coniugate

Copyright 2009 John Wiley & Sons, Inc. 14-22




The LP Solution

B3 Microsoft Excel - Exhibit 14.3 Cost of optimal solution
IMJM -ﬂ;u_ = I B I ﬂ i

1 w1 v 1 Optimal solution;
(2] 'Example 14.3 - LP Model Cost | $832,000 mixture of inventory
=3 . | | _ . Solve by clicking on o ate
| 4 | | BegWkforce 100  Prod.Cost $2.00  Firing cost | $500 Tools, then Solver, and Workforce variations
3 | Unitsiwker | 1000 | Inv.Cost | $0.50 | Hiring cost | $100 then Solve.
| 6 | | Beglnv. _ 0

7
| ( Wkers Whkers emand Production Whkforce |

9| Qtr Demand Production  Inventory Needed Wkers Hired  Fired Constraint Constraint Constraint
10 1 | 80,000 | 80,000 0 80 0 20 80,000 80,000 80
[ty -2 50,000 | 80,000 | 30,000 80 0 0 50,000 80,000 80
12| 3 120,000 90,000 0 80 | 10 0 120,000 90,000 20

13| 4 150,000 150,000 0 150 60 0 150,000 150,000 150
14| Total| 400,000 400,000 30,000 | 70 | 20

15
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Transportation Method

EXPECTED REGULAR OVERTIME SUBCONTRACT

QUARTER DEMAND CAPACITY CAPACITY CAPACITY
1 900 1000 100 500
2 1500 1200 150 500
3 1600 1300 200 500
4 3000 1300 200 500
Regular production cost per unit $20
Overtime production cost per unit $25
Subcontracting cost per unit $28
Inventory holding cost per unit per period $3
Beginning inventory 300 units
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Transportation Tableau

PERIOD OF USE

Unused
PERIOD OF PRODUCTION 1 2 3 4 Capacity Capacity
Beginning 0 I 6 I 9
Inventory 3Qq0 — — — 300
1 | Regular 6d0 20| 300 23] 100 L26] — |20 1000
Overtime 25, | 28 L3 100 |34 100
Subcontract Iﬁ Ii Iﬁ Ii 500
2 | Regular 1200 | 20| L] - 26 1200
Overtime 2] L28] 150 31 150
Subcontract Ed L3 250 L34] 250 500
3 | Regular >\ / 1300 120 — L= 1300
Overtime x 200 25 — Iﬁ 200
Subcontract 28 500 Iﬂ 500
4 | Regular / 1300 L2 1300
Overtime X X 200 Iﬁ 200
Subcontract \w/ \ﬂ/ \‘ 500 28 500
Demand 900 1500 1600 3000 250

Copyright 2009 John Wiley & Sons, Inc.
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Burruss’ Production Plan

REGULAR SUB- ENDING

PERIOD DEMAND PRODUCTION OVERTIME CONTRACT INVENTORY
1 900 1000 100 0 500
2 1500 1200 150 250 600
3 1600 1300 200 500 1000
4 3000 1300 200 500 0
Total 7000 4800 650 1250 2100
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sing Excel for the Transportation
ethod of Aggregate Planning

E3 Microsoft Excel - Exhibit 14.4
@_] File Edit View Insert Format Tools Data Window Help Adobe PDF

INEE G ST B S 9-8 x5 3] - @ e :
T8 - &
[ A | B [ ¢ [p] E _JFl_ 6 [HA[ 1T [J] K | L [ M [ N

1
2 Exhibit 14.4 - The Transpertation Method of Aggregate Planning

3|

4 Period of Use Units Unused
5 | Period of Production 1 2 ! 4 Produced | Capacity Capacity
6 | Be. Inventory 300 " 0’ ol ol ? 300 300 0
7 1 |Regular 600 0 0 %[ 400®| 1pool 1,000 0

8 | Overtime 0% 0* 0¥ o™ ol 100 100

g Subk 0 0 ol 2 ol¥ D 500 500
10| 2 |Regular 0 1,000 0% 200%| 1200 1200 0

11 | Overtime 0 150 ** 0 * o 150 150 0

12 Subk 0 350 2 o ¥ o|* 350 500 150
13 3 |Regular 0 0 900 | 400 ®| 1300 1,300 0
14| Overtime i 0 200 * o/* 20| 200 D

15 Subk o 0 500 > 0¥ 500 500 0
16, 4 |Regular 0 i 0 1300 *|  13m0| 1300 0
|17 Overtime 0 0 i 200 % 20| 200 i

18 Subk 0 0 0 s00 > 500 500 ]
19| Units Produced 500 1500 1600 3,000 7000] 7,000 750
20 | Demand 900 1,500 1.600 3,000 7 000

21 Unmet Demand 0 0 0 0 Total Cost= $153.,550
2
|23 |

24 | Production Plan

| 25 | Ending

26 | Period Demand  Reg. Prod.  Overtime Subk Inventory

7| 1 900 1,000 0 0 100

28 . 1,500 1,200 150 350 600

PEl 3 1,600 1,300 200 500 1.000

El 4 3,000 1,300 200 500 0

31 Total 7,000 4,800 550 1,350 2,000

2

3 Total Cost=  $153,550
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Other Quantitative Techniques

¢ Linear decision rule (LDR)
¢ Search decision rule (SDR)
* Management coefficients model

Copyright 2009 John Wiley & Sons, Inc. 14-28



Hierarchical Nature of Planning

Items

Product lines
or families

Individual
products

Components

Manufacturing
operations

Production
Planning

Sales and
Operations
Plan

Capacity
Planning

|

Resource
requirements
plan

Master
production
schedule

!

!

Rough-cut
capacity
plan

Material
requirements
plan

)

!

Capacity
requirements
plan

Shop
floor
schedule

||

|

Input/
output
control

|

Resource
Level

Plants

Critical
work
centers

All
work
centers

Individual
machines

Disaggregation: process of breaking an aggregate plan into more detailed
pla&)%yright 2009 John Wiley & Sons, Inc.
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Collaborative Planning

¢ Sharing information and synchronizing
production across supply chain

¢ Part of CPFR (collaborative planning,

forecasting, and replenishment)
m INVolves selecting products to be jointly
managed, creating a single forecast of

customer demand, and synchronizing
production across supply chain
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Available-to-Promise (ATP)

¢ Quantity of items that can be promised to
customer
+ Difference between planned production and
AT FUSIRIN 8 QEAG! S8 LEATY, EHPY G heriod 1) -
(CO until the next period of planned production)

ATP in period n = (MPS in period n) —
(CO until the next period of planned production)

¢ Capable—to—promise
= quantity of items that can be produced and mad
Copyrigit\2aliable Wile kasersdade 14-31



ATP: Example

Aggregate Production Plan

Quarter

Product Family / 2 3 4
Juvenile Bikes 800 1,000 1,500 4,000
Master Production Schedule 3

April May June Total
Boys 26~ 150 100 150 400
Girls 26™ 100 100 100 300
Boys 20~ 30 20 50 100
Girls 20” 40 20 140 200
Total 320 240 440 1000

Copyright 2009 John Wiley & Sons, Inc.
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ATP: Example (cont.)

Available-to-Promise for Girls 26’ Bike

On Hand = 10 April May June Total
Forecast 50 100 150 300
Customer Orders
Master Production Schedule 100 100 100 300

Available-to-Promise

On Hand = 10 April May June Total
Forecast 50 100 150 300
Customer Orders 70 110 50 230
Master Production Schedule 100 100 100 300

Available-to-Promise
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ATP: Example (cont.)

On Hand = 10 April May June Total
Forecast 50 100 150 300
Customer Orders 70 110 50 230
Master Production Schedule 100 100 100 300
Available-to-Promise 30 0 50 80

Take excess units from April

ATP in April = (10+100) —= 70 =4 = 30
ATP in May = 100 — 110 = -1¥ =0
ATP in June = 100 — 50 = 50
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Rule Based ATP

Product
Request

Is the product Is an alternative .
avai|§b|e at product available Available-
this location? at an alternate to-promise
location? l
Allocate
inventor
Caqule-to- y
Available- Is an alternative promise date
to-promise product available
at this location?
Allocate Is the customer \_Yes | Revise master
inventory willing to wait for schedule
the product?

Is this product
available at a
different
location?

(Trigger production)

( Lose sale )
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Aggregate Planning for Services

Most services cannot be inventoried
Demand for services is difficult to predict
Capacity is also difficult to predict

Service capacity must be provided at the
appropriate place and time

5. Labor is usually the most constraining
resource for services

s wh =
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Type of
Problem

Cverbooking

Yield Management

Type of
Business

Hotel, airlines,
restaurants

Probability of
overestimating
demand or

no-shows, P(N < X)

N = number of no-shows
A = number of overbooked
rooms or seats

Optimal probability of
demand or no-shows
C,

(Cy + Co)

C, = cost of overbooking

C, = cost of underbooking

Cost Description

Replacement cost

Lost profit

Fare Classes

Airlines, cruise ships,
passenger trains,
extended stay hotels

N = number of full-fare
tickets that can be sald
A = seats reserved for
full fare passengers

C, = cost of overestimating
full fare passengers

C, = cost of underestimating
full fare passengers

Lost full-fare
(Full-Fare — discounted
fare)

Copyright 2009 John Wiley & Sons, Inc.
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Type of
Problem

Yield Management (cont.)

Type of
Business

Probability of
overestimating

demand or
no-shows, P(N < X)

N = no. of premium tickets
that can be sold

Optimal probability of
demand or no-shows
6

(Cy + Cp)

C, = cost of overestimating

Cost Description

Lost reqular revenue

Premium Stadiums, theaters premium ticket sales
seats X = seats reserved for C, = cost of underestimating (Premium ticket — regular
premium ticket holders premium ticket sales ticket revenue)
Newspapers, N = number of items C, = cost of overestimating demand | (Cost — salvage value)
Single Order | magazines, that can be sold
Quantities | florists, nurseries,

bakeries, sale items

X = number of items orderad

C, = cost of underestimating demand

Lost profit

Copyright 2009 John Wiley & Sons, Inc.
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Yield Management: Example

NO-SHOWS PROBABILITY P(N < X)
0 15 .00
1 25 A5
2 30 40 517
3 30 J0

Optimal probability of no-shows

P(n<x)<

15 - 517

C.+C,

75+70

Hotel should be overbooked by two rooms

Copyright 2009 John Wiley & Sons, Inc.
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