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Operations
Management
Forecasting
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Qutline

CORPORATION
¢ WHAT IS FORECASTING?

— Forecasting Time Horizons

— The Influence of Product Life Cycle
* TYPES OF FORECASTS

e THE STRATEGIC IMPORTANCE OF
FORECASTING

— Human Resources
— Capacity
— Supply-Chain Management

e SEVEN STEPS IN THE FORECASTING
SYSTEM
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* GLOBAL COMPANY PROFILE: TUPPERWARE
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OQutline - Continued

* FORECASTING APPROACHES

— Overview of Qualitative Methods

— Overview of Quantitative Methods
* TIME-SERIES FORECASTING

— Decomposition of Time Series

— Naive Approach

—Moving Averages

— Exponential Smoothing

— Exponential Smoothing with Trend
Adjustment

—Trend Projections
— Seasonal Variations in Data
— Cyclic Variations in Data
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. Outline - Continued

¢ ASSOCIATIVE FORECASTING METHODS:
REGRESSION AND CORRELATION
ANALYSIS

— Using Regression Analysis to Forecast

— Standard Error of the Estimate

— Correlation Coefficients for Regression Lines
— Multiple-Regression Analysis
MONITORING AND CONTROLLING
FORECASTS

— Adaptive Smoothing

— Focus Forecasting
* FORECASTING IN THE SERVICE SECTOR
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Forecasting at Tupperware

e Each of 50 profit centers around the
world is responsible for computerized
monthly, quarterly, and 12-month sales
projections

» These projections are aggregated by
region, then globally, at Tupperware’s
World Headquarters

e Tupperware uses all techniques
discussed in text

(S
o
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Three Key Factors for Tupperware

e The number of registered “consultants”
or sales representatives

» The percentage of currently “active”
dealers (this number changes each
week and month)

» Sales per active dealer, on a weekly
basis

Jamshid Nazemi_production & operation management
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Tupperware - Forecast by Consensus

e Although inputs come from sales,
marketing, finance, and production, final
forecasts are the consensus of all
participating managers.

» The final step is Tupperware’s version of
the “jury of executive opinion”

(S
~

Jamshid Nazemi_production & operation management

. production management thﬂ; [RYPTEV
What is Forecasting?

e Process of predicting
a future event

Sales will

e Underlying basis of
all business
decisions
— Production
— Inventory

— Personnel

— Facilities
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Types of Forecasts by Time Horizon

e Short-range forecast
—Up to 1 year; usually less than 3 months
—Job scheduling, worker assignments
* Medium-range forecast
— 3 months to 3 years
— Sales & production planning, budgeting
» Long-range forecast
— 3" years
— New product planning, facility location

Jamshid Nazemi_production & operation management
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Short-term vs. Longer-term Forecasting

» Medium/long range forecasts deal with
more comprehensive issues and
support management decisions
regarding planning and products,
plants and processes.

Short-term forecasting usually employs
different methodologies than longer-
term forecasting

Short-term forecasts tend to be more
accurate than longer-term forecasts.

2 10
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Influence of Product Life Cycle

Introduction, Growth, Maturity, Decline

« Stages of introduction and growth require
longer forecasts than maturity and decline
« Forecasts useful in projecting
— staffing levels,
— inventory levels, and
— factory capacity
as product passes through life cycle stages

Jamshid Nazemi_production & operation management
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[Al Strategy and Issties During a Product's
Life

Introduction Growth Maturity Decline
Bestperiod to Practical (0 change Poor time (o change Cost contral
increhe market price orquality image image, price, o Qulity critcal
R&D product critical
CLESSRCIE] Defend market position

Drivethru restaurants ax machines -
co-R0M Floppy
&rH disks
Staton
Color copiers nternet wagons
HOTY
Product design and Forecasting criical Standardization Litte product
development citical e s diferentiation
Frequent productand relibily changes - more minor Cost minimization
process design changes Competitive product changes
Short procucton urs improvements and options | optimum capacity Do
Increase capacity p bty of
High production costs increasing stablty o
L Shifttoward product process Prune line to eliminate
2 | imited models focused items not returning good
3 Long producion runs. ==X
‘Attention to quality Enhance distribution g
Product improvement and
oot cutting Reduce capacity
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Types of Forecasts

» Economic forecasts
— Address business cycle, e.qg., inflation
rate, money supply etc.
e Technological forecasts
— Predict rate of technological progress
— Predict acceptance of new product
» Demand forecasts
— Predict sales of existing product
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Seven Steps in Forecasting

* Determine the use of the forecast
» Select the items to be forecasted

* Determine the time horizon of the
forecast

 Select the forecasting model(s)
» Gather the data

» Make the forecast

 Validate and implement results
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Realities of Forecasting

» Forecasts are seldom perfect

¢ Most forecasting methods assume that
there is some underlying stability in the
system

» Both product family and aggregated
product forecasts are more accurate
than individual product forecasts

(S
3
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Forecasting Approaches

Qualitative Methods Quantitative Methods
* Used when situation « Used when situation
is vague & little data is ‘stable’ &
exist historical data exist
— New products — Existing products
— New technology — Current technology
¢ Involves intuition, ¢ Involves
experience mathematical

— e.g., forecasting sales techniques
on Internet

- e.g., forecasting
sales of color
televisions 218
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production management thﬂ; [PV

Overview of Qualitative Methods

« Jury of executive opinion

— Pool opinions of high-level executives,
sometimes augment by statistical models

¢ Delphi method
— Panel of experts, queried iteratively
 Sales force composite

— Estimates from individual salespersons
are reviewed for reasonableness, then

aggregated
» Consumer Market Survey .,
amshid Nazemj i opesati acement s
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Jury of Executive Opinion

¢ Involves small group of high-level
managers
— Group estimates demand by working
together

statistical models
* Relatively quick
e ‘Group-think’

disadvantage

Jamshid Nazemi_production & operation management

. production management thﬂ; YT

Sales Force Composite

« Each salesperson
projects his or her
sales

¢ Combined at district &P
national levels

e Sales reps know
customers’ wants

» Tends to be overly
optimistic

Jamshid Nazemi_production & operation management
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Delphi Method

* lterative group
process

* 3 types of people

— Decision makers

— Staff

— Respondents

Reduces ‘group-

think’

RESIIONIEENIS
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Consumer Market Survey

"How many hours
¢ Ask customers will you use the

about purchasing [nternet next week?
plans

e What consumers
say, and what
they actually do
are often different

e Sometimes
difficult to answer

(S
o
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Overview of Quantitative Approaches

* Naive approach
e Moving averages

Exponential Time-series
smoothing Models

e Trend projection

) Associative

e Linear regression models

Jamshid Nazemi_production & operation management
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Quantltaflve orecasting Methods

(Non-Naive)

Quantitative
Forecasting
Time Series Associative
Models Models

Moving Exponential

) 4

Trend Linear
Projection Regression

225

Average Smoothing
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What is a Time Series?

» Set of evenly spaced numerical data
— Obtained by observing response variable at
regular time periods
* Forecast based only on past values
— Assumes that factors influencing past and
present will continue influence in future
* Example
Year: 1998 1999 2000 2001 2002
Sales: 78.7 63.5 89.7 93.2 92.1

(S
)
>
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Time Series Components

Random

(S
S
&
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Trend Component

* Persistent, overall upward or downward
pattern

» Due to population, technology etz
e Several years duration y
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Response 7/{5::
e
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|ENENEEEEN
Mo., Qtr., Yr.
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Seasonal Component
» Regular pattern of up & down
fluctuations
» Due to weather, customs etc.
e Occurs wijthin 1 vear
[T T T T TIT
EE Summer +HH-HE
T 10T
Response . j; ILP N /fw
T
T
Mo., Qtr.
Jamshid Nazemi production & operation management -
. production management ~—\1-llA° g
Common Seasonal Patterns
Period of “Season” | Number of
Pattern Length “Seasons”
in Pattern
Week Day 7
Month Week 4—-47%
Month Day 28-31
Year Quarter 4
Year Month 12
Year Week 52
Jamshid Nazemi production & operation management 250
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Cyclical Component

* Repeating up & down movements

» Due to interactions of factors influencing
economy

e Usually 2-10 years duration

T
Response HH HAH

Jamshid Nazemi_production & operation management
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Random Component

 Erratic, unsystematic, ‘residual’
fluctuations

» Due to random variation or unf
events
— Union strike
—Tornado

» Short duration &

Jumshid NAONEERE AN ion mansgement
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General Time Series Models

* Any observed value in a time series is
the product (or sum) of time series
components

e Multiplicative model
-Y;=T,-S;-C; - R (if quarterly or mo.
data)
» Additive model
-Y,=T,+S;+C, + R, (if quarterly or mo.

Jamshid Nazemi procZ]clion & operation management
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Naive Approach

* Assumes demand in
next period is the same
as demand in most
recent period
- e.g., If May sales were

48, then June sales will
be 48

e Sometimes cost

effective & efficient

i |

. . . 2 34
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Moving Average Method
e MA s a series of arithmetic means
e Used if little or no trend
e Used often for smoothing
— Provides overall impression of data over
time
e Equation
Z Demand in Previous n Periods
MA=
n
. . . B &
Jamshid Nazemi production & operation management
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Moving Average Example

You're manager of a museum store

that sells historical replicas. You want

to forecast sales (000) for 2003 using £

3-period moving average.
1998
1999
2000
2001
2002

~Nw oo b
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Moving Average Solution
Time | Response | Moving Moving
Yi Total Average
(n=3) (n=3)
1998 4 NA NA
1999 | 617 )] NA NA
2000 5]/ NA NA
2001 3 Gl 4+645=15| 15/13=5
2002 7
2003 NA
Jamshid Nazemi production & operation management =i
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Moving Average Solution
Time | Response | Moving Moving
Yi Total Average
(n=3) (n=3)
1998 4 NA NA
1999 6 NA NA
2000 51\ NA NA
2001 3 / 4+6+5=15| 15/3=5
2002 7 CJl6+5+3=14] 14/3=423
2003 NA
Jamshid Nazemi production & operation management o8
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Moving Average Solution

Time | Response | Moving Moving
Yi Total Average
(n=3) (n=3)
1998 4 NA NA
1999 6 NA NA
2000 5 NA NA
2001 3 )} | 4+6+5=15| 15/3=5.0
2002 7 )1 6+5+3=14| 14/3=4.7
2003 NA &[5+3+7=15] 15/3=5.0

Jamshid Nazemi_production & operation management
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Moving Average Graph
Sales
o Actual
[}
Forecast
Year
Jamshid Nazemi_production & operation management s
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Weighted Moving Average Method

e Used when trend is present
— Older data usually less important
* Weights based on intuition
— Often lay between 0 & 1, & sum to 1.0
» Equation
Z(Weight for period n) (Demand in period n)
YWeights

WMA =

Jamshid Nazemi_production & operation management

W Actual Déthand; Moving Average,
Weighted Moving Average

& Wefghted moving average
€l vy
525 Actual sales />~\/
g @ ( N\
g ) —— \\\
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Month
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isadvantages of

Moving Average Methods

* Increasing n makes forecast less
sensitive to changes

» Do not forecast trend wel
* Require much historica
data

©1984-1994 TiMaker Co.

. . . 243
Jamshid Nazemi production & operation management
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Exponential Smoothing Method

» Form of weighted moving average
— Weights decline exponentially
— Most recent data weighted most

* Requires smoothing constant (o)
—Ranges from 0 to 1
— Subjectively chosen

* Involves little record keeping of past
data

. . . 244
Jamshid Nazemi production & operation management
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Exponential Smoothing Equations

o F=0A  + a(l-o)A, + of1l- )*A 4
+o(1l- o)A, + ..+ ol a)ttA,
— F, =Forecast value
— A, = Actual value
— o = Smoothing constant
* R =Fy+aAy-Fu)
— Use for computing forecast

(S
IS
o

Jamshid Nazemi_production & operation management
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Exponential Smoothing Example

During the past 8 quarters, the Port of Baltimore has
unloaded large quantities of grain. (o = .10). The first quarter
forecast was 175.

Quarter Actual

1 180 Find the forecast

168 for the 9th quarter.
159
175
190
205
180
182
9 ?

Jamshid Nazemi_production & operation management
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Exponential Smoothing Solution
Fe=Fiy F0.1(A - Fry)

Forecast, F;
L = 10)

180 _—175.00 (Given)
168 |175.00 +

159
175
190
205

Quarter  Actual

o |lo|s|lw|d [+

Jamshid Nazemi_production & operation management
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Exponential Smoothing Solution

t1 . =1 t-1

t

Forecast, Fy
(a0 =.10)

175.00 (Given)

Quarter Actual

168 |175.00 + 10
159
175
190
205

o (0w (N

Jamshid Nazemi_production & operation management
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[A] Exponential $moothing Solution
Fr=Fer+0HAT )

Forecast, F;
(e =0

Quarter: Actual

1 180————_  175.00 (Given)

2 168 |[175.00 + .10(180 -

3 159

4 175

5) 190

6 205

Jamshid Nazemi _production & operation management o
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Exponential Smoothing Solution

Forecast F;

Quarter Actual

(= N)
1 180 (175.00 (Given)
2 168 |175.00 + 10(180 - 175.00)
3 159
4 175
5) 190
6 205
. . . 2 30
Jamshid Nazemi production & operation management
production management QLA“ Cu e
Exponential Smoothing Solution
t~ el b 17 L
Forecast, F;
Quarter Actual (o0 = .10)
1 180 175.00 (Given)
2 168 [175.00 + .10(180 - 175.00) = 175.50
8 159
4 175
5) 190
6 205
Jamshid Nazemi production & operation management s
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Exponential Smoothing Solution

= = A =

+ N-a£ - AN
Ft= T TV LA = Fed)

Quarter  Actual For(an:st,l O)F‘
1 180 175.00 (Given)
2 168 |175.00 +.10(180 - 175.00) = 175.50
3 159 |175.50 + .10(168 - 175.50) = 174.75
4 175
5! 190
6 205

(S
o
(S
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Exponential Smoothing Solution

t= T Y STLET

Forecast, F,

Quarter Actual (a =.10)
1995| 180 175.00 (Given)

1996| 168 |175.00 +.10(180 - 175.00) = 175.50
1997| 159 |[175.50 +.10(168 - 175.50) = 174.75
1998| 175 |174.75+ 10(159-174.75)=173.18
1999| 190
2000, 205

(S
o
=

Jamshid Nazemi_production & operation management
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Exponential Smoothing Solution

Fr=Fa T OAFo)
Forecast, Fi

(a =.10)
180 175.00 (Given)
168 |175.00 + .10(180 - 175.00) = 175.50
159 |175.50 +.10(168 - 175.50) = 174.75
175 |174.75 + .10(159 - 174.75) = 173.18
190 |173.18 + .10(175 - 173.18) = 173.36
205

Quarter Actual

ol|la|s]|w [N |-

(S
i
b
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Exponential Smoothing Solution
Fi=Fu* 0.1(A. - Fu)

Forecast, F¢
(a =.10)

180 175.00 (Given)
168 |[175.00 +.10(180 - 175.00) = 175.50
159 |175.50 + .10(168 - 175.50) = 174.75
175 |[174.75+.10(159 - 174.75) = 173.18
190 |173.18 +.10(175 - 173.18) = 173.36
205 [173.36 + .10(190 - 173.36) = 175.02

Quarter Actual

oo [~ [w N |-

(S
@
@
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Exponential Smoothing Solution
Fi=Fu* 0.1(A. - Fu)

Forecast, F;

Time Actual (a« =.10)

4 175 |174.75 + .10(159 - 174.75) = 173.18
5 190 |173.18 +.10(175-173.18) = 173.36
6 205 |173.36 +.10(190 - 173.36) = 175.02
7 180 |175.02 + .10(205 - 175.02) = 178.02
8

9

(S
@
>
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Exponential Smoothing Solution
Fi=Fu* 0.1(A. - Fu)

Forecast, F;
(a0 =.10)
175 |174.75 +.10(159 - 174.75) = 173.18
190 |173.18 +.10(175-173.18) = 173.36
205  [173.36 +.10(190 - 173.36) = 175.02
180 |175.02 +.10(205 - 175.02) = 178.02

182 [178.02 +.10(180 - 178.02) = 178.22
? 178.22 + 10(182 - 178.22) = 178.58

Time Actual

Ol ([N]|jo o [

(S
o
&
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duction man: Quﬂ; S g
[Al Forecast Effects of
Smoothing Constant o

Fi=aAcito(l-a)A , +o(l- o)A 5+

Jamshid Nazemi _production & operation management ° e
duction man: “L‘w Cu g
[Al Forecast Effects of
Smoothing Constant o
Fo=aA to(l-a) A, +o(l-a)’A 5+
Jamshid Nazemi _production & operation management :
duction man: “L‘w Cu g
[Al Forecast Effects of
Smoothing Constant o
Fi=aAcito(l-a)A p+o(l- o)A 5+
Jamshid Nazemi _production & operation management 200
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[Al Forecast Effects of
Smoothing Constant o

Fi=aAcito(l-a)A p +o(l- o)A 5+
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[Al Forecast Effects of
Smoothing Constant o
Fo=aA to(l-a) A, +oll-a)’A 5+
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[Al Forecast Effects of
Smoothing Constant o
Fo=aA to(l-a) A, +o(l-a)’A 5+
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Impact of o

250

200 — A Foracast (0.5)
L
«© Cast (U
2150 Achal
=
0o
=

50

0
1 2 3 4 5 6 7 8 9
Quarter
Jamshid Nazemi _production & operation management .
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Choosing o
Seek to minimize the Mean Absolute Deviation (MAD)
If: Forecast error = demand - forecast
Sforecast errorg
Then: MAD=—/——— T
n
Jamshid Nazemi _production & operation management 29
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[Al Exponential Smoothing with Trend
Adjustment

Forecast including trend (FIT,)
= exponentially smoothed forecast (F,)

+ exponentially smoothed trend (T,)

2 66

Jamshid Nazemi_production & operation management
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[Al Exponential Smoothing with Trend
Adjustment - continued

F, = Last period’s forecast
+ oLast period’s actual - Last period’s forecast)
or
Fi=Fi+ o (A —Fa)

T, = B(Forecast this period - Forecast last period)
+ (1- B)(Trend estimate last period

T.=B(F:-Fd) + (L-B)Tey

or

(S
)
3

Jamshid Nazemi_production & operation management
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[Al Exponential Smoothing with Trend
Adjustment - continued

» F, = exponentially smoothed forecast of
the data series in period t

T, = exponentially smoothed trend in

period t

A, = actual demand in period t

e oo = smoothing constant for the average

B = smoothing constant for the trend

268
Jamshid Nazemi_production & operation management
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Comparing Actual and Forecasts
4
,
/ 7
x*
~F T
x= .
Smoothed
Forecastincluding Forecast
trend
Smoothed Trend
5 E—
0
1 2 3 4 5 6 7 8 9 10
Month
269
Jamshid Nazemi_production & operation management
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Regression

2 70
Tt N emrbvttom G remtten mpmsame "~
. production management \—‘L‘L@ [RYPTEV
Least Squares
+Actua|
observation Deviation
8
2 i
= ! -
< iati Deviation
S eviation |
= !
5] Deviation [
g .
S | { Deviation Point On
2 oregression
= - Deviation line
O Dgviation
)
3 ~
= “=Y=a+bx
Time
. . . 271
Jamshid Nazemi production & operation management
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Actual and the Least Squares Line
b
0
[}
3 7 8 0 20 m am n a0
Year
272
Jamshid Nazemi _production & operation management
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Linear Trend Projection

» Used for forecasting linear trend
» Assumes relationship between

Iine@ir;ugg_tigﬂ_

— Minimizes sum of squared errors

line

response variable, Y, and time, X, is a

» Estimated by least squares method

Jamshid Nazemi production & operation management s
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Scatter Diagram
Safesversus Payroft
— 4
- ¢
=3 ¢
== ¢
=30 ¢ ¢
o=
P!
=
< T T T T T T T
0 1 2 3 4 5 6 7 8
Area Payroll (in $ hundreds of millions)
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Least Squares Equations
Equation: ¥ =a+bx;
n
2 XYj — Xy
Slope: b==———
> x? —nx?
i=1
Y-Intercept: a=y-bx
Jamshid Nazemi production & operation management 2o
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Computation Table

X1 Y1 X, Yi® | XiYy
Xo | Yo | X2& | Y22 | XaY,
2 2
X n Y n X n Y n X nY n
2 2
ZXi zYi X ZYi ZXiYi
Jamshid Nazemi production & operation management o
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Using a Trend Line
Year Demand The demand for
1997 74 electrical power at
N.Y.Edison over the
1998 I/ years 1997 — 2003 is
1999 80 given at the left. Find
2000 90 the overall trend.
2001 105
2002 142
2003 122
Jamshid Nazemi production & operation management o
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Finding a Trend Line

Year | Time | Power X2 Xy
Perio | Deman
d

199 1 74 1 74
7

199 2 79 4 158
8

199 3 80 9 240
9

200 4 90 16 360
0

200 5 105 25 525
1

Jamshid Nazgmi2@@hiction S peration nihehe 36 852 o
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The Trend Line Equation
X=X By Y 52 _gges
n 7 n

XXy -nXy _ 3,063—(7)(4)(98.86) 295
== = =—""-=1054
XX —nX 140 (7)(4) 28

a=y - bx =98.86 - 10.54(4) =56.70

Demand in 2004 = 56.70 + 10.54(8) =141.02 megawatts

Demand in 2005 = 56.70 +10.54(9) =151.56 megawatts

2 80

Jamshid Nazemi_production & operation management
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Actual and Trend Forecast

Electric Power Demand

50
B
w0 A /
n / V
i
0 iy
» =
€0
8
Rs—a
&0
7 098 %9 200 201 2002 2003 2004 005

Year

Jamshid Nazemi_production & operation management e
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Monthly Sales of Laptop Computers
— | SalesDemand | Average Demand [

Month | 2000 | 2001 | 2002 2000- | Monthl Seasonal

2002 y Index
Jan 80 85 105 90 94 0.957
Feb 70 85 85 80 94 0.851
Mar 80 93 82 85 94 0.904
Apr 90 95 115 100 94 1.064
May 113 125 131 123 94 1.309
Jun 110 115 120 115 94 1.223
Jul 100 102 113 105 94 1.117
Aug 88 102 110 100 94 1.064
Sept 85 90 95 90 94 0.957
Oct 77 78 85 80 94 0.851
Nov 75 72 83 80 94 0.851
Dec 82 78 80 80 94 0.851

Jamshid Nazemi_production & operation management
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Demand for IBM Laptops
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San Diego Hospital — Inpatient Days

Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec

284
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Multiplicative Seasonal Model

Find average historical demand for each “season” by
summing the demand for that season in each year,
and dividing by the number of years for which you
have data.

Compute the average demand over all seasons by
dividing the total average annual demand by the
number of seasons.

Compute a seasonal index by dividing that season’s
historical demand (from step 1) by the average
demand over all seasons.

Estimate next year’s total demand

Divide this estimate of total demand by the number

Wik Ntzens 4

of seasons, then multiply it by the seasonal index for,

28
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Linear Regression Model

» Shows linear relationship between
dependent & explanatory variables
— Example: Sales & advertising (not time)

Y-intercept Slope
A \
Yi - a + b X i
Dependent 4 hﬂependent (explanatory)
(response) variable variable
Jamshid Nazemi_production & operation management oo
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Linear Regression Equations
Equation: Y, =a+bx
0! —
ZXY; =Xy
Slope: b = &2
> X2 - nx?
i=1
Yantercept: @ = Yy —bX
Jamshid Nazemi_production & operation management o
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Computation Table
2 2
X1 Y1 X1 Yq X1Yq
X2 Yo X2 | Y2 | XY
2 2
X n Y n X n Y n X nY n
ZXi Y ZXi2 ZYi2 ZXiYi
Jamshid Nazemi_production & operation management oo

29



. production management ~—\1-11A5 w)—'“
Interpretation of Coefficients

« Slope (b)
— Estimated Y changes by b for each 1 unit
increase in X

« 1If »- 2. then sales (1) is expected to increase by 2
foreach 1 unit increase in advertising (X

* Y-intercept ()

— Average value of Y when X =0
« If 2 4. then average sales () is expected to be 4
when advertising (Xyis O

2 90
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Random Error Variation

Variation of actual Y from predicted Y

» Measured by standard error of estimate
— Sample standard deviation of errors
—Denoted Sy x

* Affects several factors

— Parameter significance

— Prediction accuracy

B Bl
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Least Squares Assumptions

Relationship is assumed to be linear.
Plot the data first - if curve appears to
be present, use curvilinear analysis.

Relationship is assumed to hold only
within or slightly outside data range.
Do not attempt to predict time periods
far beyond the range of the data base.
 Deviations around least squares line
are assumed to be random.

292
Jamshid Nazemi_production & operation management

30



. production management \—‘L‘L“; [PV
Standard Error of the Estimate

B 65
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Correlation

e Answers: ‘how strong is the linear
relationship between the variables?’

 Coefficient of correlation Sample
correlation coefficient denoted r
— Values range from -1 to +1
— Measures degree of association

e Used mainly for understanding

294
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Sample Coefficient of Correlation

n n n
NZXYi = ZX; 2V
f= i=1 i=1 izl

J[néxg _(éx‘ ﬂ[néﬁ - [éyi ﬂ

% 6f)
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Regression Model
r=1 — - r=-1
— Y, =a+bX
< —
i=a+bX s
X X
r=.89 r=0
\ﬁ:a+bxi \ﬁ:a+bxi
X X
12 = square of correlation coefficient (r), is the percent of the
variation in y that is explained by the regression equation
Jamshid Nazemi production & operation management -
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. Guidelines for Selecting Forecasting

Model

* You want to achieve:
— No pattern or direction in forecast error
« Error= (Y- V)= (Actual - Forecast)
« Seen in plots of errors over time
— Smallest forecast error
« Mean square error (MSE)

« Mean absolute deviation (MAD)

2 98
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Pattern of Forecast Error

® Trend Not Fully

Accounted for Desired Pattern

Error Error
JJ - )
9,90 Oq © ®_©
)

0 =% P R 0 fs J_LJJ)J, >

® 2% © ® © %¢ "0 %0

» 0©

Time (Years) Time (Years)
299
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Forecast Error Equations

* Mean Square Error (MSE)

- & 2
VES = ‘le(y‘ -9 > forecast arrors

n n

* Mean Absolute Deviation (MAD)

‘ijly‘—y‘ |7 > | forecast errors |
n n

MAD =

. . . 2 100
Jamshid Nazemi production & operation management
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Selecting Forecasting Model Example
You're a marketing analyst for Hasbro Toys. You've forecast sales
with a linear model & exponential smoothing. Which model do you
use?
Actual Linear Model Exponential
Smoothin
Year Sales Forecast Forecast ( .%)
1998 1 0.6 1.0
1999 1 1.3 1.0
2000 2 2.0 1.9
2001 2 2.7 2.0
2002 4 3.4 3.8
. . . 2 101
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Linear Model Evaluation
—] e 2 |Error] —
Year| Y; | Y; |Eror |Eror? ||Error| Actual
1998| 1 | 0.6 04 [0.16 04 0.40
1999| 1 |13 | -0.3 |0.09 0.3 0.30
20000 2 |20 0.0 |0.00 0.0 0.00
2001 2 |27 |-0.7 |0.49 0.7 0.35
2002| 4 |34 0.6 [0.36 0.6 0.15
Total 0.0 [1.10 2.0 1.20

MSE =X Emor?/n = 1.10/5 = 0.220
MAD =% |Error|/n = 2.0/5 = 0.400
MAPE = 100 Z|absolute percent errors|/n=1.20/5 = 0.240

2 102
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. Exponentlai Smoothing Model
Evaluation
1 W Error]
Year Y ; Y i Error  Error2  |Error| Actual
1998 1.0 0.0 0.00 0.0 0.00
1999 1 1.0 00 | 000 | 00 0.00
2000 2 1.9 0.1 0.01 0.1 0.05
2001 2 2.0 0.0 0.00 0.0 0.00
2002 4 3.8 0.2 0.04 0.2 0.05
Total 0.3 0.05 i3 0.10
MSE = & Error2/n = 0.05/5 = 0.01
MAD =% |Error|/n = 0.3/5 = 0.06
MAPE =100  |Absolute percent errors|/n = 0.10/5 = 0.02
Jamshid Nazemi production & operation management 2108
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[A] Exponential Smoothing Model
Evaluation

Linear Model:

MSE =2 Emor?/n = 110/5 = .220

MAD =% |Error|/n = 2.0/5 = .400

MAPE = 100 Z|absolute percent errors|/n=1.20/5 = 0.240

Exponential Smoothing Model:

MSE =2 Emor?/n = 0.05/5 = 0.01

MAD =X |Error|/n = 0.3/5 = 0.06

MAPE =100 £ |Absolute percent errors|/n = 0.10/5 = 0.02

. . . 2 104
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Tracking Signal

* Measures how well the forecast is
predicting actual values

 Ratio of running sum of forecast errors
(RSFE) to mean absolute deviation
(MAD)
— Good tracking signal has low values

e Should be within upper and lower
control limits

2 105
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Tracking Signal Equation
TS RSFE
MAD
n
El(yi -9i)
" MAD
_ Yforecast error|
- MAD
Jamshid Nazemi _production & operation management 2100
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Tracking Signal Computation

Mo| Fcst | Act | Error | RSFE| Abs | Cum | MAD| TS
EII’OI Enor

6 | 100 | 140

2 107
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Tracking Signal Computation

Mo| Forc | Act | Error | RSFE| Abs Cum MAD‘ TS

I
2| 100 o5 \:&__‘JJ_

3| 100 | 115

100 | 100
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Tracking Signal Computation

Mo| Forc | Act [ Error [ RSFE| Abs | Cum

. production management ﬂkﬁ» Cu e
Tracking Signal Computation

Mo| Forc | Act [ Error [ RSFE| Abs | Cum
1| 1oo| 90|

ﬂ&’ﬂ\_

3 | 100 |115|

2 110
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Tracking Signal Computation

Mo| Forc | Act | Error | RSFE| Abs | Cum MAD

h Enor Enor
1( 100 | 90

2| 100 95|

3l100|us| |

4| 100 |100 |

2111
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Tracking Signal Computation

Act Abs | Cum

2|1oo|95|

3] 100]115] |
4| 100 | 100]
5| 100 |125| | |

6| 100 |140 |
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Tracking Signal Computation

Mo| Forc | Act | Error [ RSFE| Abs | Cum

Error ||[Erro
(@[ w o |
2|00] 05| | |
3lwo0jiis| |

4| 100 |100]

2113
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Tracking Signal Computation

Mo| Forc | Act | Error | RSFE| Abs | Cum MAD‘ TS
Error |Error

10] 10] 1o[s00] 1
|

2114
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Tracking Signal Computation

Mo| Forc | Act | Error | RSFE| Abs | Cum MAD

Error Enor
10 100

2115
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Tracking Signal Computation

Mo| Forc | Act [ Error | RSFE| Abs | Cum | MAD| TS
| Error|Error|

5 | 100 125
6 | 100 | 140
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Tracking Signal Computation

Mo| Forc | Act | Error | RSFE| Abs | Cum MAD

Error | Enov

2| 100 05| -

3| 100fa1s| |
4| 100 |100]

2 117
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Tracking Signal Computation

Mo| Forc | Act | Error | RSFE| Abs | Cum

2118
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Tracking Signal Computation

Mo| Forc | Act | Error [ RSFE| Abs | Cum
Error |Error

2119
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Plot of a Tracking Signal

Signal exceeded limit

. Tracking signal
Upper control limit

’\_\_,./\/M\//{ Acceptable range

MAD
o

Lower control limit

Time

2 120
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Tracking Signals
160 3
140 —
2120 =7 :
% Forecast /:><:/ 11
g 100 a— v &
2 80 T—Acwardemand 0
T 60
g 40 - - 7t
) L 72
0 T T T T T T 3
0 1 2 3 4 5 6 7
Time
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Forecasting in the Service Sector

» Presents unusual challenges
— special need for short term records

— needs differ greatly as function of industry
and product

—issues of holidays and calendar
—unusual events

©
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N
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W rorccast of Salé§ By Hour for FastTood™

Restaurant
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