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Forecasting

 Basic Problem: predict demand for planning purposes.

 Forecasting Tools:
— Qualrtative:
 Delphi
 Analogies
— Quantitative:
» Causal models (e.qg., regression models)
» Time series models
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Forecasting “Laws”

1) Forecasts are always wrong!
2) Forecasts always change!
3) The further into the future, the less reliable the forecast!
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Why Forecasting?

* Most decisions made in PP&C are “plans for future”

— How much of a certain product should | make next
week?

— How much inventory should | keep in the May 20017?

* |If you forecast the future (more accurately), you will (more
likely) have better plans.

« Many decisions (plans) in PPC depend on the forecasts of
demand.

 Forecasting demand versus forecasting sales.
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Qualitative Forecasting

Delphi Technique: Iteratively tapping multiple experts
opinion with continuous comparisons and revisions.
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Quantitative Forecasting

Goals:
—Predict future from past
—Smooth out “noise”
—Standardize forecasting procedure

Methodologies:
—Causal Forecasting.
* regression analysis

— Time Series Forecasting:
e moving average
« exponential smoothing
e regression analysis
» seasonal models
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The Forecasting Model
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Possible Patterns

Purely random—
No recognizable
pattern @ ©

Increasing
linear trend

Demand s
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inear growth

Curvilinear °
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Demand e
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Source: Stevenson, Stevenson, Nahmias, J. Production and Operations Analysis, 2009.
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Time Series Forecasting

Historical Data Forecast

Xy 1=1,...,T —— Time series model —— %..M

Observed value at time ¢ Predicted value for time
T+t made at time T.
Xy
I > [
T T+
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The Constant Model

* Model:
X, =a+eg, & NIDO, &%)

« Assumptions:
No trend, only random noise .
Noise is normally distributed
Noise Is independent

Noise has a constant variance (doesn’t change with time)
Noise averages out to zero
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he Constant Model

Moving Average (same as least squares)

T

2
1 ~ / 1
MT:N th’ V(MT):%’ XT+T(T):MTi2 1+NO-
t=T—N-+1

Averages the latest A/ observations.
*N ranges from 2 to 12.
Larger N provides stability, but less responsive.

»Assigns equal weights to the latest A/ observations

>Does not adapt to error
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he Constant Model

Moving Average- Example

t Xt Mt | X(t-1) et e
1 20
2 22
3 23 21.67
4 20 21.67| 21.67 -1.67 1.67
5 18 20.33| 21.67 -3.67 3.67
6 29 20.00( 20.33 1.67 1.67
7 29 20.67| 20.00 2.00 2.00
3 23 22.33| 20.67 2.33 2.33
9 20 21.67| 22.33| -2.33 2.33
10 24 22.33| 21.67 2.33 2.33

2.29
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he Constant Model

Exponential Smoothing

Si=ax+1-a)S,,, V(S)=5"—0 >A<T+T<T>=3Ti2‘fJ“z—fa

-Combineé_current observation and previous forecasts for
future predictions.

=« ranges from 0.1 to 0.5.
=Smaller « provides stability, but less responsive.

»Assigns decaying weights to all observations

»Adapts to error
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he Constant Model

Exponential Smoothing- Example
t Xt St (X ({A=-D)| et let|
1 20 21.67
2 22 21.83| 21.67
3 23 22.42 | 21.83 1.17 1.17
4 20 21.21| 22.42 -2.42 2.42
5 18 19.60| 21.21 -3.21 3.21
& 22 20.80( 19.60 2.40 2.40
y/ 22 21.40| 20.80 1.20 1.20
8 23 22.20( 21.40 1.60 1.60
9 20 21.10| 22.20 -2.20 2.20
10 24 2255 21.10 2.90 2.90
2.14
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The Linear Model

 Model:

_ x,=a+bt+e, & NIDQO, 5°)
K Assumptions:
b Linear trend
Noise is normally distributed .
Noise is independent
Noise has a constant variance (doesn’t change with time)
Noise averages out to zero
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The Linear Model

east Squares

N Yix- Yx, D

b == N+1 t=T-— N+1 t=T-—N+1 é )—(_bf

e

t=T-N+1  t=T-N+1

Q@ (T)=a+b(T +7)+ 20J1+ 1
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The Linear Model

Double Moving Average

S XX EIM=Elx ]S

bi=T N FL

(N 1)IO

|v|[f]— SM. EIMZ1=Elx]-(N-Db=E[M.]-

t=T-N+1

1 (point estimate)
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The Linear Model

Double Exponential Smoothing

=08 +1-a)S, E[S; 1=Elx ]——b E[S]

"" E S[TZ] aS.+0- a)s[Z] E[Sth]]:E[XT]__/Bb E[S.]1- 'Bb

{.(TM=25.-S%, g @M= (2+ﬂ) S, -+ %) S™, (pointestimate)

S,=4(0)- b(O) S _é(O)-zﬁE)(O)

o

\2
(T+7-1) o

XT+Z'(T) (2+—)ST_(1 )S[TZ]+2\/ N+ Stt
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he Seasonal Model

Model:

X, =(@a+bb, +¢&, & NIDO, o2)

Example
The quarterly sales of company XYZ over the past five years are given

below. Use this data to forecast the sales in every quarter of years 6 and
7. Use the same data to forecast the total sales of years 6 and 7.

Quarter

Year I I 1 IV
1 17.51 40.24 35.76 20.08

21.33 47.81 45.45 24.11

25.26 50.04 53.92 29.65

27.38 65.50 56.58 26.51

32.99 67.27 65.94 34.34

gl Kl WO N
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he Seasonal Model

Example
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he Seasonal Model

Example
I W
17.51 40.24 35.76 20.08 28.40
2 21.33 47.81 45.45 24.11 34.67 £ i 23.55
3 25.26 50.04 53.92 29.65 39.72 . A
4 27.38 65.50 56.58 26.51 43.99
o 5 32.99 67.27 65.94 34.34 50.14
Year | I 1 W]
1 0.62 1.42 1.26 0.71
2 0.62 1.38 1.31 0.70
Seasonal 3 0.64 1.26 1.36 0.75
Indices 4 0.62 1.49 1.29 0.60
5 0.66 1.34 1.32 0.68
Average| 0.63 1.38 1.31 0.69
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he Seasonal Model

Forecasted Values

Year 6 average = 23.95 + 6 * 5.28 = 55.23
Year 7 average = 23.595 + 7 * 5.28 = 60.51

Seasonal Quarter I 1 11 AV
Indices Index 0.63 1.38 1.31 0.69

Year | T T Vi
Forecasted 6 34.77 76.05 72.11 37.95
Values 7 38.00 83.33 79.00 41.58
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