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[ecture Outline

¢ Strategic Role of Forecasting in
Supply Chain Management

¢ Components of Forecasting Demand
¢ Time Series Methods

¢ Forecast Accuracy

¢ Time Series Forecasting Using Excel
* Regression Methods
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Forecasting

Forecasting methods
Time series

Regression
ludgement
Cuesswork

+ Predicting the future

¢+ Qualitative forecast
methods
= Subjective

+ Quantitative forecast
methods

s based on mathematical
formulas
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Forecasting and Supply Chain
Management

* Accurate forecasting determines how much
inventory a company must keep at various
points along its supply chain

¢ Continuous replenishment

- 3upp|ier and customer share continuously updated
ata

» typically managed by the supplier
= reduces inventory for the company
s Speeds customer delivery

+ Variations of continuous replenishment
= quick response
« JIT (just—=in—time)
« VMI (vendor—-managed inventory)
= Stockless inventory
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Forecasting

+ Quality Management

s Accurately forecasting customer demand
IS a key to providing good quality service

¢ Strategic Planning

s Successful strategic planning requires
accurate forecasts of future products and
markets
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Types of Forecasting Methods

¢ Depend on
= time frame
= demand behavior
= causes of behavior
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Time Frame

¢ |ndicates how far into the future iIs
forecast
s Short— to mid—-range forecast

e typically encompasses the immediate future
e daily up to two years

s Long—-range forecast

e Usually encompasses a period of time longer
than two years
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Demand Behavior

¢ Trend

= a gradual, long—term up or down movement of
demand

¢ Random variations

= movements in demand that do not follow a
pattern

¢ Cycle

= an up—and—-down repetitive movement in
demand

¢ Seasonal pattern

= an up—and—-down repetitive movement in

demand occurring periodically
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Forms of Forecast Movement
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Forecasting Methods

¢ Time series

» Statistical techniques that use historical demand
data to predict future demand

¢ Regression methods

s attempt to develop a mathematical relationship
between demand and factors that cause its
behavior

+ Qualitative

s USe management judgment, expertise, and opinion
to predict future demand

Copyright 2009 John Wiley & Sons, Inc. 12-10



Qualitative Methods

+ Management, marketing, purchasing,
and engineering are sources for
Internal qualitative forecasts

¢ Delphl method

= INvolves soliciting forecasts about
technological advances from experts
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Forecasting Process

1. Identify the
purpose of forecast

6. Check forecast
accuracy with one or
more measures

!

7.
Is accuracy of
forecast
acceptable?

2. Collect historical
data

—

5. Develop/compute

3. Plot data and identify
patterns

forecast for period of
historical data

4. Select a forecast
model that seems
appropriate for data

8b. Select new
forecast model or
adjust parameters of
existing model

8a. Forecast over
planning horizon

S—— |

9. Adjust forecast based
on additional qualitative
information and insight

10. Monitor results
and measure forecast
accuracy
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Time Series

¢ Assume that what has occurred in the past
will continue to occur in the future

¢ Relate the forecast to only one factor — time

* [nclude
= MOVINg average
= exponential smoothing
= |inear trend line
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Moving Average

¢ Najve forecast

= demand in current period is used as next
period's forecast

¢ Simple moving average

= Uses average demand for a fixed seguence of
periods

s Stable demand with no pronounced behavioral
patterns

+ Weighted moving average
= Weights are assigned to most recent data
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Moving Average:

Naive Approach
ORDERS

MONTH PERMONTH FORECAST
Jan 120 3
Feb 90 120
Mar 100 90
Apr 75 100
May 110 75
June 50 110
July 75 50
Aug 130 75
Sept 110 130
Oct 90 110
Nov \
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Simple Moving Average

& D;
MA =

n

n
where

n = number of periods in
the moving average
D. = demand in period i

/
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3-month Simple Moving Average

ORDERS MOVING > D,

MONTH PER MONTH AVERAGE i=1
MA; =

Jan 120 - 3
Feb 90 —
Mar 100 = 90 + 110 + 130
Apr 75 103.3 = 3
May 110 88.3
June 50 95.0
July 75 78.3 =110 orders
Aug 130 78.3 for Nov
Sept 110 85.0
Oct 90 105.0
Nov - 110.0
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5-month Stmple Moving Average

ORDERS MOVING
MONTH PER MONTH AVERAGE S D
Jan 120 _ i1
Feb 90 - MA;= 5
Mar 100 -
Apr 75 -
May 110 _ _ 90 + 110 +5130+75+50
June 50 99.0
July 75 85.0
Aug 130 82.0 =91 orders
Sept 110 88.0 for Nov
Oct 90 95.0
Nov - 91.0
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Smoothing Effects
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Weighted Moving Average

= Adjusts WHA, = 2 W: D,
moving
average where
method to W, = the weight for period i,
more Closely between 0 and 100
reflect data percent
fluctuations > W= 1.00
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Weighted Moving Average Example

-
MONTH WEIGHT DATA
August 17% 130
September 33% 110
October 50% 90

3
November Forecast WMA, = .Z1|/V,. D,

= (0.50)(90) + (0.33)(110) + (0.17)(130)

= 103.4 orders
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Exponential Smoothing

= Averaging method

= Weights most recent data more strongly
= Reacts more to recent changes

= Widely used, accurate method
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Exponential Smoothing (cont.)

F

= a D+ (1-0)F,
where:

F, ., = forecast for next period

D, = actual demand for present period

F,= previously determined forecast for
present period

o = weighting factor, smoothing constant
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Effect of Smoothing Constant

0.0<a<1.0
If o =0.20, then F,,,=0.20 D, + 0.80 F,

fa=0,thenF,,,=0D,+1F,=F,

Forecast does not reflect recent data

fo=1,tenF ,,=1D +0F=D,

Forecast based only on most recent data

Copyright 2009 John Wiley & Sons, Inc. 12-24



Exponential Smoothing (04=0.30)

—

PERIOD MONTH DEMAND F, =aD, + (1 - )F,
1 Jan 37 = (0.30)(37) + (0.70)(37)
2 Feb 40 =37
3 Mar 41
5 May 45 = (0.30)(40) + (0.70)(37)
6 Jun 50 =379
7 Jul 43 o
8 Aug 47
9 Sep 56 Fi3 = oD, + (1 - a)Fy,
10 Oct 52 = (0.30)(54) + (0.70)(50.84)
11 Nov 55 = 51.79
12 Dec 54
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Exponential Smoothing (cont.)

FORECAST, F, , ,
PERIOD MONTH DEMAND (a0 =0.3) (a0 = 0.5)

1 Jan 37 — -
2 Feb 40 37.00 37.00
3 Mar 41 37.90 38.50
4 Apr 37 38.83 39.75
5 May 45 38.28 38.37
6 Jun 50 40.29 41.68
7 Jul 43 43.20 45.84
8 Aug 47 43.14 44.42
9 Sep 56 44.30 45.71
10 Oct 52 47.81 50.85
11 Nov 55 49.06 51.42
12 Dec 54 50.84 53.21
13 Jan — 51.79 53.61
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Exponential Smoothing (cont.)

70

60 | Actual o =0.50

50 |

40 |
o =0.30

Orders

20 |

10 |-

Month
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Adjusted Exponential Smoothing

AFt+1 =Mt Tt+1
where
T = an exponentially smoothed trend factor

T, =BF+-F)+(1-B)T,
where
T, = the last period trend factor

B = a smoothing constant for trend
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Adjusted Exponential
Smoothing (=0.30)

PERIOD MONTH DEMAND T, =B(F;-F,)+(1-B) T,
1 Jan 37 = (0.30)(38.5 - 37.0) + (0.70)(0)
2 Feb 40 = 0.45
3 Mar 41
5 May 45 = 38.95
6 Jun 50
7 Jul 43 Tis =B(Fy3-Fp))+(1-B) Ty,
8 Aug 47 = (0.30)(53.61 - 53.21) + (0.70)(1.77)
9 Sep 56 _
10 Oct 52 1.36
11 Nov 55
12 Dec 54 AF,;=F,;+ T,;=53.61+1.36 = 54.97
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Adjusted Exponential Smoothing:

Example
FORECAST TREND ADJUSTED
PERIOD MONTH DEMAND Fi s T,., FORECAST AF,,,

1 Jan 37 37.00 N —

2 Feb 40 37.00 0.00 37.00
3 Mar 41 38.50 0.45 38.95
4 Apr 37 39.75 0.69 40.44
5 May 45 38.37 0.07 38.44
6 Jun 50 38.37 0.07 38.44
7 Jul 43 45.84 1.97 47.82
8 Aug 47 44.42 0.95 45.37
9 Sep 56 45.71 1.05 46.76
10 Oct 52 50.85 2.28 58.13
11 Nov 55 51.42 1.76 53.19
12 Dec 54 53.21 1.77 54.98
13 Jan - 53.61 1.36 54.96

Copyright 2009 John Wiley & Sons, Inc. 12-30



Adjusted Exponential Smoothing

Forecasts

70
o Adjusted forecast ( = 0.30)
Actual

50 |
2 a0}
©
£
S 30l Forecast (o = 0.50)

20 |

10 |-

oL I I I I I I I I I I I I I
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Period
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[Linear Trend Line

d

_ Xxy-nxy
y=at+bx a ¥ x? - nx?
where a=y-bx
a = intercept ey
b = slope of the line n = number of periods
x = time period o
y = forecast for X = — =mean of the x values
demand for period x n

2

y = —— =mean of the y values
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Least Squares Example

x(PERIOD) y(DEMAND)  xy x2
1 73 37 1
2 40 80 4
3 41 123 9
4 37 148 16
) 45 225 25
6 50 300 36
7 43 301 49
8 47 376 64
9 56 504 81
10 52 520 100
11 55 605 121
12 54 648 144
78 557 3867 650
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Least Squares Example
(cont.)

7

X = E =6.5

_ _ 9557

y =22~ = 46.42

L ny 3867 - (12)(6.5)(46.42)
S - ni2 650 - 12(6.5)2

—4 42 (1.72)(6.5) =

35.2

=1.72
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Linear trend line y=35.2+ 1.72x
Forecast for period 13 y=35.2+ 1.72(13) = 57.56 units

70
el Actual
50

40

Demand

Linear trend line

30

20

10

1 2 3 4 5 6 7 8 9 10 11 12 13
0- Period
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Seasonal Adjustments

= Repetitive increase/ decrease in demand
= Use seasonal factor to adjust forecast

Di
Seasonal factor = S, = SD
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Seasonal Adjustment (cont.)

DEMAND (1000’S PER QUARTER)
YEAR 1 2 3 4 Total 4_
2002 12.6 8.6 6.3 17.5 45.0
2003 14.1 10.3 7.5 18.2 50.1
2004 153 106 81 196 536
Total 42.0 29.5 21.9 55.3 148.7
D, 42.0 D, 21.9
S1=3p = 1487~ 028 ST 3pTqa7°01°
D, 295 D, 55.3
S:=3p “1a87°-920  S4=3p =1287° 03
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Seasonal Adjustment (cont.)

For 2005

y=40.97 +4.30x =40.97 + 4.30(4) = 58.17
SF, =(S;) (F5) =(0.28)(58.17) = 16.28
SF,=(S,) (F5) =(0.20)(58.17) = 11.63

SF,=(S,) (Fs) = (0.15)(58.17) = 8.73
SF, = (S,) (Fs) = (0.37)(58.17) = 21.53
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Forecast Accuracy

¢ Forecast error

s difference between forecast and actual demand
= MAD

e Mean absolute deviation

« MAPD

e Mmean absolute percent deviation
s Cumulative error
= Average error or bias
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Mean Absolute Deviation
(MAD)

Z| Dt'Ft|

n

MAD =

where
t = period number
D, = demand in period ¢
F, = forecast for period ¢
n = total number of periods
| | = absolute value
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MAD Example

PERIOD DEMAND, D, F,(a=0.3) (D,-F) ID, - F|
1 37 37.00 — -
g 3.00
) ¥ D, - F| T

MAD = 1.83

5 n 6.72
¢ 9.69
_ﬁ __53.39 0.69
¢ 11 3.86
g 1.70
1( = 485 4.19
11 5.94
12 o5 JU.OF O. T 3.15
557 49.31 53.39
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Other Accuracy Measures

Mean absolute percent deviation (MAPD)

D -F
MAPD = = ZtDt fl
Cumulative error
E=Je,
Average error
28,
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Comparison of Forecasts

FORECAST MAD MAPD E (E)

Exponential smoothing (¢ =0.30) 4.85 9.6% 49.31 4.48

Exponential smoothing (. =0.50) 4.04 8.5% 33.21 3.02

Adjusted exponential smoothing 3.81 7.5% 2114 1.92
(a0 =0.50, 3 =0.30)

Linear trend line 229 4.9% —
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Forecast Control

¢ Tracking signal

= Monitors the forecast to see If it IS biased
high or low

_ _ Z(Dt - Ft) E
Tracking signal = —pFAs—= a0
=1 MAD = 0.8 6

s Control limits of 2 to 5 MADs are used
most frequently
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Tracking Signal Values

DEMAND FORECAST, ERROR JYE= TRACKING
PERIOD D, F, D,-F  Y(D,-F) MAD SIGNAL

1 37 37.00 - = - -

2 40 37.00 3.00 3.00 3.00 1.00

3 41 37.90 3.10 6.10 3.05 2.00

4 37 1.62

S 45 Tracking signal for period 3 3.00

6 50 4.25

7 43 5.01

8 47 TS3 = m =2.00 6.00

9 56 3.05 7.19
10 52 8.18
11 55 FJ.UU0 J. IT=F FU. 117 J. UL 920
12 54 50.84 3.15 49.32 485 10.17
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Tracking Signal Plot

Tracking signal (MAD)

3c
2c |- ; ;
Exponential smoothing (o = 0.30)
10|
Oc
1o} \
-26 |- Linear trend line
-30
| | I | I | I | I | I | I
0 1 2 3 4 5 6 7 8 9 10 11 12
Period
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Statistical Control Charts

Z(Dt - Ft)2

G=,\I n-1

» Using o we can calculate statistical
control limits for the forecast error
= Control limits are typically set at + 3c
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Statistical Control Charts

18.39 |-
UCL =+30

12.24 |

6.12|-

Errors
o
|

-6.12 |-

-12.24 |

-18.39 |-

o=

Period
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Time Series Forecasting using Excel

¢ Excel can be used to develop
forecasts:

= Moving average

s EXponential smoothing

= Adjusted exponential smoothing
= Linear trend line
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Exponentially Smoothed and Adjusted
Exponentially Smoothed Forecasts

E3 Microsoft Excel - Fxhibit12.1. Forecasting XLS

‘) Ele Edt Yew Inset Fomat Jook Dsta Window Help v a question for help . EFREES
DEEE SRV R - - Q-2 BB -0, ad 10 - By EEEE S %, B8/ FE -O-A
3 % % | DM @ | Yereply veh Chonges EndReview... o

c v # =BI"BI0+(1-B4)"C10

| A | B e | BEIEE E | © H
| Example 12.4: Exponentially Smoothed and Adjusted Exponentially

Smoothed Forecasts | | :Bs * (C 1 1

K

—C10)+

Alpha=]_ 05 _ ( _ )*
Beta = 03 . / l B5 DlO
| Adjusted jﬁ(’ﬁbsow!e 1 D ]_
Manth Demand | Forecast | Trend | Forecasi r Error —_—
9 | January 37 37.00 [F _.__..._—---_,__._.---" _C 0 IS 0
10 | February | 40 37.00 0.00 m-—-sfnﬁ"' 300~ T T
| 11]  March 41 [3850_] 045-1 3895 | 205 205
12 April 37 | 3975 | 069 | 4044 | -344 344

1a e | s | ateo | 104 | azrs | 727 | 727 =ABS(B10 - E10)

1
2
3
4
5
6
7
8
g

15 Juy 43 | 4584 | 198 | 4782 | 482 | 482
16 |  August 47 44 42 0.96 4538 162 162
17 | September 56 4571 1.06 4677 923 923

18| October | 52 | 5086 | 228 | 5314 | 114 | 114

st 5 tos o s s e | [ SUM(FI0:F20)

21 | January 5361 1.36 54 97 ]
22| 2114410
24

25 MAD =] 381

g? MA’ZD‘;: 2?1?%9-&1:\__‘_ —GZZ/]_]_

28
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Demand and exponentially
smoothed forecast

60
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30
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10

0
T T T T T T S
5‘"@ @’f FoEE T o gﬁé& &
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Data Analysis option

Data Analysis

Analysis Tools =
Anova; Two-Factor Without Replication ;I
Correlation Cancel
Covariance
Descriptive Statistics |
‘Exponential Srmookhing Help
F-Test Two-Sample for VYariances
Fourier Analysis
Histogram
Moving Average . .
Random Number Generation ﬂ Exponential Smoothing
~Input
oK
Input Range: IBQ:BZD :‘-i’
Damping factor: IU.S Lce'
[ Labels Help
—Output options
Output Range: lcg:C21 =)
Mew Worksheet Ply: I
Mew Workboolk
™ Chart Output I” standard Errars
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Computing a Forecast with
Seasonal Adjustment

£ Microsoft Excel - Exhibit12.5.Forecasting. XL$

E) Ble Edk Vew Inset Fomat ook Data Window Help
DEEHY SR_RY $BA-T - - @E-4 % iPreox -

P8t a0 Y % v g =
B12 v # =(B8/F8)"E10
A = D | E F G
1 Example 12.6: Computing a Forecast with Seasonal Adjustments
2
3 | Demand (1,000s) per Quarter
4 | Year 1 2 3 4 Total
5 | 2002 12.6 8.6 6.3 1.5 45.0
6 | 2003 14.1 10.3 75 18.2 50.1
7 2004 15.3 10.6 8.1 19.6 536
8 | Total 420 295 219 55.3 148.7
9
10 Linear trend line forecast for 2005 = | 58.17
11
12| SFf=| 1643
13| G&F2= 11.54_!
14 SF3=| 857
15 SF4=| 2163
16
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E3 Microsoft Excel - Exhibit1 2. 6. ExponentialSmoothing. xls £ |:T ”x

©) e £t Yew [wet Fomat Jooks Data Window Help Type 3 question for help =/
DY SGRY YR@BR-F v-- -8 BSw0% -3, A -0 -[Blzu EEEE 8%, % FEEL-DA.
24 - A =E21/D3-1)
A | B el o | E N = YA O (e < O ™ O O = Y (=7 IO | 5| - |
1 Exponentially Smoothed Forecasts OM Student - Example 12.3 | _ | | | | | . | | | | 7]
2
| & | Label periods, input dermand
3 Input: No. of demand periods| 12 data and ,m'f;m constant
_4__ N_E!E 0.30 alpha. Scrofl down for m Exponentiol Sueoothing
g | Yohes. Fpy=ab,+ (1 - 0F,
7 Absolute | Squared
8 Period | Demand | Forecast| Error Error Error
9 January 7 37.00
10 Februsry 10 3700 | 300 | 300 500 -
11 March a1 3790 | 310 | 3.10 961 s
12 April 37 %83 | 163 | 183 335 50 - s
13 May %5 | 828 | 672 | 672 | #5.14 AT g e
14 June 50 4030 | 970 | 970 | 9415 0
15 July 13 4321 | 021 021 0.04 5
16 August a7 4315 | 385 | 385 1466
17 September 56 4430 | 1170 | 1170 | 13685 0
18 October 52 4781 | 419 | 419 | 1755 “ Fo 0
19 [November 55 4907 | 593 593 35.19 _ ol L5
20 December 54 5085 | 315 | 315 994 0 ;
21 Total 557.00 4931 | 5339 | 37568 T & z
2 HE““%H‘E%
23 Outpur ol ¥ ° ¢ 8
24| MAD 1.85 £|p, - #
25 MAPD 0.10 MAD = &
% [ E 49.31 7
27 E 1.48
2 MSE__| 3757 . z|p, - |
0 d
D
2 F
33 "
3u ’
35 | D, -F
36 MSE = =7
Edl i
38




Regression Methods

¢ [ inear regression

» 2 mathematical technique that relates a
dependent variable to an independent
variable in the form of a linear equation

¢ Correlation

= 4 measure of the strength of the
relationship between independent and
dependent variables
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Linear Regression

y=a+bx a=y-bx
- 2 Xy = nXy
X x2 - nx?
where

a = intercept
b = slope of the line

zX = mean of the x data

=I
]

n
2y
—,~ =mean of the y data

<l
I
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Linear Regression Example

x y I

(WINS) (ATTENDANCE) Xy x2
4 36.3 145.2 16
6 40.1 240.6 36
6 41.2 247.2 36
8 53.0 424.0 64
6 44.0 264.0 36
7 45.6 319.2 49
5 39.0 195.0 25
7 47.5 332.5 49
49 346.7 2167.7 311
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Linear Regression Example (cont.)

49

= r = 6.125
y= 222 4336
8
, >XY - nXjy?
 Sx2 - pi2

(2,167.7) - (8)(6.125)(43.36)

= (311) - (8)(6.125)
4.06

7 - bx
43.36 - (4.06)(6.125)
18.46

Copyright 2009 John Wiley & Sons, Inc.
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Linear Regression Example (cont.)

Regression equation

Attendance forecast for 7 wins

y =18.46 + 4.06x y =18.46 + 4.06(7)

= 46.88, or 46,880

50,000

. 40,000 }

Y

o

& 30,000 }

£

£ Linear regression line,

< 20,000 | y=18.46 + 4.06x
10,000 {

—

WIinS, x
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Correlation and Coefficient of
Determination

= Correlation, r
= Measure of strength of relationship
= Varies between -1.00 and +1.00

= Coefficient of determination, r2

» Percentage of variation in dependent
variable resulting from changes in the
iIndependent variable
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Computing Correlation

_ ny.xy -2 x2y
A/ [P 32 - (X xP] [0 2 - (X )]

_ (8)(2,167.7) - (49)(346.9)
T +/T®BTT) - (497 [(8)(15,224.7) - (346.9)

r=0.947

Coefficient of determination
r*=(0.947)>= 0.897
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Regression Analysis with Excel

E Microsoft Excel - Exhibit12.7.Forecasting. xls

E) B Edt Yew Insert Format Jools Dats indow e

DEEY SRY {RBA-< 9> @ =-8l% Due -3, ad 'IU'B!I!EEE % ; BN FEEF _'&'ﬂ...'....
At AB | T % Q| s... EndRe
E7 5 £ =SLOPE(5:B12 A5:A12)
A ] B T c | D BBl 6 [ 0 [ T [ 0 [ K] R [ 5 | 35
; |Example 12.10: A Linear Rogrnsslnﬁ Forocast.for State Unlzvcrslty :INTE RCE PT(B 5 :B 1 2,
3
£ ) [t // AS:A12)
5 4 36,300 _ _
s | iiow T
8 8 | 53000 1 ZCORREL(BSBIZ,
9 B 44,000 l y =[ 1846437 + | 40B0.92 x |
1 7 45 .
il s | 00 | A5:Al2)
12| 7 47,500
13 49 348,700 '
14

~SUM(B5:B12)
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Regression Analysis with Excel
(cont.)

Data Analysis

Analysis Tools l

Descriptive Statistics -
Exponential Smoathing

F-Test Two-Sample for Variances
Fourier Analysis

Hiskogram R
Moving Average :

Random Number Generation o B |$B45:58512 =

Rank and Percentile Input ¥ Range: [$ag5:a412 A

Cancel

o 18

Help

Sampling = [ Labels [~ Constant is Zero
™ Confidence Level: IQE %

~Output options
& Qutput Range: |-°-15132'3| i
" New Worksheet Ply: l

" New Workbook

rResiduals
I Residuals I Residual Plots
[ standardized Residuals I Line Fit Plots

ormal Probability
[ Mormal Probability Plots
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Regression Analysis with Excel
(cont.)

E3 Microsoft Excel - Exhibit12.10.Forecasting. xis = |l rst__
B) Fle ER Wew Insert Fomat Tooks Data Window Help Type squestionfor help  © _ M X
DEEY SRY LB -C o- - @T-4 5 ML -F_  ad -0 - B 27U EEEES%, B8 FEE _-O-A
A8 @ W v k o
AJb ™ *
A 8 ] ¢« |1 B | E | E | & | H | [t [N (e [ S I 1 [ [ = T [ -

1 Example 12.10: State University Athletic Department =
2

3| X ¥y

4 {wing) {sltendance) |

5 B 36,300

6 | 6 40,100

| 6 41,200

LH] 8 53000

9] B 44,000

10 7 45 600

11 5 39,000

12 7 47 500

13 49 346,700

14

15 | SUMMARY OUTPUT

16

17 Regression Statistics ANOWVA _

18 Multiple R 0948 df S8 Ms F Significance F

19 R Square 0.898 Regression 1 179340359.2 | 179340359.2 5301120495 0.00034182
20 Adjusted R Square 0.881 Residual ] 202983908 | 3383085.134

21 Standard Ermor 1839311 Total 7 199636750

22 Observations g

23

24 _ _

% Coefficients __ Standsrd Eror t Stat P-value Lower95% | Upper95% Lower95.0% Upper95.0%

26 |Intercept 18464 37 3477.57 5.3 0.00 9955.06 2697368 995506 26973.68

27 X Variable 1 4060.92 557.75 7.28 0.00 2696.15 5425.69 2696.15 5425.69

2
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Multiple Regression

Study the relationship of demand to two or
more independent variables

Y = Po ¥ P1XqF Poxa ... F PiXy
where
B, = the intercept
B4, ..., B = parameters for the
Independent variables
X4, .-+ , X, = Independent variables
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Multiple Regression with Excel

Regression
o [ ox ]
Input ¥ Range: IC4:C12 j‘J “
Cancel |
Input X Range: |A4:512 j‘.;l
Hel
v Labels [~ Constant is Zero #
™ Confidence Level: ]95 %
~Qutput options
£ Microsoft Fxcel - Exhihit12.11.Forecasting. xls (;' gutput Range: |$F$365:127 ZJ
] B g Wew [met Fgmet Tock Data Window teb
DEEY &RY ILB-F -~ Q-4 P -§ " New Worksheet Ply: ]
O e e ' = ™ New Workbook
1 ExamploaiZ.I 1: Multiple nfglm-.:. T UniEa;slry MhnfnapaimmF -Residuals
E— = = ! I~ Residuals I™ Residual Plots
§ s (5 prematen) | (aterdance) I Standardized Residuals I™" Line Fit Plots
6| 6 55,700 0100
£ & it a8 ~Mormal Prabability
5 e B um I Mormal Probahility Plots
1] 5 55,300 000
12 7 81,600 A7
13 1 527 400 346700
14
L3 15 |SUMMARY QOUTPUT
r2, the coefficient | |
f d t 2 t ™~ :; Mumplegwﬁzgﬂ P o S5 (S F Skniicance F
0] crermination [T5R Square oan Regression 2 1790540625 090321813 227 00
20 Adjusted R Square 0.881 Residual 5 19774387 4 | 39548775
21 Standard Errar 1985 687 lgl_l.l 7 199635750.0
22 |Obsenations 8
5
. . o)
2 Coelt Stondad £ Gl 7 5%  Upper 05% Lower 95.0% _Upper 95.0%
Regresslon eqllatlon 26 |Intercapt 153':?1::‘9 4133 mm :5‘2 ;EU;E m_ﬂ?ﬁ 29734.769 u;:;l 078 29734768
: = FE0IG6 | 1493.981 2374 0.054 204822 | 7416815 204822 7416815
Coefﬁ(ne]’lts for X1 a]’]d X2 ; {3 - promation 0037 0.101 0364 073t 0224 0297 0.2 0.297
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