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Aggregate Production Planning determines levels of production, human resources, inventory to maximize company’s profits
and fulfill customer's demands based on demand forecasts. Since performance of aggregate production planning heavily depends
on accuracy of given forecasting demands, choosing an accurate forecasting method should be antecedent for achieving a good
aggregate production planning. Generally, typical forecasting error metrics such as MSE (Mean Squared Error), MAD (Mean
Absolute Deviation), MAPE (Mean Absolute Percentage Error), and CFE (Cumulated Forecast Error) are utilized to choose a
proper forecasting method for an aggregate production planning. However, these metrics are designed only to measure a difference
between real and forecast demands and they are not able to consider any results such as increasing cost or decreasing profit
caused by forecasting error. Consequently, the traditional metrics fail to give enough explanation to select a good forecasting
method in aggregate production planning. To overcome this limitation of typical metrics for forecasting method this study suggests
a new metric, WACFE (Weighted Absolute and Cumulative Forecast Error), to evaluate forecasting methods. Basically, the WACFE
is designed to consider not only forecasting errors but also costs which the errors might cause in for Aggregate Production
Planning. The WACFE is a product sum of cumulative forecasting error and weight factors for backorder and inventory costs.
We demonstrate the effectiveness of the proposed metric by conducting intensive experiments with demand data sets from
M3-competition. Finally, we showed that the WACFE provides a higher correlation with the total cost than other metrics and,
consequently, is a better performance in selection of forecasting methods for aggregate production planning.

Keywords : Forecasting Error, Aggregate Planning, Weighted Absolute and Cumulative Forecasting Error
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{Table 1> Example about Demand Forecasting Error

(a) Forecast 1

Period
! 2 3 4 Result
Demand 500 500 500 500
Forecast 1 500 600 600 500
Variability 0 100 100 0 50
Bias 0 100 200 200 200
(b) Forecast 2
Period
! 2 3 4 Result
Demand 500 500 500 500
Forecast 1 700 600 400 300
Variability 200 100 100 200 150
Bias 200 300 200 0 0
(c) Forecast 3
Period
! 2 3 4 Result
Demand 500 500 500 500
Forecast 1 700 300 600 400
Variability 200 200 100 100 150
Bias 200 0 100 0 0
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<Table 2> Actual Demand and Forecasts

Period Average
1 2 3 4

Demand 500 200 500 500 500

Forecast 1 700 300 500 100 400

Forecast 2 200 500 500 700 475
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<Table 3> Total Cost and Results of Forecasting Performance

Measures
Forecast 1 Forecast 2
MAD 200 125
MSE 60,000 32,500
Performance MAPE 40 25
Measure
CFE 400 100
WACFE 600 1,000
Total Expected Prof it 7,580 7,400
800
700 4 N

ke 600 1 208\\

< 500 A = >

£ 400 N, 200 -7 N 400

g 3001 N . Demand
200 A \\ ----- Forecastl
100 A N

0
1 2 3 4
Period
8004
700 1 Lo
600 1 -
-~ 200

g 500 ~ -

£ 400 300’/

8 3007 - Demand
200 1 s eee=- Forecast2
100 1

0
1 2 3 4
Period

<Figure 1> Difference between Predicted and Actual Demand
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<Figure 2> Difference between Cumulative Predicted and
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<Figure 4> 15 Time Series for Simulation

<Table 4> Fitting Period and Forecasting Period

Category | D2 | oot | “hod
Demand 1 50 18
Demand 2 50 18
MICRO Demand 3 50 18
Demand 4 50 18
Demand 5 50 18
Demand 6 123 18
Demand 7 123 18
INDUSTRY Demand 8 123 18
Demand 9 126 18
Demand 10 123 18
Demand 11 116 18
Demand 12 116 18
MACRO Demand 13 116 18
Demand 14 116 18
Demand 15 116 18
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<Table 5> The 24 Methods Included in the M3-Competition

Method Description

Naive/simple
1. Naive2 Deaseasonalized Naive(Random Walk)
2. Single Single Exponential Smoothing

Explicit trend models

3. Holt Automatic Holt’s Linear Exponential Smoothing(two parameter model)
4. Robust-Trend Non-parametric version of Holt’s linear model with median based estimate of trend
5. Winter Holt-Winter’s linear and seasonal exponential smoothing(two or three parameter model)
6. Dampen Dampen Trend Exponential Smoothing
7. PP-autocast Damped Trend Exponential Smoothing
8. Theta-sm Successive smoothing plus a set of rules for dampening the trend
9. Comb S-H-D Combining three methods : Single/Holt/Dampen

Decomposition
10. Theta Specific decomposition technique, projection and combination of the individual components

ARIMA/ARARMA model

11. B-J automatic

Box-Jenkins methodology of Business Forecast System

12. Autobox1
13. Autobox2
14. Autobox3

Robust ARIMA univariate Box-Jenkins with/without Intervention Detection

15. AAM1 ) ) o ) ) )
Automatic ARIMA modeling with/without intervention analysis

16. AAM2

17. ARARMA Automated Parzen’s methodology with Auto regressive filter

Expert system

Selects from among several methods :

I8. ForecastPro Crostin’s Method/Simple Moving Average

Exponential Smoothing models/Box Jenkins/Poisson and negative binomial models/

19. SmartFcs

Automatic Forecasting Expert System which conducts a forecasting
tournament among four exponential smoothing and two moving average methods

20. RBF Rule-based forecasting :

using three methods-random walk, line arregression and Holt’s, to estimate leveland trend,
involving corrections, simplification, automatic feature identification and re-calibration

21. Flores/Pearcel
22. Flores/Pearce2

Expert system that chooses among four methods based on the characteristics of the data

23. ForecastX and Croston’s method

Runs tests for seasonality and outliers and selects from among several methods :

Exponential Smoothing, Box-Jenkins

Neural networks

24. Automat ANN ‘ Automated Artificial Neural Networks for forecasting purpose

Theta @S Thetatts AlFES B3 AlAGY F& =
5 FA%E AES 7Ivtew gt HES FAGHY
A 2L Theta lineS A sk A ADS Bajsls AHo] o

A o] EZo|t}2]. M3-Competition 23}, Theta ™ -
T T s A

ARIMA R 9-& 27]3]7](AR : Auto Regression) 5.3}
o] 5 T(MA : Moving Average)2] 23 FH £ Box and
Jenkinsoll ¢]&) 7%= 2AtH4]. AutoBoxl, 2, 3-& ARIMA
Ro A E 283 Y} A 8o S HEYPOR
Lt AutoBox1& (HIEA|E AHE-SHA] 2531, AutoBox2

T ARIMA 715 7130 F 2
S HE Fo| ARIMA A
ARIMAE: ALE27] 41 AHESeto] A28 Aokatar of
ZABAHE A= o= AZTEY O]EA AAMIL o]AX
of ek A7} gl v, AAM2= B2 07 o] 4kx] 4

=

3 430 11]. ARARMA =32 Parzenol| 93] dut
A AAE g oz A ARPE ST o] 2E> ARIMA

ol =71

m oZ gt &

R =
M2 tjeto 24 MI-Competition2] HT} 71
oA 71 & MAPE#S HIt12].

M3-Competitionol] AH8-# HE7} A|2~8l10 2= ForecastPro,



166 Dea-Il Choi - Chang—Soo Ok

SmartFcs, RBF, Flores/Pearcel, 2, ForecastX7} 21t} Forecast-
Pro= A|#H &, Box-Jenkins, Croston’s Method, ©]&% 7t
5 A Y= Al2Hlo] 1, SmartFes A8 &, Box-Jenkins,
Croston’s MethodE ForecastX© 4701 A|4=H &3} 27)
o] o] 7|HE A|F3IT} RBF= Collopy 9} Armstrong
o ofal] A MLEHAIL, AALE 7159 EA 7]eA A
5 AHEste] diEetth RBFE T23 71€A4S 7t
132 Q& o gt a37t Aot 53] e A7
= AAIEY oZol 831, 6]. Flores/Pearcel, 2=
dolge] A5 st 471¢] dF718 F sthuE
Ao 2 Mdd]FE A|2~eolt) Flores/Pearcel & Al&-
Aol MRS 3834 %, Flores/Pearce2 = AM&2}7}
d571ME& A 7hestes s8star ATHT).

npA] ek O 2 Automat ANN-2 Q13217 " (ANN : Artifi-

A

cial Neural Networks)S ©]-83F o|Z7]R o]tk ANN2 7

N

H AR 97S A& Ar A ot}
Automat ANN2 dS554& 9|3 ANNS x5 AH

= AEs AaE ARk ey B4 A A A
= sk el

e

2= 1} o, A a3
Bx oy FRE WASE S 53 2L HjLES F
aststazt sk Aot 7Aoo w FAA Y AEE
& A Gt F2AE 9 A, BE 7I9S Al
ArbsEoly w5 22 ASES Ay g7 wi
of APRYPS A&t dule Akx7 slellA] oS
Hostet= ol vl &3 ol

2 Aol FEAY s dal HFRFS AL
g3ty ¥ AEE d5AE Chopra and Meindl2] A
A& FHAANMAE Yol A gsto] TEALS FHe
i, A" mE F 7Y o]os AEdT

THEAE LY AAATES ofHlet ZTHs5)

W, =t89 =58 A7, t=1, -, T

H = t9 x| 18&3t= FdL] Ft=1, -, T

L, = t9 xo slastes A9 &t =1, -, T

p,o= el BAHE AFE Ft=1, o T

o=t g Aat=1, T

S, =¥ T B AE Ft=1, o, T

C, = t9el 3 AkE= AFY F =1, o, T

0, = t¥o] AdE 2HAFY Ft =1, -, T

S F278 =ye| WA u)golr)

AIFAIZE i E AAA 19 A EHE 3 & AT
O Z 6404/ AT AL x20D/E) o T Z A
7F wEhEe A egolth A 3 We 1

[e}
= W2 3002 o =
ANDAA B G A D082 A 717} 2
glojth, mpx|uto 2 A& @9 10Ee]o]a &
Aok &2 @91 30 o]t

o\

d

248 2o S 4 (8)3 2k

T T
Minimi ze Y ;640 W,+ ¥,60, (8)
i=1

i=1

T T T
+ 2 300H,+ »500L,+ 21
i=1 i=1 i=1

T T T
+3155+ 3,102+ »,30C,
i=1 i=1

i=1

Al
of <738}o]
1

AlFal o2 A A7t € 10A13F o) 2 AAIRE

T Es UEhdT.

W,=W,_ +H—L, fort=1,--,t ©

P, <40W,+0/4 fort=1,--,t (10
I_

+P+C=D+S,_,+4—S fort=1,--,t (11

—

O, <10W, fort=1,-t (12

4.3 7[cfo| AHAt

A FRAN BYS Bl PTAL w5 G, 2
AZE S, W/, A THA A TEF0)E, A
A3} A §L o & B85l

Lo o
rir
of
2
o
=
ofo -
o
x4
22
rot
)

A Aol w2y



A New Metric for Evaluation of Forecasting Methods 167

A
o
ol

(&
1o,
)
=
>
e

-

e 1%01] oA v1g A
Favi AFamd 4
3}711 ;-;—s_— H gz e,
2 Aol 7]
ole] Atkel] te Aolc.

L r> M we o = kU
2
o
o
>
o
o
ol

z
EO
E

xgms} ur*aﬂZOl
olefdt BAZ A7 0}71 ikl
ol& gt 4 (13)2 7))

=

ExpectedProfit=
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D= FEA Y 713t E<tke] AA
TF(Total Forecast)v A& 7|3t &<t A
d&F8E ot o8t TF & T ALgS woke
] 87F A AAFLRT FE S,
ool gk o]ofs A& & S vrFE] Aotk
I0= A a3 n]S(Inventory related Cost)ZA] A 74
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492 (Total Demand)
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<Table 6> A AakzA 157 2H2ke] AA A=

o tial 7+ AEEH 7ldo] ] Atole] &9 dHAT e
AAreE otk MICRO FL0lA4 7]to] 23} MAD Y] &
AAAAE 1 0.9020]3 MSEE 0.904, MAPE®} CFE,
WACFEE Z+7} 0.659, 0.939, 0.986°]t}. ©]= WACFEE
o 20 ate] AFE 2 UERYE MSE, MAD, MAPES] ]3]

<Table 6> Result of Validation(Spearman Rank Correlation

Coefficient)
Demand Category MAD | MSE |MAPE| CFE | WACFE
Demand 1 | 0.990 | 0.912 | 0.924 | 0.993 | 0.997
Demand 2 | 0.881 | 0.932 | 0.553 | 0.949 | 0.971
MICRO Demand 3 | 0.932 | 0.960 | 0.551 | 0.933 | 0.997
Demand 4 | 0.882 | 0.886 | 0.502 | 0.888 | 0.992
Demand 5 | 0.825 | 0.829 | 0.765 | 0.930 | 0.972
Average 0.902 | 0.904 | 0.659 | 0.939 | 0.986
Demand 6 | 0.897 | 0.892 | 0.903 | 0.936 | 0.959
Demand 7 | 0.850 | 0.878 | 0.880 | 0.979 | 0.942
INDUSTRY | Demand 8 | 0.643 | 0.755 | 0.502 | 0.907 | 0.958
Demand 9 | 0.535 | 0.768 | 0.440 | 0.893 | 0.791
Demand 10 | 0.900 | 0.909 | 0.900 | 0.902 | 0.997
Average 0.765 | 0.841 | 0.725 | 0.923 | 0.930
Demand 11 | 0.824 | 0.863 | 0.824 | 0.867 | 0.977
Demand 12 | 0.824 | 0.863 | 0.824 | 0.867 | 0.977
MACRO | Demand 13 | 0.984 | 0.978 | 0.982 | 0.995 | 1.000
Demand 14 | 0.835 | 0.834 | 0.835 | 0.837 | 0.983
Demand 15 | 0.937 | 0.970 | 0.931 | 0.979 | 0.996
Average 0.881 | 0.902 | 0.879 | 0.909 | 0.986
Total Average 0.849 | 0.882 | 0.754 | 0.924 | 0.967

Z oo MASAHS AR & Ave = gtk ZE 9y
o],'—[ CFEE o]o % )\]—1:01—3] Zk }Hﬁga‘}:ﬂ o
BT} 0.04752 18-S 299tk INDUSTRY QoA % n}
27}A & MAD, MSE, MAPE, CFE& Z}H2} 0.765, 0.841,
0.725, 0.9239] r3kS YERNIL 9131 WACFEE 093022
7 =8 13kS zh=th MACRO £R9 9= RE A%
7F A= o]e)te] He AHIAE Hola il WACFE
7} 0986 0% th2 AxEC HF M-S BT 153
Agol gk o] Ayt= WACFES A # A 3t
o] 0.967% 7}4 =9, CFE7Z} o] Bt & v 0.924
o|t}. MAD, MSE, MAPE= 22} 0.849, 0.882, 0.754%
0.9¢] PXA] Zap= vlaA v rgks Balth
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