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Abstract

Product classification is the core of every information activity related to product
management. Companies classify their products according to some attributes for different
management functions. Within these functions, demand forecasting is the most critical oneof
businessmanagement. Forecasts are essential to the business’s decision making and planning
processes. Better forecasting can contribute to better price structuring and better inventory
management. However, it is a challenging problem owing to the volatility of demand which
depends on many factors. Therefore, the study aims to design a classification scheme based on
the quantitative characteristics of products and make it more suitable for demand forecasting.

This study proposes a heuristic algorithm, called Data-Mining Aided Product Classification
(DMAPC), to deal with aforementioned issues. DMAPC analyzes the sales records by using
time-series analysis and searches the optimal product grouping result using GA-based heuristic
algorithm. Accordingly, a new classification scheme is constructed by aforementioned processes.
The proposed approach is applied to solve two real-world demand forecasting problems from
a well-known cosmetic chain retailer and a prestigious tea retailer in Taiwan. The experimental
results demonstrate that the proposed approach is proved to enhance the prediction accuracy
effectively by applying DMAPC.

Key words: Data Mining, Demand Forecasting, Product Classification, Genetic Algorithm,
Supply Chain Management
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EogER - REEFENETLEHBRBERYOXFENE  FTRATEAFEFTOE
0 e % F B F LA (Semi-structured data) - de ARy XA HR A AL ~ K
FELARBNER > RLIHERNTERAXTERDGANIEEHRI - B AT A
By R Ty XEA B R agtE K -

FHHRY (Data Mining) FH5#H K& L ALR LY AH PEEDS T sk TFR
AL —FER R AT TR A ILRAR  RIZEAARRRAH AR ERE Z (Data
rich but Information poor) #94&3 (Han &Kamber 2006) °

BB THERTATHATH AN RATEFHYHE T LGEHHE AN
e BAEE o M R AT LA B A7) (Time series) #4469 # & A 4E
AT 434548 (Knowledge Discovery) 7 ikPiiZ A 4 J8i8aY o 7w A AHRY R X FK
# (Text Mining) 47 % » AL EREHBATFREMGA  Fllo RRGEF ~ T F
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BMag Bl > Pl 2 S AR AR ERZME S EERFFSRRAGARCE
FERETIHOER S - AR HETEEA A ETEFEITHETAANRE ST
REH BRI LTI SR a0y F -

ARG KL BARBAEREL T O ETER > Fay %%%%4%#%E
FTARBER PRAMBOY TR - RFRHHERERENEER > 04— REEUERL
B RARHF L — S LR BB E A E AR A BIR RN BT R 7RI » BRK
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W AFHan%¥ % % £ (Han &Kamber 2006) 892 & » 5 #8 & — A &t 547 69 4255 -
FW s R AFEL »EREA K4 TF (classifier) ’M?ﬁiﬂdﬁ%m%‘%ﬁ’;‘kﬁ,%\‘ﬂ7]‘%"%}5)?[%5]
Y 38 5 AR 4 (categorlcal labels) * #lm—HHHRFFHL 22, KL "HRAKR, » —
mEEEe "HRE TFRE ) AR ES —ENRRT O EFEZET TR
A J?iﬁBJ EAE FEWCJ s AR T A AR BE AR R T 0 RBUEE R LR
R EeyE R o T FAA] (prediction) | AR HE AL FHE LRA o 22 A RS
Zfiiéiiﬂﬁ"?ﬁ ) ik 4% A (% X (continuous-valued function ) ] de T8 7 & 44 &

o MH G AR ARG EFBAA AR S - SRS HE LR (Han &Kamber
2006 ; Kotsiantis 2007 ) :

(—) B& (Iearnlng or training )

B8 5 &E%Aﬁﬁ”%@ B o R kA ﬁ?%?%%%”ﬂ*“
CRCES R ﬁmﬂ TR BARBRERT > myEAR L —# " %A (IF-THEN) #
Al L - SEEHEAMEINRE (training set) ° H—% ?ZI?\ (tuple ) YA —1En#EnY
JE M2 (attribute vector) &7 » #ldeX = (x1, x2, ..., xn) ° B RFH B —@EFH & BT
W AE R L FRAE R (class label attribute )+ A 3 L £ 5 64 B AE K R I 52 4 FT B
SO FAR] o B B A — MBI AR AR ARG BT BB AL AT R e o B SIS B AR S



ERRENREIE D B TRBALE 55

BB X09ZE (supervised learning ) ©
(Z) 2%

CEEMRTO s ARA LSBT R e Y A — B LRRKE (test set) MR REAT
BRI o Bl E R AR TR ERME — A R FER PR - BRI E P
BORR AR AR AT B8 o SR A HEAE L AR o 42 B B B I BT 5 K BT 3R T 64 HE AR JE T
by FAREA - AN AN TARIFARAR BB M R Jo ) BTHRAR 0 R > S REF|Z Ky
BREE 0 AL AR G AT — 8 F R EHEATEY R A BTy 5 BE AR SRR R eyl Rk
Ao

H Rl ik eg g & 0 KL (clustering analysis) &% —#E #8469 % % (Han
&Kamber 2006) - {25% £ G F BT A R AR AL R LA Loty AR K -
BESHRLFTORMAF M RABRERTRAGHE ML FEEX0EY
(unsupervised learning ) ° 48 # & 247 FT1F 2| 04 5 B 48 R 1 & A SR 5 B AF B s 8004
FEEATAE 0 T AT AR LR B A IE A AT 64 JRARE T B AR BT 09 ORI T B O
E S -

ﬁﬂﬁ%ﬁz-ﬁﬁmﬁi

BRI ER R ARFIIANTH > AW AR AT HTIAEEB T Z AT R
72 (preprocessing ) 94 5% » AR H i AZ 45 Reg %' (Han &Kamber 2006) ©

(—) &¥E® (data cleaning)

AP F e B 09 iR R RIS (noise) HEH I E - AT HAKE
eyiBAZF  THE &S A X RERAKAARGT L » LR B AR BALA 5B KA
T BRSH T AENKRAMZ LR EEFTREBETINZ LR =22 R
BARB MV RIF ARG » BAGER  RAG8 R 09 B HARLE N R A 7T AL e AL
@K%M&%@%ﬁﬁJﬁ%%\ﬁ%%k&&@%wa % $oh o HUR R ARA E4E
AR ey MR o A2 T L 3B I o H AR AR T RS H B LR B 4R -

(=) HHRAMED 47 (relevance analysis )

AR EF R PO AR TR HE £ H?ﬁ*“‘”“%aaﬁff %% méﬁg'h’& fa &
ARG S BRI M A S AR B - gk \*571‘5%’*‘] A8 Bl B s
RIREHT A Y % A4 (redundant column) K AR RIS FABEA & B F (irrelevant
column) (Guyon&Elisseeff 2003 ; Liu & Yu 2005 ) s&/B/miAJR L ° %fi’i&ﬁ (feature
selection) T~ Bl7M4F b B (feature extraction) @ AT HEREHRFEHBHRTES &
H AR PN Bt FH S RAT B o AF S MR R BEER B
SR HEARWNETARKMR  RETRETARAZZYG > ARA - 3 HHE A TH
By IRAZIR B B AT R AEAE o HFBGEIE T A A K 7 @ (Guyon&Elisseeff 2003 ; Yuan et al.
1999) :— R\ LA EZ R MR EZ I - MiBIEE (filter) 097 X KR 48 K 6%
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B B — A0 R A EITERMNEILFGR - A% (wrapper) 897 X FPEPTEEE 094
BT RS RIFEE (fitness) 89 LI EATHE o Yuan (1999) 32 B BF3k A WAL 5 ik
LA KRR R0 RS ERAFSGERE 5k o Hanczar (2003) ¥ X R F 2] 5407 F » 3%
AEARY A2 R RERKRGFRER  RBEADARROFE PR AR EZHEGR
%l (prototype ) 1§ & & #t 5 #2% H M 09314k & - Swiniarskif2Skowron (2003) 71k
%4 (rough set) #1E &% # (principle components analysis, PCA) 5| N4 80 E #6497
R B > FAAL A M o Liu #2 Yu (2005) Bl PSR 94 BRI R LA RBH F R
w SRR AHIRMEE SR —E g AR EERT —EHE— TSN
SR IR R B R e B SR e 0O BT e R R R A A BRI R o

(=) &¥EE# (data transformation) :

FldBARMAFOME  ATHEGHEREZRMWEEBRER L M TR
M2 B dmdh 0 F@BAR AL (normalization) AF E A 2 B X M AN (Han &Kamber
2006) Bl R BIARERE ZH T L O FRAB R EBH00E1.0ZH -
GAETHBSEFFAFTAEASCRMAAEERASZMgER - 5 —EFatLEl
(generalization) * /R A 1% 4% 69 HAL A FH 3k & B 400 S0 B 28 5] el ol AR BB
FR RGBT G ARG c b — RALRIB AR TR - LREIRT 5
BB B H P B ey R B4k o RIS H R -

AU RARZ T E R 0 B A2 B iR R TR H B 30dh KR A 4 & 0 ~MEW
IR+ BTk 8 AR A TG SRR AT AR I A AR o S E R s A A Y
ML R E TR BER Y AR EEEERR ARG ERREON S
THE o ARTREZGERATRE TR S » AR T A B0 5 & A K0T RATIR &
0y AR -

= ERERBIEAE

FE B IR AR 0 o #a%5k (Classification) #%A#L4 —EEH XS H (Supervised
Learning) #9403 A4R » 547 09 548 7 KB LA B AR @bk ey - AT R BATH M
SRR AR 0 0 AR LA R M R AR E RIS - B BH R MG -
FRGN» A KOEH S TIN M AAF R85 X B & r MRS
BOE M o AR AR AR R KB K & (Genetic Algorithm) #9/R A -

A Ko #a#A (Bayesian Classifiers ) B ARG A g3t & Kty s 2 ik - LR A &4
st ey B RIL3% > sHE— B A Com oy B R AT B & AR BAL e R E - &
— AR ARG A 3 — AR AR AL 0 e T RGN B AT A H AL SR RIAR SR A0 - B R R
G AR AR S L AE 4% (Han &Kamber 2006) © &+ A0 B A A B K287 0y
Bk > mEAA R E TR TARFOERT » B Ry ARy iR ki h
BN 0 o FAEE SR B A BOR SR 0 o FAAR A E AR AT M) 2 o 22 0F B) (Han &Kamber 2006) © {2
REAEABREZMEF LA AMM - £ 5T RERRIO R B R BB 0 2 aY
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BHEFE T 28 TR ETBEERA S35 A 7 kR k Xk
O9tEEE o R o KRBT RPTETET O TH R 4K B ST K 7H;ﬁ‘ JEh B RARME 0 BB BX
’77\*5#39;’*‘1 i i R PR 0 i S RV » PTG R0y A R A7 iR L R @ M AN RFF 5
% #t (Decision Tree) & —18id /\éi > #8864 7 % (Kotsiantis 2007 ) ©
fk»‘i?fz]‘it A ARAZE Y BIAR &4 2R 88 (root node) ~ W34 % (internal
node) ° 23 &2 (leafnode) - & ¥$L1EP B2 FA 5 F ik 4 o SAE YR 64 B BB R HH 4
TR - o ARKRARXGER » EH AR K —ERFIZHGME o R FA
éﬁ%#ﬁ%ﬁéﬁfhﬁ"&f@ P33T B BE R R AL 0 B MR K 0 B AR e AR R R AR A B A
BT i #e k6 H 3% & (information gain) (Han &Kamber 2006) ° B #ahEH L~ & &
FEABIBP SRR R 0 AR s AR S I E ik B AR R SRR H
PTARSR RO - 0 LR B LW 4 ey SE R - WL IEAF 2 e e R REEIT AT ik
AYSRLAR AR o LR R BOEM T RN Y RAFEH > FRAICH LSRNV ELELFS
o %0 b8 WBE S (tree pruning) A ARG AR o B L ARHF R RIR A R AR
PR T

M3 B 48 & (Association Rules) & —#E A B] & ey 544 % (Han &Kamber

2006) S F L BB R b7 e R A E R - SRR 0 S — (B AR AR M A 64 o

(attribute-value pair) .4 — 1888 (item) ° AR E P FRB LB A £4 (frequent

itemset ) dEAxER 15 (confidence) ¥ % 4% (support) - F&siEaho2AHEA o LA o
Ty koL AN B B AR 0 do R B M & R M e B - L AR R PR AR AL o K
R AR EA Lo K E 0 A BIE - 3 HHA R A 700945 Bl — 48 &
& B 2 B R ﬂ%ﬁf’ﬁaﬁﬁ%'ﬁﬁ% A5 RERRPTE B ERIEIE R AR
Al RE RGBT B RARA AIRT R ey 4 € TR X 0 BN - B LA A K
RO SR EREE ﬁﬁm%$wm

#arp 42 495% (Neural Network, NN) R A7 Q2 Rspse d 2R A T A AER
R KRG AP 2 P AE RR S EER T AR L —aa AR E T (unit) 0 €N
zﬁmxﬁﬁﬁkﬁmﬁﬁﬁﬁﬁxﬂﬁﬁé(u&wmgmm> R AR Fatpeg
GBS AR IR AT IE MR AR 0y - AR AN SR ARSE M AR H MRk EER T FET LA
MAEBISLIAF BRERNIAMR G ER S ERALEA —F & AW EEBHARAET
Fey BB ERG PR H AR MR TMER » B Lo g A SRR
FATEIL G4 o TR A A B I 4 SE AT T 0 BF ] o FAAY 48 4 B - FAAE R LR A AR
TriEAR R WAL R AT R R R AE AR 09 B P @%%ﬁﬁ#ﬁﬁﬁﬁ% TR
JAIm ARG RETI AN AR R o RAFRAT R A ey A A R RE R - 223K F B
VATRIES > gk FaAE A e s 0 B RABRARA -

% # @& # (Support Vector Machine, SVM ) & —#&# ey n-#a77 % » A 7;‘/\9,%/\1;_
HeRZEM PN ZEMRIERMESHEH > L EAE RO REEERIFRE N ETHE
JER o ERMBIEAMRIBHATH G EIFR MR —ESRR (HERBEY) &
TH O BEFR—ARERIRER A R AELMEL T & (Hyper plane) -

A HARESELH#Y TR ER 0K/ ESa%FE (rough set) 1
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WS 5 #aE (fuzzy set) WAE o sLAEA R A & Kt ol o AW A AL 3G 1E H JARE A R 3 4
FEOY A KA T RGBT (Li & Wang 2004 ; Mohanty&Bhasker 2005) ° %
AEAZ L LT G 5 FARE A 0 SR A 0 {2 R B B AL3E e T M RAS A G HE I o dedk A ALH
RN NG EREE i 0V T R RSO ISR il S S = RO N A TS
5@y ARR  TRERERGSBALER - WARFRKERNZ s HERTZMEH
o R — AN AT AFESTEENHERER -

% ABEEA% (Genetic Algorithm )  (Carvalho&Freitas 2004 ; Yuan et al. 1999 )

EIN B REPTZ N T ARG R R AN KRG X > FNEE S AT
RAEBEB A MR 2B (crossover) 1R % (mutation) 8977 Xi& k& B B 7] 83 & £ T 4K
(FegTATM) - BREH A Aoy kR RIFFTRA PR GBE (fitness) 1F &R
REOE R o RIRE R o AR A M SR TRAFEAES > Ik T —
B e 45 A B 46 BT BT AR R AR AR 09 7 W13 0 2R IE [ A S AE Bk E A0 4RI 0 A EBUR B
Ik (local optimal ) M fF 3| 23k k2 A (global optimum ) 894 - R T i B 404K
ReyFik > L H % B3 F 0 Ko A s ey i Aans i - 8 S X eyt T
REBHHZREARRRLFNEESE > BERBIFR 0BG S T RLRRE -
ABERPITLIAZTH AR s e B E LB M4 T EAR T AR LA AR P - Rbi@ &5
KB R F kBRI o B A E AR AT 64 3R T L SR AE M

R BT

AN A E R A ATAY LRF Lehsh ae R TAR] o IR B AR A B S et 48 B AR TR R g R
R BER - EMTARSERRMENE K MACERIN KRB RO TAL KM RA L
&1 e 09 7 3 k& (Black 2004 ; Sheikh 2002 ; Taylor 2004 ) - 82Kk ¥k oy B % ¥
BT AR E I H g 93545 > AR @ EMURR - 2R HFR Y TR A4S R
FEWIAN E R T 0 W KAETAR 6 AT ARG AR R R o e B R T i W AT — F L A
ATAR T —FEBSEALOHES G T - FARSGYFHFRML - B RML A
B~ BRMAT RIS ES F 5 o IEAEA O TAR] » — J & =T vAME B 3L 3K ip 4 A5 R
BRRA A — T T AE e bl E YRR AT o HAREEMm T 0 EAEGTAR] TR AT
Rk e ey — KA E -

TAR 69 77 ik B L AN R L AR A ST AR PR BB R E EX A
Bl PRI - TR A A B R e B LA & R A
7] JRBP AL BRI L LG RGER - BF LG TAR] T ik Bp 2R L EF H A 7] 64
THt e T BN H MRS R o ER6YFEH AT % (Black 2004 ; Sheikh 2002 ;
Taylor 2004) * /4= F :

(—) BI—EREIFEFRL (Seasonal naiive) :

ARFFANIT—FRIMZ A ETH MR E T - SEFETREARANLA %
AR R > dok S R KBEE > A FTERLEE > RSO ERNAHEA M

=i
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ik Rt HE AR RS E IR

(Z) A% FREAF157E (Same Period Averaging )

i‘?‘?%%%ﬁﬁ@ﬁ%ﬂ%ﬁﬁﬁiéﬁﬁﬁﬂﬁi%ﬁ%‘if"iﬂ folde 2 A = 45 € R S
BH A=A E AR T A= F A AR A= FMFY - s @FETRE
JA A ?ﬁﬁ'ﬁ#“‘ﬂﬂﬁéﬁzﬁﬁm I ARFET A B A ATETHBAIRE 0 X2 HE
FHEMKRBRE A AFHEZ RGIT » dsb R ARG E w4 E TR
SHA B Lt o iR R A R e

(=) #EF19;% (Moving Average )

Rikae B iE (p) » w=MHHFY (p=3) wHPHEHTH (p=4) K&
WA EFH (p=5) ¥ WT24HEA ~ B ARF - FAREEFHETRMN T AFLRET
¥ AR ABEFp=1,2,3,".,6 FBRERE  EAIEHETER -

(PU) #E8FEE% (Exponential Smoothing )

RiEFRRETFRFEEEFAL (order) ° A E-FHkAAR > FBEFFHXERZBE QY
AT RSB - M FRAAANZA GO RZAA T B AKF > dAFTE
REME RS OERNANAKA MBI ERTERREERR
(F) BEISEFB% (Exponential Smoothing with Trend )

T iEE AR FEGE  RAETGRE - BABREFREAR YR EFREER
B oy B B AL By R Rk SRR B -

Ry EAEBEHRIUTTARIN » 45 E B H L35 eh A ILH & & 0) RIEHTE A )
BEHATA MRS EEA IR TR RRA  RAERMETATREARE T
REETHRRAZRAGBERER  ETRIHRFHBE Pl F - L858 - 4
T ES  mAEAEH R TR RS ERE ST o I eh 2 M ey Bl
R AR RARRMOBGE DB S A HEA T WRE  bia B 5 %X
Bk 7T %2 (Geurts& Whitlark 1999 ; Lapide 1998) * /7 ot 44 & FAR BUER X F - AF HA R
A E AR O R AT A E AR T AR A R 2 B 0 BUFIR S e R A Y
MABEHE e AR TERERES QR AR R RAR — 2R 55 A
A en ey s BRI 2 B Ay RIS 6 BUE o BT A 0 S R 0y ARMH 0 Hh
FIET R RO ER S A IAZNTE > ERRAGGHTER T > MAFEE &5 H0R
A EEBRPITHE T LKAMSELFS FE’«% ZJR o Bk KEFE PR HFR 4
s E R K eyta e AR E AR AR RFF R T $%m%mkﬂﬁﬁ A
%%%&Eﬁé%@ﬁ&éﬁﬁ%ﬁ%m%§%%$%ﬁ%%§ﬁﬂ VA A
TAR S HTER -

KR » BEFSEHERN ALY THIRI G AT FH o &ARGHR - LR
LA P RN R F 287 89 DNA & 3, (Hanczar et al. 2003 ; Lee & Lee 2003 ; Yuan et al.
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w%>\mwm%¢%ﬁmaa% »#8 (Wakaki et al. 2004 ) ~ A M%2 PRI AAZ 64

4474 (Li2005) @ RAEE>H FagEART4 (Lo 2002) ° 12:% KR4 6 #F 5 A7
ﬁié’] ié@@:zﬂﬂ%ﬁi% fAG RS LM T ROBR] 0 RIFEBITHE > BRA LR
A B BALTAR E o VTFR - A ZHCardosoF AW &2 SH IR A0y 45 & TAR ML K45 Bheh
MR 3% (Cardoso &Gomide 2007 ) » f2d A E4HE —F R K - MAFF R E
A RFREABHABEF S EEEARGMAES E > MIFAE - %oy REEAT
A5EFTEA] o B A E B BAT MR R T R ATR L EAZ - F A TR R K A4
Byt A AF B A TR AR AR o

h- BREEBHERMR

FRELABRBEINRZINTERZNAL  REZROT PHBERGFRKAE
B R R4 E ey B A2 (Croxton et al. 2002) ° A ¥ ey B AARER £ 4HY
Wiy o TTAAFATHRIATEY - A RS T KA EIKPATH E0FPT A £ LRI m ik ay 15
F o A AN RS AL e A 2 B 09 TR M (Flexibility ) A FEAK R 7 AR JUPT & ok 09 4 3%
M (Variability ) e

WO FEREERMNRAM D ERAREFATRE Ry - EmIRMEF 04T
B ok ERFREM T TRYMARRE —LFETARBKE R SRR RKESER
B ARMERE A M o BT RS RN A ER By B - - R
BT A AR AR A © 32 3 8 SE R M 45 8 A B 9 30 RN ERIRIL B 0 IR - e W g
He ik 4y = JE JE%E@tL,@6é34T§ﬁ77 (Lambert 2006) -

A4 B ik G BeAETIRILT Vlﬁﬁé-g?ﬁr?ﬁ%iéﬁ“ﬁfi% LRE R LK
FTHOBYRAAZAXREARBRY TN MRABEENTR - CREREEVELE
BRI GAME - BEORRRE TN HO B R RELSTRGEE - A A
B L BIAE RN (Zinn& Liu 2001) © g b7 %o 0 4569 F K% 22 HAAF A
By KR o AERE ey TR XA EARR 0 F Bk S 0 T 0 TR R A A ~ RS
HAEAAME BEARWKETEEAREEERANRG TS TFRIRESEINRMIE
S EBFNERE AT RFERRREZZARES KNI YA > MELAB S
W BERAEA A

ChoprafZMeindl (2003 ) 4§tk » TR F K2 7 A 4L JE 4k b Rk LA 8] ok SRey Rt
Sheikh (2002) #% #6494 & & R# %] (Manufacturing Resource Planning, MRP I1) 4244+
45 0 % K& (Demand Management ) & FfA A BB L)AL EE o A £ 4 & P42

(Master Production Scheduling, MPS) ~ ##t% K #1%] (Material Requirements Planning,
MRP) @ RAFRKBEEMIAZ G R  HIEREA RFOFREL L AR E T
Al RBEA SHMTREBUAIGFTF R B O TR E R BN T A AR -

%ﬁ’E@ﬁ%m%¢’m%%J&ﬁ\&L%E%mﬁﬁﬁﬁii%@%%%ﬁ

REAGCHGTARPTE IR ERE RE TR BN > ARMBEATH E s K
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Ao AR RARFTETFE A RMIFAFHEH B> ILE (MAPE) RBEE &
SRR MHNEE T TAR RO ERR  REMAR LRI AR ETRERZ
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P3.
P1. Data P2. .
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— BEEF
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¥ sk R R ] BT AR FIATHIRG 7 ER D ET5 8 - 5T AR EEA -
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> Weekl —>P1-3. Smooth— Seasonal » Remove SI
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Sal ii. Monthly ‘
ales
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P1-6. Pis
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s e . > —> Evaluation
i. Simple linear effect back (MAPE)
ii. Quadratic
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=1 REOBEREEEH (10ERAE D R3EF)

i 1 2 3 4 5 6 7 8 9 10
Item No. A B C D E F G H I
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