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ABSTRACT

GRADUATE INSTITUTE OF BUSINESS ADMINISTRATION COLLEGE OF
MANAGEMENT

NATIONAL TAIWAN UNIVERSITY

NAME : Tzu-Chien Wang June, 2024

ADVISER : Dr. Ruey-Shan Guo, Ph.D. ; Dr.Chialin Chen , Ph.D.

Quantitative Research on Integrating Machine Learning and Heuristic Techniques to

Construct a Customer Insight Analysis Framework

This study focuses on customer journey management, three-stage planning for
optimizing the customer purchase cycle, the exploration of the "customer-channel-
product” theory and variables, the construction of precision marketing models,
customer lifetime value assessment, multi-channel value optimization, precision R&D
models, product (industrial) utility evaluation, and product specification
recommendations. It proposes a customer insights analysis system that integrates
machine learning and heuristic optimization techniques. Based on real-world enterprise
scenarios and data, this system is validated through empirical research in the e-
commerce domains of the financial industry and manufacturing industries with end-
consumer products. This research emphasizes practical applications rather than
methodological breakthroughs by applying theoretical perspectives from previous
literature on customer journey and new product development processes. It proposes an
integrated analytical framework, verifies two research cases, and addresses gaps in the
literature concerning dynamic data handling and enterprise resource optimization

analysis methods.
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The validation results of the first study show that by integrating and analyzing
various e-commerce customer data from the Taiwanese financial insurance industry,
incorporating dynamic analysis of the three-stage customer purchase cycle into existing
customer value estimation models, and analyzing customer interactions and click
behavior data across various online channels, customer lifetime value can indeed be
optimized while reducing overall conversion costs for enterprises. Additionally, it
provides deeper insights into customer groups, purchase behavior, and the impact of
channel touchpoints on e-commerce conversion. The research framework encompasses
various techniques such as cluster analysis, machine learning, deep learning, integer
programming, and binary differential evolution, targeting variables including clicks,
immediate purchases, conversion revenue, and customer lifetime value. The dataset
includes approximately 1.4 million traffic visits, 1.1 million users, and 56,000 business

transaction interactions, clicks, and conversion data.

The validation results of the second study demonstrate that by integrating Latent
Dirichlet Allocation (LDA) topic analysis from natural language processing technology
with gradient boosting decision tree techniques, Amazon consumer ratings can be
accurately predicted. By collaborating with manufacturing companies, a data-driven
product-service system is proposed. This system, through the introduction of the
Quality Function Deployment (QFD) process, automatically generates customer needs
and function importance rankings, customer needs and product function
correspondence topic feature matrices, and optimized product specification
recommendations. This enables enterprises to promptly identify key R&D
specifications and quickly initiate new product development planning, thereby
supporting customer-driven manufacturing (C2M) business models. The research data

includes 3,492,632 product review observation records from 76 product categories

\
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spanning from January 2021 to August 2022, along with sales data from Amazon
operators. The study integrates structured and semi-structured data and employs LDA
and LightGBM models for analysis. To ensure model accuracy, six evaluation metrics
were established, and a proof of concept (POC) was conducted in manufacturing

applications.

By providing multi-channel customer value optimization solutions and optimized
product specification recommendation solutions, the study addresses common
operational management issues in the digital marketing departments of financial
holding companies (such as customer value prediction, member management,
marketing channel auto-configuration, and channel resource management guidelines)
and common product development issues in manufacturing R&D departments (such as
customer needs analysis, product function module design, new product specification
recommendations, and product R&D management guidelines). This has substantial
benefits for enterprises in the systematic management of customer purchase cycles,
optimized customer journey management, and product innovation and agile
development. The integration of machine learning prediction and heuristic optimization
techniques enhances dynamic data analysis and strengthens enterprise resource
allocation capabilities. Simultaneously, the analytical framework for customer insights
systems provides numerical data, unstructured analysis, and automated analytical
capabilities for enterprise systems. This offers a reference for the practical application
of management science methods in the field of e-commerce research, and the data

analysis framework is applicable to e-commerce departments in various industries.

Keywords: Data-Driven Business Models, Customer purchase journey, Machine

learning, Optimization analysis, Natural language processing
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#2538 o Edelman (2015)1f 45 21k £ 2 A2 &3 7 ¥7{ & ~ & S ohds jiiE 42 0 £ ¥ 2
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A A ek gr P o BRI MR R U i 4 fe AR DR IR B AR Y
Az i o Grewal ¥ Roggeveen » # ) £ ¥ = ff £ %< 42¢ 1L (customer journey
management * § f CIM) 4]0 & 2> ﬁ'—'gl‘*’% o F ok EIRA Y REE
BB S 42 B8 % (Grewal and Roggeveen ,2020) » Tt » 4ofe if *7 & i3
CREEreAR - BoE AR BB L 42k s (decision support systems) »
HF s EERFYRIEZ - o

21 BEERAEY AR IR E

T+ PRSI RS
B E TS A ITHAIRE 0 TR ML R R A
VTREREE o AR R LB %;g IR
Lemon and Verhoef | # 3 > 7 & &2 2E €/ > 4 g7 JLFF AP R B R 2
(2016) A AT o BEE IR Y BEE AR R %z’zﬂé’ﬁ)"@ PR R B
FoFRAPZEIF ARV RILETAEM 2L AT
Pt
THEH FIEH T A P 3P L'péﬁ %l,ﬁ,mré *
Anderl, Becker, Von | B.j% > TiE > Fip = B iR L% EH e S ARy E
Wangenheim, and | & & {7E i i BARYIF > T & “’fé’r,ﬁx&”i&ﬁﬁ 23
Schumann (2016). | B & & $& 30 B cn R 55 ;ﬁ'/ Pl b Pl gy ot 0 X
PREERERGE 2R
Heuchert (2019) ]F'gﬁt f’jéﬁ?f'ﬁﬁ%%‘li‘i% e ” R Ry B
B R F - A R
Berendes, T'F'ﬁ BEBIFAEL A AMRAE P EEZR RTERES
Bartelheimer, Bfyrg s ~ @ F’ = 73-\ CE Rt g WA Rl B2
Betzing, and B BTGB AR I R AR R R R
Beverungen (2018) | £7,& 3 o
FrHEL T ALAREEEFEAR L ARERER R 2
Koch, Lindenbeck, | #x% » 4 45 45,694 1 Rg £ A2 4L > * 12 fg?ﬂ :fir ”i?
and Olbrich (2023) | i eiF FLEFEILR AR F = A - MR ER 2 F L § 2%
T AN LR R S R o
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MR EEE RSB ] oreni H B PR TR A e U R R AR RO

¥ 8 RBEEREY ¥z RREBSS

AR AR R RATAT L BARE A A e R R AT REE
FeOTIE OREE AR B 2 P 49 TR W (pre-purchase) T REF ¥
(purchase) ¥ TPEF {4 | (post-purchase) = 1 FF Uil 17 4 47 i AR e {B 1 IT

FLOCHE TR F SR CRBREFG I ERT A )T
EH SR PR AR SR R A (B PRAR) ~ o PRAME B RAI B
R A AR S ) A2 B R (R P )i B AR R
A&~ PRAR o
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o T RGN (BY Lk SL)R AR o

- AR P A REREF 21T
S P EREARE L LR P E RO BLE AT L - T B

BRI e kAR &K 7 5 (Peteratal. ,2005) @ PR 0 o i | F
FHREAR AT A TR b4 D BA 4~ o A F 3 (word-of-mouth)
P22 FEFREDE ST LMY (Peterson and Merino,2003 ) - iT #
AT IR A T FA 0 R e BRSSO TR
(Pre-purchase search)— i% %7 7 g2k » Barwitz and Maas (2018) 25 ij' ¥ —‘ﬁ 43
R PR P EZER LB ERE AR TG o AN ENRE S
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POREE A E S B R A R0t S B R o W T g
Al 470 % T IR A 1T S i A dp D TR A Y R B sieha Tt g
R %% (Fader, Hardie, and Lee, 2005; Larson, Bradlow, and Fader, 2005; Hiibner,

Hense, and Dethlefs, 2022; Jiang, Liu, Shang, Yildirim, and Zhang, 2018 ) -

WTEREHRE N S BB B EE S22 T PRUBS S BT
Anderl, Becker, Von Wangenheim, and Schumann (2016) % & % ¢ 5 ¥ % o3

R ENLEE e B R AR TR RS R EIRESE BER D

B iyt Z2 - BTSSR ARBREFEL OB B X
BRSREE AR B FF A F I SR DA T RA B (R T
Anderl, Schumann, and Kunz (2016) #72%| 38 & >3 FL g £ 5247505

S8 LT AL RBF RS AT BRI F AR SN E L AR
FEREREEEERE ORI R I ARG MR F LR T AR
hfef o Neslin (2022) Pl 7 -2 BRAEHTHE IR AT EEGF 5K

WoEHR LA IR FRFAFER D ML BAEERE D 2 U R K5

CCREEMRPFZAEE N B AT

WL FHMBERIFA ORI RS AREY AR P A ERERE
FEEATAIM A R AL AFERERETR S T R R A
i) % Fader % A (2005) # - JRE B LA 9 RFM (57— % & B

B S b £%F) W4 o 221 % & 552 Pareto/NBD #-4] » * »t 53t

BD #4] > 3 #xf#;+-7 Pareto/NBD #-3 £02 3+ 5 cf® 47 o 3%
BRI R ] 2 b TR RIERI A R | Sl TR AL R
A EBRAELOERESS o PERASH LT LR E 228 RFM
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WAl FRT AR B LR E o S RRM 222 ¥ § & (CLV) 2
RCE Sl i S YRR B R - AT LI RERE
e HCA g R R TR AR E R EA AR AT B
FRG ORI FEREROYE TS PTERRAIEER LAY v BRARGS
MIFAR e TR -REPRGTRREE JURT PR e e 5 P&

PR R Aot ] A R ER Y LR B E Sk o

Mg AR AR R RN ¥ R EE Y SN B2 S
PR R GpI G Ty L TRRI R e WP R R hl G 2 S E S
EETERL oA H ARG PR FAT S AR BT A LW
WESY PRGN & B S RGN RS RGF S BRIk oy

BTSN S B T A SR A BTl Y LA MU PR AT T G R
CEE R S Ak AR AU B AT R AR G B AR 4
WTRAHTH AR B Y LIRREY S22 T AR A WEGGE AN

Chen, Guitart, del Rio, and Peridnez (2018) & M-F FFEAEZ h EA 47 > P B

<l

EHEH TR AL IFPRFE ST R SR EA A - 2 e
T AR R AR A - R R PR e T AEN R L
EHNGRRDZERREIPEELRES T RFEY Y SR LR
PG RASREE B Py > @ 7 BN S8 h T B AR AR E Boip ch i B 2
e SR B E B TR PIS ] 0 Be (8 B H0A Py 0 87 18 siehPareto/NBD & 48k
BN B B e Y RABR LR B T IFREY
FRAEE W B 8 R |y B P2 B o

Bauer and Jannach (2021) #& d1 iR & 5 a4 BE ¥ B2 BE £ W B IR RO
PR BRI NI EFEER TR FHEES R A
WTIFR2PNEFRI R FLALNOFHRBEE Fr L3 HBERS

F B P TR T B B R o 2 B0 dp 4o 5 R #2 # ## (Gradient Boosting
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Machine) &— H & B A Z % L EIEREmit > L R VFREY D2 AMEE
VEARREAE o U2 E FEFE SRR R LR R

ZCREEMY P ARG RES 4 40T

HRP DR EME v A SR ELRYIRIEET D G ;I;Je:;ﬁﬂ*—i;', R

ARANHERSILREELADA SR ER L R TG RGPk R INPS(Net

Promoter Score)i2 » & ¥iT & Bl FF* 247 4 5 F R RBEF) D> 20 1 & 5
B it 333 ~SERVQUAL2 ~QFD:# (quality function development > f§ fQFD)~TRIZ
( Theory of Inventive Problem Solving » f§ #LTRIZ )iz % « ¢ 5 % 5 A 453 2
R A EERET B EART v&&éé}fmﬁéﬁ,}*n—\ﬁmv TR TR AR
WA o PR EAFTF IR N BN GE T A SR PRAR R 0 Blde D R ﬁ
(Chang, Jeng, and Hamid ,2013) - & ¥ 77 38 i3l § %4 QDF;2 » H jifg 84
Lw AR A SRR E R P RBAST R A SRRSO B BT A

R ARG SR EREET R RRTH A DA R

Conrelations Technical Response Planing Matrix
) Strong Positive
Techuical ® 0 (C) Current Prodnct
Correlations O Positive
) C titor £
Technical Response A Mot § (%) Competitor
Customer (Substitute Quality egative F B (Y) Competitor ¥
Heeds and NAVAY Y Charactenistics) A . a |3 & 3
Benefits © Strong Negative i ,ﬁ i g E Aﬁf
A Planning b= R A
@ Matrix B) *
- Customer Needs 1{23]4]s5
Ve 0 [0|C]A X |95
Taste o o o A O b4 (I
b Deliversd Hot AlO c|v|x
L] Satisfaction Performance
Ve e~ Tactaieal A g o |1 very wmatisiea
Responses Target S g’ . g
Relationships Priorities é é q|4 1[5 [[2 vnatishea
AN = e
@ o e Tlald 3, Relatively satisfied
ompetitive g ..?] L 5
_ (B Techwical B & - T |4 satisfied
Technical Targets Benchmarks g q R
5. Very satisfled

W2 &F it B W FEH (Copyright 2012 Jaiswal, E. S.)
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Jaiswal (2012):& * QFD2 & = & & & & (House of Quality > f§ #£HoQ) » #*
FARMASHIASSTER NI HE AL K53 B E G RE - H L
Bk 2 G EABCEME G R Wt A ARG F AN A 5 A R AR
BIMAEFT o AeBl- AL FHEFREDY CBET AL RETAEEG

£

FIB A E T4 ANAMELE REFRABEE C

\4

A F R R

N3

AR S E - D ASRER RREAGASH AR D L TN
AR CIeE B2 BMGRAEZEE NSRBI 7 CINApMMEL
175808 F a3 C AP PRBLE - ATREFRSFETYMHE
SR S PReRTA SR E AT B Ko T H ARG £ FE Y FHTRIZ  QFD
FAPRBU L LA TRZETASEF SO TR E PP AR LT A %S
kR o i da ) JOT PR & M2 % (Wang, Lee, and Trappey ,2017) - "$
TRE G EFI kS ks 3O Rk R S EA AR(AIRBIAR) K E A AR
B2 B F o 13955 1 QFDA AR 1R R B S AT P R 2 R E R
Kuo, and Cheng (2022)F| 4 * " I; B SAE L3N 3 5 AR Z B EE YV 0

GBS EEFBRA T IFRASIE APROTEL Y - A (BR /AR ) &

o

BLACE S 20 E R G B EATAEE S B TERBE R SRR 7 S
Pk B P REL T FAREE - H AR BEN T B
FREBE AR ER o SR AT R DB A IV B ATHC S BT A
B EFE LB OERR

Wang and Chen (2012)% & @i ¥ /& K @2 feft » 24 - B=F KA S

~2

ik
EP RGP ERBEN ¢ FASHE R LR LR LA B 2 E R
Foo BB NICRBWE B REERELR

BEAYT e B D FRE 1
PR ER S EEREEEERAR BRI R A LR PR SR A S
RARERP o R R S FRRLAPES > AR RF UL T RZ L

"}; m'ﬁ-‘/“:—r A 1_3:_ B i 1L 1\}?5#’ °
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BAYRE E R B

FFALRE P ST R T ASS RIS

LR DAL E R R PR %

B RRGIRA £R L A LA SN L T IRIEE A R AR hE A

TEMNIEIE MR | R 2 B aE 34 (Wigand,1997) 0 1T 5

TR LTI P ALY AR M R
%

SRIFIHMEFL PN B

REE AR SR |
1. RFM#$-3) Birant (2011).
2. PR FRFE AT Sun, Adamopoulos, Ghose, and Luo (2022)
3. MR A LT De Haan, Wiesel, and Pauwels (2016)
4. PR R dpiEs 41 De Haan, Wiesel, and Pauwels (2016)
b, i i AT Huang, Shen, Chiang, and Lin (2007)
6. REZ n% A 47 He, Shi, Wan, and Zhao (2014)
T. FHBELAE Bui, Jeng, and Lin (2015)

ZCASBEE K
#4 ASBEFEREK

A SR AR i
1. A5 Dodds, W. B., Monroe, K. B., and Grewal, D. (1991)
2. A &&W0 Richardson, P. S. and Dick, A. S. (1994)
3. A Fd Rao, A. R. and Monroe, K. B. (1988)
4. A &&F Lee, M. and Lou, J. (1996)
5. A & i F Purohit, D. and Srivastava, J. (2001)
6. &K 2 Boulding, W. and Kirmani, A. (1993)
1. A& Katz, M. L. and Shapiro, C. (1986)
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B BT/ SZ b R
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m

B/REE /A SEHIEE o dE* o ¥ % B K A &R IF % S(Product-
Service System , f§ #-PSS) &k B L F 3 > ¥ ¢ i=* = § (& - Machchhar, Toller, Bertoni,

Bertoni (2022) 3% 5 #cdpspds cnd FPRAF L AL R L EPR I EIHGF AR

£ e TS BT G TR T i e R 3 A R S
MEGHEr CFRILPEREF e I t‘!la%‘f—"ﬁ”#ﬁ;}ﬁlu'ﬁ" RaEdE
WRAFE /A SRR R NI § LI S M2 e — R

EEAR M G BUARAREE IR P BT E TR (HL e )
IR EFERE PELEESR LS &Y (Valentini, Montaguti, Neslin ,2011) ©

FIE 0 A PRI E S R R R BT A AR 2

CPRFx o FiE - W4 » BEEE A LM I > W IRIFETT = & (Service
Encounter Triad) 7% 1§ » %8 > j2 P ¢4 (Means-End Chain) 12—’ % -1 &2 B &
485 (Attribute-Consequence-Value » ff fLAVC) » & RA4FAE L ~ LR 2 & SHEo o
Rlec 3 AR 2 B B % -4 & B2 B 42 & % 2 (Gutman, 1982) -
B A TR (Attribute) | 7 A F LB E R & B ’fé‘r"'ﬁ FRLE R
B B A EA T A Eanived AT T AT 2 SRS T A S B
coEE BRSO R FTFE A F R BRI EAIR S AN
BELEEARBCE N Y B0 2% (Consequence) | B Hig » 3E il
BB d ROy R BT REROEL S ff‘ui’a‘ﬁﬁ%fé ElEh SP L

Colicev, Kumar, and O'Connor (2019)3% 5 FEE oAz ¥ & 7 B BIEE o KELwr8
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g e 4B B 4o I3 BIFE TR foit o 112 Bofs P B R BIFF B R
Biridt & B p A B aig e £ - BB Y FRMEY 755
Colicev, Kumar, and O'Connor (2019) " 35 #1 A & 2 = b % (user generated content ,
HHUGC)E &£ ¥4 = p 7 (firm generated content , i§ EFGC) ¥t 7 Fr pLE [ £ E
S F Pz ARRTRAGEET YR E A £ 300 URT
LHFENF2 R AEP P AL EHASARBOL AL I PP RER

#i g R e 2T E (Value) | B S & 56 & S-H 5 w4 dm

w3 /*cha: PR EAAS R B A L KR B B E o ¥4 E (terminal
value) i % B BB o g B MR AR T HASRET B Loz
FRL Lot AL gRF 2 EE S RERBMHRE s B4 &> 1

£ § E(instrumental value) | £_5 7 5| P 4R BT 5 03 0 e 45 L A S H 4
FoASRRER B FE ORIASF R Ee AR L S o 12
Fe TR shigl 3 XA R FIRIME L A TR > iR

EREE B B Y RSN E2 &2 2 B AR IeR3

r

P = [ /&&
BIEER Zrrsappms | EWHE

W3 AB/MEE/AE 52 & BHE
(+F % FR)
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SRR AP 1R G oy
BETHRY ERS TP AR OB EE Y R & TR i
PR BRI PASLIE T R 7 R 7R T PR
= 5N o
- HE S RREHR RS 2 Rz
BEE S ARWHE2Z AT T F ¢ 3 AR R SR E T2 AE L T
PR 1 PR TR Y P B R P A R i o Bl4e ¢ Abbasimehr and

Shabani (2021)#-4f % #73 ehiFficr (7 3 TR EF A TEHEEHFFEFTE 2

SAR AR EA 0 ¢ BB EARAEE Y B ESKAEE - Eing
REE S~ mAREENEH > NEFLEHF OB L 75 2 TEER o T
IR I &t RPN g e s HR R 4 R 4 - Tabianan, Velu, and

Ravi (2022)R)i% 622 = fE & (7 2 2 A SR B n@E H ik > B LY R T

FLE R e A 53R W) G

o
L
hlred
(&

BooEA kP EB JIES B2 KBS F A

et E o RAH G vk vk o Wijaya (2022) P Ein ke SRR L B A 2 [

e R R WAL B A SR FIELs B R R R B
Beon"EFRp L s hMmant © & L% > Tarnowska and Ras (2021)#-p X%
RAVTAEEHA SR PRIEIRTG 2 F & > T EH- B e T L AR

2 R BIGER Y SRR LR o 7 LSRR P EF Y P b e
MR APy AP MR L EFRF PR AR L e
ZOREE AR RS HOARR
Cha, Kim, and Lee (2009):& * & ¢ B& 4 4745 I flpchf £ M At 8> $AEE T
BT S s 20 AA S AP RIFEEF A4 RSB - Arthur,
Harris, and Annan (2012) & * i = & & 47 5B~ 588 £ in 4 chh 42 %] % ° Suguna,

AT A 15

Nli

Devi, and Mathew (2019)] 5% & 4 & & A 729 {8 B E P 3|
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TEFERRFHETE B EORBFE /TN > M2 RS E T DL
2 ARE S A TA(E B TA) v F TR TR) gL S

BRh BT o s JpEiThe SRR T REAM T
PLE A THERS Y o JU e PR bR R S AR R
Hi ARt o bldr  KE T2 A3 a g w @ st L 32 - FAk{7
BAFE RPN T R IT K TR A EE g m s R A
FIF @ o 8 WERMELIT AL EFRP oM R -

- ~KaIEmep 5—\4&’:&1-?;;1,z

“73) P8 ¥ 4 47 (Cluster Analysis) - AT EFA T A TR F ~ it
o v A RERY REEFTHEEEF D AR T - FPFTHEERE ]2
FPRFEETHREE PP ART PR R AT R - Foa B
AATET AR RPN AR TAL R R d g TR E R 0 B 2 AT
Blen™ N R Flpt @i U Peeh? RAFT RS ESE K BEA
VAR ARREAR DRI A B (DIER S BEFIER S BORIE
¥ RE - n@sﬁ:d\ S ma (RO FE) TFY - BE Aignar s
BRgrEh2 [WEEAR - SEALEGTIOBLET S P - 4 BERLEGR DEREE ~ 7 AR o (2)47
it dp A B E AR iR eR] R 0 T ARIT AR A > v P2 B ehdp 0 TRdiciR R
Al (& —1) A gt MRS > v P2 B adp i REARRITN R o T
FHRGIPF > H SR TR A G S - 80 A AR TR A GF S 7 [P g e

HEFEFNER  RBAANGE FEFEZERT R E R EH

PER A EREFALAR L ARPFEZTRET A RO FESE S F
523 FE R 5% B ¥ 4 4972 (Hierarchical clustering) 2 24k & 3% & 3 2 472 (40 K-

means >~ SOM)%E o 1T o w42 K 2T p e éﬁ\quk},j—g;i;lz o
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Kl T 3272 (K-Means) » * # & Forgy’s Algorithm » &_ J.B.MacQueen *1967
EOR NS FEREF cHARPHER AR FARDTHLRS H N2
R TR EE ok FAL B G F B ¢ (Cluster Centers) @ X {8 £ 1R iE
BELS v FFFREREY M- BRL P RadaiE > L3I0
SRR TSR o EREHME TR S F AP PR
HA - LRI TR, X X P A e KB A R
FEZ R AT e Y o AR (R Y BV EERE ) > 2 EdRT
A TR LTRSS AL AP E AHEL T0E 0 AR

Xi,i=1,2, -, n E'JCJ- AEo jE] 2, Kot E S N e

x-z,] <. -2, W

g K E - SRR L g R 2 20 e(1,2, 1 ) L ek
#Bp2 T35 pe(1, 2, K) 2 p# | FAp ¥R AT AR -
K= AT R WEY AR ERHA2L A HER DIETHTF

*
PR E s EE L P E AL FENTIBE Zl,Zz, WLy B e

-:ﬁ—Zx (2)

|XeC]

s
T
N

She

TARL T 2 =], 2, kom0 B AHY LT g

e 22 =7 5 i=1,2, K> Tikit 0 BRSFEAS B o

FORMETRY > § 7 EERES R PR REO RS
Pl * s w] TR A 32 K-Mode i& {7 4 3 o K-Mode # * j§ P! JE3EL » T 345 5 %)

REEFHIB A5 1o 0o A B2 IR & 5 .

m
d(x;,¢) = Z ¢ (xX1x, X2x) , Where
k=1
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{1, lf xlj == ij

¢(X1j,xzj) - 0, ifxlj thzj

%‘ﬁﬁ%ﬁﬂw%ﬁﬁﬁﬁﬁf’f4—@ DES SRS ACEE %1

(3)

bl RS 2 0 p eSggpt (SOM) & p s cstpt (SOFM) 4- f8
RAATANEY KA DGRE AT R KR (¥ Lo ) gt
2 A SR BB M MmN AR TREY TS AR FHE AR
B2 BT o A FEHER S TR O B AR DR 9 0 - i T
SRR WD F BRI 0 AR R A e
PA A TAR R F R R B ARRIRR Y AT RAE o
DR A g AR - e s MR s SRR AIE G R RS
RN R & Dl P

Aotk 17§ 4 peiz (Latent Dirichlet allocation » f#§ #2LDA ) & - & 4

“?é\

7%}»
A BEROFE 2 N A AREREY 4 AR MFET Y e s T P

R % (Latentvariable) s RLBHE 1 B4R % 5 875 i M ghiRA L 550

=

M TS LB R OE B o A R Al R

La

—J};Ff,—a,

=

L
BT TGe

ez
S

B v E # gk (Gibbssampling) & 4R fF Floe e v 0 8T B0 B

A E A B AL G AREH G - BRI T

F_*

AEERATMAT R M EFR BN hE - BN - B LA 24
AAEPE B NP RERE B AR T B oo Honded ¢ (1) K2 2 fH¢ hikg
Y E - B (2) KEAAAMOaEI R A 8- BFE, (3) F
W EAT 0 BRI ART P PRPRY B B AT AR K A
AATHE Zi R YR PR AR (Zi K5
) 00 Aok D ¢ E Bk BLAGE L et (55 AR o g qIn g
AR LLEAG) *Wij 27240 "% n Bg (i%@ﬁ?:fﬁ;“/}fﬁ:)

A ALK P E B R ARSES (5 F AR B PRI T AT YL A%
A i) o LDAR R4 Bl ATor o
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Dirichlet
Mutinominal
Dirichlet Mutinominal
@ k Wi j
j=1,...N
Topics
Texts
k=1,..K
i=1...M
W4 LDA S ¥
(#F % F2)

BR T AR RN o & B AAA GIEE Oic ANB S Zij # k5 Wi

L i T AT B

N
P(6i, Wij, Zij, Pk|a, B) = P(9|a)1_[ P(Zij|0) P(Wij|Zij, B) )
n=1
B (FLDAL TR > B2 B P E B AR ENERA G

P(6i,Wij, Zij|a, B)

P(6i,Zij|Wij,a,B) = POWijlaB) (5)

o N(i)~Poisson(A):E # — 2 38~ % 0(i) ~Dirichlet($)

o E# - B 42Zij =Multinomial(0(i))

o EH- B Wij =Multinomial(¢ .,zij)
% %4 b 27de %72 EMF & 2 (Expectation maximization algorithm)f& ¥ LDA
WAl A LA R EEA G FE FE AR AR
BE7T A58+ R (MCMC) RRA| > i @340 @

P(x1, y)P(y2|x1) = P(x1,y2) P(y1lx1) (6)
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Bt BT L3 2T S R R LDARA sk A oo 50
pWla, ) b s T EHE G A GRS MR- BEARE > EA
BissA H o

B FKOEERV AN T T ARRE LR L RS 5 B A
FBIAF A RRELFRBLRIT G AfRZ IS EL S o 47 e
BARM 0 5t R B AJEAGH by LB F MR Y L AL LM
Mo e adide s e BA4TRIE* St i 1 BB oy 0 S BB ATE A 21
S LRy TR

¥I 8% TERIFIEZEAD 3
- R E BTN AL Sk R

EERAE CH - HAMR R T R A2 RER

\ 4
=
™%
11-@.
R
—\\

7
MEFARAGERY (75« AFLHEEBET Y mR e
A2 BT PREE EIER - P R EIER KB

FoHURR AR S A il TR AR R HAE R L6 S

HERFREY O 2 W ILTFH {5047 BEL AT ] H R
T A2 TERA KDY (T2 A RFEFL AT EERT AR 2 - o bl
Zhang(2014)% & K 1% 7 Ja7RA SRR RARRIBEFSIF R £ g F 5 o
BEERY PR - IRFERLDBRTRERET - IBER L S Ap M R
&?ﬁmﬁ@?ﬁw@%mﬁﬁeé—@ﬁaw%ﬁ@ﬁéﬁ@ﬁ@ﬁwﬁ%»
FlpkRehpRSHEY BFEFR - FPRHESTS S 2 RS A1 ETFA\%%(Loglstlc
regression) vt fi 0 gk B B RA SR EHCR| R E 88.9% 0 3 R Ar
§F # A7 hif Fa & (87.48%) » @ Robinand Hugues (2016) 335 14 g 4 b8~ B
B 7 TERI R AL > Ut A0 R IR TR A SRR R R RARE o By PEH
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@ % 1 Movielens fr Netflix chlichhf > 7 b 03 chfh b iR~ % 0 177 F B

PR RER R 5‘3:5;;5_’9 = u'urgm%: R BB TR P kg o i@ FRRY

kg BLF V- TR o A Zhang (2018)3% M MR AR B Y R pLE R 200 2 BT
AERRASHERZFRGEARI G F R WA SR
54

LB R LA RPN R S PIRAR U RER RS

3

BRI REFZORE T R FTI AR TGS TR PR AR 3R 2
A FPEFERRBAEIMR & R EFF R RER a7 M k-

Kao, Chiu, Wang, and Ko, (2021) 2 & E¥F L 7S FRE Y # SRl
ARNTFFRF 2 F LIRS R R R Y T TR R
PR g AR P pk bt (SOM) $brE A 2 2 HH05 2% > Ry E SR
dESREAE Lk - B REL SR B e (LSTM) Higpl »
HRFER AT RERET BN SRBEIFE RGP ELY T 2 IER
Brpgo B2 g BEIFR N RALSFOE N R 2 TRER S
FHRBAL Y SR ByET SR PR IR A AR Ay
7 dg 2100 B £ SOM-LSTM 775 71| e J2 053¢ 4% %] &4 % (Kao, Chiu, Wang, and Ko,
2021; Niu, 2021 ) FJpt > Z R E ¥ 7 B ¥ e @ 3p SRt & f2 40 5
R AE o %g d B & & ¥ 4 47 (Clustering)fr & ‘&8 ;=& (Long Short-Term Memory):H
Bl BPH A FE LR RS R A TRRATE S o

“ﬁ% TR R R R s F3F S ?gﬁﬂz B AR A G e g P
B TR R E TR EHUIE b o B TR E K S5 2 B Blde D Covington,
Adams, and Sargin (2016) ¥ Zhang, Zheng, and Min (2018) & * ¥ f 4! i g5
W5 KB AE kAR TR s AR ROTIE S R B JL i R i
FEFA TR DO T RSy BRPEAT S YL F RS T S R
RUEFEF AT FIPRE R OB ASGEYLIERFR AgZ@m R A7)

RLicl

TR B BE ek st BT HEIRE LR fRLa
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SERESCEEY & E AN F R T R IR S S
BB A u SRR S TR S B £ BB 32 R (LSTM) 2 % 4 5 % % (CNN)
B L HRS B P o 1T A 2 B P (T 4 5 o
- ~ EmipeBhe it

PRREARIIR . FE & B pwiERe Tl FR R R
PRow R A R AT T (e B B F 57 e R T 4

B oM

-~

5

Bopow R AR K E KA E R y=

RlE

e

F(Yt—1»3’t—2»3’t—3» -"rutrut—l'ut—z,ut—3) +e& o H ¢ oy & gk
V-1, Ve-2:Ve-3) » RyEL TH - ud g BTy g % A7) - ZH 7T 5 g B 5
R 7|tk 4 B R F]em i’ﬁ,ﬁfﬁd 5 4 it (Recurrent Neuron Network > f§ - = RNN)
PR ¥ BUm s B TR M SRR 0 A RNN 515 5 NREAR T4 B R
BFERFIE RIFLAEIIFERT A7 TR chl P &5 M e & ®F B (LSTM)
- BB PR LB 5 By D) 5% (RNN) - LSTM & e ¥
“(memorycell)ut £ B 7|¢ e el HFM > I HAP AR AR
HA®GFAE LSTM & > 7 ¢ # L P B F A BEF4 Gppaddl e P
( Hochreiter and Schmidhuber, 1997 ) -

ER G FBERDOERT 0 AL TR LSTM A SR RanGif Ry i *
—fg,&%%?ﬁ"j LSTM p &k 2 7 5} BRI S B L c'r‘éﬁm\ﬁiﬁ/\ﬁﬁw > i
[l iﬁﬁjpﬁﬁiméﬁﬁlf&_ » H i@ d Sigmoid S BT 0 ) 1 2 B e i K 4
MenBica i P e BlP C,Cooq et P BaPRtt— 1 asRE ~ o hy, hy_1 %
TR — IR ERGR G RAR BRI~ /I - KX S
P R LR ey~ FEAL o HHCRIDTRF AR o BRIk Y F B D R R R
Bo#3 - XHRTH ARG - NPFR o R eF BIFEE TR %‘E&‘Eﬁ v E B T

fe okt ehp o
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input gate forget gate output gate (A)‘

Cp., —>(O H—(+ i - C,
i ? : i i Wy
:sigmoid 3 pr— x ) E: é
5 £ ol .o
' l{slgmmd] [ tanh ]:: * !
Oy =+ jé 1 »{sigmoid ;
‘* [T T PR R S M S S AR S e e et~
Xy

W5 LSTM % #-W
(b5 fE50)

B FUAR % Hep 30 & 1548 Forget gate fojpofps Solic- TR £ el i % - K ¢
kpAmp g mlicdp ¢ 6O (time_steps) & (7T acfodd B = &g
BE o2& @ A SR LR S IFS AT 24T DL Bcdy ok { R RE A
RIBEE (7 5 B AR TR T B HET 40T
D =it * ¥ f L Fady=F it * K BT T,
dn, =11% = ~ Wi it £ S @ 7 FHBEE FEE R, pr B E R

D ={dy, dy......, dp} D ERVPP  d = {d, ,dy ......, dp,}, dy € ROP

—

t=1 t=2 t=3 t=m t=m+1
E=BE Ce e e Pl

dn1 = {plﬁ P1se-e pp}’ p1 = 011
HEIRF

U; =piams

i=1 N e T
i=2B][@IE] - [E] [

[C]Enes
o R R R oo T e
\z n[C][B][B] L__--y T s

|

W6 # 7 R TR T LW
(2P L FR)

29

doi:10.6342/NTU202401289



SR SRR

EHAGRLEDY - A R GIERE FS S Al REEY 20 4
A& U R TR IR R TROT R B2 AT M A
ProBipe FEMHE ~F B e 2R X WwRIOS R o H 4TI S
Hfp s 3 5 BRE L5 RUBEEH R Aenh IR R
B d MR GBE o P ERT AR BB 2B T B e 51 T
B LR o ApOT B AR T et > S AT T R G B T o R A 4T i
FRABERE GEPET F o B 2 kAR E BEHE gl B AR - #
HBP 23 FRREANEE R BRI - EaohA A L oh NG E

SR ST R VR A L RCAE R e 2 B R e

Convlution-2 Sl

Output
—

-
K]
=
I
v
.
S
2
3
-

Feature Width

B 7 CNN %W
(Copyright 2021 Han, Lim, Long, Burgstaller, and Poonet)

m AR+ P arEdpsE 0 Ko, Hsu, Cheng, Jheng, and Luo (2019) € & ¥ ¢ 1=
S AR R P A DA EE A RS L BT EREE
EAFREE (75 TR BT E84% c B o 47 EARK T  CNNPL o BT NS @k
200 7 (local kernel)i i AL H e o § i BUFE 7 5 chM AR AR 5 B 3 cen

wLom 5 ﬁ;’;‘#ﬁﬁﬁvz‘d ERRZ LB RIFLEFIE FD @;F‘Je:‘ G A

=

PELEFEF KRS 2 2472 2% D > bl4e @ Habbat, Anoun, and
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Hassouni (2022)% & % % % ## ~ GRU (Gated Recurrent Unit):& (7 g & i 4 471

W e ez PR RAAETRE T REBPFEE Y HUEEFRS EmA

Jain, Saravanan, and Pamula (2021)R] 5 & LSTM#2 CNN$L & HAE % 45 5 4 7 1iC
A JRZAFTHREFHIAFREART AL 5T 2w A FmAE - Hx

Brwd s Fl BlREFAFA v ARRGABBE VRSN o 5 Eeh
DRGNP R R CNNE & JBEFA SR ER 8 2 (40 1 LSTM, GRU)
A ATERC A LR ORI R LN S R iR E ey
iy F-o BEFOLEFAREITERRS I FTHSAATHRE S
Py A Rk UFRET NS EE 0 T AL BIEE S C EREAE

FREERM 27 BAGHROTIR AT AT AT RREHEIER G E > E K

c+
‘F_*

FoRfrREcan > TR EL AT RES S0 B R P RTF BB L&Y
FoORESE > BEEE T P ARFEES N RIRRING T RRRE
RER TR A BEFRAEVER X ES IR LEN I RURE 2 RMY 7

D2 TR 0 R RIEF SR A B e TR -

Softmax
— ACy
D | LSTM

] 0 : I

D E LSTM | AC,

input convl pooll conv2 conv2 Dropout LSTM  Flatten Fully
Connected

W8 CNN & 458 S W
(*F g FER)

FUAEY FUABRATRIE 2N ERVREFPIRE E B 2
By cRETA S ~RAHE AT EHRY CRFMA 2]~ Bl is - A%~ 3
EERCFTCERFRET RN 5E 0 SO £ 8 rA TR 5 192
BB S chiE s 0 R AlE - BRI S ) BTk (A + 2)ehijcE Bl iR £
(6 MSE R B~ TI% - BB Y B o S Bl (7R 7 A AR RS
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W TR A R AR A RO SR E T R E T E R
DRSS SRIIPY At A N A o s gF =y i A ;ﬁfd IR & R D o =
2 LSTMA (2 GRU A )if R AL & 2 R dg B 1% o B 1538 * b J BB (TR 7 53
R4 R 2B E RS LSRG Bodp A Sl 90 B T 0
SRTER T o3 e NP S ‘?T?Aﬂ%]é%”“’rfr °
FUAETAFHEREEFEH 2 A2 AN Pich I Pade g X
RAE LR B ER P PO R BB RINE A B ERA SRR
RIS Ry BP2h A SR NGRS D e At ko SR it
LR d AETRDE SR L d P2 WO BAER AN A SR AR Y
REDFFRSAT R 2 FNRGFAH DA SR T GHEL S P

PR IR L DR AR AC B9 T o

Pretrafning with Local Kemel-based Welght Matrix Fine-Tunling with Global Kemel-based Matrix

Global Kernel-based
Rating Matrix Construction

EEEEEE

[ : ; ¥ ¥ ¥ ¥
e ‘ | a (R Y R AR
3 I I n I I

n 1 MK+ MK: + MKs + MK 4 MKs n n

Locol Kernel-based
Weight Motr Colculation
TN

i J
Y
| ) : w' -:k:l * Gx ] -:E:.

W9 CNNi & #5553 R 427 & W
(Copyright 2021 Han, Lim, Long, Burgstaller, and Poon)

Ra o FALSAE R 2HPMPET R OEE FTIRE R B AT

Hs R DRSSP RRE D AF LRI E AR R R B
PR TR PRI PR T AT S

= FEHN RIS S

SR TR A - A RS Y 2 2 (ensemble learning method ) o &

6o
MAEY S 22 BMARS B INFAHXEY FE 2 e 5 BAHRA
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BN P S &S LHIE RS S S FEAS EE SR L § 8 E A S 2
ARG EE L B2 RSN F Y A E B AANA R

Ay e r R 2 AAFAR R SR T BAAFICERERNT 2
Pl FIEEMNE Y 2 #ooe § L e &+ 2 XGBoost( eXtreme Gradient
Boosting ) = V& o REE PR A TR A Ap S ST aehA 2 A4
Breiman ** 1996 # #7i& ) ch4% ¥ /2 (bagging, bootstrap aggregating)i& (7 F L &
A AR 23 Pl SN SFRPEN N BIRERA > F
FHR e R B P S E B3 9 B AT R B ST BT 2w
PIRFAE S o £ TR G EAFRE P o G R A T 0 T S
FUTRIBCS B B TR e B A T MRS LI GT 13 an AT RE
I i TR S K P FF(Out-Of-Bag data, OOB data) » # #* k3% iz g f&i&ﬁr‘f
BHOE T 2 $HE~ F1F R T E & PR o EE P~ Tl Gdp S etk
B

= N M fﬁ:ﬁ;;])\ F3+ ¢ Ed m ﬂ}iﬁ;‘f\])\ T+ Ak "f"l'j\mﬁ%])x"‘]a-?p_ﬁ"‘{ﬁh

o r F3 o d R KLU m E(m EF T M ) 93 i

AN e ? EAFEP - 50 HEVPOTF R MIF LKA b &

VR R B AR o A L e R A R TR T T F R
SO A RATICA > ¥ G ook B A S B nf licdh o 0t hd OV B 2 6
FEBB B - LA AR T 7R M By @ B0 &
HERB A RS o

f . SEREREAS 2B\ - ®

rEEREY
v ‘ - \
G forcast

Train
Data

W10 FRNATEBZ 22T LF
(+F % L)
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AL RO E BT RIR B 20§ BT 0T K T T
Pttt F BBHDTRIL T 5 frree (%) » "B H A PR ATTRIZ T 5
frorest (%) = (Zi=1firee ())/T (6)
B AR A AT 0 R BRI AR L 5 0 S AR R B - B
BAEPBIATEREE wt g & & F BRI A F BADH TR ST R
A

B HCA A1 4 Improvement(t, feature) k F R A &1L o p Rl R 2

LIRS A BB AE B B IR ¥ 0 A B e e 5 1

e B BRSERS BT 2 R B AT
feeneratized Random Forest (X) = (Xi=1 We X frree())/T (7)
feree(X)= Lspitits on feature Improvement(t, feature) (8)
¥R #& = AR A (GBDT) #3] (1 £ Bl4c® 10) P2 - k#2125
BF Y PEE AL AN VIR 2 oA A AR R B
BRI T 4p b2 - GBDT ¥ e ORHECAI R A 2t R 8 - GBDT £ * i 54 &
-8y £ EFERY F RenkpiE 4 ,T""«r\""l"ﬁ 97 £ (residuals) » F_&
EF OB P HATER B e E e B {8 A e T L BB IRIRE o

RRBHREL 2 B O REfF A AR L
HEFE

/=
g

W11 FF8 s A K AHe 22 5057 W
(*E g FER)

l

34

doi:10.6342/NTU202401289



7 E_LightGBM P #dofic ~ 454 S B BV 3B en i 8 o

P& Sfic: LightGBM P thdnfics & 7 44 Sz v Bt 38 > ¥ 004 o7

<

Objective(f) = > LOufG) + Y 0 ©)
i =1} {k = 1}{K}
By & Fith B A HE IR f(x) ™ & BE2HE 1B A DR
A fi S A BERE SR Y ey kth i o Sl wdE 4 Sl Q &7 2 BIIVIE o

A Sl A Sl B Bt B I g S0 w F R AT F B E

P
Mean Squared Error (MSE): L(y, ) = (y — y)° (10)
Mean Absolute Error (MAE): L(y, y) = |y — J| (11)
*Rliv 3 . LightGBM £ 4% & f& 8 Bl i 2 ;2 > b4e L1 & R i+ (Lasso) &2 L2
it (Ridge)o & B| i 78 Q enE $8A5 N Bt imiE & et Pl it 3 2 ’T/’]“‘t 3

PARSidic? 10 ok SRR E o

BEEFHA NP ESY R ORATRE 4T P B BB
P E T G PRB R MM T et R B Y a2 BOHNAR 00 B )T
BAIE MRS A2 BB E LY 2 AR AT Y AT B
ARE R o T F 4 E RS TR M AR S B AR T
RIS % 0 B8 E BT T R R R AT HT R T R B8 4
Rk 2 TEHETFFRAREUAEHEE T Lo & f P RE R RARE S £
FEHE R S S P Ax L ffu%& T € AT RARE & dF T AR A 2
3 PR HEA] AT S el BT PR R Y B R IR S0 BT Rk R R
TR o

P& BT RS2 fEi

-~ B ik LFB%\],E:—-» N ﬁ‘

Rk xfﬂjgkﬂ"@p"’t"?%{?;j\l e FIR AR & A L h -
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L * R 2 MR THEA RS AAE F TR EE AR B
FAVRIL  h REARE SRR A S s sy FEES R TRAE R F

ERAITE AR F RS RSB LR ERA M AE LY S B

tode t BRI ER T S A S R FEE 0§ 2 R EIERIE A K

YA SRR TR A7 RS TR T 0 S S SR
KRR LMEZRH I RASHASERAR G IRSVEMTR LG ER
R N RN X AT TR E S R IR T
BpE SRR TR S R G AN EHT S AL L 2

—

ASEH ARV E ASAH MEOYENARGEEL EEFT RO -

FERME D 25T BREF R R E a7 Fi Y el 28R 2%

Chen and Homem-de-Mello (2010) #& o) & #c#ic 8 L3 W3] 2 385 £ 45 8 2

T

Yo & ¢ 721 42 (Revenue Management Problem) » 3% #c3] <P ch 5 fo < L4y o

¥

greE o HPp RN A B g Bl S R A fr i BAE L R B % TP RS
LA S T R AT S R PR 8 R R
;‘#?#Eﬁ%,{ﬂ;ﬁ‘ié? T B 0-1 BEcT R }_j,ﬂfr./,,\ﬁm«a I R p

RO e 3 se 4% 1€ o Saglam, Salman, Sayin, and Tilrkay (2006) ] 3% /8 & %

BORHICA R T FAREET 2 A FER AL e R N R it e
0-1 fhcfz » % i 5N B B EAEE A ¥ R AFRORLL] S KT 302

{ 7 7= - Wiibben, and Wangenheim (2008) = 7 #% = & K fc & ¥ 3] % *
Mo 3F* Fog SN UF B 2 24 17 Pareto/NBD - 22 BG/NBDH- it (7 Mg #9588 £ 4 ¥ o
TRIFPIAEEF AA R 4 Do SR AT AR R 2 BN
#4873 - Jasin, and Kumar (2012) B & 4 € 3] Fogf 5% B i3 14 KRR A8 7 0] ok
AT YR A R R O E PR A MR e g 2

i
Bl i R i R R
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GAMS ( General Algebraic Modeling System ) 4rLINGOE_% #& ¥ L eh#c g
Blacd  HpEn ARG IFEE Y T KR R ) S E i
PRAE o Hoe o cnfifis 2 e AR E] (Simplex Method ) ~ p 2Ei2 (lnterior
Point Method) ~ A 42 hi2frd|T o 2% c e il p B EH SF gl 2
f AR L R cHR AL 0 TR i m e KRB R % o

bt B Bk A R iR A B4 B 4T (Integer Programming, IP) B 0 5 18 1)
NP-hard i 38 « & F F i * ¢ o ol 5 55 08 3pF o R R R R AL
¥ B ¥ A 4c (Papadimitriou, 1981 ) - ~ gz 5% & & ;= (Metaheuristic Algorithms )

FRAFREET 0 A EREE AP IT G bl AR 2B

= »
o

N
<l
F_L

W faanddg o B H S5 Vo iR B B BI FI & R RS L RIA 4
2N EAR 0 IR RVE N T 2 kB BfE (Kirkpatrick, Gelatt, Vecchi,
1983) ; ¥EER B 2 PIBC ISR F R EAT 0 WG LR O R SR D BT
(Dorigo, Maniezzo, Colorni, 1996 ) - i&ut g ;8 8 2 FIH §ia 2 @ i o

PRRE B0 B N & 5 AT T i gk

FOHEG 5B RN RUCHR A AU E BBl AR 0 g R AT
BoApE R AEE b it b o poE R E 2 R 0 i B ol 4 (v k Rk

PCAEEPRT AL o At $HEEE (7 5 B 2] AJE R 3E - Dixon, and Thompson (2016)4% 1 48
O 3

-\-’\

Sy
o
W
oy
=

—=\

v
.L)a-

wEERfRAT L BRI BB R G CARES
P B NBERFAHELNSG 2 T2 BRABAFEMRER o AL H
E#& F ¢ > Marmol, Goyal, Copado-Mendez, Panadero, and Juan (2021) i * 7
WA R A ER R ER AEH TR VT R R L ERE .
AboElHamd, Shamma, and Saleh (2020) 7| /i % i A~ }}?c S R L
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(DFF R Sk T

RETRIERT b B4 S B TR RI 2 B R B2 g AR Sk e

B (DE A g A g(DH g8 & AR RY b xR AHRQ)EF Y 52 (DH#
Kl IR S ey EAE i NN SRCE HE R G St S i - o
2502 200 2 FF ¢ 5 iE IR AR A - KAEEME Y Y o & BE g
B RARE PPN SHE  E ¥R T 101 50 2 FEREFF Y FRIX
2 0.001 2 0.01 2 F P @iz Tifr; # S RER 521 5K2F - HE
B pRao0r 1502/ AP aEfEbhdnrELss ok 16-

% 16 TERIHN B id 2l

\\\?{r

wif

Padding

Pool size

{same, 2}

LSTM

Activation
Dropout rate
Timesteps
Hidden nodes
Learning rate
Number of iteration

{ relu,0.3,20,100,0.001,100}

XGBoost

Maximum number of leaves per tree
leaves per tree
Minimum number of samples per leaf node
Learning rate
Total number of trees constructed

{20,10,0.1,100}

ER R

Number of decision tree
Number of decision tree
Maximum depth of tree
Minimum number of sample per leaf node
Maximum number of leaf tree

{8,32,1}

LightGBM

Maximum number of leaf tree
Maximum number of sample leaf node
Learning rate
Total number of trees constructed

{20,10,0.2,100}

(2)?F' Bl

BEEIR T
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LightGBM #-3] e "R FHE A v T % 2 RER - 2 ROC & AUC 7 4 5
Bl FPTRFARLE At 5 T0%PRF > LightGBM 2. ROC &2 AUC 4 %] % 0.72 v
0.72 > % 80%% 90%=n3" R F T » # ROC & AUC 4 %|:i£ 5] 0.73 = 0.73 » 14
2 07640 0.76 » B> H & H74] > F 2T RFHF At 5 90%FF - LightGBM &
F1-score - Recall-score 4 %] % 0.69 = 0.72 > B *tH & #°4] o § 70%" R F 4L 5
) » LIghtGBM eh# (7 pFF 5 28.01 45 » @ H & H°3) ehdd 7 pFF B o 31.88 4 71
36.74 52 B o LightGBM #7423 PIAE 2 BER 6 15 & cofh il Ak o pb - 2 &
R R AR R IR REE R R ELR AR a4 o

217 FERIH H3 T

PR E L B L ROC AUC Fl-score | Recall-score | Execution
B A% time
70 LST™M 0.68 0.68 0.66 0.68 32.6
CNN 0.7 0.7 0.65 0.68 36.74
CNN-LSTM 0.69 0.69 0.66 0.67 31.88
XGBOOST 0.71 0.71 0.64 0.67 36.23
LightGBM 0.72 0.72 0.64 0.68 28.01
80 LSTM 0.69 0.69 0.67 0.69 32.6
CNN 0.71 0.71 0.66 0.69 36.74
CNN-LSTM 0.7 0.7 0.67 0.68 31.88
XGBOOST 0.72 0.72 0.65 0.68 36.23
LightGBM 0.73 0.73 0.65 0.69 28.01
90 LSTM 0.71 0.71 0.68 0.71 32.6
CNN 0.72 0.72 0.67 0.7 36.74
CNN-LSTM 0.73 0.73 0.69 0.71 31.88
XGBOOST 0.74 0.74 0.68 0.71 36.23
LightGBM 0.76 0.76 0.69 0.72 28.01

(VA E P HRpH Y B 5

Fligig 2P e art o FHEF A PSR RS L Et
BRGAee AL R ERT e ENA c AFTREMED
gﬁ%ﬁ@ﬁ’”ﬁwgﬁﬁﬁ’¥ﬁ%%%%%*iﬁﬁ’ﬁﬁﬁﬁT’iﬁ
fei 9432074 % TR E g% F R E LT N5 6%
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BE 2104 (3296 x 5% x 6%) 5 KA M-THEEFFR A L R 0B X
SR ATRE FH O F AR T A R S0% S RE o MR BT
FIISE (10X 150%)  F 4 ¥ BAEE 2 &> R TH- EEED T LR
AXNLF e E o PIBEE F T E P 5454 % (15 + 10000 x 5% x 6%) > # 5
BHEE AR B B BE A EEF D 2 T 2 9 520%
RELHF G F RT3 2 G E9510(45x02); = PHEHET L LD
BLAE TR F RS 2 BT N510% PIAEEE g TR A2
Hef E L 550 (45 x 110%) 3 FIRZ30M & B P 5 FgEd = (v 0 FI 7 R

* G IE R Ao i300% 0 RIBEE F R ERMEE E S 2 @R 29 5 180 (45x400%) -

218 P i G e (2R R WG R 6D

Wi | ppeE | EFAIR | AW | HEME | M&EFhs | 32T | B8
FRE R L | FdR | RPAR i< o 3B g
REEL 665.07 359.046 590.44 600.4425 450.47 490.22 484.55
REE2 430.94 311.74 392.16 537.40 339.32 477.74 257.28
REZ3 530.07 355.83 392.01 344.66 360.99 289.88 322.70
REZ 181.62 170.26 220.07 203.38 264.50 191.52 208.6
8076

Sed SHRBEL BES N2 G
(DB i i 504 S8k 2
MG R e R AL AR B A TR gl e AT T 5
FRE R FREE R A e P R SRR S
R ERE CBERT R RTELIHA
42 PR E H E s R A L 2 P B Ee o B M S

B2 R gEd TR 2

e

FHE DI G PEFEEFE (D) F B EERTL Gl g
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AC =AC, (#TF & AC, (8L#F =
c L CRT R, AG (RE T
HE ), AC; (3 %MHE)
PRI EE R 2 P R
s, 0.30 @Fi %1 JEEF R F 98 5
l%‘ =N
bR L ISR R TPRER 2 P
CL; | 0-200 @f€ﬁﬁ s e
ﬁjﬁl% B
LS R LT M2 P
Ri; 180-1000 Y Ff“§“§ PR RIER SR
wiE
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(D) EtE A A 7%

AP EEEBCRENE AT S REE R 1100 FAEEE - B
i E e TAA AR 4 % GAMS 2 LINGO 238 & B A BN R 7 b i 1t
Fefg o AT R R AT 0 BAPR ET 0 0 & LINGO & GAMS #5548 2 #3258 %
LINGO Ffadidtom 18 % fog 5N w 8% - 4 L A 7 E 0 2 S e % &7 o

B REEEAGERER S G

N

AT RIRIT B EfE o FIRAcd 200

220 B E A AR

it CLV Execution time (sec.)
3l
LINGO 35559 55
GAMS 34822 25
R S UE AR A ARE 32036 55

4ok 21 A T RFIEEGF I EEAD R B IR A 1 R SRR Y E 5
PEE W2 R85 5 17418 B it £i2014% 3 7 26,778 » & 1 A4 H
fe 54% 0 R ATEIRT 139% 0 2 0 RApREHET o W RMR ik FiE
LR CHSRFABRTRRE € B A RGN o F - B RS BT
B 2 R EEEY BT Rl R BT FERARIIBERAE AP

MEL R FAY 2 A 50 RS R PR EE S g

WL Rl & VIP LR (Zs) &) FTRE (Zig) Mxer) il iR gy §
VAipE B EEMY A ANEFYET SR  BFMY R T RFC
2B R 5 P R ﬁﬁ*':&*ﬂ=(xiT&ﬂu+

LI X7 CLijjXi; + X XY SiXij) Rl € i % % # VIP B L #(Z;s)& | 7% ¥ (Zi3)
B PREACF R ERBREE BT NN RATER N ES
A R L 22 L AR S T SR Y2 T
Bt i -
21 A1 RPEEF AR
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7 4838
B 1 2 3 4 | 5 6 | 7 | Total | Cost| CLV
B
(Zis) 9 | 2| 5] 2|51 1 | 25
(Zi3) 71001126010/ 25
AL
(Zia) 15/0 | 3|6 | 0| 1| 0| 25 |980] 17418
0
(Zi) 1710 |3 |3 |10/ 1] 25
Total | 48 | 2 | 11 |23 | 12| 2 | 2 | 100
(Zis) 510 |1 1 | 40|14 25
Goal 1 (Zi3) 4 L 0| 1|0 1] 3 ]16] 25
WRE LR (Zia) 0 1 1 0 | 9 | 2 | 12| 25 |4110| 26778
MR (Zin) 03 |0]o0|1]|6]15]| 25
Total 9 4 3 1 15 11 | 57 | 100
A 1 1 4 14 2
Goal 2 (Zis) : 0 0 >
T B (Zi3) 6 | 0| 0] 0] 1|3 ]15]| 25
FREE (Zia) 21000 T 0 T2 25 e s
bowy | @) 03 |0]o0|1]|6]15]| 25
2L Total 1313 ] 1 1| 719 |56 100
3 40 1 AIBE | B E S e
BERTERGE 4007 13722 9715
LIS SR R g 5526 13794 12509
PR EEYE 7885 8043 158
N 17418 35559 18141
LR S A 1023 1649 626
B WP R B D A 3858 2629 -1229
FOEME i A 4949 3130 -1819
NS 9830 7408 -2422
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(3)E i v 2 450) &

AT AURE B R e - B 5 PR AR o AT BARY 3 b PR

FHAEE PR R T B IR EE D EQS X Ryt 2 P B R
AR R R AR AT z,ar?ﬁiﬁviﬂ’%‘f%‘ BE AL 2T

W Bp L o B 5 Bf 4 5 (NOLL) S B A B £ i #(NO.2)e

AT o B2 (s WAl G- KR EFIMETHESTRYE  WBAFLHE
(Zi) B RIS P gt A P RA I A FEE RN D REERGE
Bk Ao VOUF R B RV B R A 1A SR 18,1410 H P gL
2R R EL T B ETRF A AR TR SRR
ARABFRETE WY A4 2 RGBS REEME AL R IBFER
AR AEY FHURE RS AR

T8 SHBATREAFENZ AR Kz

(1)~ A2RAIR B8 i 1 Fofz e

EAEY > d N EEERRY AR RERENE €873 AR
Ffzz2- Fl¥g (LINGO Jx 5B 51 @ ”The model generator ran out of memory”) - #
Pl B -5 S R AU g I AP NS SEE L S R T E UE W LR S £

FERE > 77 BAONBRGEECH 3N E R AR AU g BN AR 0 AT RUF K
RHPZ{LEVRAFR - AFT L 3 Lafeg ;N ig iz —- B4+ ¥R
LRIl o AFT Y BHBACE SR B BT S B L Q)RR KR 0 12 8076
CREE S R AR AR TR B lcs ()MF A A TR L 50
(2)3% % p=max{0.05,min{0.15,10/n}} > M FEF7 € Far ki IRfEH E S Jcac M E
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FHEE 2R (3) % ALK TS 5000 Ay S B B kB A AT
WB01% B EIEER B FF o P RSHIEL LA (E) 5 4000000 0 % 23 4
AR RRAH R AT R o dod 23 9h T o FRE NRE R A 4T
Flffz & AR AL 0 @A E A B AR T U A 49,877 F N f34 56,532 B
o & (8076x7 # R ) o

22 BRFRARELSFRS

o -
-3 o " = A Fitness(Y) Fitness(r)
GEEXdE) | BR Cost
AL 1000x7 1 88896 345724 3.89
1B 4000x7 8 426701 1119199 2.62
AARE 8000x7 - - - -
1B 8076x7 - 1598640 1588665 0.9
Z T ER R 8000x7 49278 | 3499570 -197742481306 0.71
SR AR 8000x7 49877 | 3356298 -183834253645 1.26

Fog VB e L e it 2 Al » RS ERL R
AED] 0 (I o B E O T% 0 F AT 4% o = ] £ A4 A eh
ot - AR FERMZE ST 1391 o Z BAIL AR AR AR KRR
FEEAN R ERfEe G T RS A A A B HA A 1 RBI FHAEE Y
B AR R ) A g B foF v 2 50 (Fitness(Y)/Cost) k4T H > 1 1E i
R AT U S Ut E o NG AREER G R ook BE KT 0 - flE A e
R e F v 0998 4 11260 A F Rl E B L 2 Adprt 4 1 G2
A1 0.27H e o PR E AP oE 2 AT 0 G £ £ B BRARR

fREARRC R R o R P e R LR

80

doi:10.6342/NTU202401289



As-|sPEEE YL
- ATRERBREENRHEE

. ATHERRESHREE M ' il gm
5

© ATHESUEEEMRRNE
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- ALEEHPEENRRS LT A
ﬁ o
LR EES R BEUORESE — .  EREEES
BELES
- BECERBREERRE . BELEAEREENRE . BELEREREENRE
4 13,722 {54 13,794 548,043
. REGCHABREENR . BRECHABREERA . BELEREREEWRA
=% 1,649 A% 2,629 &x4A 3,130
SIRMEE+ 9,715 BIREE+ 12,509 WIREE 158
. <
WIREE+ 18,141 #WIRRA - 2,422
W24 * RahidamF bk
(g E2)
28 LRFTAREZR
AR REE P R A BAEE M B Bk 2 AR S RIEE

BERTROFERT o s RPEFHERUFIRA R p g AP E R
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B i B AR Toondd e 2 (74 BArhp E B F 2 B enbf U iR BB 139 R ¥
EHYERAREMZ P RERTEF N2 AG I SHURBEER LG ERGFA

PP TR B B R RRI S oA R R IR E W A T g AR

(I) High conversion value

High Value
Cluster

[]

High Value Cluster & High Value Channel
(I) High conversion value

depends on high-value channels

High Value Cluster & Value Channel X X
(11I) Medium conversion value

Value Cluster & Value Channel (I'V) Target conversion value
depends on value channels
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223 A SHNTA FHEF R4
ASIN B 5 ] Bartl S A

BO9MV3M4GL Cell phones and accessories 11,899 51.62
BO7PZSXL9J Cell phone wall chargers 8017 39.99
BO1IUTIUEA Cell phone wall chargers 5660 39.99

BOOP9330JC Cell phone wall chargers 3765 30.99
B07D64QLQ1 Laptop chargers and adapters 3754 25.99
B097PTBB5V Laptop chargers and adapters 3744 29.99
B07ZCGYP27 Cell phone wall chargers 2928 54.99
BOSKTGIOL3H Chargers and adapters 2444 49.99
B07VSMK®849 Cell phone wall chargers 2150 24.53
BO7DFGXLY4 Cell phone wall chargers 2120 119.99
BO8YJLMQGD Cell phone wall chargers 2047 49.99

(DA &3 FmnAs FRT LA

124 & EER A TRA LS

ASIN A & & | e

Now that most brands are switching to USB-C
(apple included), it’s really ridiculous that brands
USB-C Power adapter | still charge absurd amounts of money for their own-| Don’t buy
B07D64QLQ1 5
/charger Above 60 W | brand charger. This will charge any 65 w device | anything else

regardless of brand for a fraction of the price.

Beautifully made; I plan to buy more.

It works with the dell xps13. What I like is the
compact nature of it—the small form factor is great
for travel. Excellent. However, for travel and a future
USB-C Power adapter Good charger,
B07D64QLQ1 where you’ll be in coffee shops doing work, a longer 4
/charger Above 60 W short cord
cord is needed. It looks to be about a three-foot cord

which barely stretches from a floor outlet to your

device. Wish it came with a 6- or 10-foot cord.

Works great. I bought it as a spare charger. for my
USB-C Power adapter/
B07D64QLQ1 thinkpad, but it also charges my HP and several other| Works great 5
charger Above 60 W
USB-C devices.
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Anker Charged fast Cheap TUYV certification Break your phone
Samsung Charges fast Expensive IEC 62368-1 Robust noise immunity
Nekteck Charging efficiency Pricy USB-IF Overcurrent protection
Apple Charging speed Affordable UL certification Died
Spigen Charging time Cost-effective UE Quit working
Innergie Consistent power Reasonable FCC Spotty
Syncwire Efficiently Costly SGS NA listed Stop charging
Nekmit Enough power Inexpensive DOE Level VI Stopped working
ZMI Fast Awesome price CE Well built
TECKNET Fast charge Cheaper ETL Temperature
Baseus Have a fast charge | Reasonably priced RoHS Worked flawlessly
Great value for
UGREEN High-speed charging PSE Certificate Pitched sound
money
Hyphen-X Lose power Great price PD 3.0 Sketchy
AOHI Max output Good price PDO Terrific
Ixev Powerful Pricey PPS Charge intermittently
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%27 L el

A T GaN O % ? USBi% %
REE R R EX ]
JREl EFM R s 0.63% 0.15% | 0.12% | 1.41% 0.55% 0.52%
B2 LR 1.03% 0.01% | 0.02% | 0.02% 0.69% 0.65%
I AE3 MR R R 0% 0% 0% 0.01% 0.01% 0%
3 A4 RS HEARR 1.11% 0.11% | 0.11% | 0.86% 0.75% 0.06%
IS RFoaE R 1.14% 0.03% | 0.03% | 0.25% 0.59% 0.06%
P2 AR ASREAFENLBESY M
(DRI Sk L AP RBREFF e AFRFEEEGFEELS
228 WA EB HEEER S
3 A $Uc LA SUciE
CNN Padding {same, 2}
Pool size
Activation
Dropout rate
LSTM Tlmesteps { relu,0.3,20,100,0.001,100}
Hidden nodes
Learning rate
Number of iteration
Maximum number of leaves per tree
leaves per tree
XGBoost Minimum number of samples per leaf node {20,10,0.1,100}
Learning rate
Total number of trees constructed
Number of decision tree
Number of decision tree
TS Atk Maximum depth of tree {8,32,1}
Minimum number of sample per leaf node
Maximum number of leaf tree
Maximum number of leaf tree
) Maximum number of sample leaf node
LightGBM ) {20,10,0.2,100}
Learning rate
Total number of trees constructed
Note: * 3 4% % #c % 3,492,632
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()Fp PRI A R SRR T

AR B RAKR TS % 0w BHA] (LSTM ~ CNN ~ CNN-LSTM ~ LDA-
LightGBM ) 2 MAE ~ RMSE ~ RSE ~ RAE & j4-%_fh#icie & 24 ¥ 317 » B 708
ZIgLiApiT o 27 5 LDA-LightGBM ' % *tH 4 = BT - KB B R 2 6 &
% > LDA-LightGBM &7 s i #72 (403 £ ) o BRI B cPfB s R 4R 22 & o

EHRPRFAT AL 5 70%~80%: 90% 0 & BRI F AR IE RS % i
AP0 BT A TG ¢ ROIRAPEHR TR o B e TR 4 2 A AR
AL PBREREN c FERRREVRFEF RS % LDA-
LightGBM 2 #icz »c 5 p e B 2 4 > A H e F 2 A Edp Pl £ 8 ¢
SPEE o T AAT g 3% LDA-LightGBM H5% & (738 -

%29 FERIB AR

Coefficient of
A fn;ﬁu‘; MAE | RMSE | RSE RAE Time*
Determination

LSTM 1.10 1.35 1.00 0.98 1.03% 5765
CNN 1.10 1.34 0.99 0.98 1.25% 1240
CNN-LSTM 1.09 1.34 0.99 0.98 2.34% 3482
LDA-LightGBM 1.08 1.33 0.98 0.98 3.15% 403

Note: *time to train the model (in second)

%30 FFRIBRER % T (RMSE)

| a4E1 A44E 2 4483 4484 448D
2 ARES SR
F_p, i F:Lt/o a3 R ot R PEE wEE | e
LA P ¥t AT R
LSTM 1.36 1.35 1.35 1.35 1.35
70 CNN 1.34 1.34 1.34 1.34 1.34
CNN-LSTM 1.34 1.34 1.34 1.34 1.34
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LDA-
1.34 1.33 1.33 1.33 1.33
LightGBM
LSTM 1.36 135 1.35 1.35 1.35
CNN 1.35 1.34 1.34 1.34 1.34
80 CNN-LSTM |  1.35 1.34 1.34 1.34 1.34
LDA-
1.34 1.33 1.33 1.34 1.33
LightGBM
LSTM 1.36 135 1.35 1.35 1.35
CNN 1.35 1.34 1.34 1.34 1.34
90 CNN-LSTM |  1.35 1.34 1.34 1.34 1.34
LDA-
1.34 1.33 1.33 1.34 1.33
LightGBM
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Max Product utility

CijXij * #77 B E 7 18
= Z.Z_Cu Xij A A E ST
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GaN | 133
GaN GaN Il 66
GaN Il 25
Al Max 20W 485
A2 Max 20W 485
i A3 Max 20W 485
C3 Max 18W 284
A2 Max 12W 283
PD3.0 257
QC4.0 111
LFRAE PowerlQ 3.0 120
PPS 178
SCP 69
4.19 x 3.37 x 1.34 inches 886
3.5x4.5x 1.3 inches 501
i 3.54 x 3.41 x 0.79 inches 488
o 2.09 x 1.6 x 1.17 inches 370
2.56 x 2.56 x 1.3 inches 304
2.95 x 1.42 x 1.26 inches 264
1C 203
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1C1A 57

2C 135

2C1A 250

USB # 3C1A 289
1C3A 488

2C2A 264

4C 25

2.99 ounces 164

4.6 ounces 154

8 13.4 ounces 153
2.88 ounces 148

2.1 ounces 148
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Product rating 4.66 4.53 4.76 4.68 4.49 3.01
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