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! Interestingness analysis system (IAS).
2 Analytic hierarchy process (AHP).
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® Data envelopment analysis (DEA).
* Linear programming (LP).
% Decision-making units (DMUs).
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® Association analysis

! Clustering

& Collaborative filtering
® Recommender systems



VY wosly iy Jalog 5l ool b (golS0aly 5 ol seled (gaiasy gly (suds b,

(Konstan, Walker, Brooks, Brown, & Ekstrand, 2014) i;ssl caw,e (GUY, 2014) el
5 {(Tejeda-Lorente, Bernabé-Moreno, Porcel, & Herrera-Viedma, 2014) & sl sladsbols
29 0 031 b 35 (Gavalas, Konstantopoulos, Mastakas, & Pantziou, 2014) ¢,%ss,5

5 (gisd b 1bl Medgw Hlows Gl g (o )lSSL drolRigyd wile  wluo (gly Llgi o (golS00d ICmino > (oS00l
(Elgendy & Elragal, 2014) cé,5 ,IS & 55 aoye ol 3 olgi o0 |y (ghvasgs

el el bl anld (o ys (5,8 ply jliel (LS o dacSih g dew (slaglojle cuidse (a8 polic I (S
B okl )90 el (230 p05 (gl (sl (59lS030> gy (mdiz 9 WS (o M (SyRbe g yide Cumnl jlitel (230505
; Kambal, Osman, Taha, Mohammed, & Mohammed, 2013; Koh, Hsieh & Hung, 2010) 5,5 .»
(Tan, & Goh, 2006

Lol iy <85 b AuiS o o3litl Jgame cledbl g dagye (sly 2815 ledMbl ()l i cleMbl j1 o ool g,
g JB sk ]y (A g 5 olKidg b (guas) 5 Jparme samoy Y ladind (iluding (Jpame
Du,)SVM jl o, KXaags .(; Maalk, Spruit, & de Waal, 2014Q. Liu, Wan, & Zhou, 2014) s.:ss 90
Lee, Kim, )" jums Jie Ly (LU & Wang, 2010) il 55, see,5, {LEUNG, Zhang, & Lai, 2013
LS o odlatul Joame (gl Lol o i )y (Park, & Kang, 2014

L a9 353 &ly JUBl 3550 (S93359) sobo 4 69l 03l> ¢()loyd 9 Culiy s pe ) Tty Cudlye 53 (oS0l
; M. Chen, Gonzalez, Leung, Zhang, & Li, M. Chen, 2014) cul sa i (gy955 yuolic jI S 4 b

2010; M. Chen, Ma, Jialun, Dung Ong, & Song, 2013; M. Chen, Mau, Wang, & Wang, 2013;
oxenls slaodly ((J. Liu, Wan, He, & Zhang, 2014; J. Liu, Wang, Wan, Xiong, & Zeng, 2013
(S b8 () Bass ey aledbl dlos 5l aslonds dbol Sloy 5 adlige calizee slaylojle o (Sd5
WWig b o dul 0yejey Lygo S Ll slaodigy b g ¢S slacilol dagyls jeo0 SleMbl o gilwgyls cleMb
cales Jdou day oo ‘(Wan et al., 2013) Sl i gilwJde o sl (598 e gl g oo (oS slrodls oyl
(sl o ¢ iligy coidlie (sdoye )3 0, S ealatwl adbj als 4 (Duan, Street, & Xu, 2011) ks
(; Sun & Reddy, 2013Kincade, 1998) sls ,|,5 sslatul 3,90 g5 o |y rdiin g0 Judos g ¢ gduddgs

ol i Gloy sl o bas i yials gly ola igy U ol j18 galS0ald 3)50 e o 1y loyd (slaodigy (slaosls
S g olwlid gl gglSols jl e o (izen (; JUN Liu et al., 2013Bellazzi & Zupan, 2008) 4.5
5y Jos e ysdie 5l ol slosls ossl oy 1 1y o1 5 (Silver et al., 2001) 3,5 oslizwl a5y ol lows
; Koh & Tan, 2011) 5,5 olwli |y Lag )b, M g Jgarope (slagSl lo i L5, S Jlosl Jloyy (slaoygd
(Thornton, Mueller, Schoutsen, & van Hillegersberg, 2013

3y Slos 35t 5 o9os slajls caiS (gly ol o (sg8dDy | pgas Slodd sduoye 1> Lo yrad oyl > (golSedld
sobaie o Sloj sl JobS g (sinadisd (sl «llad (Ll (gl 355 slapiuse b (65 preual (o
2,5 odlatwl avye pl 3 blue s

) pael )8 cladely g el § i b 8 )lie dadisn o5 ddpo wlesd p &)l cutsS S xSl cdgd
s«; Wan, Li, Zou, & Zhou, 2012Helbig, Ramon Gil-Garcia, & Ferro, 2009) s_iso o 540
ol 0 iy (wlow dloie] L»Lee 9 s> slaales U laig s L)l (ili8l gly (bg) olais 4 o puiad
U 595 il (golSools sl 59, L Wilg o (6 ped codlgs leMbl o e piwans .(Chadwick & May, 2003)
Ay g 08 (Ghady (s Oygo |y 0djunmn (g g 03,8 Sl (5)5liS Mg o U T 5l sl o

10 Bass



WA sl / YVoylos / wadjl Jlo © i 15ly oDl 3131 oSl  slus pols 00Kl inio Cu o dloxe YA

(Peng, Zhang, Tang, & Li, 2011) x5 S plio janass g colgs (Soll johaie 4 lacdgd
S gl ol Gl (S Mg SenaliS AT WS i e Alg e Wosly il 1 eolizel b o Simedy
4y otie (g ypd Slod s g (Sl elgs ds 4S5 bl olgs e o wlel opl » ¢ (Sullivan & Mitra, 2014)
(M. Chen, 2013) 545 0 2 5l zoy> sl 05954 oaomas
H. ) sl mlz @ bgje sloosly (lisl 4y 5 oo oy Jelod (KisSe ool 9568 9 9> sl S Gile S
ol g py ¢ bl oy Loyl aeles 53,8 Iy ely olad (o5l slacSuss j1 o, Suimes, (Chen et al., 2004
i goid S w0 S 5] S tags | S5 S f(HUANG, 2013) 1 s eslisl sLab uleite
a8l a SaS g iy S (gl 0B i (6 S0k S5l oslitl 5 p e (slagSIl cadS glp K sla il
P Jud 5l ol bl SleMbl los 504l 51 o5 oo 59800l 5l pizons .(Shyam, 2006) S’ o oslitwl s yiw >
G. Wang, Chen, & Atabakhsh, ) cose (caslo e (o)l yaMS 5 lg0 oluolids (6ly o Lo 38 g g5 gu,b o SLiS
(Hsinchun Chen et al., 2003) 55" sslal ols sloasis gaslisl gldle el slolis 4 (2004
Cao, Cong, & ) >, oslawl GPS sla oby, bl p aiiss pMol gy oo o s9lSodls 5 e J& g Joo i )
; Schroedl, Wagstaff, Rogers, Langley, & Wilson, 2004; Wan, Zhang, Zhao, Jensen, 2010
S sla S5 5 el sla e (o p2)LS GPS (sla o wlasl 5 o, Kimg s 9 (Yang, & Lloret, 2014
.(Zheng, Zhang, Wie, & Ma, 2009) 15 o ool yaw (cauogs § Joo (sauog jobaio 4 |y & jdlune

ol 04 by aoME job 4V Jado 0 (gglSeoly Joluie (lacSiss g (glS00ls 5y,l8°

(950l Jglite (sl SiSs g (olS00ly 31,18 (Y )oslasts Joui

Wil gy Jolod Sloj o Jebos (ol Jlos SAuades Sl 308
v v SigySIl o

v v v Criao

v v/ v/ il cudlye

v v v v e el

L 99 g 330 -¥

o9y o) Gl BDMU bMas! | bacydgnge 5l 2)5 3,Skes s 2lij)) sl Bosly 5 e 5,509, Sy DEA
Charnes, Cooper, & ) i ¢l Rhodes 4 Cooper .Charnes caluwss 4 Farrell calblKiy olo,l5 ool

Sl b o &) ST (gl 4571y 35000 (6399 4 3,000 (x5 Cas iy gl (5 Farrell, 1957Rhodes, 1978
(CCR Jss) 395 sadgl cDEA Jae )5 o))Kan 9 Charnes .usls press sixie sl 2955 9 byeg)9 sl cdls
039 lasagyg o odd 03l (35 (sla 298 i poarSlo Oygo 4 e [y DMU 4 57 o8 60,8 dlgity
Charnes et al., ) sosb o (olue b S 1L LDMU  gaon (¢l cans o] 45T bg i 9] cawd 4 005 o3l
O3l A yoxie L s39y9 ) Gslite Sl3 8l Sy imy el ol liie 4y 033k )50 4 CCR o gy (1978
L DMU Ll 6 o1 obs)l ¢lp |, BCC Js Cooper 4 Charnes Banker .s¢i o b 9,5 5> awlito
S 48 4TS e e Jhe opl wgde 4 (Banker, Charnes, & Cooper, 1984) 15,5 glul 1) ;0 4 o,Lil
sladis j (ol £95 COR (slaJas cnlpl S (oo Joo <l b (o0l o a3l (oo 4 03jls Ll ;> DMU

s BCC
) DMU; (gl w58 2Lajyl 2955 S 9 o909 M Lo jlasl o8 )l ag2g Sl (6, DMU s’ 08
e o i (F=1,...,8) Y s by (>oys pwilie g (1=1...,m) X; s b1y 63959 pdlie o J=1,...,N



4 ool idgy oo 5l oozl b (S0l 5 Lol asled canad) sl g bs)

s
uy.
J:—er?l — ()
Zi:lvixij

O (89959 m 5L5_?'9)5' S d‘ﬁ@ﬁ&;&mdmu)9(|:l,m)vl 5(I’=l...,5) Ur bu;‘)bds

0

lodds
Charnes et al., ) 395 o saxiw ,5; CCR Jao b ,505 cleDMU 4 cos DM U, galabss =
(1978

s
Zr e

max 6, =

————%;231 j=1K ,n, (v)

u,v.z¢, r=1K,s; i=1K,m,

Jie Cooper 5 Charnes Jus jl osliiwl L .ol bagyjg o yao jl (gpuSols (gl widnadd)lpd Koo coles o
((Charnes & Cooper, 1962) 5,5 a5 »j LP & oo o 1y (Y) (oS (s20b

max 6,=> Uy,
s.t. Zr A Z. VX <0 j=1K n,
Z:lVIXIO :1'
u,v.2e, r=1K,s; i=1K,m.
oS3 iiS el ) ) =1 b sl avdls 329 (I=1...,M) V4 (F=1...,5) Uy cute slasjy sl slasgorme 5
$limdgs (e L DEA (LS pé ] 4 ajgo pl pé )3 90 odnel Slinds (I L DEA (T)ls DMU,
[N () LP Jao ccilisce DMU N (¢lys 3905 0 0000l 35 CCR I8 DEA &Vlie )3 ciliisgd oI5 565 o
5 iimd o St |, LIS 0y 500 Sy wiliasied <15 cDMU caon 3950 J> DMU S el 1b 5o b N

25 (sx0g)S o b ey Jlos sl |y el oo
dg—s g0 L;)_.So)’b._il ) aobon u.ﬂ)l_f JA_A [ )_iib L5l_:zaD|\/|U A Couud DM Uj abon U.»l)l_f

(; Azizi, 2011; Y.-M. Wang & Yang, 2007 Amirteimoori, 2007)

Z =1 rer i —
0= Yy, Tt i "

u,v.2¢, r=1K,s; i=1K,m,

l_.{e_i_ida.)e.\ﬁu)b OIS 4 DI\/IU. = ch@‘))‘\f&w}‘ Lyl)a (Y) CCR jspuie JLo b 'T¢9L554§

s.t.

=5 LP Jae 4 ,,Ir,m b & O‘yun I,( ) oS L;,i)«,bﬂ ‘(\RFY) Cooper 9 Charnes .5 jl oatww



WAD b/ YVoylos / paaly Jlo * g asly (oMl ol oliils  Slusl psle 0aS2l5 inio Cu pe dloxa K

2,5 s
min ¢, =>" Uy,
st. D Uy, -2 VX =0 j=1K,n, o
v, =1

u,v.>2e, r=1K,s; i=1K ,m.
A8 el |y @) =16 asl azsly gag (i=1...,M) V. 4 (r=1..,5) Uy cuto slasysy il slacgomme a5 o
aliots 8L DMU, &S 4065 0 «ygo o) pué 53 .ol dilioss 61,56 L DEA (1,56 DMU, & 065 oo
L THLSG e Sy ailigns 656 cDMU caon 355 0 J> DMU K, gl 5k 2 b N 35 (0) LP Jue e
)5 ssieg)S i by Juloo sl |y Wl po3) pgo )3 Bl e g caima g JeSuts
g i gdesaze il olaiel ! lpii 3o ol yiie (golSedls iezsl elg b5 53 i IS 5, Slas (go5ll
(M.-C. Chen, 2007) e85 115 > 2553 clois & |y bl lgion 5 39 silopgmSlo bl blico g5 spw
L b o ol 1y sl 03,5 ool 6,5 sl csloJao 51 (V++Y) Chen wilwdss 1) ol aslgd cas, sl
WS o skl 1) laasly a9y slaosly
LeDMU (ol coglite (s 93 4 jocie o g oo (55503100 iliseo (laoliany 5l oty 5 slindsd sla ol
3y Slae (603l 6 Lo ele] jd bl s 4 LDMU IS (ca0a, b sl 5L5 590 (IS 5 Shas (g0jlu5l 6 11 1345 o0
Dgd e iy pj g b oS S o iy LDMU (guias) sl 1y o IS
q, = /9}2+¢;}2, j=1...,n )
S 3y Shas (golas] 48l gy s DMU, ooy g alinigs o L cwig & @) 5 6, bxl 2 oS
DS o 5 3 1y 2l 95 (S)5 (F) o ord iy
35549y S o s Ay g Alinds 2L 90 p2 4 s |y DMU o 55 Slos o8], (3,505, (2, sl
s 5 ,Slas a5 WS o Lasdio |y Alidied <15 cLDMU 5l glas goomo 1,5 g5 510 ouoli oo 4593 50 L DEA
3y Slas s 4 &S WS o asuiie |y bty 186 laDMU I clacgommo TG adgs 50 487 b 13 iyl 095
2,5 bl ailwdss L LDMU o i s oo Ysoxe |y DMU 5 yias o515 (6 icipns
HyB s 3y9 0 (ool delgd cabasy gl (YeoV) Chen (oliy (39, ol 3 AY-+V) Chen oolin iy,
ozl aslgs llis (gl (VAR+) Kress 3 COOK (galuusg 4y 45 DEA Juo Ky 5l ol (ool oo, cadly 1 355 o
il Sygo 4 Jhe ol S o o3liiil canl oad (B yme ailiyigs (8

k
max Zj:lev

oj
k .

s.t. J_=levij£J, 1=1...,m, W)
Wj—Wj+12d(j,€), j=1..., k-1,
szd(k,g).

)i 5500 55 ok ] Jome slmsl s soiins ol Vy sl p | Joome (59 csonsml s W ol 5 o8

1 Support

12 Confidence

13 Itemset value

14 Cross-selling profit



A looly g Lol 5l eolisl b (golSools 5| Lols asled canas) gly (shuds b,

3 g ml il il g il & ) gl e sdwel 51yl Lais ol aS d(e,8) gl (1=1,...,m, j=1...k
S o o A(0,6) =0 (gala,
Sligds ) 3500 s W DEA & cusdly o) bl 4355 J> (0=1...,M) 0 53b 1 elys b (V) oo
alwg 4y aS , 0 UDEA Jue K j1(Y--Y) Chen goolgiis (jog, 14 (Obata & Ishii, 2003) 18 o sl
o) 48 5,8 angr b S e ool ailyigs (TS esul aclgd 318l el wul oais glul (Y- +¥) IShii 4 Obata
ol aelgd el b hadd g umd i 13 oolil 3,90 iliwigd (T pt (clangel (go)by |y SleMbl 49Soun Je
29 Jo alinds I\
el 35 el i3 (Y- V) Chen Sillss b, Ll
a5 o)l (ki o) goasl b | slag3) Yy 51V aele 5 (VV) Chen sy, G
ly wlidgs Ll eosl aeld plolid sl (g Jg wusl dlaloasiz Y, | Vi sl i3]
Sl plosil (5 550 g yosle (B sk 5l Gl
Dyl (Kt 38l L5 2l 4y (030 Jlws 3> B (Yo -V) Chen iy, g Lu
selgs 25 oo oy (Voo V) Chen 1L s (slaodls 51 Jlie (golotiy o) 6232, oo oLt (sl
yobate Ve g AV sy an slaiel JBlas o olands JBhis ol )5 a5 g o casS APHION v 63T L lunl  es]
oS (g0 |y deosl aelgd pl Wb loads edly LY Jada )0 a5 Wk o (bl 0aeB ¥F i cpl 4 gus 0
e Jlie ol )3 .505 1al GAMS pb & LP (gousS o (gdobys jl ool b pased Sauels G (g9, b Jse plos
ol 03 palaie £ =107 posad )|t Sos ol

M‘ .\9]55 L;Ltzm)l.) :(Y)A)meé Ja.\?

$399 b 29,5 (DMU) iaodl 501558 (g0,les
Hlte g oge i gasgerme )l (M) olazel () Sty
) Yolss ¥YV/- - ¥-/-a Y/AV )
\ VV/EY ARAVRES VAIVY VI¥Y A\
) V/va YYo/- - WViai VIAY ¥
) Va/VY \EY/ - Y /AY VIV ¥
\ VDY Yo/ - VYA \at 5
\ YO/5) Y5/ D0/50 AR 5
) AN DI/ YV/FY AR v
) DY/ Y5/ W2 AR A
) Y£I¥o DN+ - V+/AY AR q
) YoloA Y5/ WYY AR Ve
) ¥o/o¥ DN+ - WYY AR "
\ AR VAN Y/ - YA A Y/AY Y
\ ARVARY \ARIEE AIREY VA WY
\ ¥\/oF DOF/+ + \OIYY v/¥Y i
\ Y/ Y YVY/- - YAIY Y/Y \0
) SYIVE OYF/ - YY/AN v/0) Vs
) wa/.y Y5/ b-/AY AR W
) WY/ay DI+ - ¥o/Y0 AR VA
) ¥r/oF Y5/ WY AR )

\ Y0 AN/ - WY AR Y-




WA sl / YVoylos / wadjl Jlo © i 15ly oDl 3131 oSl  slus pols 00Kl inio Cu o dloxe \AJ

\ IaTAY S ARRVER AAZAR VIYY Y
\ av/¥o \ARRR: WYY ATAYN Yy
\ 03/0 FAMN - - \\i’ay VIR Yy
\ YANY YO/ YYIAY YIAY v¥
\ ATRE INA R Yo/vyY VIYY Yo
\ ¥¥/IAY VAN« \IYANY VYD \td
\ aN/-¥ yya/. . Y¥/AA \IYY Yy
\ AAFA Yo/ - Yoy VY YA
\ a0/« INATRR YY/AN /Y Y4
\ QYA YAfo o Yo/vs VAN Y.
\ AR VAL FVN « - YV VY Yy
\ 5+ IYA oYY/ - YAy YIYA Yy
) A¥/AA \rZZE% Ye/vY¥ ATAYN Yy
) INFIN AR ya/Ne VYY Y¥
\ SYIE¥ Yof/- - YY/50 VoA Yo
\ YY/VE \EYS o AR7ARN YIY¥ \rg
\ ARYANS ANATRE YY/¥ Y¥ YY
\ VV/AY YAfe o yV/A¥ VAN YA
\ YAYY Y&ofee VA/¥Y Y/-¥ Y4
\ Yo /¥y Y&/ Ye/vy AR Y-
\ vloy YO/ YOIAY YIEY ¥y
\ SYIAN oYY/« - YO/AA Y/o) Yy
\ Q+/-Y FAMN - Va/vg VIR Yy
\ YAV o¥yY/- - V¥/AD YIYA Y¥
\ FAIYA \r IR YEIVY y/ey Yo
\ A-INY AN/ - Ye/vy AR\ \ird

godsb Y5 (cailion  al s (sla LS « tazsl (gousl jo (gl i 4 (0) 5 (V) GDEA (slaJus 2l L

sodcld y o 55, Slae (oy05 U ouiS oo (o055 (F) (s03051 31 ool b 1 gl s g oaygl o cowd 4 1y (o
$0sloms ool (coaeld 4 395 oo odmliie ¢yl 4 dxnlyo b a8 ol o 03> LS ¥ Jgun ) ol bl s 4 el

G w93 g (F) adoleo L i cayyai JS 5 )Slas (gojlul a8 aad o lis cpl oyl |y (IS0 Shas oy e VY
sLaiby) 4o S 238793 jpo L DEA Cojo 0585 cul sl 2bj Slanlme 41 jls (94 (ool (50108 (g5

ol aelgB (caon Kl o gy opl &S el o Lo (odlpidin gy 303 Cuje Cunl et orelb ganad, (gl 500
LS a1
A5 jye L DEA jl oolitwl b ool (s0uel8 ¥5 b5, o(Y)o,les Joi>

cwoas,  SSoSlee  alpn oL aluss oI (DMU) essl goaeld oo,leis

A VAYE V/BYYa Veone )
\rd VIYSYA Vewes < /Yva¥ Y
Yo VARR (A Vewes <JAYYY Y
¥y VIYYS¥ Veeoo DAARE ¥
Y. VAR \TRY VN <IYAYY b
AR ARTAI Veoxy Vewes 5




Yy ool idgy oo 5l oozl b (S0l 5 Lol asled canad) sl g bs)

Y- ARNA Ve oFy Veoos \4
¥y VYAYY Ve e¥Y 2\ A
¥ AVAREIN Veoos < [AYYV¥ a
¥o AVARA VS Veoos I555Y Ve
Yy VAR Vee¥a < [AYV¥ AR
) Y/ \YA VIYEA- Vewes VY
\tg V5% Voeeoo <[AMA YW
A V/Fyaa ARRYA <[aaay V¥
A VI¥ASO \VAta <IYAYY VO
¥ VIAYY - yoya. <[AA. \te
A AR \TRRY ¥ \JRERR \\%
A VEY-Y \TRRY ¥ \JRERR A
Y¥ VY Y¥ \JRERR <IEEYY AR
AR VYYYA Vo o¥0 +[AYAY Y-
vy VARRYA VAYz2d < IYa¥o A
Yy VEVEY Vewos Veoos vy
AR V/oay¥ V/yyay Veoos vy
\ \Vaird ARYAS <IAYYY vy
Y VNAR VOAFY <[aaay Yo
V& VY osY \VRINY \JRERR \te
YV VYON \JRRRR <IYONA Yv
¥4 \APZAY VAR <[A-Y¥ YA
N3 Ve f VY Y¥ IS ya
YO V¥INE ARYA ¢ Yo ¥ Y-
WY VAVYY \TARRE Veooo AR
5 VIYARY ARSI <[AvEY Y
¥y VIYYAD Voo Na'al rY
vy AR V-¥Y¥ < [AOYA ¥
Y4 \ARRN V/-ovs AR Yo
\ird AYZ S Voewes I8 ¥Y \rd
Yy V¥ Y VAAYY <IYOYY v
¥ VIYYFY Voewes <IYY¥Y YA
Yy ARRR V/-a¥y <IYYYY Y4
YA V/Y¥ay AVRRATA < IY¥VY ¥
VY VOYEN VYYAY < [YAYY ¥\
Y VASYA Vavay <[AA- ¥y
a VEAYY \AZZZN Veone ¥y
Ve VENY VIYEAY <[AvEY ¥¥
A\ VIEYY - VY <M <IY¥a. Yo
YA \VAral Ve AD AN \rd




WA sl / YVoylos / wadjl Jlo © i 15ly oDl 3131 oSl  slus pols 00Kl inio Cu o dloxe A3

2955 > Blae 6550 1Y o)led (easl (gouslB &S 3 g ¥ Jgax )3 39250 sla2gS soodly 4 axgi L
(Bl glasy Lo o293 b)) Sl 1oy 0V (go)lodd ool goaeb &) s ((Jlite (29,8 39 (i) p)le
YE oYY M AY Y & laoylads doosl aslsd sa deol goaelE & 28y 10 0,055 518 ) (a5 0 cuwb oo oplpls
Ao &S Cowl dng (LLs 55 aS opl sl o gy deosl soaelB VY 23 &8> 50 L DEA anas, wlol
Slidos bl el gl )8 canas) ailiwdes I8 e cloasly j 5YL 1) aladss 1K saisly (cdon 3lg5 00
; F.-H. F. Liu & Hsuan Peng, 2008; Sinuany-Friedman & Sinuany-Stern, 1997) ¢l oo L3
(Stern & Friedman, 1998; Y.-M. Wang, Luo, & Liang, 2009

o g Wl dsd SIS o im bl o LU a5 jy0 59 o0 o LIS A5 jy0 59y o0 VY (so)ledh ezl (gouslE
2358 ydd ) Sygo a y ol g o S e yee DMU fpl 5l losen jye 93 303 &)le 4wl ailony T80
4 )b oo 5l g o0, 8des liwded LS classly (S Jg iy og8 3 Shes ailibed TS sladsly 4 S
GLLSL laasly 5y (g il aish Laws 5,Slas ailinly 1L cloasly a5 o)l HLasl 4T b aousy oppan
S el ol Giline L3l Gl L wo 5 ailipdos ) wa DMU G 811 S o e 4y )y iy
Jie cpl VY (oyles ool (oaeld wiile ¢y b & gl e & ol 3,Shes

{¥+-v) Chen (cuuas, (o) 5l oslisal b aliangs s ool o1eB VY (saias) o(F)olos Jgoo

g3ty (DMU) ol goasB ol

)
\
)
fr
5
Yy

v
W
VA
¥Y
vs

L > < v & 4 1 < —

-
— .

oy g @l Y

Cwd 4o ol e |y il selgd oSS opl 5l oslitnl b .l ial38] 4 gy (oyglpbo o Cas o b (g9lST03ld clgato
i i wnlgs (cilwodly el clio g 4339 Cudgize e 4 welgd opl 5l (e3game Slaw s a8 Il 5> 3,
b & alSg 50 L DEA SS9, 023)8 (Syne (ol selsh canas) (gl 1) 49> 50 L DEA 5,505, S Lo 5>
28 o a0 loen 3 1y Ladl seilinns sla )5 Al 0,5 o a5 3 1) el selgh gailindis sla
oI 23,8 Slaiiiy (mzl sodels yn Giliska LIS 93 xse35 (sl |y S 5,Shes L (50)1] S, Lo ¢ puizan
o ol (gl s2ae Jlae S b g0 0 b DEA 5,09, 0,5 o i )3 1) cilise IS 95 (550 ¢ IS 3 Shos
g Sl ]y aosl gousls L Wl e gy cnl b )yt el 815 gt o o] atedgu 5 (Sol
Wl ansly ool delgB (saudd, 1 ke L Blg o (oleiiy SDEA 5,55, &5 39, oo jlanl a8 Slolid owyd
3500 lads e Jols aSly e ool aelg (andd, 4 dgdme )] (olad )8 bl asly oan] )3 gyt sladp,lS g

Lo 48,5 a5 13 (6448 paeuad .\ul)s 2 s gl el b O] P &S Cond 5



Yo

10.

11.

12.

13.

14.

15.

16.

wosly iy Jalog 5l ool b (golS0aly 5 ol seled (gaiasy gly (suds b,

&l -¢
Agrawal, Rakesh, Imieli, Tomasz, & Swami, Arun. (1993). Mining association rules between sets
of items in large databases. Paper presented at the Proceedings of the 1993 ACM SIGMOD
international conference on Management of data, Washington, D.C., USA.
Agrawal, Rakesh, & Srikant, Ramakrishnan. (1994). Fast Algorithms for Mining Association
Rules in Large Databases. Paper presented at the Proceedings of the 20th International
Conference on Very Large Data Bases.
Amirteimoori, Alireza. (2007). DEA efficiency analysis: Efficient and anti-efficient frontier.
Applied Mathematics and Computation, 186(1), 10-16. doi:
Amirteimoori, Alireza, Emrouznejad, Ali, & Khoshandam, Leila. (2013). Classifying flexible
measures in data envelopment analysis: A slack-based measure. Measurement, 46(10), 4100-4107.
Amirteimoori, Alireza, Kordrostami, Sohrab, & Azizi, Hossein. (2016). Additive models for
network data envelopment analysis in the presence of shared resources. Transportation Research
Part D: Transport and Environment, 48, 411-424. doi: 10.1016/j.trd.2015.12.016
Archak, Nikolay, Ghose, Anindya, & Ipeirotis, Panagiotis G. (2011). Deriving the Pricing Power
of Product Features by Mining Consumer Reviews. Management Science, 57(8), 1485-1509. doi:
10.1287/mnsc.1110.1370
Azizi, Hossein. (2011). The interval efficiency based on the optimistic and pessimistic points of
view. Applied Mathematical Modelling, 35(5), 2384-2393. doi:
Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some Models for Estimating Technical and
Scale Inefficiencies in Data Envelopment Analysis. Management Science, 30(9), 1078-1092. doi:
doi:10.1287/mnsc.30.9.1078
Bellazzi, Riccardo, & Zupan, Blaz. (2008). Predictive data mining in clinical medicine: Current
issues and guidelines. International Journal of Medical Informatics, 77(2), 81-97. doi:
Breese, John S., Heckerman, David, & Kadie, Carl. (1998). Empirical analysis of predictive
algorithms for collaborative filtering. Paper presented at the Proceedings of the Fourteenth
conference on Uncertainty in artificial intelligence, Madison, Wisconsin.
Camanho, A. S., & Dyson, R. G. (2005). Cost efficiency measurement with price uncertainty: a
DEA application to bank branch assessments. European Journal of Operational Research, 161(2),
Cao, Xin, Cong, Gao, & Jensen, Christian S. (2010). Mining significant semantic locations from
GPS data. Proceedings of the VLDB Endowment, 3(1-2), 1009-1020. doi:
10.14778/1920841.1920968
Chadwick, Andrew, & May, Christopher. (2003). Interaction between States and Citizens in the
Age of the Internet: “e-Government” in the United States, Britain, and the European Union.
Governance, 16(2), 271-300. doi: 10.1111/1468-0491.00216
Charnes, A., & Cooper, W. W. (1962). Programming with linear fractional functionals. Naval
Research Logistics Quarterly, 9(3-4), 181-186. doi: 10.1002/nav.3800090303
Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring the efficiency of decision making
units.  European  Journal of  Operational  Research, 2(6), 429-444. doi:

Chen, H., Chung, W., Xu, J. J., Wang, G., Qin, Y., & Chau, M. (2004). Crime data mining: a


http://dx.doi.org/10.1016/j.amc.2006.07.006
http://dx.doi.org/10.1016/j.measurement.2013.08.019
http://dx.doi.org/10.1016/j.apm.2010.11.055
http://dx.doi.org/10.1016/j.ijmedinf.2006.11.006
http://dx.doi.org/10.1016/j.ejor.2003.07.018
http://dx.doi.org/10.1016/0377-2217(78)90138-8

WA sl / YVoylos / wadjl Jlo © i 15ly oDl 3131 oSl  slus pols 00Kl inio Cu o dloxe A

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

general framework and some examples. Computer, 37(4), 50-56. doi: 10.1109/mc.2004.1297301
Chen, Hsinchun, Chung, Wingyan, Qin, Yi, Chau, Michael, Xu, Jennifer Jie, Wang, Gang, . . .
Atabakhsh, Homa. (2003). Crime data mining: an overview and case studies. Paper presented at
the Proceedings of the 2003 annual national conference on Digital government research, Boston,
MA, USA.

Chen, Min. (2013). Towards smart city: M2M communications with software agent intelligence.
Multimedia Tools and Applications, 67(1), 167-178. doi: 10.1007/s11042-012-1013-4

Chen, Min. (2014). NDNC-BAN: Supporting rich media healthcare services via named data
networking in cloud-assisted wireless body area networks. Information Sciences, 284, 142-156.
Chen, Min, Gonzalez, Sergio, Leung, Victor, Zhang, Qian, & Li, Ming. (2010). A 2G-RFID-based
e-healthcare ~ system. IEEE  Wireless ~ Communications,  17(1), 37-43.  doi:
10.1109/mwc.2010.5416348

Chen, Min, Ma, Yujun, Jialun, Wang, Dung Ong, Mau, & Song, Enmin. (2013). Enabling
comfortable sports therapy for patient: A novel lightweight durable and portable ECG monitoring
system.

Chen, Min, Mau, Dung Ong, Wang, Xiaofei, & Wang, Honggang. (2013). The virtue of sharing:
Efficient content delivery in Wireless Body Area Networks for ubiquitous healthcare.

Chen, Mu-Chen. (2007). Ranking discovered rules from data mining with multiple criteria by data
envelopment analysis. Expert Systems with Applications, 33(4), 1110-1116. doi:
Chen, Xiaogang, Skully, Michael, & Brown, Kym. (2005). Banking efficiency in China:
Application of DEA to pre- and post-deregulation eras: 1993°2000. China Economic Review,
Choi, Duke Hyun, Ahn, Byeong Seok, & Kim, Soung Hie. (2005). Prioritization of association
rules in data mining: Multiple criteria decision approach. Expert Systems with Applications, 29(4),
Cook, Wade D., & Kress, Moshe. (1990). A Data Envelopment Model for Aggregating Preference
Rankings. Management Science, 36(11), 1302-1310. doi: 10.1287/mnsc.36.11.1302

Du, Xiao Fang, Leung, Stephen C. H., Zhang, Jin Long, & Lai, K. K. (2013). Demand forecasting
of perishable farm products using support vector machine. International Journal of Systems
Science, 44(3), 556-567. doi: 10.1080/00207721.2011.617888

Duan, L., Street, W. N., & Xu, E. (2011). Healthcare information systems: data mining methods in
the creation of a clinical recommender system. Enterprise Information Systems, 5(2), 169-181.
doi: 10.1080/17517575.2010.541287

Edirisinghe, N. C. P., & Zhang, X. (2007). Generalized DEA model of fundamental analysis and
its application to portfolio optimization. Journal of Banking & Finance, 31(11), 3311-3335. doi:
Elgendy, Nada, & Elragal, Ahmed. (2014). Big Data Analytics: A Literature Review Paper. In P.
Perner (Ed.), Advances in Data Mining. Applications and Theoretical Aspects: 14th Industrial
Conference, ICDM 2014, St. Petersburg, Russia, July 16-20, 2014. Proceedings (pp. 214-227).
Cham: Springer International Publishing.

Ertay, Tijen, Ruan, Da, & Tuzkaya, Umut RIfht. (2006). Integrating data envelopment analysis
and analytic hierarchy for the facility layout design in manufacturing systems. Information
Farrell, M. J. (1957). The Measurement of Productive Efficiency. Journal of the Royal Statistical
Society. Series A (General), 120(3), 253-290. doi: 10.2307/2343100


http://dx.doi.org/10.1016/j.ins.2014.06.023
http://dx.doi.org/10.1016/j.eswa.2006.08.007
http://dx.doi.org/10.1016/j.chieco.2005.02.001
http://dx.doi.org/10.1016/j.eswa.2005.06.006
http://dx.doi.org/10.1016/j.jbankfin.2007.04.008
http://dx.doi.org/10.1016/j.ins.2004.12.001

Yy wosly iy Jalog 5l ool b (golS0aly 5 ol seled (gaiasy gly (suds b,

33. Friedman, Lea, & Sinuany-Stern, Zilla. (1997). Scaling units via the canonical correlation analysis
in the DEA context. European Journal of Operational Research, 100(3), 629-637. doi:
10.1016/s0377-2217(97)84108-2

34. Gavalas, Damianos, Konstantopoulos, Charalampos, Mastakas, Konstantinos, & Pantziou,
Grammati. (2014). Mobile recommender systems in tourism. Journal of Network and Computer

35. Guy, ldo. (2014). Tutorial on social recommender systems. Paper presented at the Proceedings of
the 23rd International Conference on World Wide Web, Seoul, Korea.

36. Heer, Jeffrey, & Chi, Hsin-Chou. (2001). Identification of Web User Traffic Composition using
Multi-Modal Clustering and Information Scent. Paper presented at the Conference on Data
Mining.

37. Helbig, Natalie, Ramon Gil-Garcia, J., & Ferro, Enrico. (2009). Understanding the complexity of
electronic government: Implications from the digital divide literature. Government Information

38. Hsieh, Nan-Chen, & Hung, Lun-Ping. (2010). A data driven ensemble classifier for credit scoring
analysis. Expert Systems with Applications, 37(1), 534-545. doi:

39. Huang, Shu-Meng. (2013). A Study of the Application of Data Mining on the Spatial Landscape
Allocation of Crime Hot Spots. In F. Bian, Y. Xie, X. Cui & Y. Zeng (Eds.), Geo-Informatics in
Resource Management and Sustainable Ecosystem: International Symposium, GRMSE 2013,
Wuhan, China, November 8-10, 2013, Proceedings, Part | (pp. 274-286). Berlin, Heidelberg:
Springer Berlin Heidelberg.

40. Johnes, Jill. (2006). Measuring teaching efficiency in higher education: An application of data
envelopment analysis to economics graduates from UK Universities 1993. European Journal of

41. Kambal, Eiman, Osman, lzzeldin, Taha, Methag, Mohammed, Noon, & Mohammed, Sara. (2013,
26-28 Aug. 2013). Credit scoring using data mining techniques with particular reference to
Sudanese banks. Paper presented at the 2013 INTERNATIONAL CONFERENCE ON
COMPUTING, ELECTRICAL AND ELECTRONIC ENGINEERING (ICCEEE).

42. Kincade, K. (1998). Data mining: digging for healthcare gold. Insurance & Technology, 23(2), 2-
7.

43. Koh, Hian Chye, & Tan, Gerald. (2011). Data mining applications in healthcare. Journal of
Healthcare Information Management, 19(2), 65.

44, Koh, Hian Chye, Tan, Wei Chin, & Goh, Chwee Peng. (2006). A Two-step Method to Construct
Credit Scoring Models with Data Mining Techniques. International Journal of Business and
Information, 1(1), 96° 118.

45. Konstan, Joseph A., Walker, J. D., Brooks, D. Christopher, Brown, Keith, & Ekstrand, Michael D.
(2014). Teaching recommender systems at large scale: evaluation and lessons learned from a
hybrid MOOC. Paper presented at the Proceedings of the first ACM conference on Learning @
scale conference, Atlanta, Georgia, USA.

46. Lee, Hakyeon, Kim, Sang Gook, Park, Hyun-woo, & Kang, Pilsung. (2014). Pre-launch new
product demand forecasting using the Bass model: A statistical and machine learning-based
approach.  Technological Forecasting and Social Change, 86, 49-64. doi:

47. Lenca, Philippe, Meyer, Patrick, Vaillant, Benoit, & Lallich, Stéphane. (2008). On selecting
interestingness measures for association rules: User oriented description and multiple criteria
decision aid. European Journal of Operational Research, 184(2), 610-626. doi:


http://dx.doi.org/10.1016/j.jnca.2013.04.006
http://dx.doi.org/10.1016/j.giq.2008.05.004
http://dx.doi.org/10.1016/j.eswa.2009.05.059
http://dx.doi.org/10.1016/j.ejor.2005.02.044
http://dx.doi.org/10.1016/j.techfore.2013.08.020

WA sl / YVoylos / wadjl Jlo © i 15ly oDl 3131 oSl  slus pols 00Kl inio Cu o dloxe YA

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Liu, Bing, Hsu, Wynne, Chen, Shu, & Ma, Yiming. (2000). Analyzing the subjective
interestingness of association rules. IEEE Intelligent Systems, 15(5), 47-55. doi:
10.1109/5254.889106

Liu, F.-H. F., & Hsuan Peng, H. (2008). Ranking of units on the DEA frontier with common
weights. Computers & Operations Research, 35(5), 1624-1637. doi: 10.1016/j.cor.2006.09.006
Liu, Jiangi, Wan, Jiafu, He, Shenghua, & Zhang, Yanlin. (2014). E-Healthcare Supported by Big
Data. ZTE Communications, 12(3), 46-52.

Liu, Jiangi, Wang, Qinruo, Wan, Jiafu, Xiong, Jianbin, & Zeng, Bi. (2013). Towards Key Issues
of Disaster Aid based on Wireless Body Area Networks. KSII Transactions on Internet and
Information Systems, 7(5), 1014-1035. doi: 10.3837/tiis.2013.05.005

Liu, Jun, Pan, Jianke, Wang, Yanping, Lin, Dingkun, Shen, Dan, Yang, Hongjun, . . . Cao,
Xuewei. (2013). Component analysis of Chinese medicine and advances in fuming-washing
therapy for knee osteoarthritis via unsupervised data mining methods. Journal of Traditional
Liu, Qiang, Wan, Jiafu, & Zhou, Keliang. (2014). Cloud Manufacturing Service System for
Industrial-Cluster-Oriented Application. Journal of Internet Technology, 15(3), 373-380. doi:
10.6138/J1T.2014.15.3.06

Liu, Shiang-Tai. (2008). A fuzzy DEA/AR approach to the selection of flexible manufacturing
systems. Computers & Industrial Engineering, 54(1), 66-76. doi:
Lu, Chi-Jie, & Wang, Yen-Wen. (2010). Combining independent component analysis and growing
hierarchical self-organizing maps with support vector regression in product demand forecasting.
International Journal of Production Economics, 128(2), 603-613. doi:
MaaB, Dennis, Spruit, Marco, & de Waal, Peter. (2014). Improving short-term demand forecasting
for short-lifecycle consumer products with data mining techniques. Decision Analytics, 1(1), 4.
doi: 10.1186/2193-8636-1-4

Mannino, Michael, Hong, Sa Neung, & Choi, In Jun. (2008). Efficiency evaluation of data
warehouse operations. Decision Support Systems, 44(4), 883-898. doi:
Ng, Raymond T., Lakshmanan, Laks V. S., Han, Jiawei, & Pang, Alex. (1998). Exploratory
mining and pruning optimizations of constrained associations rules. Paper presented at the
Proceedings of the 1998 ACM SIGMOD international conference on Management of data, Seattle,
Washington, USA.

Obata, Tsuneshi, & Ishii, Hiroaki. (2003). A method for discriminating efficient candidates with
ranked voting data. European Journal of Operational Research, 151(1), 233-237. doi:
Olafsson, Sigurdur, Li, Xiaonan, & Wu, Shuning. (2008). Operations research and data mining.
European Journal of Operational Research, 187(3), 1429-1448. doi:
Padhy, Neelamadhab, Mishra, Pragnyaban, & Panigrahi, Rasmita. (2012). The Survey of Data
Mining Applications and Feature Scope. International Journal of Computer Science, Engineering
and Information Technology, 2(3), 43-58. doi: 10.5121/ijcseit.2012.2303

Peng, Yi, Zhang, Yong, Tang, Yu, & Li, Shiming. (2011). An incident information management
framework based on data integration, data mining, and multi-criteria decision making. Decision


http://dx.doi.org/10.1016/j.ejor.2006.10.059
http://dx.doi.org/10.1016/S0254-6272(14)60043-1
http://dx.doi.org/10.1016/j.cie.2007.06.035
http://dx.doi.org/10.1016/j.ijpe.2010.07.004
http://dx.doi.org/10.1016/j.dss.2007.10.011
http://dx.doi.org/10.1016/S0377-2217(02)00597-0
http://dx.doi.org/10.1016/j.ejor.2006.09.023
http://dx.doi.org/10.1016/j.dss.2010.11.025

ra wosly iy Jalog 5l ool b (golS0aly 5 ol seled (gaiasy gly (suds b,

63. Resnick, Paul, & Varian, Hal R. (1997). Recommender systems. Communications of the ACM,
40(3), 56-58. doi: 10.1145/245108.245121

64. Schroedl, Stefan, Wagstaff, Kiri, Rogers, Seth, Langley, Pat, & Wilson, Christopher. (2004).
Mining GPS Traces for Map Refinement. Data Mining and Knowledge Discovery, 9(1), 59-87.
doi: 10.1023/b:dami.0000026904.74892.89

65. Shafer, Scott M., & Byrd, Terry A. (2000). A framework for measuring the efficiency of
organizational investments in information technology using data envelopment analysis. Omega,

66. Shyam, Varan Nath. (2006). Crime Pattern Detection Using Data Mining. Paper presented at the
Proceedings of the 2006 IEEE/WIC/ACM international conference on Web Intelligence and
Intelligent Agent Technology.

67. Silver, M., Sakata, T., Su, H. C, Herman, C, Dolins, S. B., & O'Shea, M. J. (2001). Case study:
how to apply data mining techniques in a healthcare data warehouse. Journal of Healthcare
Information Management, 15(2), 155-164.

68. Sinuany-Stern, Zilla, & Friedman, Lea. (1998). DEA and the discriminant analysis of ratios for
ranking units. European Journal of Operational Research, 111(3), 470-478. doi: 10.1016/s0377-
2217(97)00313-5

69. Srikant, Ramakrishnan, Vu, Quoc, & Agrawal, Rakesh. (1997). Mining association rules with item
constraints. Paper presented at the Proceedings of the Third International Conference on
Knowledge Discovery and Data Mining, Newport Beach, CA.

70. Sullivan, Brooke, & Mitra, Sinjini. (2014). Community Issues in American Metropolitan Cities.
Journal of Cases on Information Technology, 16(1), 23-39. doi: 10.4018/jcit.2014010103

71. Sun, Jimeng, & Reddy, Chandan K. (2013). Big Data Analytics for Healthcare. Paper presented at
the in Proceedings of the 19th ACM SIGKDD International Conference on Knowledge Discovery
and Data Mining, Austin.

72. Tan, Pang-Ning, Kumar, Vipin, & Srivastava, Jaideep. (2002). Selecting the right interestingness
measure for association patterns. Paper presented at the Proceedings of the eighth ACM SIGKDD
international conference on Knowledge discovery and data mining, Edmonton, Alberta, Canada.

73. Tejeda-Lorente, A., Bernabé-Moreno, J., Porcel, C., & Herrera-Viedma, E. (2014). Integrating
Quality Criteria in a Fuzzy Linguistic Recommender System for Digital Libraries. Procedia

74. Thornton, Dallas, Mueller, Roland M., Schoutsen, Paulus, & van Hillegersberg, Jos. (2013).
Predicting Healthcare Fraud in Medicaid: A Multidimensional Data Model and Analysis
Techniques for Fraud Detection. Procedia Technology, 9, 1252-1264. doi:

75. Wan, Jiafu, Li, Di, Zou, Caifeng, & Zhou, Keliang. (2012). M2M Communications for Smart
City: An Event-Based Architecture. 895-900. doi: 10.1109/cit.2012.188

76. Wan, Jiafu, Zhang, Dagiang, Zhao, Shengjie, Yang, Laurence, & Lloret, Jaime. (2014). Context-
aware vehicular cyber-physical systems with cloud support: architecture, challenges, and
solutions. IEEE Communications Magazine, 52(8), 106-113. doi: 10.1109/mcom.2014.6871677

77. Wan, Jiafu, Zou, Caifeng, Ullah, Sana, Lai, Chin-Feng, Zhou, Ming, & Wang, Xiaofei. (2013).
Cloud-enabled wireless body area networks for pervasive healthcare. IEEE Network, 27(5), 56-61.
doi: 10.1109/mnet.2013.6616116

78. Wang, Gang, Chen, Hsinchun, & Atabakhsh, Homa. (2004). Automatically detecting deceptive
criminal identities. Communications of the ACM, 47(3), 70-76. doi: 10.1145/971617.971618

79. Wang, Ying-Ming, Luo, Ying, & Liang, Liang. (2009). Ranking decision making units by
imposing a minimum weight restriction in the data envelopment analysis. Journal of


http://dx.doi.org/10.1016/S0305-0483(99)00039-0
http://dx.doi.org/10.1016/j.procs.2014.05.357
http://dx.doi.org/10.1016/j.protcy.2013.12.140

WA sl / YVoylos / wadjl Jlo © i 15ly oDl 3131 oSl  slus pols 00Kl inio Cu o dloxe Yo

80.

81.

Computational and Applied Mathematics, 223(1), 469-484. doi:

Wang, Ying-Ming, & Yang, Jian-Bo. (2007). Measuring the performances of decision-making
units using interval efficiencies. Journal of Computational and Applied Mathematics, 198(1), 253-
Zheng, YuZhanglehuW|eX|ng&MaWe|Y|ng (2009). Mining interesting locations and
travel sequences from GPS trajectories. Paper presented at the Proceedings of the 18th
international conference on World wide web, Madrid, Spain.


http://dx.doi.org/10.1016/j.cam.2008.01.022
http://dx.doi.org/10.1016/j.cam.2005.12.025

