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A new method for constructing three-way concept

MAO Hua, WU Xiu
(School of Mathematics and Information Science, Hebei University, Baoding 071002, China)

Abstract: The construction of three-way concept is one of the important research subjects of three-way formal concept
analysis. To enrich the research of three-way concept, an algorithm for constructing the three-way concept is proposed
by using the matrix structure. First, the definition of attribute matrix is given, which displays or shows attributes and its
classes. Then the algorithm of the attribute-induced three-way concept is constructed based upon the definition. The op-
eration process of the abovementioned algorithm is illustrated with an example and the validity of the algorithm is veri-
fied. Second, the definition of object matrix is given and the algorithm of object-induced three-way concept is designed
according to the object matrix definition. Similarly, an example is used to illustrate the algorithm process. The above
processes or concepts show that the proposed algorithms are correct and effective. The research results provide more
choices for the application of three-way concept in data processing.

Keywords: formal context; classical concept; three-way concept; object-induced three-way concept; attribute-induced

three-way concept; matrix; attribute matrix; object matrix
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R 1 M B ) B8 2 A B AT 40, 4R T
= SOOI S RO L LB EE B ik . Hifth =
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A& M =S Y — 2 g R B AT U,
b v T A & ) P9 25 3 I SR [20], — 32
A B AH ST DL SRR 3, 516

EX 1™ BB R GMD ZHEWINES G
MMUNKGE MBI ICRER T HK. GHXF
RE, M NBEME, ICGxM, TEXMZER ACG
H, &

A" = {me ML, 5 T1EEg € A)
Hofl, R4 ¢ SIEMEm B LE T LR
[(EFEXNR g BHJEYEm),
@S BeM Hh, 4
B :={g € G|I, " T1L&Em € B}
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W) (A, B) Fr ol — DA fE I M & . Hh AR ifE I 20
BEEIANESR A, PR UEIE XS N TR B.

Jir A 5T IEE A A& (A, B) 4 4R
4 CL(G,M,I),

EEMME ALB) 5 (ALB) [HRXRUT

(A,B))<(A,B,) A CA(e B 2B,

EX 2" i G.MD &R,

I'=(GxM)-1, MEHEHFACG, & XL

A" ={me M¥g € A(I.,)}
JEHEES B M, E X
B ={geGVme B(I,)}

W A=B il B = A RIS S7, WFR (X,A)
—MFREIE A S . BT U T R O AR
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B =M (X.(A,B) Fl (Y.(C, D)) Z[a] 1) &
FE LW

X,(A,B) < (Y,(C,D)) X CY & (C,D)C(A,B)
M1 X THEA XXX, CGiA AL A, BB,
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(OE,) X, C X, = X5 CX;,(A,B) C (A, B,) =
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(OE,) X< = X< (A, B)” = (A, B)™<
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By))” =(A,B))" N(Ay,By)”
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By))” =(A1,B1)” U(A2,By)”
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(AE) (X, Y)CA © AC(X,Y)”
(AEs) (X, YU (X,, Y2))” = (X1, Y1)” N(Xa,
Y,)7, (A UA)S = AT NAS
(AEq) (X1, YD) N (X5, Y2))” 2(X, Y1) 7 U(X,,
Y2)7,(AiNA)T 2 AT UAY

2 MR A 2

RIEBEHEREHEBRE=IHMS

EX6 EXEHE GMh, HTEHES

M=A{a,a-,a,} o EL:% W= (wy);wi; = (a; Naj,

ana)a,a,e Min€Z i, j=1,2,---,n, W Wh—14

nxn [ JEVEFRE, 515 @A E W o SRR
i1 TR (GLML L) IR 1 R, TR

SLfih b M R W

z1 ERXE= (G,M,, 1)
Table 1 Formal context (G, M, 1)

2.1

G, a b c d
1 X X

2 X X X
3 X X

4 X X X

A SO, TG AT R R e T o 2, 12 20

R 1A H: wi=(@@na,dna’)=(123,4),w, =
(a*Nb*,a*Nb*)=(3,9), -+ ,wyy = (" Nd*,c* Nd*) = (2,3),
wa =(d* Nd*,d*Nd*) = (24,13),

it LA
(123,4) (3,9) (12,0) (2,0)
(34,12) (4.9) (1D
W= (124,3)  (24,3)
(24,13)

MR T =SS A R A 1,

=058 WL S/ briata o = R

mA JEXER G.MD,

Wi AEL(G.M.D\{(G.G),9)},

D) ARE T 5 (G.M.D WY& TEHERE W, Jf
PERPEHFE W T A TR R GIC RS P

2)i=1;

3)j=1

4)s=1;

S)w=w; Nw;

6) WA weP, W P=PU{w}, s=s+1 JF-AT
7); RZ s=s+1, AT 7);

7) WA s <Pl WIFRAT 5); )R Z j=j+1, 3T 8);

8) 4k j <Pl WIPHAT 4); 2 i=i+1, $hAT 9);

9) W i <|P|, WIHHAT 3); L Z HhUAT 10);

10) XF Bt ES P BIHTEH 2)~9), HE

G P AFHEHG

1)Y=0,i=1;

12) j=i;

13) W wewy, W Y=YUla}Ula}, j=j+1,
AT 14);

14) AR j<n, WHAT 13); RZ i=i+1 Ik
17 15);

15) WA i <n, WHAT 12); K Z AT 16);

16) % th = A& (v, Y),

RS P HARES, TUEDL L EAR
HJa m A Ik

BIRES:

V) B, R T R B AR N 0(MT/2);
FOR, MAMELE I 2% B Sk oM™ =™ s, TR
T S5 w XTI Y R R, SRR IMI(M)+1)/2
W, S PR, BT LAE 22 R O(M|(IM|+1)|Pl/2);
PHIL, 50k 1 IR 228 oM™=,

2) SCHR [5] T 2% BE A2 A bR TR CHE A
B A2 2% BE W52 W, S B 0 O IR AN TR, B2 2% B AN
] 5 LR, 38 5o 4K 55 i 28 3 A ARk 8 A S 1Y) e K
) 52 4% BE of max {221, 290M1y B Y PR AR EL A, AR
SOOI o

3) 3CHK [6] TP Y B R 4R A O(GIIMP(C)),
Hrp ¢ FoR)Et =X 0S5 WAL
B, AR SRR

T AR 1 IR EE S

EFE1 GMDH—IELHE 5, ETIEMERE
e WSS AL S R = S

MERR IR A%,A) AR JE M = S, W
A 2 A, B A=Ay,

FHEE Ay =A<: HH AE,. AE, ¥ 8 AT %1,
ACA™™ =Ay, W Ay CA~; 34k, A~ = A, A,
AT = A, W A< C A=<, FfLL A< C Ay, Itk
Ay =A% BOL.

T2 GMD F—IBRITR, HHEW
J (G MDY JE PR B, B 1 AT A B BR
((G,G),0) SMO T A JE M — &

MERR B PEAERE Wb TR A Al
RES P, THZ 3 MIELXNES P #FITIHE:
OAFD 11 5) R4, B 0 MEAT4E
G0 T, LR W b & T A A E
QFEFE 1B 5) i RINE THEEG P, WES P
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AL T TR R AMNE s O Tk 1P 5) AR A
BTG P, WEEL 1 6) RE R HAM AL
P, NI, PATHIRWE, £46 P 85 TA RS
IE B, RS SMME TR IR AR R AT A5 R
=S E

52 A HSCHER [8]1 HFIE T = (G M,,

LYWL 2) X8k 1 sty il B LA v AT
o XG4 G s MR AN ES, EEE
M, e B A, o) D R L DR 2 R DR IR |
VRAE Bk AR e e 26 o o 1 RE S 0 Kt A ik
Hha B, Al e AR TRl R T = SO S
A, LA i 27 W b (AR A

*x2 ®BRXEZ (G, M, 1)
Table 2 Formal context (G,, M>,1,)

G, a b c d e
1 X X

2 X X X X
3 X

4 X

5 X X X X

e, mE 2 ISR

wy = (@' Na*,a*Na*) = (1245,3),w, = (a* Nb*,a* N
b*) =(25,3),- ,wis=(d* Ne*,d* Ne*)=(3,134),wss =(e’N
e*,e*Ne*)=(2,1345).

IR
1(1245,3)  (25,3) (125,0) (5,3)  (2,3) ]
(25,134)  (25,4) (5,134) (2,134)
W, = (1235,4)  (5,4) (2,4

(5,1234) (@,134)

(2,1345)

HIk, AP =1{(1245,3),(25,3),(125,9),--- ,(5,1234),
(9,134),(2,1345)}, X 4G p hIon R HATHESS, FifR
45} (25,0),(5.9).(2,9),(9.,3),(9, 4),(0,9)¢ P,
W mB LS p b, HRUCM M AHAZ, HH 22 45
RYhas, FrlAg P=1{((1245,3),(25,3),(125,0), -,
(5,1234), (3,134), (2,1345), (25,0), (5,9), (2,9),(9,3),
(9,4),(9,9)}-

2, PUTEE 1 1)~16) 53] = HE &
B, FEHE W, th, (1245,3) Cwyy, ATAS = SHES
((1245,3),a); XF (25,3) SR UL, TEHFE W, 1, (25,3) C
Wi, Wiz, W, A = S ((25,3),ab),

I, =M & AEL(G,, My, L)V((G2, G), D))
R, WK 3,

®3 BHE=ZXHME
Table 3 Attribute induced three-way concept

((5,1234),d) ((2,4),bce) ((5,4),bcd)

((2,1345),e) ((25,4),bc) ((25,134),b)

((1235,4),¢) ((9,4),bcde) ((125,9),ac)
((1245,3),a) ((5,3),abd) ((25,9),abc)
((2,134),be) ((2,3),abe) ((2,9),abce)
((5,134),bd) ((9,3),abde) ((5,9),abcd)
((25,3),ab) ((9,9),M,) ((9,134),bde)

A e B 1, 2 XA I I A A R AT
THE, HAH] 2 58 A 1 i 45 58 5 S0k 8]
TS — 3, PR BLIH AR SO AT AL

ﬁﬁit;l%ﬁ% (G2, M,, 1) ':P |M,| =5, Fﬁu, BL’T?%:
21 2)~10) B2 R O(5%=%); 11)~16) K& I+
FER O((5x6x21)/2); AL, X4 2 047583 1 19
AR R 0(5*=),

22 RIBEBXMNSGEEHENSG=SIHS

ARG R R G = S W RE AT IR I
25 AR DG S B LSS

EXT ELXLER GMD, Kb RES
G =1{b,b,---,b,}, /THES( V=)= (b;ﬂbf,b,fﬂbf),
bibk,t=1,2,--.meG, IV F—4 nxn X
GHE

53 TR GLML L) WEE T,

i 1 .

vi=(1" N1, 1" N 19)=(ac,bd),v;, = (1" N2, 1°N 2%) =
(ac,b), -+ vy = (3* N4, 37 N4 = (b,0),vs = (4 N4, 4N
4% = (bed, a)»

LIECE
(ac,bd) (ac,b) (a,d) (c,9)
(acd,b) (a,9) (cd,D)
Vi= (ab,cd)  (b,0)
(bcd, a)

X R = S A SRR R AR 2,

BiE2 AR =SiME k.

WA EXEE GMD,

MWt OEL(G,M,D\((Q,(M, M)},

D) PR 7 BB XH 5 (G.MD B X5
TPV, X R V MM CRIEASES F;

2)k=1;

Nt=1;
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4c=1;

5) V=NV

6) Wk ve F, W F=Fupy, IF$47 7); k2
HAEWAT 7);

7) c=c+1, R c<|FI, WHAT 5); R Z 4
t=t+1, P47 8);

8) WA r<IFI, MIPAT 4); R Z4 k=k+1, $/
17 9);

9) TSR k < |F|, WFAT 3); I ZHUAT 10);

10) X EF L LS FBIHRA 2)~9), HE

A F N

1)H=0,k=1,

12) t=k;

13) W v v, WA H=HU{bJU{b}, t=1+1,
AT 14);

14) WR ¢ <|Gl, MPAT 13); K24 k=k+1Jf
AT 15);

15) W k<G, WIHAT 12); ) ZAHAT 16);

16) i i = ML & OEL(G, M,D\{(9,(M, M))} =
V{(H,v)}o

HAAE 1 0 i e v, Bk 2 TE A IR AP
J AT LM Ak, 2R R oG,

4 RHERXFE 5 (G My, L) MHE 2 Hia
Tt B AT B

vi=(1" N 17, 17 N 1%)=(ac, bde),vi,=(1" N 2", 17 N 2%) =
(ac,d),--+ ,vss = (4" N5",4°N5%) = (a,e),v5s = (5" N5%, 5N
5%) = (abcd, e)-

EE
[ (ac,bde) (ac,d) (c,bde) (a,bde) (ac,e) ]
(abce,d) (c,d) (a,d) (abc,9)
V, = (c,abde) (Q,bde) (D,e)
(a,bcde)  (a,e)
(abcd, e)

2 F = {(ac,bde), (ac,d),(c,bde),--- ,(a,bcde),(a,e),
(abed,e)}, M &EA F P PIIT R M AL, H 4
(ac,0).(a,0),(c,0),(c,e),(@,d),(D,0) ¢ F , B I ik &5
RBMEES F b, RS, RS R
Al 15  F ={(ac,bde),(ac,d),(c,bde),--- ,(a,bcde),(a,e),
(abcd, e),(ac,0),(a,D),(c,D),(c,e),(D,d),(D,0)} .

25, TEFRE Vy b, g S F oA —TT
FEPATEIL 2 19 11)~16): BN, Xf (ac,@) K, 7€
Vo Igilj V, qj , (ac, D) Cvi1,V12,Vis, Va2, Vs, Vss ﬂﬁzﬁfzfi
W& (125,(ac,@)); X} (a,bde) KV, TEFEFE S,
(a,bde) C vy, vis,vas, AIAS = SZHER (14,(a, bde)) .

I, = XML& OEL(Ga, Ms, \(D, (Ma, M)}
MIZE R IR 4.

x4 WHR=ZZWR
Table4 Object induced three-way concept

(3,(c,abde)) (15,(ac,e)) (14,(a,bde))
(4,(a,bcde)) (13, (c, bde)) (1,(ac, bde))
(2,(abce,d)) (145,(a,e)) (1345,(9,¢))
(5,(abcd, e)) (135,(c,e)) (1234,(9,d))

(123, (c,d)) (25, (abc,9)) (1235,(c,9))
(124,(a,d)) (125, (ac,9)) (1245, (a,9))
(12, (ac,d)) (G,,(9,9)) (134,(9, bde))

TEARI T 1Gol = 5, Fr LAFRAT S 1k 2 B AR &
H 05",

3 4R iE

ARICE T R IERE M S X IR E Lo H]
Mg ) M, st TR RTR) =3
SRR, &RIE, FRRYAN, HIER
ZRPETT I, A TG o R, R Ak SR = SIS
f8 8 7 T AT ST

£ % Sk

[1] WILLE R. Restructuring lattice theory: an approach based
on hierarchies of concepts[M]//RIVAL I. Ordered Sets.
Dordrecht: Springer, 1982: 445—470.

[2] YAO Yiyu. Three-way decision: an interpretation of rules
in rough set theory[C]//Proceedings of the 4th Internation-
al Conference on Rough Sets and Knowledge Technology.
Gold Coast, Australia, 2009: 642—649.

[3] QI Jianjun, WEI Ling, YAO Yiyu. Three-way formal
concept analysis[C]//Proceedings of the 9th International
Conference on Rough Sets and Knowledge Technology.
Shanghai, China, 2014: 732-741.

[4] REN Ruisi, WEI Ling. The attribute reductions of three-
way concept lattices[J]. Knowledge-based systems, 2016,
99: 92-102.

[5] QI Jianjun, QIAN Ting, WEI Ling. The connections
between three-way and classical concept lattices[J]. Know-
ledge-based systems, 2016, 91: 143—-151.

(6] VESCH, AREEZE. = SORE &R Bk (1], PO TRk

KR (HIRBIFAR), 2017, 44(1): 71-76.
WANG Wenwei, QI Jianjun. The algorithm of construct-
ing three-way concept[J]. Journal of Xidian University
(natural science edition), 2017, 44(1): 71-76.

[7] QIAN Ting, WEI Ling, QI Jianjun. Constructing three-way

concept lattices based on apposition and subposition of


http://dx.doi.org/10.1016/j.knosys.2016.01.045
http://dx.doi.org/10.1016/j.knosys.2015.08.006
http://dx.doi.org/10.1016/j.knosys.2015.08.006
http://dx.doi.org/10.1016/j.knosys.2016.01.045
http://dx.doi.org/10.1016/j.knosys.2015.08.006
http://dx.doi.org/10.1016/j.knosys.2015.08.006

5 3] B, %

SO ) — Rl O vk

* 519

formal contexts[J]. Knowledge-based systems, 2017, 116:
39-48.

[8] MAO Hua, ZHAO Shufeng, YANG Lanzhen. Relation-
ships between three-way concepts and classical
concepts[J]. Journal of intelligent and fuzzy systems, 2018,
35(1): 1063-1075.

(97 sk, B, BRFS. JTJm kT = SOME A% O SR 55

FUNEEI [7]. PHAL R 2= (A R EBL0R), 2016, 46(4):
481-487.
LIU Lin, QIAN Ting, WEI Ling. Rules extraction in form-
al decision contexts based on attribute-induced three-way
concept lattices[J]. Journal of Northwest University (natur-
al science edition), 2016, 46(4): 481-487.

[10] SINGH P K. Three-way fuzzy concept lattice representa-
tion using neutrosophic set[J]. International journal of ma-
chine learning and cybernetics, 2016, 8(1): 69—79.

[11] SINGH P K. Medical diagnoses using three-way fuzzy
concept lattice and their Euclidean distance[J]. Computa-
tional and applied mathematics, 2018, 37(3): 3283-3306.

[12] YU Huiying, LI Qingguo, CAI Mingjie. Characteristics of
three-way concept lattices and three-way rough concept
lattices[J]. Knowledge-based systems, 2018, 146:
181-189.

[13] KONECNY J. On efficient factorization of standard fuzzy
concept lattices and attribute-oriented fuzzy concept lat-
tices[J]. Fuzzy sets and systems, 2018, 351: 108-121.

[14] CIOBANU G, VAIDEANU C. A note on similarity rela-
tions between fuzzy attribute-oriented concept lattices[J].
Information sciences, 2018, 460-461: 254-263.

[15] LI Meizheng, WANG Guoyin. Approximate concept con-
struction with three-way decisions and attribute reduction
in incomplete contexts[J]. Knowledge-based systems,
2016, 91: 165-178.

[16] CIOBANU G, VAIDEANU C. An efficient method to

factorize fuzzy attribute-oriented concept lattices[J].

Fuzzy sets and systems, 2017, 317: 121-132.

(17] ZE3e4, TRV =S RIBEEHs h 3 T3 R & Bt

U B9 S8 2011 71k [J]. Fihil 53K, 2016, 31(10):

1779-1784.
LI Meijing, WANG Guoyin. Attribute reduction based on
object-concept indentified matrix in approximate three-
way concept lattices[J]. Control and decision, 2016,
31(10): 1779-1784.

(18] PR, #0135, %”aﬂ? BT AE-HE S IR HOIE A R

PELYRT [J]. AR KF =M (M), 2017, 52(12):
95-103.
CHEN Xue, WEI Ling, QIAN Ting. Attribute reduction
of decision formal context based on AE concept
lattices[J]. Journal of Shandong University (science edi-
tion), 2017, 52(12): 95-103.

(19] =77, WFEE /\JE [M]. B B Rk ez H AR i,
1988.

[20] GANTER B, WILLE R. Formal concept analysis: math-
ematical foundations[M]. Berlin Heidelberg: Springer-
Verlag, 1999.

(EE R

B, B, WA, FENS T

RS EIE RS . KEFEARIL
100 43k,

T, LTS, R TT 1A
HBEESAR  EE .



http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.knosys.2016.10.033
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1007/s40314-017-0513-2
http://dx.doi.org/10.1016/j.knosys.2018.02.007
http://dx.doi.org/10.1016/j.fss.2018.01.012
http://dx.doi.org/10.1016/j.ins.2018.05.034
http://dx.doi.org/10.1016/j.knosys.2015.10.010
http://dx.doi.org/10.1016/j.fss.2016.07.004
http://dx.doi.org/10.1016/j.fss.2016.07.004

