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Abstract

As far as we know, the significance of the migrativity property of different
aggregation operators stems from its role in different fields, for example, image pro-
cessing, decision making processes and aggregation of information. The interest of
this property not only comes from its applications as mentioned above, but also from
the theoretical point of view because it is useful and essential for strcturing a new
t-norm by convex combinations between two given ones. In other words, as a supple-
ment of this topic from the theoretical point of view, we will study the migrativity
of 2-uninorms. Specifically, we investigate the migrativity property of 2-uninorms

over semi-t-operators.

In this paper, we analyze and characterize all solutions about a-migrativity
properties of the five subclasses of 2-uninorms, i.e. C*, CY, C}, CY, C}, over semi-
t-operators. We give the the sufficient and necessary conditions that make these
a-migrativity equations hold for all possible combinations of 2-uninorms over semi-
t-operators. The results obtained show that for G € C¥, the a-migrativity of G over
semi-t-operator F),, is closely related to the a-section of F),, or the ordinal sum
representation of t-norm and t-conorm corresponding to F),,. But for the other
four categories, the a-migrativity over semi-t-operator F),, is fully determined by

the a-section of F), ,.

Keywords: Migrativity; 2-uninorms; Uninorms; Semi-t-operators; Triangular

norms; Triangular conorms.
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REERBEEHHERSG ERENEIEBESURAIHFAEAREER
EREREA. X — BT 2 9P R — D 3R B R AW B, X RN
HARERB SN NN EHIER S SRt SRS T2 W
B E S TR R, LR, AT RS ek B % R S T, I
H, — 26K I LIk &3 T 70 5K & o 300 & 35 00 W RO K M SCRF T 3 b % R
1,4, 6, 11, 14, 30, 32, 34].

B, Akella ¥ — BB BB S —&, 5SIANT —EFHHNREGRE, 2-—
TR 2. X —MEE S = AP A B A FE R EXMER T, DA
AL TCHE AR HB AL TG eq A ep BRI 7 NHES 7 — 8B )5, M2 H K
JIFHEF 2 -— BB A 25 WY RRAE. 45 ) M, 78 B0 — S80E 2 1 S M, 51
Iy 2-— MK O LW % . 2018 4, Zong 25 N X T A HISH LK) 2-—
TR S kAT T 20 [34). Al NFEHME, £ 2B rid fEd, @i o
fE N PRI R S, 3 8] T B E S BRI T 0 2 -— BB [18-21]. 1K JLAE, 1E
MR ¢ I S e e R R, I HE - H T AR Dryga 5l T Bt-H T
INE & (8], X S8 5 1 AN AR M FE ok B R A B FU A 6 9 H AR & H= 2, 1 H.
ML f FE SR T2 — R, BN EAHE VR 2 U, a5 & 1] . AS081 32 4H A
M AEMENER RGP W RIELEEEER 23, 24). R, EFP+H T
5 A [R] 4003w 25 B4 Y, e R AT 1Y) o8 B % AR SCRR (8] 1S 2 2 B

B b g k4 2 i Ab, 30 AR A RE B R T SR A e B S — N i A T )
HIE RS PR R L R R PR R 2 . X — MR R AL B TR 3R B R R
REHETEBIEMFTEM b, 10,17, 22,29, 31, 33], =M. = AR,
B R 2 -— BB - AR [F, N R A E TR M
PR T B AR AN [F A3 AR, ) R AR B PSR i AR RS B R A AR

P FRATAIT RN, = AL 3T B8 P 0 A RE & B S A D — A I ] R A 4R
B, 3B A% 1 7 F2 02 75 A7 5 T2 B I = LA (15, 16]. 2 )5, A T RE @ A
A AR BT = AN SR AR = A T 1™ 4 A R A IE BT B = A AR, Durante Al
Sarkoci 7] 1EIESE T E.

FFAER a € [0,1] A=A T, X415 AT PLR R il sk B0 12

T(ax,y) =T(x,ay) x,y € [0, 1]. (1.0.1)

AR A E A DOR B 52 200 R g, ok B B U5 i, OV E
Xt I I A5 5 = A TR] B o A R T A = R AR (R A

1



AR ISR N3 7 e o DA 7S

() [7, 27, 28]. HilL, WA 5 & R 2O B8 B 2 OK R, BTN Bk
— RN EEE T ER =M Ty IR axr KR —MR (1
RABNE, RTEE RN a- 3T M5 i — BN o8 BT FE 400 R Oy

it
0.1)). 1£

C(D(a,x),y) = C(x, D(a,y)), (1.0.2)

Horf O f1 D RFAEA R, I, 2R C 1 (o, D)SEBMRE O 7
D b adT B b BLIE, B4 MAU ol B R 8 TV 2 25 1032 5 0E.
ok 4 NED R R BT 0 S — S Li S A AR A0 [13]. A6 45
S, LA R A A — SO 1 3 R M R A T R B
BESR 2 actlh 20 B0 B VB 7 v i 1. SLBR O BT 26 3K T T A R i 16 2
SR, T DATE X L R LRI 2 - SR 5% 1 5E R M 1 — BB 48 B 5z b,
BRI AL, H ORGSR AL T M R B 2 BB A M U R Bk
Ko, 2019 4, Wang 25 NFESCHR [33] 40 HF JEBR 6 T B MR 2 SUBL Y 1] 19
KR, TR 2. ORI TR B M, fEH A T 2 B
B 190 745 T i 401 B 5T 7 7 610 k.

S 1 BT R 1105 I DA% b R T4 0 R 4 T b, AR S
A Rk 7 48 3 102 Bl 30 60 U, S A B B B b i — B A
e, TRV A LE B S 2-— SUBLIGT A M 5 0, FRAVBF A T 2-— Bl
YT R BE T 2 BOBAE ot T L T AR AL AT
P 7782 BT B0 75 4 A B 4 A AR E L, BT AR T, BT R B T 2-— 8K
BEG e CF GIEFt BT By B oo TBMY L, i o-B& R F,, 13
b= AR SRR = AR R R Rk T T I R (R T K,
Mt BT F, FH aE B2l F, 0 oo BksE. Tkt 8T
TR, A 2 X E, A SO F 45 BT Wang HI45 16 [33).

B R R, AT B R — A T R, DA7E AR 3] 2 R
WO 2o WO, T UL ot BT AT AN TS M, 4 A
FA. EE =S, RV T FeFy, MR u<v RERT, 2
O TE ot BT E TR RS M. 7E DU 24 b TR AT S e T E B AL
00,34 F e F, Wi v < N, 2-— BB bt BT R B 585 1
T, TRAT R LS T SO T TR I LA T B R B T



FTE WMEHIR

AR ERFCEAB T HE=EZAK ZARBKU L - BUEEREGREH
R HE AR F AL 8. [, n] DUESCER (1, 3, 9, 12, 13] FHHR B R e A4 %
I5E X 55 AEEie. BT BUAEAS 75 ) AR AU Aot A 2 - — S0
M — AR S . HEMOH SR

§2.1 A=MIE. h=AFE

ENX2.1.1 ([8,12]). (i) —AM=AREHHK T: (0,1 — [0,1], Fre Ah =
A, EeRBIEH, BHWUR B R T 1.

(i) = AN=ARESHHK S: (0,12 = [0,1], ReAHZAL#E L RBEY,
AW UAREH E4E 0.
IR, I FORs = MR (=M R A B A2 46 1 N B, J8 G B A g X, 3RAT
SR =AB (D =M RHE.

§2.2 F-t-HTF

EN2.2.1 ([8]). —A=AREHHK F: (0,1 — [0,1], Fre H F-+-H£F, %
CABIEH ., AWMU HL F(0,0)=0,F(1,1) =1, 3B F°, F', Fy, Fy #
RGN, £ P FOr) = F(,0), F'(z) = F(x,1), Fo(z) = F(0,2), Fi(z) = (1,z).

TEARSCH, TATE R F,, RERHE L F0,1) =p f F(1,0) = v [ }-t-5
T K.

EIE2.2.2 ([8]). /& F: [0,1> = [0,1], F(0,1) = pp B F(1,0) = v. 4
FeF,, SARSAE—NHZART Fo—Nh=_AHESEHF

G < vt
(pS(E L) % x,y € [0, ],
v+ (1 -v)T(=4=) % x,y € v 1],
Flz,y) =19 n FEar<p<y, (2.2.1)
v y<v<u,
\ Z %MSI’SV,
L v < B,
VS(%’%) % T,y € [07V]7
p+ Q=T F vy elp 1)
F(z,y) =1 n Zr<p<y, (2.2.2)
v = y<v<u,
LY Fvrv<y<pu.
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MR —="NYt-HT FeF,, et Bama p=r @i ks
(2.2.1) A&ERK (2.2.2), ATKI X EWRE F LK T —NEEFI0 p I FHL
DR AT 0 AR et B P — TR B Ok, AR —EREIEH— T 2-—
FURE 1 78 X

§2.3 2-—H&

EX231(2). & 0< e, <k<e <1, £¥ kecl01],e [0,k B
es € [k, 1]. = N=nHF G: [0,1]* = [0, ] RE A 2-— A, Bw ARk,
ENTNEE VSR F 49, FF L& Glen,y) =y ¥ THE y [0,k
H Gles,y) =y THEF yelkl].

RWR, e & G 1E [0,k] FIEATTT H ey 1 G 7E [k, 1] b1 206 55, BRI,
S FALE ke (0,1), 445 518 B2 5 T [0, k)2 805 [k, 1] 76 BBl b o7 LU 1
ML R E T AT 2 BB G 7E [0, k2 IR BOBR U,
KAt B AE [k, 1)7 bR R — BOBLE BT R Uy, S5 LRI, AT U2 £
FiA i 2Bk

51382.3.2 ([2]). & 0<e; <k<ea<1HGeU? A4 G0,1) € {0,k,1}.

BT REXAFEE WJUAE UK 3ATK EE Y O, O R4, TR,
HAE LI H 2-— BB SRR S 1.

EIE2.3.3 ([2]). FEGeU? R Ga,1) TR T & e ey IMAR R FE LAY,

ML GO1)=0BGLAE=kITHERE0<e;<k<e<1HBLHELEE2AN
ZRABETY T Fo 2 ANZ B A S S 47

( Td % (xay) € [0761]27
s? & (z,y) € [e1, k%,
_ TC % (xay) € [k562]27
Gley) =1 % (2,y) € [ea, 12 (2:3.1)
b % (19) € lea k) x (5,110 (5, 1) x [en, b),
| min(z,y) H<.

HAVH X £ 2-— B A TAE CP.

EI2.3.4 ([2]). FEGeU? X Gr,1) BT 5 e S RESLGE
G(z,e1) TR T & ey SMAR R i 428, Rk 2 G0,1) =04 G(1,k) =1 % BN
0<elgkgeg<1ﬁ}14fﬂi7§2 fﬁ#%Td, T Ao 2 A= A &R 59, S° 1%
1



2 -— FOAE -t 7 BT R

( Td
Sd
TC
SC
min(z, y)
max(z,y)

k

\

% (z,y) €10,e1]%,

% (z,y) € [e1, k)%,

% (z,y) € [k, ea]?,

% (z,y) € [e, 1]%, (2.3.2)
% (iL‘,y) € [0761) X (61, 1] U (6171] X [anl)a

= (f,y) S [61,62) X (62, 1] U (62,1] X [61,62),

%= (l’,y) S [61,1{3) X (l{?, 62] U (/{3,62] X [6171{?).

KA O kit X £ 2-— HAE,

EIE2.3.5 ([2]). FE GeU? R Gx,0) RIFT & e AR ey SMARAR %
Gy, ML GO0,1)=1H G0,k)=k T EME 0<e;<k<e<l1FtHLALEE

2QANZ R T T A2 2 A

ZAARR ST S AE AT

(T # (z,y) € [0,e1],
g % (2,y) € [er, k],
_ Te & (-ray) S [k762]2a
G(z,y) = ge % (z,y) € [e2,1]2, (2.3.3)
k %= (.f,y) < [O, k) X (k762] U (k7€2] X [07 k)?
| max(z,y) HE.

AW X £ 2-— B AL ITAE CF.

EFE2.3.6 ([2]). & G € U2 R G(2,0) KT & eg ShA R & 469 B
Gz er) BT 5 e ShARRAZES M, AL GO,1) =1 4 G0,k) =0 % HAX %
O<er<k<e<lHHLBEE2NZABT! T¢F 2 N=A LK S S

7

( Td

Sd

TC

SC
min(z, y)
max(z, y)

k

\

% (z,y) €10, e1]?,

% (z,y) € le1, k]%,

% (z,y) € [k, e,

% (x,y) € [e, 1]%, (2.3.4)
= (l’,y) € [0,61) X (61,62] U (61,62] X [0,61),

% (I,y) S [0,62) X (62, ].] U (62,1] X [0,62),

= (l’,y) € [6171{?) X (k’, 62] U (k?,@g] X [61,]{?).

EAHH C) KTk £ 2— B
EH2.3.7 ([2]). 28 G e U2 %o Ga,0) BT & e IS4 R &% A

G(C(],l) R T & €9 57[‘;%[37%3%%{]}3, A 4 G(O,l) =k 3 HAXH O <egr<k<e <1
HALAEEE2NZABE T T A0 2 N4 59 S 1313

( Td
Sd
TC
SC
max(z,y)
min(z, y)
k

= (l’,y) € [0761]27

= (S(Z,y) € [617k]27

= (I7y) € [kveQ]Qv

% (z,y) € [es, 1%, (2.3.5)
% (z,y) €10,e1) x (e1, k] U (e1, k] x [0,e1),

£ (2y) € [bre2) x (e2,1] U (ea, 1] [k, )

% (z,y) € [0,k) x (k, 1] U (k, 1] x [0, k).
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H£MBKER CF RTiX £ 2 —HAE.

FEARSCH, AT 2 -— B8 G I HE Al = A BB Al = A R 0 R oR N
T¢, T° M 59, S, IF HAg F, REGl = A B JE Al = f R 55 R ox N T A
Sp.

§2.4 2-—HEREF-t-BEFLHTHM

BULE, AR BATE L 2 -— B Pt 57 L1 o-iE B 1L

EN2.4.1. %Eac(0,1),GeU? L FecF,, —/A2-—&H#GHAA£
T F A a-ZHBGRFEHRGE (o,F)- TH8) Rk 2

G(F(a,x),y) = G(z, F(a,y)) x,y € [0,1]. (2.4.1)

BNk, AT R T 2-—BUEAEY--H T LW T E =y
i, F,, B4 AR, BT UL, IR BERAMRX F,, W2 pw# v IEH 4, v ¢ {0,1}
RN, TR 2-—BUERM SR iP5 B REHE 7 X 0 IR, AT
EFT GelU? iR 0<e <k<e <1 MANTIHHHBER 2-—FAAE Fot-
HA BB, R 2.2.2, WA M MG FEEE: a) 4 F e F,,
W u<vi;b) M FeF,, Hletv<uhl



BZE Y FeF, #Ru<vi, 2-—BIREE-t-E
FLEWEBME

AR, RN FEHAE FeF,, e p<v i, 2-—3H G 7}t
HY F ERERE Edh Gectucucduciucy. Mk, 7548 R R IE
H, G e CPUCRUCYUCLUCE B NMAT2K: D C* 2 CRuCYUCLUCs.
WLAE, LEFAT T8 5 — 3K,

§3.1 GeC*F

X E B o M op, v ZEEYFRR, HATR R 2 ML JLRE B (a)
€ (0,p); (b) v € [, v]; (¢) v € (v, 1). BAE, FATIFIR TR AT (a) o € (0, ).

EM3.1.1. FEGeCrAFelF,, A u<v. R aec(0,u), RAT
A AR L

() R p<e <k, ML GARAE (o, F)-LH8.

(i) %2R e < p <k, A G &Z (o, )-LHHSERY p=Fk AU A&
(%, Sp)-iL 45 a9,

(ili) R ey <k <p, MA G A (o, F)- LA H BLY

G(F(a,er),y) ye€ [0,k
F(a,y) :{ i) Y Ze bl (3.1.1)

MERR. AR CLTR LA A & 328 47 4k B
e MR p < e <k M4 a=Gla,er) = G(F(a,0),e1) = G0, Fla,ey)) =
G(0,p) =0, XA o # 0 MHFJE.

o WM ey <p<k Wi pu<k RATATLUIAFE] o € (0,k). T XM H
2,6 k=G(a,1) = G(F(a,0),1) = G(0, F(a, 1)) = G(0, 1) = max{0, u} = p.
XEWRE Bac Ou He, <p <kl BT G E (o, F)-TEH, 7]15
p=k. WA, X F (z,y) € [0,k BT G4 (o, F)-IER I, TATH

o T,y kSr(%, %) v
FASHE b ) = K= 5)
G(F(o,x),y

= kUl(E’ ’ )
_ o (¥
- kUl(k7SF(k7k))



AR ISR N3 7 e o DA 7S

IR Bl =g By = b B 0) € DI B A Ui (0t o) =
Ul( ! Sp(a 1)) Xj‘q: f%z: (a:l,yl) > U (a ) \:F‘%&E/j

*H)i HAp=kIH U £ (%, Sp)-EBH, 8 F AT 5, 3ATH L
338 G 2 (a, F)-iIL# 1.

o WM ey <k <y B HATUEH e3 > p. BN, ey < p. BB IE Fa, e
e, (14 1 =G(F(,e3),1) = G(ez, F(a, 1)) = Gleg, pu) = . T p#1, frLA
H ey > p ERXMIGFOA, N THEEy e k1], @B Fla,y) > Fla,k) > k
A Guy) = G(F(a,e2),y) = Gleg, F(a,y)) = Fla,y). By =Fk RUWE
F(a,k) = G(u,k) = k. I, %y e [0,k], BT F(a y) < Flak) =k, 5
338 G(F(a,e1),y) = Gler, Fa,y)) = Fa,y).

M, =

>

~—

| G(F(a,e1),y) €0
F@"y)‘{emy) Vel

AT I 9 R B 70 79 LR JUA 1 B

— &% (z,y) € [0,k]?, IBAA]1H G(F(a,z),y) = G(G
G(G(z, Fla,e1)),y) = (3? G(F(a,e1),y)) = Gz, Fa,y)).

— B (z,y) € [k 1% W G(F(a,2),y) = G(G(u,2),y) = G(G(z,p),y) =
G(z,G(p,y)) = Gz, Fa,y)).

— B (v,y) € [0,k] x [k, 1], A G(F(a,z),y) = G(G(F(a,e),z
G(z, G(F(a,e1),y)) L S G(z, F(a,y)) = Gz, :
VEEF] G(Fla,er)y) > GF(a,e) k) = k. ABT G e CF fg ), 7
//r%[‘ G({L‘,G( (a 61)7 )) =k= G( G(M,ZL‘)) =

k
— B (y,z) € [0,k] x [k, 1], T4, KA G(F(o, ) =
G(z, G, y)) HG(%F( y) = Gz, G(F(a,e1),y)) = Gy, G(F(a, e1),2)).
Wik G e CF WEiN, 713 G(F(a,er),z) > G(F(a,e1), k) =k, 3t — 2 Hb,
KR Gx,G(p,y) =Gz, k) =k =Gy, G(F(a,e1),)).
L]

Figs1.2. AT LEay R 311 (i), —HEEZ ALK ERTHRT
% 1 R [25, 26] F A Mas F AT
FALF #3015 FHEW (¢) a € (v, 1), FATAT LAAF 2 R 1H 1) & 2.

EI3.13. FEGeCr A FeF,, #% u<v. R ael), AT
8 AR BR, L.

() R k<es<v, A G TR (a, F)-it 45 8.

i) =R k < v <e MAGAE (o, F)-THEOSTAERY v =~F LU &
(9=k Tp)-iL 4549,

1-k>
(i) = R v <k <ey, A G A (o, F)-L AW Y ARG
_ | Gv,y) y € [0, k],
Flay) = { G(F(ae2),y) y € k1], (3.1.3)

8
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Fi83.14. T L@y 3.1.3 (i), — RBEEZABR LWIHEHLLE
SR 25, 26] A3 E) T R
w5, BATRIT® o € [u,v] BITEN.

EH3.15. FEGeCr A FeF,, & u<v. mR aeunv], M2 GE
(a, F)-Z A S HRE o=k

MERR. oL, EIRAIET S o > kE RAMCLH. B, BT G & (o, )L

1, 115 a = G(a,es) = G(F(a, k), e0) = Gk, Fla,ep)) = G(k,a) = k. HEX LY
o>k W EREMEES. A RITEH o<k BEATTRR. HL B @ G2
a) =k,

(a, F)-IZF B, 0115 a = G(a,e1) = G(F(a, k), e1) = Gk, F(a,e;)) = G(k,
EWEBE o<k MIE B, o=k 2%,
MR, 23 a=Fk FAT@EE— DR TET SR G £ (o, F)-TB M.

FE T KB d, AT E G J& TR KB UF 2-— K W, G e CJU
CYuCiudy.

§3.2 GeCluc)ucCiuc

X H N o B g, v Z PSSR, AT T8 70 9 BU R JUMG OL: (a)
a € (0,u); (b) a € [u,v]; (c) a € (v,1). BAE, WATFFIHEITRAE D (a) a € (0, p).

E1E3.2.1. 7J%'})é'GGC’OUC'?UC%UC’&_ELFGFW, WA < v, dmR
a € (0,p), AR 4 d= TF AU A& .

1) =R pu<e <k, A GARE (a,F)-iL#H K%,
(i) KR eg <pu<k, M4 GARE (o, F)-LA MK,
(ili) =R ey <k <p, A G A (o, F)- LA E BY ey >p FH

G(F(a,e1),y) y€ [0,k
F(a,y) :{ Cluny) Y ‘ze k) (3.2.1)

IERR. ibJRATTIE —IE Ml X He 5 i

o B p<e <k RPT GeCk HEEHI3LL G WIEWHTRE, 7T#H G e
COUCYUCLUCE A (o, F)-LF 1.

o B e<u<kHGRE (aF)-TBM. FATD WAL BB IXFh T 15 5

~B% G el HE ae (0,p), ﬁjiel<u<k: BATEH G(F(a,0),1) =

Glay1) € fa k). KM, @i Cp H2 W‘TUﬁWG& ())=
GO,p) = 0 ZROLH. (HZIX ﬁdﬂ%na¢ou&k¢o ie M1 77
J&.
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- X T HAA=FEN, B, G e CYuctuc). BT G(z,y) = max{x,y}
X FAERE (z,y) € [en, k] x (ea, 1] ﬁﬂ F(a e1) € e, k], RZ& 7 15 3
G(F(a,er),1) = max{F(a,e), }= L fE R — 1, A Gley, F(a,1)) =

Gley, p) = p, XHA p#£ 1 FHEE.

o R er <k < p. FALTEH 311 (i) FMHEN G e CF, XT?LEEI’JIEWF
2 -— BB R BIIE O, AT Bl AR R L. ez, AT DL I i R
THEAS 78 20 1 2 BT

]

5 R &5 R, BATA LAAE B BLT € B

EIE3.2.2. £ & GeCOUCOUC,iUCgﬂFeFW wA < v. R
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