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On Rough Algebra Structures of Hom-Lie Algebra

LI Xiaochao, GAO Fengxin

School of Mathematics and Statistics, Huanghuai University , Zhumadian Henan 463000, China

Abstract: Hom-Lie algebra is a new kind of algebraic structure. The idea of rough set is introduced into
Hom-Lie algebra. Based on the ideal of Hom-Lie algebra, the congruence relation and the upper (lower)
approximation of subspace of Hom-Lie algebra on congruence are defined. The rough algebra structures of
Hom-Lie algebra such as rough subalgebra, rough ideal and quotient algebra are studied.
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L: (x,y) —> [z, y] BWELMERN, BXMER 2.y € L2

() [xs y]=—1[y, x];

b)) [6(x)s [ys 2]+ [6(y)s [2s )]+ [6(2), [z, y]] = 0.
M= L, [, |, 6) &— Hom —Z=0%. (b) 7 & Hom-Jacobi Z&=..

A L 725 Nyl 2 o(ND S Nis [Ny Ny S Ny IIRRONG S [ oo |y)) 2L [ s o) B Hom —25F
AL FIFRFAEL 45 L T2 0 N, R o(N.) S Ny [Ly N JE Ny WIFR(NL S [ Jao [y 2 [ ] o) [
FAH.

X2 WLy, [y dis o)Ly [ 1oy 00) WA Hom 2L, /2 L —> L, 2 — LB
BMAERE 2.y € Ly #H fLx, y]D) = [f @, O LA feoo =0, fo WFR /& Hom —Z0UE1 ] 25
WSRF. A U WIAR £ 02 Hom —ZEAREE M, 1 Hom —ZARE (L, [h Jis o) (Lo [y 1os 02) 2E[H]
.

W2 Hom % L, 3 L, WFEEBG. W Ker f={xr e L | f(a) =0} AT [,
Im f={f(x) | x € L} BRRHEZE fIBR. B8R, Ker /2L, A, Im /02 L, B9F0%L

w1l WS (L[ Jiso)—> Ly, [y ]y o) J&2 Hom —ZBEFEZS, TR L, (EAR, W £(D 2
FCLD) Ry HAE.

Al 1 IR S 15 8, RO R

W R & Hom L ERHEN LR, HXMEE € L, k€ G, H(x, y) € RAHEH (x+2, y+2),
(kx s ky)s([zy =], [ys =D € R, WK R EL EH—PRK LR,

W T2 Hom UL W3R, 7EL FEXLZIURAR, = {((xs y |xz—y€e I, Yx,y€ L}, B,
Ry Z—ANSEMOCHR, Wi R B YRR AL .

a2 R, & Hom U L LW —ARIRXR.

ARl 2 PUEI 2R 2545 2, UE B O R e

AR 2.y BRIAH . iE 8 aRy. it Ri(2) R o MR, A%, BRR () =+ L

w3 WIE Hom U LWHME, HMEZE x,yve L, B

() R (x) + R, (y) =R (x+ y);

(i) R, (kx) = kR, (2), Yk € C, k # 0;

(i) [R;(x)s Ri(WIZ R, ([, y]).

BT T2, wEfssh, AI1+1=1,k =I1k#0) fll, I]C 1. AR () =2+ 1, firi
3 2 Gkl

2 Hom =R WIHENRHEW

X3 W& Hom B L I, M EL WAES 74 EXMXFITHTEMAYR (M =
{z € L|Ri/(x) &M}, MEF T [ EEMHAR, (M) = {z € L|Ri(x) N M# Q).

EE1 TR Hom ~ZEUHL WM, ML MFam, WR M =M+ 1, Ry(M = M 5
R, (M) =0Q.

iE XMEEseRM, AR NMAQD, Bic+D NM=£Q. NitFEEy e I, = € M, i
c=z+y, BEr=z—ye M+I, WEEAR M CM+1. WEZz+yeM+I(z€ M, ye D,
H—vel, Rty (—weE GGrFy+FDNM, 88 x+ye R (M, BIM+1C R, (M. Hitas
R/ (M) = M+ L.

MICME, H#rxeEM, HR(2) =x+ICM, fla € R(M). #2€R M, xR, (x) EM.
i R, (M) = M.

MIg M, WG €1, 2 ¢ M. HHEILE y € ROV, BIA R (y) = y+ 1< M, itiiih
y+xr €M XHyeR M, BIR(y)=y+ICM, %ye M FEHMELME2ME, WE 2z M, 5
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WX E. WA R (M = 0.

EX 4 W 1JE Hom {04 L ¥R, MJ& L Fasi|l. Qs R, (M) J& L i — AR GAED . Tl
B M J&—A T FACE (AR 5 WS R, (MD & LA — A F AR GAED » IIFR M — 4~ ERL AR B (AR
R M [ A2 O AE GRAED AR AR (RARD , AR M2 — AN A (D

2 W TR Hom U8 L AERAE, Wik MJE L AU (AR, ) M J2: L g —4~ AR5
(GEAD. i, R 1< M, WM 2L ) —AHF R GRAD.

iE MEMIAR M =M+ 1 T TREIAE, METRE. g

[R(M), Ri(M)]=[M+I, M+I1]C[M,M]+ICM+1=R,(M
#
s(Ry(M)) =6(M+1D =6(M) +6(ID) M-+ 1

I, R (M) J2 0% B M 2 L i—4 U8

MELA IS M, MAEER € M, AR () =x+ 1S M. Bl e € R, (M), Wi R, (M) =MZL
B —AF %k i M & L — AR AL

XTERAR (A5 T2 R RURTHIE . ) 72 B

EE3 & E Hom UL fy3AL, 2k M, N 2L T HFAREGEED, WM N N MM, M]
J&= LA GRLAD.

iE B M NEL W IHEAREFER 1R, Ry(M) = MHR,(N) = N 278, kfa I1< M,
ICN. #fiAISMAON, B RMAON =MNONETRE. MO NEZEL B FETE

[FIFEATIE, [M, M & L i F AR

X BRAR A T AL AT IE ) AR

EE 4 TR Hom U8 L fyHiAR, G2k M2 L W A%, WM, M & L i - FACEL

R T MR T, R (M) = M4 1 &TR%. smAaM. M] S M+ 1. [Hikig 5

[R,[M. M], R([M, M]]=[[M., M]+1.[M, M+ 1] [M+1. M+1]C
(M, M]+1=R,[M, M]

o(R;,[M, M) =¢([M, M]+ 1D = o([M, M]) +o(I) =
[6(M) s 6(MD ] +6(D) & [M, M]+1 = R,[M, M]
R [M, M]J& L {408, M. M1 L i B REL
EES &2 Hom UL fy3AL, 2R J,.M4502 L iy FMEAUR o080, W J +M 2 1
HLF 1L
E BT JLM A Lo ERIEAR R BRI AR MR, () = T+ TRL WEE, Ry(M) =M+ 1
& L8 T iAs 3|
[Ri(J+M,RJ+M]=[J+M+I1, ] +M+I]=
[J+D+M+D, J+D+M+D]S (J+1D+M+D =R,(J+M
o(R(J+M) =¢(J+M+D =c(J+1+M+D =
c(J+D+eM+D = (J+D+M+D =R J+M
I R, (J + M) 2740 W T+ M2 B0
EE6 )& Hom 28 L M3RAR. 25 K. J &L (W LREAR, W K+ Tt L5y A,
FHEBE 1 ASE L4 FIEBE 6 B E.
W f:Ly— L, J& Hom ~Z5RELA A, famil 1, 50UA Ry & F(L) LRTHAME £CD H—A 4
EE®7 WL — L, J& Hom ZUHKFEZ, TRL, WHEME, MEL, (F20, W f(R,OM) =
R, (f(M)).
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iE HER LA, F(R(M) = f(M+1D) = f(M)+ f(I) = R, (f(M)).

EE8 & f:L—— L, & Hom BRI, T/&L, MM, MEL, 750, W (R (M) =
R, (f(MD).

iE XEE € f(R(M), ey € Ri(M), flifd o= £y, Il y+ 1< M. #WmA f() +
(D CfMD, 58] 2= f(y») € Rup (FIM). B (R (M) = Ry, (f(M)).

MAFE 2 € Ry (f(M) s H Ry (2) S (M), Bl a+ (D S f(M), WAELEy € Ly, #1852 = f(y).
HET () + (D S f(M), 185 f(y+D S f(M)., BT £, WG y+ IS M, IR, (y) M, #
Bl y € Ry(M). iz = f(y) € f(R, (M), Bl R, (f(M)) = f(R,(M)).

i f(R (M) = R, (f(M)).

KF Hom —ZEARCE R, [RIREAHLF AL ECRTHL AR 1Y) 4518

EE9 K f: L —> L, Jj& Hom ZEMRBCAFS, TRL, I, MZL, 7250, W MZEL 1
HLFARECS HALY F(MD 2 L, AL F10HL

iE & T MEL BRTAREL MR, (M LR, (VD & L, UK. &%, Re(M) =L, [+
R4, Hp

[R;(M), R, (M)}, < R, (M) o (R, (M) = R, (M)
11 75 2]

[F(R, (M), (R, (M), = f(R; (M) o, ¢ [(R/(M)) = f o5 (R (M) f(R, (M)
Wt SR, (M) J& L, 8L disE s 7 Al Ry, (fFVMD) S L (P Bk, i R(MD J& Ly 0¥
B BMUTTIE Ry (f(MD) & L, (FAREL B f(MD 2 L, HLFAREL

Aok BT LM R L WHFRES W R0 (M) R (F(IM) 2 L, i FREL H5%k,
SR (M) = Ry (f(M)) & L, BJFL%. 155

FUR (M), R/(M)]) = [f(R,(M)), f(R,(M)], = f(R;(M))
T fRHREAs. MR, (M), R,(M)] C R, (M). XK ¢,(Ryp (f(M)) Ry (f(M)), 155
foa (R (M) =g, « f(R, (M) = f(R,(M))
T IR EE. o (R/(M)) SR (M), #Emif35] R, (M) & L, (FRE. AT IIE R, (M) J& Ly )
FARE, MR L, AR AL

SRR . SR 9 MAERZEML. A R 458 8o .

EE10 & f: Ly —> L, J& Hom -ZQU8RIM . T 2L, (B, MJEL, F2smE, W MJZEL, i
PRAY HAVY f(MD J& L, BRI B4R,

% L={R/(2) | x€ L) Fx Hom-ZERE(L, [, ], o XFHMAIMEAKRFARLES. EL &N
NG € 2 I E RS 1 )

R, (x) + R, (y) = Ri(x+ ) rR;(x) = R;Gx) (R (), Riy(y»] =R, ([x,s vy
WAL E v,y € L, r € C, K5I LRz B RA A, S510ERICH B,

L FEXME (R () =6(x+ D =o(x)+ 1, Wl 6(R () = R, (6(2)). FKHWIE o LM
g, Ho([R (), Ry (] = [6(R,(x))s 6(R;(y))].

11 % L4 Hom 2080, W) L 56TF bakhnik . BRI My 16 558 8 LA e M mt o # % Hom —28
AL

I ASRAE L ST gk Mg R ks B & A . FooE R R (0). XN

(R (), Ri(y»W] =R, ([x,y]) =R (—[y, 2]) =— R, ([y, 2]) =—[R,;(y), R, (x)]

[6(R;(x)), [Ri(3)s Ri() 1]+ [6(R; (), [Ri(2) R ()] + [6(R; (), [R;(2), R (y]] =

R, ([o(x)s [ys 211+ (o), [2y ]]+[6(2), [xs ] = R, (0)

e L &—~ Hom -Z{U%L.
FEH 11 Y Hom 2508 L o8 Hom —ZECEL L L FRIA R, MEICE. ik L/R,. Bl L = L/R,.
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W f: Ly —— L, J& Hom - RELF A, W Ker /2L, WA, Ry, &L, LWFEIRXER, HFUTFEE
ST
EE12 & f: Lh— L, /& Hom —EEZE, W L, /Rk.., 5 Im f [F]44.
IE EX¢: Li/Reo;—Im [, Ry, (2)) = f(2), VY Rku,(x) € Li/Rgery.
BEEIE 6 2 — WS, & Rie (2) = Ry, (3 Hax+Ker f=y+Ker £, Bla—y € Ker f, 5%
f) = fCy, B¢ E— i,
HAUEW ¢ ZRZE. MEE R (1) sRker () € Li/Ryer s H
$(Ry.. ; (1) + Rywr 1 (1)) =Ry, (x+ ) = flax+y) =
f() + f(3) = $(Ryer (1)) + $(Rier ,(3))
[F) B AT E ¢ PR 45 0 e vk M T 455 18 5.
FRKIEH ¢ o0 = 00 © $. FEE R, (2) € L /Ry s» A
$ o 0(Rio (1)) = $ o Ryor s (01 () = [ o5, (2)
BT fJ& Hom -ERHFEE, e fea =0 o f, WA
$o06(Riw (1)) = foo(x) =0, ° f(2) =05, o $(Ryer , (1))
Bl ¢o6=0, ¢ mWor.
BRI ¢ BXUR. SHTEE (o) € Im fGXB 2 € L))y B Rio ;(2) € Li/Rier s » L $(Rier (1)) = f(2),
B ¢ 20 5. XL Ry s (2) Rk, (3) € L /Ry s 47 f(2) = () WH f(a—y) = f(2) — f(y) =0,
58« —y € Ker fo #EMA] PIFF] R, (2) = Ry, (y)» Bl ¢ J& LT,
KUk, ¢ & Li/Rxe, 8 Im f G FRMBS . Li/Ree , 5 Im f A1,
EE 13 % 1% Hom —ZR{RE L AYHLA, 25 M 2 L KL% W R, (M)/R, MR, (M) /R, J&L/R;
1 F AL
A MEL PR W R, (M) LR, (M) J2& L FREL
AL R (1) R, (y) € Ri{(M)/R,. A
R,(x) +R,;(y) = R, (z+7y) € R, (M)/R,
R (x) = R;(rx) € R;(M)/R,
[R/(x)s R/ (] =R, ([x, y]) € R, (M)/R,
VK (R () =R, (6(x)) € R (M)/R;, it R, (M)/R; 7= L/R; tFt%k. RBAE R, (M)/R, &L /R,
O AV
T 14 % 14 Hom U5 L MBAR, 25 J J& L AORLEEA, W R, (J)/R; MR, (J)/R; = L/R; iy
FAH.
5 13 BRI B, of FEmS.
HAEFE 14 H1. R, () /R, J& L/R; WEEAR, id R, () /R, =TI,
EIE 15 % I~ Hom 2V L A9BEAR, J & L &9 LM EEAR, W (L/R)/Ry 5 L/Ry; A4,
S ORTJRL M A, MR =1+] &L WA, MR, &L R4
EX ¢: L/R,—>L/R;,;, $(R,;(x)) =R, ,(2), YR, (x) € L/R,.
Ko RAE ¢ J&— NS, Bl Im ¢ = L/Ryy;. & mom 435002 L 2] L/R, L/Ry; WS, B r (2) =
Ri(x), m(x) =R, (), B n v, BIHFRIS. WEZE € L, A
¢, (2) = ¢(R;(2)) = Ry, () = m, (2)
W E ¢, = ..
SAEE R () € Ri/(J)/R(x € Ri(J)), H
SR (x) =Ry, () =x+1+]=1+]
Bl R, (x) € Ker ¢, 183 R, (J)/R; & Ker ¢. T m ZWRZE, WMEE n (0) = Ri(2) € Ker ¢, H R (1) =
() =l () =I1+], la€I+] =R, (], BF R (x) € Ri(J)/R;, hihfEH Ker  Z R, (J)/R;.
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WA Ker ¢ = R, (J)/R, =TI,
SEE 0 (o) m(y) € L/Ri(x,yE L), B
([ () m (WD =¢r,([as y]) =[x, y]) = [m (@), m (] = [¢r, (2D, ¢r, (y)]
58 ¢ 2 —AFE. HER 12 s ISR (L/R) /Ry 5 L/Ryy; R,

3 HWIE

ASCE LT Hom—ZAUR R TR AR KR 45 ih T RIRFENZ NI BEIER . 18 T Hom -2
ARBCHEL T AU R AR IR AU A RS AU 4. RS 252 1) JELAREL I P 8 A RS B 3 v 5 AU L B RS 42
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