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Abstract

In order to study the Hom-crossed-coproduct, we define the Hom-crossed-coproduct
by analogy, and give some properties of Hom-crossed-coproduct by calculation. As
an application, we obtain the necessary and sufficient conditions for Hom-crossed-
coproduct to form Hom-coalgebra, and the necessary and sufficient conditions for

Hom-crossed-coproduct and Hom-smash-product to form Hom-bialgebra.
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1. 7T4R

Hom- A& 75 ¢- AR Witt A3 [1]A1 ¢-TEAE /) Virasoro AREL [2]4H€, FERH T-H#
R 2008 4, Makhlouf F1 Silvestrov 7E3CHA [3]H 8 7 ZEAEIT 51 XN T Hom-RAL A
2. Hom- A 51 NS2hR F2 4 7 AREIMES:, AR 45 & v A2 1 T Hom- 25 & P2 A,
B a(a)(be) = (ab)a(c). B Hom-REW TR N, Hom-FE I FAR L5 B 1340 24 2 Wi, — 4k
2 [4-6)4K 225 N T Hom-RAVEL, Hom- XU Hom-Hopf AAELEE. thAk, Yau [7)#2—LL/E Al
RAEHZEFERIX L Hom-45# 4 : Hom-#E, Hom-24%, Hom-Hopf #F1 Hom-#EACEL, J7E3CHk [5]H
W5t 1 Hom-Hopf A5 FE A% 45 74 g 2.

XA —H & Hopf ARE P HERHE AN SR, IEFE®F. 1997 4£, Wang S.H., Jiao
Z.M. 1 Zhao W. Z.1ESCHR (8] A 37 M AR B 2 AR B AR HE) ™ 2] 7 Hopf A% I, 44 T
TXRBM E CHHFF T T HAMER. AR T RAXRAERRBM A EFM. XXRBE
smash FIRIHE), HE X~ & H & Hopf AREF C B2 R{MAR%, HECEELEFRIEH,
p:C—H®C,plc) =Y cc1)®@cpo:C— HQHRZEMEREBI. ¢(c)=>do/MCE5H
(158 X R SUNIRIE T H) C @y H R RIFeE

A(c®h) = Z €1 ® ca(—1)¢3'hy @ ca(0) @ ¢3" Py
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H, MfEZaeC, he H.

ASCAEB) Hom-BUCEL, 52 X T Hom-XUREL EIAS AR, HiFie HER, 44 17 Hom &8 X 4
AR Hom smash A2 i Hom- XU - EL 1) 78 70 D B 46 AF

2. & EIR

A kB EER, KEM B 2B AR RSO & EREAT R SO A
Sweedler X T RAMAKFMAKBAILTE. N TRAKC, EER c € C, WML ERREN
Ale) = 1 ® co. RTH C-RIE M, AEER m € M, RIEHICAH p(m) = mo @ my. 74, & I &4
PE RV ERESEBGS, o, 8 2 AT .

X 17 WV REHEZN, 1 VeV sV, oy— oy, a: V — V EREEBYS. (R XE
Bl z,y,2 €V, & Hom-45H5 %14

pla(r) @ ply @ 2)) = p(p(z @ y) @ a(z)),
HEAFR=TCH (V, p, @) & Hom-AEL. WIERA LN n: k — V 2
p(n(l) @ I(z)) = a(z) = p(I(x) @ (1)),

ARV 524 AL Hom-FREL.
B (V) BV i/ of) #5E Hom-ARE BRREMEB £V — V7 2

foa=dof, po(fef)=Ffopu

IAFRELRYERRET £V — V' & Hom-ACE A,

EX 27 E®V BEMEEN, AV VeV, B:V =V ARREENE. Wi
(BeA)oA=(A®p)oA,
MabE=Jcd (V, A, B) 5& Hom-RAK. WERALNEBS, . V — &, FiL
(I®e)oA=B=(e®I)oA,

ATV A RPLLITH] Hom-RAEL
W (VA B) AL (V! A B #& Hom-RAREL WERENEMS f:V — V7 Jili2

foB=p0of Aof=(f&f)oA,

WAFREIERLS £V — V' & Hom-RAHRA.
EX 37 #
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1) (V,pu,c,m) A HALIC n B Hom-R4L;
2) (V,A,a,e) —ARBALIC ¢ B Hom-RACEK;
3) LML A F e # 2 Hom- AL A, B

Aler) =e1®@er, er=n(l),
Alu(z @ y)) ZA( JA(Y),
eler) =
ez ®y) = ( )e(y),
Ala(z)) = afzr)a(zs),
eoa(r) =e(z).

MFRFSTCH (V, py ey my A €) A& Hom-XUAREL.

EX 4 7] % (A, ) & Hom-AH, M L0, H 3 M — M 28w, Wit gettm
o A9M = M, a®@m— a-m, S{EER a,b € A, m € M, 2

a(a) - (b-m) = (ab) - B(m), 1-m = pB(m),

Bla-m) = afa) - B(m),
HAFR (M, B) 7 (A, a)-Hom-.

i, FATAT LLE XA (A, a)-Hom-#. & (M, Bay) 1 (N, Bn) 2PN (A, o)-Hom-HE.
BAMEEN a e A,m e M, Ve £ M — N i

f(a'm):a'f(m)’ fOBMIBNOf’

WAFREVERS, £ M — N A A-FEFRZ.

EX 5 [7] % (H,B) /& Hom-SUHL, (A, o) & Hom-ACH. WWRAGLEME p: Ho A
A h®a® — h-a, WEZEM h,g € H, a € A, W2

(hg) - a(a) = B(h) - (g-a), 1-a=ala),

a(h-a) = B(h) - ala),
B%(h) - (ab) = (hy-a)(hy - b), h-1=ceg(h)1,

ISAFR (A, o) 72 (H, B)-Hom-FAXE].

3. Hom-Hopf X LR X KF

FENA T Hom-Z2 SCRAKIE X, 451 T Hom-32 SURFM AR B TR Z 56, 1845 T
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Hom-%2 XA Hom smash FE B Hom- XU B 78 70 b B Z& A

ENX 1 % (H,B) & Hom-WALHL, (C,a) & Hom-RACE, WRAFAELERS p: C —

H®C, p(C) ZC ~1) ® €(0), MHEREIM ¢ € C, e

1) Y ele-1))e) = alo),
2) Yo cne(e)) = e(e)lm,
3)
252(0(71)) ® co)y1 ® Coy2 = Z C1(-1)C2(-1) ® €1(0) @ C2(0),

HAr Ale) =Y 1 ® cy.

2N (H, B)TE (C, o) LI7E 55 Hom-RAEH.

(1)

EX 2 % (H,B)Z& Hom-MARH, (O, )& Hom-RAREL. (H, B)TE (C, o) LI7E 5 Hom-RAEH
p:C— H®C, it plc) =Y ¢1) ® o), (C, ) A HAE Hom-RAH. ¢ :C - HoH, 22—
LYW, Yo=Y e ENMESH CoyH=C®H. X cc C,hc H, EX Hom-23fl

Hom-R AL
Ale®h) Z a”?(en1) @ (B~ erz-1)B 72 (e2)) B (M) @ @™ (caz(0)) @ B (2

e(c®@h) = e(c)e(h)

EIE 1 C oy H M Hom-SAREIN TS Z A2 ¢ Bie oI5t

1) Yle(d)d" => de(d”) =€(c)ly

B~ (ha)

2)
D e Bler) @ B ey -1)Ble2") @ iy
= Y Bler)B (eamn) @ Bler”) B (ea—1)2) ® alcao)) (2)
3)
Z ci—nBle2’) ® croy'ca”1 ® 10y 2”5
= Z Bler)ed'1 @ Bler)es's @ 52(c") (3)
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IERR B, i EAREREOL, SE R AL, SHEER ce Cohe H,

(ld®e)A(c® h)
= (id®e (Z a(en) (012( )572(02/»571(}11) ® 072(012(0)) ® B (ca") B (h2))
= > a M en) @ (B eazn)B72(e)B () @ e(crzo) ® eles”)e(ho)

= Y aHen) @e(c)lue(ea)B(h) =Y 1 @ e(e2)B(h) = afc) @ B(h).

(e@id)A(c® h)
= (e®id)(D> a " en) ® (B (cra1) B He2)B 7 (h) © a (cra0) ® B H(e2")B (ha))
= > elen) ® elersn)e(ea)e(hr) @ a > (era) @ B (c2”) 5" ()
= > elen) ®a(erz) @ e(ea) B(h)
= ) e ®@e(e)B(h)
= a(c)® B(h).

FRUEM AR 45 61k

(@ ® M)A h)
= (a® A)(Z a™Hen) @ (B (erz-1)B72(e2)B 7 (h) @ @™ (cr2(0) @ B (") 67 (ha))
ZCM “er2(-1)B7 (e ) @ a”? (era)11) @ (B (Crz(0y12-1)) B * (c12(0)2"))
(B72(co )ﬂ 2(ha1)) @ @™ (cra(on2(0)) @ B2 (r2(0)2") (B2 (¢2"2) B2 (ha2))
ZCM (B (c12-1))B7H(e2")) 1 @ a2 (c12(001) @ (B °(C12(0)21(-1)) B> (C12(0)22"))
(B7(c2"1)B~ 2(hzl)) “Herz10) @ B (er20)22") (B (e2"2) B (haz))
< D enn @ ((B7°(cra1(-1yB 7" (eraa(=1))) B~ ()1 ® @7 (c121(0)) © (B~ (crzz(0y1(-1))
B~ (0122 (0)2 ))(5 (e2"1)B7 % (ha1)) ®@ a™H(cr22(0)1(0)) ® B (Cr22(02”) (B2 (¢2"2) B2 (ha2))
c D en @ (B (crar(-1) (B (er221(-1)) B (C1222(-1)))) B (€2)h1 ® @2 (c121(0))
(B~ 6'(01221(0)(—1))/3 % (c1222(0))) (B2 (2"1) B2 (h21)) ® @ (€1221(0)(0)) © B~ (€1222(0)")
(67%(cr” )5_2(1122))
= Y e @ ((B7(cran=1) (B (cr221-1)) B (erzza-1))))B () B (h1) @ a*(cr21(0))
®(B~ 6'(01221<0>(—1>)f5’ *(cr222(0))) (B72(c2"1) B2 (h2)) ® ™ (caz210)(0)) @ B (cr222(0)")
(B7(ca"2) 87" (h2))
= Y e @B (e (B (crom 1) (B (erana-1) B (2))B 2 (h1r)) @ @~ *(caan0)
(6™ (e1221(0)(-1) (B~ (c1222(0) ) B (c2"1))) B (ha2) ® ™ (cao210)(0)) @ B (cr220(0)")
(67%(cs"2))h2)
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(A®a)A(c® h)
(A®a)d o (en) “Hera-1)B 7)) B (h) @ a” (caz(0) @ B ()BT ()
Zoé ?(e1111) ® (01112( )6 B3 (1)) (B~ (012(71)1)57302/1))672(%1))

®a~?(c1112(0) @ B2 (crr2”) (B (cr2-1)2) B (2"2)) B2 (h12)) ® o (ci2(0)) @ 2" ha
chl 0121( ))5_4(012211))((5_7(01222(—1)1)5_302/1))5_2(7111))

®a?(c121(0)) ® B2 (c1221”) (B (cr22(—1)2) B7%(¢2'2)) 872 (h12)) @ ™ (cra22(0)) @ 2" ha
Z o ® B8 (c121(-1 )(((5_6(01221/)5_8(01222(71)1))5_302/1))5_2(7111))

®a?(c1210)) @ (877 (cr221") B (Crz22(-1)2)) B2 (2'2)) 7" (ha2) ® a™>(cr220(0)) @ 2" o
> e ® B3 (o) (B~ (c12a1)B ™5 (erasa(-11)) B~ (¢2'1)) B> (b))

®a*(c121(0)) @ (877 (cr221") B~ " (cr222(-1)2)) 872 (€22)) B (ha2) ® @™ (cr222(0)) © 2" ho
> e ®@ B3 (eran 1) (877 (craan(-1) B~ (c1222)) 8 ¢2'1)) 872 (han))

a2 (e121(0) © (B (122100 (=1)) B (c1222")) B2 (¢2'2)) B~ (Ba2) ® o (€1221(0)(0)) © 2" o
D alen) ® B (cann-u) (B (caa-1) B> (o)) B (c220'1))B ™2 (hua))

®a 2 (ca110)) @ ((B7°(Car2(0)(-1)) B (c221")) B (c222'2)) B (h12) ® o (ca12(0)(0))
®B* (222" )

D alen) @ 87 (cann-0) (B (earz-1) (B> (o) B~  (e222'1))) 872 (M)

®a 2 (ca11(0)) @ (B7°(C212(0)(=1)) (B (c221") B 7" (€222"2))) B (h12) ® o (ca12(0)(0))

®B (22" )ha

D alen) ® B (ean-n) (B (cara-1) (B (ea21(-1))) B> (e2221))) B2 (1))

Ra (C211(0)) ® (B (0212(0)( 1) (B _5(0221(0)l)/6_5(0222”1)))ﬂ_1(h12) 02y 0_3(6212(0)(0))

(B *(caa1(0)) B H(c202"2) o
Z c11 ® ﬂ C121( )((5_6(01221(71))(ﬁ_7(01222(71)))5_3(02/1)))5_2(7111))

®a " (c12100)) ® (B (c12210)(—1)) (B8 (1202000 ) B72(c2"1))) B (ha2) @ @™ *(c1222(0)(0))

®(,375(01222(0)/1)572(02//2))h2
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B (@A) A(c®h) = (A®a)Alc® h).
Fk, R RAEH.
H a(c) @ B(h) = (id @ €)A(c® h)

alc) ® 1y
= (id®e)Alc®1y)
= (id®e)(D_a " (en) ® (B~ (cra-1)B (o)l @ > (cra(0)) @ B (") 1)
= D a7 en) @ B (eran)A (&) ® elerzo)e(er”)
= Y a(en) ®e(c)1uB () @ e(cr”)
= Y a7 en) @ elen)ere(cy”
D e @ade”).

KA FRAER (e ®id)

(e®id)(a(c) @1y) =€(c) ® 1y

(€®id)(> a®cda")=> B()
53
e(0) @1y =Y ()e(c")

M a(c) ® B(h) = (e @ id)A(c @ h)

alc)®@ 1y

(e®id)A(c® 1g)

(e®id)()_a (1) @ (B (crz(-1))B ()1 @ a > (c1a(0)) @ B~ (") 1m)

- zem@e(cm_l»e«:z»@a-%cmo»@cz"
= Y elen) @a () D)
— ch®e(62')62

Fe A FRAER (e @ id)
(e®id)(a(c) ®1y) =€(c) @1y

(c@id)(Y e @de)e’) =Y dd) © A"
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GE
elc) @1y = Z e(c)c’

% C ®y Hit Hom-ZARE, A (a @ A)A = (A@a)A
(a@A)A(c®1g)
= Oé & A Z o 011 & /B (Clz )6_1(621) &® 05_2(012(0)) X CQ”)

= Z 11 @ 5_2(012(—1))02I X a_3(012(0)11) 0y (5_6(012(0)12(—1))5_4(012(0)2/))5_1(02//1)

Ra~ (012(0 12(0)) ® B~ (012 (0)2 "B 2" y)

(A®a)A(c®1y)
= (0@a)> a(en) @B (e1z-1)B7 () ® a*(c1z(0)) @ ")
= D a P (enn) @ (B (cina-1)8 (e (B (cra-11)B 72 (1)) © @ (ernao)
®B7(en2") (B~ (cr2(-1)2)B7%(e2'2)) @ a ™ (c12(0) @ B(c2”)
X BT FAER (6. ® id) @ (6. ® id) @ (id ® ep)
D elenn) ® B2 (era1))es’ @ eleazonn) ® (87 (erzona-1) B8 (erz0y”)

B e )@ a” (012(0)12(0 ) ® €(cr2(0)2” )e(c2"2)

Z €(c11) ® 5_2(012(—1))62I X (/6_5(012(0)1(—1))6(012(0)2)1H)62N

®0473(C12(0)1(0))
= Z e(cnn) ® 5_2(012(71))02/ b2y 5_3(012(0)(71))02// ® 04—2(012(0)(0))

= Y BN arn)e @87 (cwen)e” @ a (Goo)

Y elenn) ® (B (eina-n) B~ (e12)) (B~ (cr2-1) B2 (e21) @ e(crniao)
®B7*(c112") (B (cr2-1)2) B2 (e2'5)) ® a7 (c12(0)) @ €(c2”)
= Z(G(Cm)/3‘2(0112'))/3‘3(012&1)) ® B (e112”) (B (era(-12) (€(e2) 1)) ® @ (cr2(0))
= > BN en )8 (Caan) @ B en) (B (crz-nye) (ele2) 1)) © @™ (erzo))

ch 02( 1) ®e”" B 2(02(—1)2)®C2(0)
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cE
Z/B (Cl _n)e’ ® B~ (01(0 1))62”®071<C1(0)(0))
= 201 ?(ea-11) ®@ 1" B2 (e2(-1)2) ® c20)
Q15|

Y anBled) ® B eaoy-1)B(e") ® o))
= > Bler)B M ea—11) @ Bler”) B (ea-1)2) @ alea o))
X BT FRER (e ®id) © (e, ® id) @ (e @ id)
> eenn) ® B3 (era-1))es’ ® €(crnonn) ® (B~ (craona-1) B~ (cr20)2”)
B7Hea"1) @ e(craonz() © B3 (craq)2") B (e2"2)
= ) elen) @B (crz-n)e2’ @ (e(erz) B (er2(02)) B (e2"1) @ B3 (cra0)2”)B ™ (e2”2)
= D elen) @B (ein-n)ed’ @ B (erz0))B7H(e2"1) @ B3 (erz(0)”) B (e2"2)
= Y B Mew—n)ed @ B ei))B 7 e") ® B (ean)) BT (e22)

Y elenn) @ (B7°(ernae-1) B () (B (era-1)) B2 (¢2'1)) ® elcinnz(o) ® B2 (e112”)
(B~ er2(-1)2)B7*(e2'2)) @ €(erz0)) ® B(e2”)

= B en)(e(er2)B7H(e2'1)) ® B (enn" ) (ele122) B~ (e2'5)) @ Bler”)

= B (e)B7(e2) @ B (en")(e(er2) B (e2'2)) @ Blea")

= a7 ) ®@a"B ') © Be”)

(GE
Y B e @B ew)B T e ) ® 87 )8 (")
= Y 187N )®a’B(e2) @ Be)
bS]

Z ci-1)B(e2") @ 1oy e2”2 ® 10y 2"

= Z Bler)es' s ® Bler”)ea'y ® B (e)
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SEH 1 IEEE. 0
51EE 1
1) M «a, B R EEBI, X Hom-3ZXRM C @ H RINSCHER [8]H 158 SR
A(C ® H) = Z C1 ® CQ(_l)Cglhl ® 02(0) ® Cg/lhg

2) %o, RAESEMUNT, X2 B AR RN SCR (8] IAE R C @ H MR AR 78 2

M
(I
D e(d)" =D de(c) = e(e)ln
(II)
/ " / "
z C1(-1)C2 ® C1(0)(-1)C2" & C1(0)(0) = 201 Ca(—1)1) ® 1" ca(—1)2 @ C2(0)
(III)
/ ! " " 1 _ / / " / "
201(71)62 dcro)yc2 1 ®cCio) 2 2 = 201 Co1®@C1 C2o @ Co

4. 4578

TERT A FC R b, 12 SR E i AR 5 v, &0 RE M5, A SCK Hopf-A2 SR RHET 2|
Hom-XUARE L, 251 T Hom-38 AR 8 XA —2e ki, 53] 7 Hom-28 AR % Hom- 4384k
(78 B2k A, TEASCIIE 78 360t L Kok mT it — P8 78 Hom-38 AR FUFT Hom smash FE il Hom-*{
ARBU) 78 B2 DA S Hom- 38 XA A 1 X 41 458 )

EEUH
[R5 1 SRR 4R VBT F (11801515)s 1515 1 48235 T L W 99351 F (11571316).
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