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New Characterization of w-Core EP Inverse in Involutive Rings
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Abstract: We considered the w-core EP inverse in involutive rings and discussed its properties from
two aspects. On the one hand, the w-core EP decomposition was defined, and a new characterization
of the w-core EP inverse was given through the w-core EP decomposition, and some new properties of
the w-core EP invertible element were discussed. On the other hand, e=a® (aw)*"!, f=wa® (aw)*a

©

and the projection element p=awag were introduced. The w-core EP core inverse was equivalently

©
characterized by using e, f and the projection element p, and the w-core EP order a<<.b was defined
accordingly. The properties and its equivalent characterizations of the w-core EP order were studied.
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EPi_, IR . Gao %ES]?AEHTXTAET*E’J%@@T%A W™ TR 5% EP W, JRA T AR
TR S 20, ST T O A 3 R A R s Zha U B AE T AR BB e B RO S, Zim T

w5 Marry 0 2Z B 956 R 5 Jin 57 WAFR T XA T L w i B Z0im, B30T o 2w A
MEAYN T BN TEEE 7, A wlaw)” "B A8 ; Zhang 2B 3 — B 098 T w-4% 7 306 90 B9 1
i s MosicB Y 5I AT w-t% EP #i5E L, W98 T w-1% EP 30 S840 Z0im St , JFif— 2 T HYS
Marry ¥, Dh4%i% } Drazin ¥ 2 A1 5C 5 ; Wang" " 51 A T &M M W -EP 4%, JFFI L EP 43 it
T H-EP i Gao SV GG LWk EP 43 dfe) 2 T X &3 LEIE, IR T &3 PR
M ONAZ o3 ff s Zhu 5 X0 G B w238, 5IAT —FMBINT X R w &7, o 750 Zlm, Jf
FH w B P RFSE T wo- R 305 1 Al 1 J0 4 396 P 55

ARICZICHRI5-7,9-10, 12 TAE R & » W18 w % EP 0l w- B EP J7. |56, 7EX &3 EXoT
RIAT 0. 8 X w1 EP 50 . 7E M IERE FIE o B w-B-EP 70 0 8 2550 o J& w-#% EP 1] 3%
B, IS w B EP AL B s K, 51 A w ¥ EP [P B9E X, 118 w- % EP JF % 55 BT
WA 251 IEWITE w % EP JP MO M4 ME T+ awd Ji w-#% EP 0] 3% [ FLi AL 3005 1.

AN NI RR IEREEM AR EIE. K a€R, % a” =a, WHF a J& Hermite ;5 # o =a,
MR a BFEW. itaR={ax: x€R}, Ra={za: x€R}, a"={x€ER: ar=0}, ‘a={xER: za=0}.

EX 1 & a€R, MRHFHE—-DITE 2ER, Hifh

1) ar=uxa;

2) xar=ux;

3 MENEAREE b, W o =a"" 2.
W a #%°A4 Drazin Al HY . x #R4 a B9 Drazin #i70. Q2RAFTEXAER o0 WE2ME—R, 1I24E o, W2
FAF 3 MR /NAE U EL B FRON o 19 Drazin #8480, 24E ind(@). R, 24 k=11, o ZRFATHAY, IC
YEa® . HEEBIWRAFALE o BB, WL a®aa” =a™ . a”a=aa” s aa” a=a. 5 MH R",R* F/RX R
) Drazin 7] 3 CAIBER] W T EE 4.

EX2M % a€R, MRAFTE 2 €R & Penrose J7

1) axa=a;

2) xar=ux;

3) (ax)” =ax;

4) (xa) ™ ==xa.
M a # A Moore-Penrose H] ¥, x FR N a B Moore-Penrose #. IRFHEXERN «, WEEME—nAY, i
Ha'. R EFif Moore-Penrose i G EMESICH R WHR o Ml R T ara=a Max)” =azx,
Wz RN a B4 173}* W, ] Ra L W, AR e Ml WRITFRE axa =a Ml (za) " =za, )”'J PEHN a i)
{(1.4}-38, LK a'™ ﬁmﬁﬁR“%ﬂR“ﬁjﬂJ%ﬁﬂR BT (1.3 - AT A 1. 4) - AT 3 0 3R B9 4R
B HMaER HHAY a €R R,

EX 3 B SRR, a.dES. WR 2€S R rad =d=dax Hx€dSNSd, Wk a 5% d 7]
Wi, x N a Wd ATT0. EAETERFEN o WIME—, 8 e=a ‘. HSCERLLI5 AT, a €R™ M HAYY o WY
Ha Wi a ERY Y HAUYFAEIERER b, 13 a WiE o' Wi a €ER" MHAY o Wi o™ A3

EX 4% B a€R, MRMAE 2 ER, fiifT:

1) axa=ua;

2) xR=aR(Rx=Ra);

3) Rrx=Ra" (xR=a" R).
MIFR o JE A% m 3 B AZ AT 30 (9. & FROA o WA OB AL ) . 27 AETE a B A% 0 ORF A% 30 ) U affe —
I8 x=a®. CER[2 NEW] T &A% Al oo R a0 i, BAZ AT T A T 31 5 A B3R 1Y 48 4 Z1

1) axa=a;

2) xar=ux;
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3) (ax) " =ax;
4) ra*=a;
5) ax’=ux.

EX 5P Fa€R, MR 2ER, FENT, flifH,
D xat Tt =d";

2) axt=ux;

3) (ax) ™ =ax.
MIFR a SR h AT s « R a WO, EAETE a BYPRAX IS N 0 —, 900 2 =a®. W2 SRR /NIE
Rk RN a OSSR EL, 1CAE T(w).

EX 6" B a,wER, WRIFAE 2ER L

1) awz’=ux;

2) rawa=a;

3) (awzx) " =awx.
W a B8 Mg w- R A, 2 R a 0w B, EAETEIXRER) 2 W AE—, 32 @, RS R A 1Y w- #0]
WIS, B a€ERS BHAM Y wER " Ha€R" . Hh, a®=w'a"".

EX 7Y ¥a,wER. WRME 2ER, flifh.

1) awz’=ux;

2) EEREE k, 2(aw)' a= (aw)’;

3) (awx) ™ =awx.
MIFR @ s w1 EP Wi, 2 B8N a 1w B EP 3. EAFTEXAERY 2 WME—, 120 a2, W6 A 1R 1 R /)
IERE b FRN a W w-# EP W88, I8 K i (@) =k. H R® FRIIA W w-¥% EP Al nEA.

EX 8 Fa.b,wER, a€ER®, WH a®a=0a%b, awa® =bwa®, M a.b Hw- EIFLE, iClE

a%ub.
SIE 1Y K a,wER, W FH A
D a J& w-#%-EP Al ¥ ;
2) i x€R, kEN, ffif
awx® =z, x(aw)'a=(aw)a, zawxr =z, awz(aw)'a=(aw)ta, (awz)’ =awx.
5138 21 W a,wE€R, N F A
D a 5 w- % EP Al i ;
2) FEAEAETEEL by 15 w! " FE e, B ((Gaw)'a) ™ € (aw)'a) (1,3}
3 AR ks i ! O HFAE, H ((aw)™) 1 € (Caw) 1) (1,3} 5
O FELEAE SR By 7S w0 FE E, H (@)t ) Y € ((aw)t ') {1,3).
B, 0® = (aw)iw ! " ((aw)ta) .
5138 31 & S BB, a.w€ES, ME weS', M w'“=a(wa)? = (aw) 7 a.
518 4" & a,wE€R, W T EEM .
D a J& w-#%-EP Al i ;
2) AFAEAEFUEE by 1 ((aw)" D) AFFE, (aw)'a € (aw)*'R H.((aw)'a)" € ((aw)*a) (1.3} ;
3) FEEAESUEEE b, 15 ((wa) D) FFETE, (aw)'a € R(wa)' ™ H.(Gaw)*a) ™ € ((aw)*a) {1,3};
O FEEEFEREE k, 153 (aw)'a € (aw)™ " aRMNR(aw)* a H((aw)'a)'"" € ((aw)*a) {1,3}.
B3 51" W aE€R, W a€R" MHALY a € Ra'a. i, WHEX TR 2ER WL xa'a=a,
W 2* J& a W9{1,3} 5.
Bl 6" Ha,dER, M aER"MBHANY d € dadRNRdad. MHl, a'"‘=dt=sd, H¥ t,sER
e d=dadt=sdad.
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SIE 7% WaER, FFAEEEE k=m, WM a€R®H I(a)=m B HM Y a€R" H ind(a)=m H
a*€R"MY ., AL, a® =aPa" (a") M,

513 8" ¥ a.,w€R, W T8N,

1) a & w- & EP 7] ¥

2) aw ZH%-EP Al i ;

3) (aw)® FAEHXF k=ind(aw) » A ((aw)a) ™ € ((aw)*a){1,3}.

R, a8 = (aw)® = (aw) " (aw)'a ((aw)*a) ',
2 w-t% EP #57 i K 48 KX X B

EX9 HawE€ER, MR a=a, +a,. H1E T KR .

D ay 52 w1

2) ayw SERER

3) (a) " a,=a,wa, =0.
MF a=a, +a; & a B9 w1 EP Wi f#.

S/ 9 K a,wER, MRFLE 2ER, kEN, 15 x(aw) a=(aw)ta, awx’ =z, WAL IE
B om=k+1, 1.

1) z(aw)?r=awx;

2) (aw)"=z(aw)™ " *;

3) (aw)” = (aw)"z" (aw)".

WM. D HEMFET 2w a=(aw)'a, awzr’ =x 1§

(aw — x(aw))x = (aw — x(aw) D awx’® = (aw — x(aw)?) aw (awx®) x =

Y ) wx =0,

(aw — 2 (aw)?) (aw)* ' 2" = ((aw)'a — 2 (aw

H I z(aw)*xr=awx.
2) SWAFEIEBE m=k+1, B HELTTE

(aw)" = (aw)*aw (aw)" * ' =z (aw)* aw (aw)" ' =x(aw)"".
3) XHEEIERE m=k+ 1, HE RS 2) 1
(aw)" =awx® (aw)""" = (aw)"x""" (aw)""" = (aw) " 2" (aw)".

EFE1 Ha-wER, Ma Ew % EP AW Y HAIY o A w % EP Wi 5.
W . e, Bk o® 718, HA ay=awa®a, a, =a—awa®a. WHFIH 1 A58 9 FH, 1714
kEN, ffii5

awa® =a® (aw)?a®, a%awa® =a%, awa® (aw)'a = (aw)ta.
—, Al
a1 w(a@®)? =awa®a® =a%, a%a,wa, =alawawa®a =a,, (a;wa®)" = (awa®)” =awa® =a,wa®.
K a, & w Al H e =a®. 55—, HEI a;wa, = (aw)’a®a —awa? (aw)’a®a =0, T/&
(@, )™ =a,w (@) + () ] = (a — awa®a) wlaw)* = (aw)*™" — awa® (aw)*™ =0,
HIE aw BREFWN. )5, Bik(a)  a,=0. FEL L,

(a) " a, = (awa®a) " a — (awa®a) " awa®a =a” awa®a — a” awa®awa®a =0.

ZE I, a A w % EP ¥ 4 i
WEYE, B a=a, ta, & a B w-¥ EP W4, AR a8 Za, W w BT, (a,w)* =0,
ke Nﬂ(al)*azzazwalzo. ﬂ:%ﬁ%ﬁ
k
(aw)* = D, (a,w) (ayw)* (D

i=0

JAE. AN AT A%
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k

a®, (aw)™a =alaw Z (a;w) (a,w) a =
i=0

& k
a‘lg’u,alwz (a,w) (ar,w)*a + a?’wazwz (a,w) (a,w)a =
i=0 i=0
k k

a®a,wa, (Ew(alw)';l (azw)kf")a = Z (a,w)' (a,w)'a = (aw)ta.

Bk, drr s

aw(@®) =a,wa® ) + awa,wa® ) a® =a8,,

(awa®)” =(a1wa® + aywa,w@®)?)” =(a,wa®)” =a,wa® =awa,.

K a®.=a?.

I SCERCIT R e H 3.3 Al A, a=a) Ta. & a BPAARZI G0 B a o WRAZ AT 001, BRI Oh A% 53 70 it
& w % EP 43 fif i) — Rl R R B 2.

IR 1 R aER, W a RZTTHEH I (@) =k X HAUY a £ D055 5

W1 Wa,wER, ME a Bw ZEPHHN, Ha=a,+a, & a Ww B EP N, WawE
BEAT A, H (w)™ =@®)  aw.

EH]: AT 6l & a W w- % EP 0le. o B 1 MG 9 /T afawa? =a?, a? (aw)’a?
awa®. HEMH 1 PIEHESETHA a, =awa®a. TiE(e®) aw & aw WS, FX 1,

arw((@®)?aw)? =awa®a®a®aw = (a®)*aw,
((@®)aw) (a1 w)? =alawa® (aw)?a®aw =a® (aw)?alaw =a,w,
Ak, e
a,w((a®)aw) =aw (a?)*aw =alaw ,

((@®)aw)a;w=a%awa®aw =alaw.

M a,w((a®)?aw) = ((a®)’aw)a,w. Filh ayw EREA 09 H (0®)% aw S H .
EE2 Warb & w EP ATHIC, ay,b 5302 ab B wi% EP 4 ff o X N /9 53 f T
kF=max{i,(a),i (b }. W FHLEEEN.
1) awa® =bwa®, a®a=a%bh;
2) (aw)* Ma=bwlaw)ta s a (aw)* ' =b"(aw)*;
3) a;wa®,=b,wa®,, a®a,=a®.0b;.
HEWT: D=2). X458 DI AR T (@)t as T a=bwlaw)'a. *45E D
B AN EER - XA A (aw) T (aw)t T, TR a7 (awa®) " (aw)* T =b" (awa®) " (aw)* . #E—2,
A« (e ' =b" (aw)* .
=D, WMaiie DR« XA AR (@)D, AT
a2 (Caw)*™ (@®)*") " a=a® ((aw)*"" (@®)*) " b.
AT 1, AL 15 ala =alb. X E5E 2 P ZAFAH T w @), a5 (aw) (@) =
bw(aw) T (a®) 2, 1 awa® =bwa®.
D=3). M@ 1 IEM K8 1 ol 8, o =awa®as b, =bwb®b, H a®.=a®. FIHLE®L DM
B XS B 1 FG 3 9 A A,
arwa®, = awa® =bwaw (a®)? = () (@@ =
(e (B2 () (@) =bwb®bw (a®) =bwa®,.
T8 3) i8R — AU, B

awa® =bwa®awa®. (2)
—3, RO - AT AT, U'JJﬁ a®=a%wb®. M4 DIE A%, (LA
a®a, =a®%awa®a =a®a =a®% =a®%bwb®b =a®b,.

3D=>1). HEH 1 WIEHTH «® =4%,, T & awd® =a,wa®, =b,wa®, =bwb®bwa®. FIHFIH 1
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awa® = b 2bwbwbbw (a2)? = b 2bw (bw) ' (b8 ) hw (a®)* =
(bw) b (b8 ) bw (a®)* = (bw)  b2bw (a®)* = bwaw (a®)* =bwa®.
MIMTESE DR —AF AL, B awa? =bwblawa . HTMHF awa? =awaQbwb? o X H7EHR o2
AfFal =albwb?. I
a®b =a%bwb®b =a®b, =a®a, =aCawa®a =a®%a =a®a.
HEEE.
#ig 2 M w=10f, £ a,bER®, k=max{i(a),i(b)} H a,,b, 509NN a.b 76 P35 53 fie b
5 o0, WITF 54518 4540
D a%=a%, aa®=0a%;
2) a*T'=bat, a'dt=b"a", a" =ba";

3) aPa,=a®by a1a® =0,4%.

3 wi% EP FXREZREHEXZE

T TH E B AE w % EP AT BRI E L w i EP 3 BB, I, R w4 EP A
TCAH O 1 S A 1R

S5/ 10 Wa.w.pER. a B w B EP W[, i () =k, p BB IC. W FIILELF

1 p=awa®;

2) pR=(aw)*aR;

3) *p="(aw)ta;

4) (aw)a=plaw)a, *(aw)*'a="p.

WERH . 2)=>3) B4K.

D=2). H a & w# EP Af#MEMF DA pR= (aw)'' (a2)"" RS (aw)'aR. RZ. H
(aw)*aR = (awa®) (aw)*aR E pR. L 2) W7,

D=4, FEER p BT, TR A—pp=0. HAMEIE DA A —p) (aw)'a=0. HILLE H

DH=D. M5 1B 0—awe®) (aw)'a=0. FHZE O (aw)'a="p, H(1—awa®)p=0.
G G@w'a=plaw)ta, A

p=pawa® = plaw)*™ (a®)"" = (aw)* (a®)*"" =awa®.

EFEB3 Wa.b,wER, attw % EP A, i ,(a)=F, W TFIZEBHEN.

D a® aw)ta=a® (bw)tb;

2) (aw)'w ! ' = (qw)tw " (Caw)ta) T (bw)'h ;

3) (law)'a) " (aw)'a= ((aw)'a) " (aw)'b;

4) (aw)'a =awa® (bw)'b;

5) FERSIC pER, B (aw)'aR=pR, plaw)ta=pbw)*b;

6) FAERHIIE pER, i (aw)'a & p, plaw)'a=pbw)'d.

FEW . B 2 AT w! O A, B a® = (aw)iw ! (Cawd)ia) L TR T w! e, FEAE
TER, 5 w! (“"')k“:x(aw)ka, H (aw)ta = (aw) 'aww (““')k“.

D=2). RiE4hie . A

| Cawr*a

(aw)*w = (aw)*x (aw)*a ((aw)*a) " (aw)'a =a® (aw)'a =

a® (bw)*b = (aw ) *w @o'a ((gro)ta) T (bw )b,
A 258 2) AT,
D=3, HEHw 2. A
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I Cawd¥a )y =

(Caw)'ta) ™ (aw)ta = ((aw)'a) " ((aw) aww
((aw)'a) ™ (aw)'ta (Caw)*a) " (o) =
((aw)'a (Caw)'a) " (aw)'a) ™ (bw)*b = ((aw)'a) ™ (bw)*b.
BRI Z5 18 3) T
3)=>4). HIIHE 1 AJH (aw)ta =awa® (aw)ta s FFUH
(aw)*a = ((aw) ' aw (a@)*") " (aw)'a = (w(@®)*) " ((aw)'a) " (bw)'b =
(awa®) " (bw)'d = awa® (w)*b.
4518 4) BAr.
D=5). & p=awa?l, W p*=p=p" p BEHT. TR
PR = (aw)"™ (a®)*"'R C (aw)*aR =awa® (aw)*a < pR.
H—%, A pbw) b= (aw)*a =awa® (aw)*a = plaw)'a. FHIEEL 5) AT,
5)=>6) .4k,
6)=>1). MW7 10 L5 6 1% p=awa? , N
(aw)ta = plaw)*a = p(bw)*b =awa® (w)*b.
K a® (aw)ta =alawa® (bw) b =a® (bw)*b.

BEa - wER Ha 2w ZEPAWMN, i,.(a)=FF THMHREFEKRILE ¢e=4a2 (aw)™ Ml f=
wa® (aw) ' a ) — L EZE ) ZI) 1),

SIE 11 Ha.w.e€R, a 2w EP W, i,(a)=Fk, W FHILELHFM.

1) e=a® (aw)* ™'

2) Re=R(aw)*"', ea=(aw)*a;

3) "= ((aw)* )", ea=(aw)‘a;

4) (aw)*™)°Ce’, ea= (aw)'a.

EW: 2)=>3)F1 3)=>4) AR,

D=>2). HEMH aER® 45t DB ea= (aw)a. FIHZIH 1 7 H, ReZ=R (aw)*aw =RaweZ
Re. PSS 2) A7,

D=1, WL ODFM ea=(aw)'a T w(a®)® M1F ea® = (aw)'a®. W5IH 9 H, (aw)' ' X
(1— @) (aw)*™ ) =0 Wor. TEEFLL OFH ) ) Se’, TR e(1— (@) (aw)* ) =0.
[A ik

e=ea® (a®) (aw)*" = (aw)'a® (a®)" (aw)" =aw (a®)? (aw)*™ =a® (aw)* .
FALGIBE 11 B UE R J5 AT A5 LLR 51 2.

5|12 ®a,w.fER, a 2w ¥ EP AWK, i,(a)=F, NIFIHZEEEH.

1) f=wa® (aw)ta;

2) Rf=R(aw)‘a, fwa=w(aw)'a;

3) ff=aw)ta)’, fwa=wlaw)'a;

4) (aw)*a)’ = f°, fwa=wlaw)'a.

EE4 Wa.b,wER, afEw % EP W, i (0)=k, WFIZEREN.

1D awa® =bwa® ;

)Ea

2) (aw)*a =bwlaw) w @,

3) alwa)* ' =p(wa)* ",

4 a(wa) (wa)™ )7 =b(wa)* ((wa)* )7 ;

5) (aw)*a =bwa® (aw)*a;

6) fA1E e€ R, ffifF Re=R(aw)'"", ea= (aw)'a, awe=bwe;
) ETE e€R, i8] ¢°= ((aw)*™)°, ea=(aw)ta , awe="bwe;
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8) TEFE e€E R, MR ((aw) ™) Ce’, eca= (aw)ta, awe=bwe;

9 FIE fER, B Rf=Raw)a, af=bf, fwa=wlaw)a;

10) f77E fER, fHfE fF=((aw)*a)’s af=bf, fwa=w(aw)'a;

1) H#1E fER, B ((aw)a)’ S, af=bf, fwa=w(aw) a.

W 6)=>7), D=8), =100, 10O=>1D R, FEF o« 2w & EP n[ ¥, S5 2 1 A
B 2 7] awa® (aw)ta = (aw)ta s w' (“w)k“ﬁﬁ:, H a® = (aw)*w @oa ((gao)ta ) T

D=2). i w! “ HELEH, FAE sER Hifh w | ' =5(aw)ta. FIHLEL D, B

,,k { 1 b
(aw)'ta = bwa® (aw)*a = bw (aw ) 'w " ((aw)ta) " (aw)ta =

b (aw)*s (aw)a (Caw ) a) " (aw)ta = bw (aw)'s (aw)ta = bw (aw) o | ',
2)=3). ML 2) i3
aCwa) ™ = bw (aw) w0 (aw)ta = bw (aw)* (aw)ta = b(wa)**.
3D=>4). MR a & w- % EP A, MG 2 A5 3 5 ((wa)" DT fEE. HER 3D, A
aCwa) ((wa)™)* = alwa)* ((wa)*)* ((wa)*) 7 =
b Ca) ™ ((ea)™ ) 7 ((ea) ™) 7 =b(wa) ((wa) )7,

H=5). W a & w ¥ EP IRy, AT 2 F51 8 3 al ki

I (aw)*a [ (aw)*a

a® (aw)'ta = (aw) *w (Caw)ta) ' (aw)ta = (aw) w
2
(aw)ta = w2 (aw)ta = (aw)ta ((wa)™)* (wa)*! = a(wa)* ((wa))* (wa) =

I Cawd¥a

YLy E =bwa® (aw)ta.

b(wa) w (aw)'ta ((wa bw (aw ) w

5)=6). 2 e=a% (e, M ea=a® (aw)* 'a= (aw)ta. FIHZIHE 1 7] ReZR (aw)taw =
RaweZRe, Bl Re=R(aw)*"". [EF awe= (aw)"*aw =bwa® (aw)" aw =bwe.

=D, M« €RY K45 8, FMTIH 11 AT Fl e=a? (aw)* ', T

(a2 =a? (aw) ™ (a@)* =al.
)i
awa® = awa® (aw)*aw (a®)" =awe (a®)*! =bwa®.

D=9, & f=wa® (aw)a, W af=bwa® Caw)ta =bf, fwa=w(aw)'a. FIHZI I 1 715
RfER(aw)*a =Rawa® (aw)*'a =R f.

1D=1). R a € R ML 1D A ((aw)a)* = f°, fwa =w (aw)'a. F G 12 ] H
f=wa® (aw)ta. Ti&

Jwa® = fwaw (a®)? =wlaw) aw (a®)* =wlaw)*a®,
(A1t
awa® = aw (aw)*a® (a®)* =afwa® (a®)* =bfwa® (a®)* =
bwa® (aw) ™ (a®)* =bwa®.

5| 13 ¥ a.0,wER, a0 Zw % EPA[ M, b=max{i.(a).i,(0)}. WHE awa® =0wa®, N
NGRS

D % (aw)ta=a® (aw)ta

2) b2a% = (a%)*.

IEM . D WY @ 2w #Z EP Al i), 513 1 748 (aw)'a =awa® (aw)ta s a® =aw(a®)?. H4s
A awa® =bwa®, F

b8 (aw)'ta = b2bwa® (aw)ta = b2 () (a®)** (aw)ta =
()™ (@®)H) 7 (aw)'ta =bwa®a® (aw)ta =a® (aw)ta.
2) HE5E DA 0% (aw)ia =a® (aw)ta, M

b%a® =02 () (a®)"? =4a% (aw ) (a®)H)F? = (a®)’.
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EX 10 % ab,wER, a 2wt EP [, i,(a)="F, WE awa® =bwa®, a® (aw)ta =

a® () MIFR b # w B EP FFXER . i8N as.b.
TS w i EPFLRERMT.
WEWT: D S SR AR BT
2) M. W abec Bt EP AT, H oo b, FEIEW a<, c. B k=
max{i.(a)si.(b)}s B bwb® =cwb® M awa® =bwa® W15
awa® = bwa® = (bw)* (w)? (@@ =bwb® (bw)* (bw)* (a®)** = cwb® ()t (bw)* (a®)** =
cw () (@@ = cw () (a®)? = cwaw (a®)? = cwa®.
AL,
a® =a® (awa®) " =a® ()" (a®)) " =
a® (bwb® (bw)'bw (a®)) " =a® () ™ (a®)F) ™ bwb?®.
EEH a® (aw)a=a® (bw)'b, 6 (bw)'b =502 (cw)tc, N
O (aw)ta = a® (bw)'b =a® () 1 (@@ " b ® (bw)'b =

a® () ™ (@®)H)" ™) " bwb® (cw) e =a® (cw)’e.

A 0 e

EFE6 Hab,wCER Ha Zw #EPAA, i.(a)=Fk, W THIZEE54 .

D aéw bs

2) (aw)'w ! ' = (qw)itw | (Caw)ta) T (bw)'h s (aw)'a =bwlaw) w ! @,

3) ((aw)'a) "(aw)'a= ((aw)'a) (aw)'b, a(wa)™ " =b(wa)*

4 (law)ta) "(aw)'a= ((aw)'a) "(aw)'b s a(wa) ' ((wa)* )7 =b(wa)* ((wa)* )7

5) (aw)*a=awa? (bw)'b =bwa® (aw)‘a;

6) FEIEHREI L pER MIFEAN e €R, #1715 (aw)'aR = pR, p(aw)ta = p(bw)*b, Re=R (aw)*'",
ea=(aw)'ta , awe=bwe;

) FHERIIC pER FMIE N e €ER, 5 (aw)'a S p, plaw)a=pbw)b, = ((aw)'™)°,
ea= (aw)'ta , awe=bwe;

&) HIEWHIIC pER MFEN FER, #15 (aw)'aR = pR, plaw)a=pbw)'b, Rf=R(aw)'a,
af=bf, fwa=wlaw)a;

9 RS IC pER MEA FER, HE° (aw)alp, plaw)a=pbw)b, 7= ((aw)a)’,
af=bf, fwa=wlaw)'a;

10) FFERSIC pER MEA FER, 1 (aw)'aS"p, plaw)ta=pbw)'b, ((aw)'a)* = f°,
af=bf, fwa=wlaw)ta;

1D ARSI pER FIHEA e €R, 15 p(bw)'b = (aw)'a =ea, bwe= (aw)*"';

12) ﬁf%ﬂﬁfﬁj PER MIEAN e €R, 15 p(bw)tdb = (aw)'a =ea, bwe=awe.

WEWT: S538 1) ~10) B4 Pk g B 3 MUE B 4 a4, i 11D =>12) B4R, BT i R Uk
=11, 12)=3).

D=1D). %4 p=awa®, e=a® (aw)*™', M| p*=p=p", HZIH 1775

ea = (aw)*a =awa® (o) = p(bw)*b ,

bwe = awa® (aw)*"! = (aw)*"™" =awe.
12)=>3). RIELEIL 12), FHEKRSIC p e €R, i p(bw) b= (aw)ta =ea, bwea=awea, T &
p(aw) a = (aw)‘a, brw (aw)*a =aw (aw)'a = (aw)*a.

P I
(Caw)*a) " () = (plaw)a) " (bw)'h = ((aw)*a) " (aw)*a,



544 oMK A R (B 2R RO %64

b(m )2k+1 :a(w)zkﬂ.

EIE7 ®a.b,wER, a.b & w#% EP ] i, 0 a%u,b, awbw=bwaw, N awb }& w- ¥ EP A
Wi, W Cawb)® =06242.
WEBT. o5l B 13 AT A5 6242 = (%)%, T E (a®2)° & awb W w-t% EP . & k=
max{i,(a)si (B}, HEM 6 7E b(wa)” ' =alwa)™ ™, TREA
(a®)* Cawbw) ™™ (awb) = (a®)*b(wa)* M wbw) *awb = (a®)* (aw)*" aw (aw)* (bw) *awb =
(aw)* (aw)" () *awbh = (awbw ) ™ awb ,
(awb)w(a®)? =aqwaw (a®)?

(awb)w((a®)*)?* = (awa®) (a®)? = (a®)Z.

=(awa®) " = ((awb)wa®) " ,

Z £ X W
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