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|laM, — M, a — a®G, + F,Qal|| + ||-aF,Qe + aQe|| + ||e®RCGa — eQal|| <
Dllall = 3€™ >+ s.t |[aF,ll < C|lall; [|Geall < C7lall ; a®e — e®a -

|laM, — M,a — a®6G, + F,Qal|l -+ aF,—a ; Gaa—a
aS gyob 40l g9 €7 > ¢ il Sude <ol g
laM, — Mya — a®G, + F,®all < C|lall; llaF |l < C7lall; |Gqall <
Cllal| Va,a € A

G A &S ol 5ot A ey s oo ool ,S-,S,e Sles sl i (Gg) s (Fo)

P L U@p) 55 w5 oo 5 0351 ol Hl0 Sl g wBlioe Sl01S (Slow ooy
SARA

U(a,ﬁ) = Ma - Fa®e,; - eB®Ga + e,;®el;

|laUapy — Uapyal = ||aM, — aF ,@ep — aeg®G, + aeg®ep — Mya +

F,Qega+ epQG,a— epQegal < llaM, — Mya — a®G, + F,Qall+<

|-aF.®ep + a®ep + e3Q6G,a — epQal| < C|lall + || -aF ,Qep + a®ep +

es®Gqa — eg®allllall = Cllall + [[—aF,ll||eg|| + llall||leg|| + |leg]|lIGoall +

| —egllllall < (€~ + M)]|al

lim(aUap) = U@p®)

= (lé‘%(aMa —aF,Qep — aeg®G, + aeg®ep — Mya + F,Qega + eg®G,a

- e,;®e,;a)
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= (li%(aMa —Mga—-a®G, + F,Qa)

+ (li%(—aF,I@e,; +aQep + eg®G,a — egQa)

= (li%(aMa —Mya—-a®6, + F,Qa)

+ (—a®e; + a®ep — epQa + ezQa)

=+ + (—a®eg + aQ@ep — eg@a + eg®a) = +
T(Ugp))a=n(M, — F,Rep — ep®G, + eg®ep)a
=n(My)a—n(F,Rep)a—m(epQ®G,)a + m(ezQeg)a
=n(My)a—Fy.ega—ep.Gaa+ eg.ega
=n(m, + F,®e + eQG, — e®e)a — nt(F,Qep)a — m(epQG,)a
+1(epQeg)a
=n(mg)a+Fqea+e.Goa—e.ea—Fyega—ep.Gaa+ eg.ega
=ea+F,eateGoa—eea—F,ega—eg.Gaategega—ea=a

|Tt(Uap)al = ||ea+ Fy.ea+e.Ga—e.ea—F,.ega—ep.G,a+ eg.epal
=|(e.e+Fpe+e.G,—e.e—Fyeg—ep.G,+ep.ep)d|
<|ee+Fse+eG,—eep—Fyep—epG,+epellall
< Nllall

Sl OIS s oy S8 Sy (Ump) o5 25 48 9,5 Shalesl Olsies Slol @ oy
R |
5oy e Gk Sy (Ug) o5 w0 a5 VST Ll o el oads SWSINVEY
b aS el A Gl ool S50 sled cu,is o (M(Ug)) o5 T el A Gl Jloo),S
S YEY g 23 athowy 4 ol Yoo Sled i S shls A 15 sl Jlogl,S
Dy o

J oS oS 28500k )bolS ()8 jsb & ndy PLEIA o5 0S (531 VT (e
Slod co,i | Sygo ol 50 BL A o 0al JoSo ] STabb Al [ewl)] o anas Jloo]
Sl

a5 &5,ls 0929 iz € ol S 9] o (Pi) L9 A oyl Jlopl 5= K e [oz]

rpi—=r; lrpdl <clirll [pr—7 lpirll <clirll] Vre€].



Sodp sz 5l s pdy (ke a8l pons slo Sis #A

cosly Jlosl ] 45 b 15 5 mesleior Ll | anid il oo JlowslJ a5 s o olay
gbise ol aline jb 4 ail
85 ygb 4 ail A lp lonl SR o) JhE L AQA o (Up) S oS by
Sy cnl bl Hlagl,S ((U)
dISAstA=10] =
VaeAdi,el,3j €] st a=i,+j P:A—]s.tP(a)=j,
a=b = b=ig+j,; P(b)=Pig+ja)=Ja =Pla)
(POP)(@) = P(P(@)) = P(jo ) =ja =P(@) = P(P(a))=P(a)
oS (0 a5 Al (6 gl (Ghlwgn SIS SO PiA — ] a5 0S5
P:ARA—] s.t P(a® b) =aP(b)
Va,b €A
d@p:AxA—] s.t o(a,b)=aP(b) ;a=c,b=d = aP(b) =
cP(d) = ¢(a,b) = ¢(c,d)
@(a,Ab + c) = aP(Ab + c) = a(AP(b) + P(c)) = aAP(b) + aP(c)
= A¢(a,b) + @(a,c)
@(Aa+ x,b) = (Aa + x)P(b) = AaP(b) + xP(b) = A@(a,b) + @(x, b)
P(ra®b) = raP(b) = rp(a®b) = Y(rui) =rp(ui) Vre]
rP(u) = Py a; ®by) = r Y2\ P(a;®b;) =12 a;P(b;) =
2i2yra;P(b;)
T(u)r + P(ru; —u;r) = m(X2, a; @b)r + P(rxi2 a; ®b; —
iz a; ®b;r) = Y¥iZya;.bir + X2 ra; P(by) — X2 a; P(b;r) =
Yioya;.bir + Y2 ra; P(b;) — Xi2ya; bir = Y.2,ra;P(b;) = rp(w;) =
(u)r + P (ru; — w;r)

VreJ 3acAs.tP(a)=r; P(r) = P(P(a)) = (PoP)(a) = P(a)
=r =>P(r)=r;b,eA,re],J<XA = br€E]
= P(b;T) = b;r
rp(u;) = t(ur+yYOu;, —ur)vrej] ; Ppu) €J
pi = P(uy)

VaeAdau;—ua— +;r€J<A = ru; —wr >+
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s Ylruy —wr) > ¢ a5 095 o amis Canl ag P a5 ol 5
VaeA , n(u))a—-a
i =T G TP(uy) > 1 ol plom(u)r ->r i

lrp;ll = llr(u)r + Y (Ou; —wr)|| < |lwCu)r|l + llPpGru; —u;r)||
< Cllr|l + llp(u; —w;r)|| < Cllr|| + D|r|| = (C + D)||r||
=c||r|l

el J gl sl oS- 50 Slea co,a ST 5o (Pi) 45 ass oo 4zl
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Slad yo L'(G, w) 3 oy Cwly b S Los
L'Gw) L (Gw) =L"(GXG6wXw)
L 0iS o ;5 L LP(G X 6,—=) 5 L'(6,0) 5l oz 5 e, (slo o

. = e \ \
&S ¢ Cowl oo ub’jo LgLQLJ.o.C Lg‘)" L (G X G,m) )‘ Jj“-\-“ 2 u_i.: C,(G X G,m)
Sl s 4 5 glaJse B b ol

fo@y) = [ o yDf(@)dz ; D.f(x) = [, P(zx,y)f(2)dz
L'(Gw) QL (Gw) =L (GXGwXw) 5 pas o ;lis law

36:L'(6,w) X L'(G,w) = L' (6 X G0 x w) 0(f, 9)(x,y) = f(x)g()
F9=Mmj) = Vxy)eex6 (f,g9xy) =hj)xy = f(x)=
h(x),g») =j@) = f()gy) =h®jy) = 6. pHxy) =
OCh,H(x,y) = 6(f,9) =0(h,))
0(f,.9g+h(xy)=fx)@+hMNY) =fxQGW) +h(®)
=f)g) + f()h() =0(f,9)(x,y) + 0(f, h)(x,y)
=0, 9)+0(f h)(xy) = 6(f,g+h)
= 0(f,9) +0(f,h)
0(f+9.MxY) = (f+9®h®) = (f(x) + g(x))h(y)
= f()h(y) + g(x)h(y) = 0(f,h)(x,y) + 6(g, h)(x,y)
=(0(f,n) +6(g.))(x,y) = 6(f +g,h) = 0(f,h) + 6(g,h)
Va € ¢

O(af,9)(x,y) = af(x)g(y) = ab(f,g)(x,y) = a(0(f,9))(x,y) = 0(af,g)
=ab(f,9)

0(f,ag)(x,y) = f(X)ag(y) = af(x)g(y) = ab(f,g)(x,y) =

a(0(f,9)(x,y) = 0(f,ag) = ab(f,9)

Cl jouts owliol (gl by 95|
a5 5, 3929 sl P L'(G, ) ® LG, w) — L'(G X G, w X w)
YR,y =fx)gy)
P:L'(G,w) L (G w) > L'(GXGwxw) st P(fRg) =0(f 9
Y9y =0(f,9)xy) =fx)g) i.e P(fRP(x,y) = f(x)gly) =



Sodp sz 5l s pdy (ke a8l pons slo Sis VY

P(f®(g +h)) =P(f®g) + Y(f®h) ; Y((f + 9)®h) = P(fRh) +
Y(g®h) ;P(af®g) = aP(fRg); Y(fRag) = ap(fQg)
Y((FO)(gRK))(x,y) = 6((f, h)(g,k)(x,¥) = 6(fg, hk)(x,y)
= (f9) ) (hK)(Y) = fF(X)g@OhKY) = fF(ORH)gX)k(Y)
= 0(f, h)(x,y)0(g, k) (x,y) = (6(f, h)0(g, k) (x,y)
= 0((f,h)(g.K) = 0(f, h)6(g.k)) = P((f @ h)(g R k)
= P(fON)Y(gRk)
P(fRg) = Y(h®k) = P(fRg)(x,y) = Y(h®K)(x,y) = f()g(y) =
h(Ok(y) = f(x) = h(x),g) =k(y) = f=h,g=k = fQg =
h®k = :\ —)
il oo Ligy Pl [YY] b

YR (x,y) = f(x)g¥)

O o R wpe hly opo g el iy pailleS g Jadgs g by 9 SO 4 SO Y e
L'(Gw) QL (Gw) =L(GxG6wxXw)

(f.@)(g) =2(g*f)
(@.f)(g) =2(f*9g)

foxy) = [ O yDf(@dz ; &.f(x)= [, ®(zxy)f(2)dz
Vi € L'(G, ») V& € C.(G x G,@) Vx,y € G

\
wXw

ie —— . (6) i
i.e wxw(DEC,(GxG), wf EL'(G)i.e

i o®Of®dt <o

D:GXG— [+,+0)Ve>+ K Vx,yEG ”ﬁ(x,y)d)(x,y)” <&

. . e e 1 e .
amled 0 & ISG el C(G X G’E) BT oy des
T:C.(6X6—-) > C.(6Xx6—=) T(®)(xy) =Dy x)
=9y = Vxy)eEGXG P(x,y) =¢xy) = ®¥,x) =y(y.x) =

T@)(xy)=TW)(xy) = T(@)=TH)
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@]l = sup||e(y, )|l = sup||T(®)(x, y)Il = IT(@)I|
x,yEG x,yEG

VO(y,x) e¢ I(x,y) €GxG s.t T(@)(x,y) = d(y,x)
T(@)=THY) = V(x,y) €6 X6 T(®)(xy) =TH)(x,y) =
D(y,x)=9P(yx) = @=¢ = T:\-)

\
:r‘,.._{)‘d ¢D,1I) EC.(GXG,m) )‘Q’LS‘)‘W

T(a® +P)(x,y) = (@a® +P)(y,x) = a®(y,x) + P(y,x) = aT(P)(x,y) +

TW)(x,y) = [aT(®) + TW)](x,y) = T(a® +¢) = aT(®) +T(YP)
T(@Y)(x,y) = (PY)(y,x) = 2y, )Py, x) = T(P)(x, TW)(x,y) =
[T(@)TP)](x,y) = T(PYP) = T(P)T(Y) Va €l ,

Vx,y € G Y& € C.(G x G,ﬁ)
S oo Ry
fod =T(f.T(®)) ; Pof =T(I(®).f)

\ . .
C.(GXG,m) e é.?'g) vﬁr))‘}m
At Jyao slades C.(6X 6= 10 Jsao 39 ¢ L(G, ) sloas slo Jga 3

ol Wbl ol 4 b Sl 6l 5ot S 5 0y Jos b (wls S 3 Joe ) 0

p.:.mé
f@P)=(*9).® ;f(@+P)=fP+f.Y;
f+g9.o=fD+g9.P
(@.9).f=D.(fxg) ;(@+P).f=D.f+Y.f
D.(f+g) =D.f+D.g
fo(go®) = (fxg)o® ; fo(®+Y)=fod+ foy ;
(f+9)o® = fo® + god
(@Pog)of = @o(f +g); (@ +YP)of = Pof + Ppof ;
Do(f + g) = Pof + Pog
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f.@+9)(xy) = [, (@ +P)(xy2)f(2) dz = [, D(x,y2)f(2) dz +

[y f (@) dz = f.oxY) +fYxy) = .0+ f.)(xy) = f.(+
(f +9).2xY) = [, @(yD)(f + 9)@) dz = [, (x,y2)f (2) dz +

¢ P yDg@Ddz=f.P(xy) +g.P(xy) = (f.P+gP)(xy) =
f+9d=fd+g®

i f; @, yzt) g dtf(2)dz = [; (x,yzt)g(Df (2)dtdz = f.(g.®)

(@+¥).f)xy) = [ (@ +P)x,f (@) dz = [ @(zx,y)f (2) dz +

(@.(F + 9))®y) = [, ®zx,y)(f + 9)(@) dz = [, ®(2x,y)f (2) dz +

Jo #@x,y)g(@) dz = (@.f)(xy) + (@.9)(x.y) = (. + D.g)(x,y) =
D.(f+g)=D.f+D.g

(®.(f x9)(x,y) =

fgr @ (zx,y)f (D gt 'z)dtdz
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(@.1).9)xy) = [ (@ )exy)g@dz = [ [ dtzx,y)f (D)dtg(2)dz =
[ @(tzx,y)f (D) g (2)dt dz

fO(d’ tY)NEyY) = TET(@+ 1/)))(?6 y)= (. T(@+P)yx) =

T(f T(‘P))(x y) +T(f. T(IIJ))(x y) = (fO‘D)(x y)+ (foll))(x y) = (fo® +
fop)(x,y) = fo(®+Y) = fo® + foy
((f +9)o®)(x,y) =T((f + g)- T(¢))(x ) =({(f+9)-T(@)(y,x) =

T(f T(¢))(x y)+T(g. T(‘D))(x y) = (fO‘D)(x y)+ (90¢)(x y) = (fod +
god)(x,y) = (f+g)o® = fod + god

(@ +P)of)(x,y) =T(T(P +¥)./H(x,y) = (T(P + ). /)y, x) =

T(T(CD) f)(x y) + T(T (). f)(x y) = (‘POf)(x J’) + (1P0f)(x y) = (Pof +
Yof)(x,y) = (@ +¥)of = ®of +YPof

(<D0(f +9))(x,y) =T(T(®).(f + D)x,y) = (T@).(f+ )y, x) =
f T(‘l’)(ly x)(f + g)(Z)dZ = f d’(x zy)(f + 9)(2)dz =

fG T(@)(zy,x)g(2)dz = (T(®).f)(y,x) + (T(P).g)(y,x) =

T(T(®@).H(x,y) + T(T(®).g)(x,y) = (Pof)(x,y) + (Pog)(x,y) =
(®of + ®og)(x,y) = Po(f + g) = Pof + Pog
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(fO(godJ))(x y) =T(f. T(go¢))(x y) = (f.T(go®))(y,x) =
[; T(go®@)(y, x2)f (2)dz = [, (go®)(xz,y)f (2)dz =
Jo T(9.T(®))(xz, Y)f (2)dz = [ (9.T(@))(y, x)f (2)dz =
[0 T(@) (v, xzt)g (D dtf (2)dz = [ T(®)(y, x26)g(O)f (2)dtdz =

va D(xzt,y)g(t)f(z)dtdz

((f 9)0®)(x,y) =T((f * 9). T(d’))(x y)=((f*9)-T(®)(,x) =

f """ f """ T(®)(tzy,x)g(t)dtf (z)dz =
[ T(®)(t2y, 0 g (Of (2)dtdz = [, (tzy,0)g(Of (2)dtdz

(¢0(f D)(xy) =T(T(P).(f * g))(x y) = (T(®)-(f*9) ¥, %) =

\
Vo € C.(Gx G,m) (f.®)og = f.(Pog) (fod).g
= fo(®.g) f.(go®) = go(f.P)
(. P)og)(x,y) = T(T(f. P)og)(x.y) = T(f. P)og)(y,x) =
Iy T(f.@)(zy,)g(2)dz = [ (f.®)(x, 2y)g(2)dz =

I J; @(x,zy2)f(2)dzg(2)dz = [, @(x,zyz)f(2)g(2)dz
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((f. <1>)oy)(x y) = (f (¢09))(x y) = (f ®)og = f.(Pog)
((fO‘P) Dxy) = fG (fO‘P)(ZX }’)g(Z)dZ = fG T(f T(‘P))(Zx y)g(z)dz =

Iy fG ®(2x2,y)f (2)dzg(2)dz = [, D(zx2,)f (2)g(2)dz

(fO(‘iJ D)xy) =T(.T(P. g))(x y) = f.T(P.9)¥ x) =

fG fG ® (27, y)g(Z)de(Z)dz = fm D (2x2,)f (2)g(2)dz =
((fod).g)(x,y) = (fo(P.9))(x,y) = (fod).g = fo(P.g)

fG fG ®(xz, yZ)g(Z)de(Z)dz = fm ®(x2,y2)f (2)g(2)dz

(900 9))(xy) = T(@.T¢. )(x.y) = (9.T(f. a>))(y x) =
f;' f;' ®(xz, yZ)f(z)dzg(Z)dz = f(,.v ®(x2,y2)f (2)g(2)dz =
(f. (go®))(x,y) = (go(f.®))(x,y) = f.(go®) = go(f.P)

M(G X G,w X ) 35 &lef e § Jos 3 oo Jos OB 9
_»'lsag;wocuC(GxG;)*=M(Gxwaw))oo)'lea.eJAcolfp
T:C.(6 X 6,——)" — C.(G X 6,——)" T"(®) = PoT
fom =T (f.T* (m)) mof = T*(T*(m) ) VfEL (G w)
Vme M(G X G, w X w)
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T"(f. T"m))(®) = (f. T"(m)oT)(®) = (f.T"(m))(T(P))
= (f. (moT))(T(®)) = (moT)(T(®P). f) = m(T(T(P).f))
= m(®of) = (fom)(®) V& € C.(G X G,ﬁ) = fom
=T (f.T* (m))

T*(T*(m). f)(®) = (T"(m). foT)(®) = (T"(m). f)(T(P))
= ((moT). f)(T(®)) = moT)(f.T(®P)) = m(T(f.T(P)))
=m(fo®) = (mof)(®) VP e C.(G x G,ﬁ) = mof

=T (T"(m).f)
< f,h>=h(f)

(<@, f.m>)(xy) = ((f.m)(@®))(x,y) = (m(D.f))(x,y)
=D fm>)(x,y =

Jor @(zx,y)f (2) dz dm(x,y)
(< @,m.f>)(xy) = ((m.)(@)(xy) = (m(f.9))(x,y)
.. = (< fom>)(xy) =
[ (f- @) (x,y) dm(x,y) = [ox [ ®(x,y2)f (2)dzdm(x,y) =
Jor @(x,y2)f (2) dzdm(x,y)
(< @, fom >)(x,¥) = ((fom)(®))(x,y) = (m(Pof))(x,y)
= (< ®Pof,m>)(x,y) =

Jer(@of)(x,y)dm(x, y) = fGr T(T(®).f)(x,y)dm(x,y) =

Jor I3 ®(x,2y) f(0)dzdm(x,y) = [5 D(x, 2y)f (2) dz dm(x, y)
(< @,mof >)(x,) = ((mof)(@))(x,) = (m(fo®))(x, y)
= (< fod,m >)(x,y)

= e (Fo®)(x,Y)dm(x,y) = [ T(F.T(®)(x, y)dm(x,y) =

Jox (. T@) 3, 00dm(x, y) = [ox [, T(®)(y, x2)f (2)dzdm(x,y) =
Jor Js @Gz,Y)f(@)dzdm(x,y) = [;; ®(xz,y)f (2) dz dm(x,y)
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