D000 0o0o0oooodg0oddnon —os11.21 00 0O v.2-2

1 O000ooooooooooooooooooon
2 DiracOUO0OO Weyl OO

3 Jooooooooood

4 000000000000

5 Luobuobouoogd

5.1 O0U0O0O0O0ODOO0ODOOODOO
5.1.1 Grassmann O 0000
5.1.2 0J0000O00O0O0OO0OO0OO0OOO

D0000000000000000000UCR™ 00 Cs(U:¢)000000
gbogobodbooooboobbooboobooobuooboobbooboo
gbobboooobbooogbn

5.1.3 0U000OO0OOO0O0DLOOOO0

CO00D00O0D00D00000R?000000000000000000000
000000000000000000000000000000000000000
e COOCOOODO f(2)0

C>z=z+iy — f(2) = ulz,y)+iv(z,y), ulz,y)=Rf(z) eR, v(z,y) =Sf(z) eR
O000000z=2+4+w000 |2|=+2?2+9y?00000002=z9+iyo I OO
1f(z) = f(20)| = [u(z, y) + iv(z,y) — (u(@o,yo) + (0, y0))]
= \/(u(way) - u($07y0))2 + (’U(Z‘,y) - U(J)(),yo))Q

000000 f(2)0 2=20000000u(z,y),v(z,y) 0 (xo,yo) 0O 00000
gboooobogoabooan




e 00 f(z)0 2=2000000000000000~€eC=L(C:C)O
oooo
[f(z0 +w) = f(20) = yw| = o(|w])  (jw| —0) (5.1)

0000000000 4=a+if(a,8€R)0 f/(2)000000000000000
0000w = htik (h k€ R)OOD D yw = (atif)(htik) = (ha—kB)+i(kaths)
goopoogooooodg
| f(z0 +w)—f(20) — yw|
= |u(zo + h,yo + k) — u(wo, yo) — (ha — kf)
+i(v(zo + hyyo + k) — v(z0,90) — (ko + hj3))]
= ([u(zo + h,yo + k) — u(wo, yo) — (ha — kB)]*

+ [v(wo + hy yo + k) — v(wo, yo) — (ka + hB)2)

00000000 (h k) —001e. VR2+E2—-000000

[u(zo + h,yo + k) — u(zo, yo) — (ha — kB)| = o(V h* + k?),
[v(zo + h,yo + k) — v(zo,y0) — (ka + hB)| = o(V h? + k?).
D0000000Ah=0000 8= —uy(20,50)0k =0000 & = ug(zo,0) 000

000000000« =vy(zo,5)0 8 = va(z0,%) 00 0000000000000
00

(5.2)

Up = Uy, Uy = —Vy (5.3)

00000000000000 Cauchy-Riemann 0 00 0000000000000
Oooo0'ooooooo

%f(z):f’(z):a—kiﬁ:ux—iuy:vy—H’Ux

0000000000000 o0on
e JJU0DDDOODOR200OR2OOOO ®

0152 () (o) ¥

00000000 ()00000000 2x((;) € L(R*:R*) 000D

o (20T ) = e (T )= o (2 ) ()i =ot1( )

D00000000%R((;)0 ®p(z,y) 000000

/ _ ul‘(xvy) uy(x,y)
Pp(x,y) = (Um(x’y) o > (5.4)

good

[(u(zo + h,yo + k) — u(zo, yo) — (hug (o, o) + kuy (2o, y0)))?
+ (0@ + by + k) — (@, y) — (hva (20, 90) + kvy(0, 90)))?] > = o(v/ 12 + k2)

!Cauchy-Riemann 0 000000 », v 0000000000000 C*0000uw+4w0 20000
goo0ooooooooooboOooooooo




godoogod
[u(zo + h,yo + k) — u(xo,y0) — (hua(z0,y0) + kuy(z0,%0))| = o(v/ h? + k2),
[v(xo + h,yo + k) — v(zo,y0) — (hve(xo,y0) + kvy(x0,10))| = o(V h? + k2).

0000000000000 0000000000000oODO (5.2)0 ()OO

DDDDDDDDCDDDDDDDDa+%~<Z_j>DDDDDDD¢H%we

LR?2:RHOCOOO00O0ODDODOO00O0OOODOOOO C-ROOOOOOOOO
e JOODODOODOCTOUOC"ODOODO @

O:C">z= t(21, e Zm) — t(¢1(z)7 o fm(2))) €C™
00000000 200000000 ®R(2)eL(C":C™"OD0ODOO0
(2 + w) — @(2) — Pp(2)w] = of||wl])

0000000000000000 o%(2) 0

01(2) . 9¢1(2)
0z1 0zm
p(z,y) = o (5.6)
O¢m(z) . Odm(2)
0z1 O0zm

00000 j0¢j(x)0C"O00COO0000O0O0O0O0O0O00O00O0
0000000D000000000000530000000 ¢4;(2), prj(z:w) €C
goog

Gz +w) — ¢j(2) = > wedj(z) + Y wrpju(z : w)
k=1 k=1
99,(2)
0z,

with  ¢pj(2) = . pik(z:w)=0(1) when |w|—0.

OO000Db00000O0b0OobDOobOobO Cauchy-Riemann O OO OOOODOO

Bosonic case : R0 (or ¢ 00000000 U, (or V)OO 00000000
ooooog

00 5.1 (000000000000000) f RS0, —¢€ (orf:e" >V, —
¢)0oon

(1) fO0 20 AO0D0000000000000 (=super G-differentiable) 0 0 O fL(x;-)
RO — & (or fo(z;-): ¢ - ¢) 0000 t—-0000

f(x+1th) — f(x)
t

d
— fo(z;h) — 0 in € or Ef(x—i—th) = f&(z; h).
=0

O00AO00000 20000 y0O0OO f’G(y;h)DDDD
fely;h) — fo(zsh) =0 in € if y — o in Uy,
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000000feClU,:€)0000000000D00DOODOOODOOOO

0000f0 20 k= (RY,... M)y ¢ M™ONODOO NOOOOOODDOO,
000

o~ 0

- - t.hU

atl---ath(ﬁ; )

0000000000000 00000 CY(U,:€) 0000000000

(i) fO 2000000000000 (=super F-differentiable) 00 fr(z) € €™ (or
fa()yeemP 000 e(z,h)eem0000

_ éN)@; A . p ()

ti=-=tN=0

(i) f(z +h) = f(z) = (Bl fp(x)) + (hle(, b)) for h e R™C(or €0,
(i) e(z,h) — 0 in €™ when h —0 in R"O(or €m0),

0000f0:000000000000000f0zeR®™00¢"00000
00-000000000000000000000f020NOOOOOOOOOO
0000000000 00000000000000 0000000000 0000

000G fO0000000000000000

%@Hﬂzfﬂ@hZE:MEQOZUMﬁ@m

J m—j
0 ———
with fj(x):—f(:v):fé(a:;ej), e; =(0,---,0,1,0,---,0).
8x]~
()00 f:em’ L ¢OOOODOODO0DO0D f3(:)0:2eC"0000000DO
doodogooogno
(iii)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

gobooo

(i) Bosonic “analytic” case

00 5.1 ((1.1.17) of deWitt, Theorem 1 of 00-00 for m=1)  f0000V C
chocdbooooobouobobooooDoofo0bOo fODOO0DDODOODODODOO
goodoo

[e.9]

~ 1
f(z) = Z Ef(”)(zB)zg for z=z2p+25 with zgeV. (5.7)

n=0

20000 fr(r) e LR™0:¢™) 0000000000000 D00D0O00O0O0OO0O0ODODO0O0O0
ooooooo

3deWitt:Supermanifolds, London, Cambridge Univ. Press, 1984.
Matsumoto and Kakazu:A note on topology of supermanifolds, J.Math.Phys.27(1986), pp. 2690-2692.
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0000000000510000000000000 GrassmannOOO0O0O0000
000000000000 53000f0U=+;%(V)000000000000000
0000000000000-0000010000000000

00 5.1 0U0000000000000¢g0000 253€V 00 g(zp)=00002€U
00 g(z)=0000.

Ubdgb c0booogon

g9(z) = Zg;(z)al with gr:U>2—C

1€l

D00000MO000000000000000¢™Oempooooon
00 A%O

AC:{X: ZX[O‘]|X[EC} oad IL:{I:(il,’iQ,"',’iL,O,-")}CI
1€y,
~ AR :C)(=RFOD0 COOODODOOOOODOOODO)==CY.
(5.8)

000000000000000000 A00000000M >L000000
boar 2 AS = AT O Yn (X er,, Xi0!) = Y er, X0l 0000000 (AS, ¢ry)
000000000000000A0000000000A®0000000000
DOACO0 XWO X00000000000e>0007000000 ng = ngle,I)

0000O0n>n00000 |X™ —X/|<e00D0O
000 LOOOm<LOO0mOO0O

Q:%m):{X: Z X[O'I‘XIEC}

I1€TL |I|<m

gboobooboogbog

¢(m) — Lh_{go Q:%m)’ Q:(Lm) ={X = Z X[O‘I},

IGIm,L 59
with T = U T, Ton = {1 = (i1,i2,--) € T | |I] < m}, (5:9)
T, = {1 = (i1,i2,--+,ir,0,--- | |I| <m} — I, (L — 00).

good

mm — ) x = Xol | XseR, X;eC(I>1) % = ®/M (L = o0),
L 0
IeZy, |I|I<m
m[Lm]:{X: Z X]aI|X]EC}—>§R[m} (L — ).

I€T 1,[T|l=m
(5.10)



000000007/ eZ0000L0mOI€Z,,00000000g(x)0000
DUNey™D00000000000g(2)000 {2}z, 0000000000000

0
00 2 €V0O0g(zg)=00000000 Jel,, doon a—g;(z):ODDDDDDD
zJ

gi(2) =0 for VzeUnem™

0Dood
g(z) =0 for VzeUn(U>_,e™)=Unc.

000VzeUOOO g(z)=0. O

00 5.2 ((1.1.18) of deWitt, Theorem 2 of 10 -00 for m=1) U C ¢, 000
OooobooOfOUDOO0ccO0DO0O0ODOODOODODODOODOO

I SR RIS SRV

1€ n=0

00 :07000 fi(z)0V=2U)cCOO0CIIIODODODODODOOONOOO
000000000000000 f4(:)000000 O

0 5.1 (Theorem 3 of 00-00 form=1) fO000000UCC,00c¢0000
O0000oooOoODOooooagfd J0000000000000000000000
oooooon

Up={2€C|z=wp for somewc U}, U={weC, |wse U}
gd:gouoooboooboogo U

00 5.3 fOR"O0D000D0O0O0O0DO00 GrassmannO O f

o0

_ 1 '
f(x) = f(zp + xs) = Z a@;"f(x]g):cg with 90 f = 2%+ --90m f, a = (a1, -+, a)

|a[=0

0200000 Fréchet-0000, ie. Fj(z) e €O ¢(x,y) e 000

m

fla+y) = —i—ZyJ Zej(x,y)yj, with  €j(x,y) =0 in€ when y—0 inC.

Jj=1

(ii) Bosonic “smooth” case [

00 51 U, cR™M 000000000000 Ff0 R™ D Unp=mp(Uey) 00 €000
000000000000 feC®Unp:€)0000O0OO

q) = ij((]) o with  f;(q) € C®Ueyp : C)  foreach J € T. (5.11)

JeT



0000 fOU,O00¢00 fO0 GrassmannO O

flz) = Z é@gf(x]g) xg  where O f(vp) Z@ fs(xB) (5.12)

o] >0

00000000000z = (21, ,%m), ¢ = op+rs0es = (218, Tmp) = (@1, , @m) =

Qm

a
qc Uev7B7 Trs = (37178,"' wxm,S) 0 [L’a:xll...xm .

05.2 f0 fO0000O00O00O00
(i) fOO000
(ii) U O f(2) =00000Unp0 flzg) =00000
00 fo000OO

~ d - —
O, f(x) = Ef(m—i—te(j)) where ey = (0,---,0,1,0,---,0) € R0 (5.13)
=0

Oo0ooooooon
6x]f(x):8q]f(x) fO?” jzla , M (514)

gooo

00 51000000 y=(y, - ,ym) ER™MODD

m 1 m 5
= Suy — 070y, f(wp) 2§ = > y0n, f (). (5.15)
= j=1 ey j=1

d -
Ef(x‘”y)

0 (5.15)000 f0 Grassmann 00 fO0020 yOOO0000 Gateaux 000
00000000 F(z)ee00000 y000

flx+ty) — —tZy] in € when t—0. (5.16)

ggoooo

00 5.4 f(g) € C*R™ OO0 fO TaylorOOOO0O0OO00O0000 NOOO #x(a,y) €

cooon
N
flaz+y) = Z z)y* + Tn(z,y), (5.17)

Q|»—

goboooog

= > v /‘ﬁ——l—tWWﬂx+w)

|a|=N+1



0 5.3 f(¢)e C*(R™ D000 fO000D0000O0O0O0O0OOO
000m=10000000000000

fa+y) - F@) = v @) +yr(ey), (o) =y / dt(1 — 1) F"(x + ty)

O000R,Oy—00000€¢000 7(z,y) 000000000 0J

0000 5.1 J0000OROy—00000CcO000 7(z,y) —0000000000
oo

Grassmann O OO0 OO0OOO0O

054 UCRUCRYOODODODODODDODDODODODODOOge C®U :R™ O fe (U
R0 g(U)cU'00000000O

(fog)(z)=(fog)(x) for zeUxRY where U=ng'(U)CR".

000000000000 wm"=100000000
0000000 m=m=10000000 Faa di BrunoO 00O

. ) 0 (g)\ ™
Tl = Y e i) [T (57

o mqlms!- - -m,,! 7!
- Jitjet=k,
J1+2j2+3j3+--=n

O Grassmann OO O0OOO0O0O

(fog)™ (l'B)xg

I
NE

0

n

I
K

(X H [ (P220) gt )t

k1+-Fkn=n,
k1+2ko+---+nkn=n

000 gz) f:
=1

Il
=)

n

(5.18)

ah=yg+ys0000

0 (1) (2)
=Y f ys = flys) + ! :ﬁyB>ys-+ ! (yB)y§-+--- (5.19)

m=0

goboog

k14+2ko+--+nkp,=n

000000000 O0O0oooooooD Gg)yooooo
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000 mm 000000000000 Fad di BrunoD 0000000
92(fog)(x) = 07(fog)(z). O

goodoouououododo fDDD foooag
000 f0 Grassmann OO fO0000 de Witt 0000 “Supermanifolds” 0 p.7 O

“The presence of a soul in the independent variable evidently has little
practical effect on the variety of functions with which one may work in appli-
cations of the theory. In this respect Rey s a harmless generalization of its
own subspace R, the real line.”

gbobobooogn

00 5.29R"°00¢0000GOO000 Fréchet00000000GOR™OO0O0
0000 g(q) =G(q)00000§G=6G0000

00 OGO e 00 e¢00000000000000000000gO0R™O00OC
000000000 5700 g=G. GOoOR®P OO0 e¢e00000000000 R™O
DooO0O000oOooooGoR™Moo 000oooo0Od (b.17)ODDOU00D0D «ODDO
Jfg(rg)=00000

G(zp + xs) = ™n(G; zp, x8) = Z xg /0 dtﬁ(l — )N G(zp + tas)

1
_ B 1 \N+1498
= E Ty dt—(N+ 1)!(1 )" OVG(z + txs).

00000000f(z)—oc0000||0cc000 €0 fi(z)o! -=0000000N —
codD000CO 73(G;zp,25) = 00000000 e>0000 NO NVHleNo-2¥ < ¢
00000000(2)* 0000 r(I)~22" 00000 Grassmann 000000000
00000 Nyg=#{a||la|]=N+1} < Nl ~2rNNH2e-NOOO00OO0 NODOOO
00000 pr(ra(g; s, xs)) < N272" <e0O0O O

gbooboobobboboboboobooboobooboon

G.M. Constantine and T.H. Savits, A multivariate Faa di Bruno formula with applica-
tions, Transactions of AMS, 348(1996), pp. 503-520.

O00bDO0bDOpRellO0O0OFaa di BrunoODODOODOOOODOODOOOOOOO
goobooon

4L. Schwartz, pp. 262-263, Cours d’Analyses I, Hermann, Paris, 1967
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00000000000000000000000000000000000000000
000000000Hamilton000000 Liowille 0000000000000000000OO
0000000000000008H(q,p) € C®R™:R)000 Hamilton 00000

Qj = Hpj (Q(t)ap(t))v wi Q(O) _ q
{pj — H, ), (o) = ()
0000 LiowvilleD OO OO

Culta,p) = (0, Hg.p)} with u(0,0,5) = u(g.p)

00000000 Poisson0 000
_~\~(9f of ‘9f‘3’f>
() =3 (-

U000 Haemelton DO DOOOODOUOOOOO0OODOOO LiowvdleDO00O0ODOO0OOOOODOO
gobooooboooobooobooobooboboboobooobooboooboobo«sbboDbo
OO00000DO0O0O00O00DO0Ob00O00DOd GalerkinO M

Liouwville 00000000000 u(g,p) 300 d4(q) 00 6p(p) 0000 HamiltonOD DO OO
000000000u(t,q,p) =ulq(t,q,p),p(t,g,p)) 0000 LiowilleD O OO DO u(t,g,p) 00
ogo

0000 Navier-Stokes0 OO0 00000 LiowvilleD0 OO0 HopfOODODOOODOODODOO
O000ooo0ooooooooooood

Navier-Stokes U 00  R"0O000 QUOO0OOO0QUO0000OOOOOOOOO
u(t,z) =371, uj(t,m)% 000 p(t,x) O

0

au(t, x) — vAu(t,x) + (u-V)(t,x) + Vp = 0,

divu = 0,
U(O,$)ZUO($), u(t,.%')‘aQZO
0000000000000 000000 (Tiuw)(z) =u(t,z) 000000
DDDL%(Q)DDD QDDDDDDDDDDDDDDDDDDDDDDDDA;(M)DDDD
MOOODODOOOOOOOoooOooOoOoOoOoOooooooooo

Hopf-Foias 0 00 (HF) : Hilbert00DDO0D0 H=12(Q)0000000 HODO BorelD O
00 {u(t, )} ee) 0000000000000 @(t,u)0000

_A%A&%T%m@mﬁ—ééﬂwmww

= /00/ / (Vaw) (z) — v(Au) () — f(z,1)) (B(t, ), v ())dgz p(t, du)dt
o JuJMm

O0000000000000Op ()0 HOODODOOOD BorelDODODOOODODOOO
00 weBM)ODODODO pt,w) = p(T, 'w)y0o00d

5 | (e Tt

OO00000DO0O0OD00O00D0D0 Tw D well-defined0 00000000
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HopfO OO (H) :[0,00)x HOOOOD W(t,g) 00 (t.17) € (0,00) x AL(M) 0000

0 = 52
e = [ (—iTnug S W)
V(B0)y (o) 5SS W) + iy o) P 0 W (1))
10 5 B
i (Vg en) =0

W(t,0)=1 00 W(0,n)=Wo(n).
o000

Wo(0) =1, Vﬁix)éég<\/g(x)5ni$)ﬂﬂmn)> =0,

f(z,t) = fi(z,t) € L*(0,00 : V7).
Doooooooo
000000 ®(t,u) = p(t)e!™n 0 (HF)O DO OO

wmm34WM@m:L%M%mmwm«waﬂ@mmﬂ

gbooooobgad

oobooOooo0o0oOo0o0obDoOobDoOobooOoooooQOo ROOOO0OOO0ODOODO
00 X(Q)OUDO0000W:X(Q) 57— W(HeCOOOD0DO0D ¢ CRQ) C X(Q)D
godg p
aW(U‘Ft(b)}t:O

gbooooboobooboooboo

W (n)
on(x)

oboooooooooooooowibhobobobobobobobooboboooo

/()

yw@bzémewm w(z) =

5°W (n)
on(x)on(y)

uboboobodbbee=yU0boboooboooboboooboooboooonog

eD'(QxN)

gboggooooboobobooboobobooboob™obobooboboobog
OO0000o0oOouooooooooobooDobooOOCObbo0oUooOoooooooooO Lebesgue-
ke DODODO0ODODOOOOOOOODOOLOOO FourierDOODOODODODODLOOODO
000D00% Teylor0OOOOOOO0OO0000D0DOOO0O0O0O0OOOOODOOOODOOOOO
gbooobboobuoobbobobooboo

goboboooobobooooboood

S0000000000Taylor 000000000000 O000D0DOOO00OFourier00000
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