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1. INTRODUCTION

FHEABRICBLTR, RYDBREDHAMAEICE T 2HRIC2VTHRET 5. FHMlIzX
MR ([NS1)) 22 L T2 Ekwn.

BA A —RABIEIC T T 2 ZRE 0 B BIRHM O FERRO L > T, H5EORR
B2 FEOS DIERNRRMAENBIREE 2%, 70, Mo HBRAE2ERT 5 LCHE
L% 28 KRBT s B0 2y P REZEAL LS.

Jz(Rz’]R) = {($11 ’z’p’ q’ r) S)t)} ':_.'\'! Rs (1)

IT, JPRRTEZL SNBSS DHIRRE (RZ PAR) C? = {wy = w; = wp = 0}
ZH.
wp : = dz — pdx — qdy,
wy : = dp — rdz — sdy,
wq : = dq — sdx — tdy.
Remark 1.1. 2D C? 2k > T, BERIZ 2EHEIM 2 = z(z,y) KWL T,

(2,9, 2(T, Y), Zzs 2y, Zozs Zoy, Zyy) & ABE D, T OZIX Taylor BFD 2 X ¥ TOEMIC
HYT 3.

SCBB FeC>(J) 2B EiTkD, SRR ZEORMA PDE 35X 651 5%:
F(z,y,2,p,q,1,5,1) = 0. (2)

ZDOABRICH LT, F D regularity condition:
(Fy, Fs, Ft) # (0,0,0) 3)

2RET B L, = {F =0} C J?iZsmooth hypersurface. X &1, BRRFE r: J2 - J?
DOFBHTE S ~NDRFIPR 7|5 1 submersion. (i.e. 7T EERIIEE.)
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Remark 1.2. 5B &RIZ J! = {(z,9,2,p,9)} R & i3, WARFEC! = {wo=0} %
b o RBEEMESREDZ L 2ET.

COWE»S, CPDTADHRD = {wi|g =0} bELWIAFRLL S, (ie. constant
rank) & 5°C, PDE (2) DSAEREW & LTHOIRR (T,D) 8 EX 5 LMNTE 3.
IORBICED, 2o0HBRF =0 F =00 J? LOEMER (C? DRATRAER)
i X 3 EEMI, WET 2O RB (E,D) & (S, D) DRFFAEYE (le. 36: T — Tt
¢.D=D) CEEHb 3.

Remark 1.3. Zhic kb, fl2i (Z, D) DRBFAERZL EiX, MG T 28y HBRR
O (FMERIFEICEE S %) RIMAERICH 4k 5.

BT, 20X LHRNBRBOAHBRCH LT, BOARBERLBEIN2 LT, 20
12 regularity condition(3) BH o7 H» 5 ThH 5. T3 L, ROFEMBEARALZF1E.

Problem 1.4. & (3) 24 LB, ABRRICEL TED & ) BT ROBMEDS
BEAINZTHEH)0?

CORIEZ 2oL D ERMLT . £k 3) BANE, FICUTO2OoONEETLR
235,
(i) TIRARZFD.
(ii) D = C¥g B RFR LIZR S %V, (3B1L)
DX BRMTT, HL ETHOIAROBTARDS ZOFBRAREFARS -0, SENTN
ToOREZHS.

Assumption 1.5. 5= {F =0} 2O PDE LT 3. 2D L& ROFEHL2HT &
) i 51 7|5 WX ¥ % nonsubmersion point w € T (i.e. (Fy, Fy, Fy)y = (0,0,0).) MFHE
T5LRETS. i3 dF # 0% A7 smooth hypersurface THH, D :=C?g B w D ¥
LY THAAR LR S,

Remark 1.6. Z1PUEE, dF # 0 %2 #7273 £ % smooth hypersurface & FE4:.

DL BIRER A THEBRARZEHRNICHET 3.

2. BEHI & —BRI 2 BB

TITIR, RUDRBRLVBARHABRAROHBF2ES, I 51020 k) HBRR
DY 2E X3,

Example 2.1. £ := {F:=rt—p=0} 2FZX k). dF # 0 &b T I3EHMMAET,
(Fr,Fo, F;) = (¢,0,7) & D, RRIL 2 DEHS4Rk4E {r =t =0} c T L Tnl|s I nonsub-
mersion. T, I Z @ LT D 23 constant rank (i.e. rank 4) L 239 TH 5. T LD



RAEER b OBYHERR
WORFR D = {wy = w; = wp = 0} B—RAVITIZ
wp : = dz — rtdz — qdy
w : = rdt + tdr — rdx — sdy
wq : = dq — sdx — tdy
TEioNns. X TCr=t=02fRAT 3L,

wp : = dz — qdy,
w : = —sdy,
wq 1 = dq — sdy.

&2 T, DD rank i,
Rank5onr=t=s=0,
Rank4donr=t=0, s#0,
Rank 4 on generic (submersion) point.

Y3 . r=s=t=0 FLORRBRLDREZWMIR\. Tbb r=1t=0,s#£0D
¥b b T D ORFEEBSEOMENRTSH 3.

KIZ, Assumption 1.5 % M7= T RO RNBMROREAREE £ BT % 7 DITHE % Canchy
KEROMEZEAT 5.

Definition 2.2. #%y3% D ® Cauchy iR L 13, ERw e TITNL T, RTERS
N3LDZVY.
Ch(D)(w): = {X € D(z) | X]dw; =0,
(mod @y, @, w,) fori=0,1,2}
= {X(z)e D(z) | [X,Y] €D
for any Y (z) € D(z)},

Remark 2.3. Ch(D) RBORRICR 2 LB SRV, b LdZ )k oEeByTHE
&5,

IS DEEZIIN LT, Bx DEIRRIZROEE 2 FD:

Proposition 2.4. & = {F = 0} # J?(R%,R) ® smooth hypersurface & L, D D3PI
R B LT B, Z DR, RIXFME:
(1) w € L 1¥ nonsubmersion point.
(2) dim Ch(D)y = 1. (regular %2354, Ch(D) =0.)
(3) dim Ch(OD),, = 4. (regular 335 &, 2 XJL.)
ZZ7T,0D:=D+[D,D].
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Proposition 2.5. £ = {F = 0} & smooth hypersurface & L, D 33N RicR 3 LT
%. % DI, Ch(D) »3 subbundle CH 5 T & &, Ch(OD) 23 subbundle TH % = L IZFHET
HY, 51T D 220 bundle L B8, (rank Ch(D),rank Ch(dD)) = (0,2) or (1,4).

¥ L3 L, Assumption 1.5 2l THBRXRDO VL DORHE TV & LT, ROFERHS
Bohns.

Theorem 2.6. £ = {F = 0} % smooth hypersurface & L, D BIARICR B LT 5.
IDEE, weT ML, ROFHFIRFAMETD 5.
(1) w i3 7|5 IBIT 5 nonsubmersion point.
(2) wi¥ Cauchy®tER Ch(D) (& %213 Ch(8D))) D27 FIVIRE LTOREA.

Ric, HPREK X > TEAINLBIRARIINT 2 EMEROT D) RAFAEER
T% % Symbol algebra 2 AT 3. D %2 L ED weakly regular 293 % T,
TE>D#*o>DN5...5D =D

ERoTEHDET B HBORzeZT KWL T,
g-1(z) := D~Y(z) = D(z), gp(z) := D?(z)/DP*'(z),

m(z) := @ gp(z).

p=-1
LB, O, dim m(z) = dim T. m(z) LITiX, Lie bracket [,] 2 A5 Z & HSTE, T
D777 v MBI X Y m(z) 13 nilpotent graded Lie algebra & %2 5.

Definition 2.7. (m(z), [, ]) 2 Rz KB} 5 (T, D) D symbol algebra & \2 7.
Remark 2.8. symbol algebra I ARICNT2AERE LTAS N TV 3.

T, BLDONRE T 33T FRITE VT, nonsubmersion point IZ &1} % symbol algebra
NEDE I LBEZL O L W) T EVBRICR D, ERRUUTORERIBRY L-0:

Theorem 2.9. £ = {F =0} C J%(R? R) % smooth hypersurface £ §%. T i3 m|g I
B89 % nonsubmersion point w € TZ {5, »Dw DEDL Y T D = C?g BWITRRICR
2L33%. 20K, wiZB) 5 symbol algebra m(w) 3R TEZ o micHEITH 3

m=g 30g-2®D g1
TS5 v FBERRTEZoNS;
[XT’ X.'J:] = Xla [Xsa X.'l:] = X2) [Xla X:t] = XO
the other is trivial,
c :VC: {XO) Xla X2) Xza X‘I‘) XS) Xt} zﬁg@?;
g-1= {X-’L" XT) X,, Xt}a
g-2= {Xla X?}a
9-3 = {Xo} -
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Remark 2.10. 7275 L, Z i3 pointwise R iR T, RETIC—FEIcEb 2 b Tk %
v, Tibb, £ DI submersion point 12 H 378, Z Z T symbol algebra i LD B
DEIXES. TOFHRZ, SENRE LTI HERR, %o KICHIGT 2RI
LTI, nonsubmersion point IZ ¥} % symbol algebra 23—BIICRE I N E L) BHE
2523,

#£ > T, symbol algebra D T TIXSRIDHMARRIREFTER VO, AHFIOERDS
DHEEIND.

3. ZRoBEBBEHIABRICH T 25 L ARE

T Z°TiZ, Assumption 1.5 27 T HBRBR 2O T 3700 (BMEROD L TD) B
FAEREZHLLBATS. A, ZOFRERR regular ZABRRICHLTHERT
» Y, Assumption 1.5 27z THEIZ e\,

¥ := {F = 0} c J*(R? R) % smooth hypersurface £ 5. ERw e T 2EET 2. wD
HEEOREHEUICNL, URBRDE ) IKPBEINS.

U=U,UUUUyUUsng (disjoint union), 4)
IIT, BRDRAGRA = FF, - (R 2RV,
Up:={veU|A(v) <0} : hyperbolic type
Us:={veU|A(w) >0} : elliptic type
Uy:={veU]|Aw) =0, (F,F,, F), # 0} : parabolic type
Using = U\(Uy UU, UT,)

BRI, RO & 5 ICEMEBIRZED B. Ky := Uy or U, or U, or Using. % DI,
wy ~ We (wl,’lU2 € KU) %ﬁ‘?%&)%

de¢:[0,1] = Ky s.t. ¢(0) = ws, ¢(1) = ws. (5)

#(Ky/ ~) 2RRM Ky/ ~ DuoMEE (RREFRDOR) L7 5.
RIZ, J2 B> 5 Buclid 3% {0 7 R O RHEER ¢ : J2R%,R) — R® 2—2EIE
T5. 20O, BOBRMEER ¢ Ik 25T J?2 LI norm BSFEEINS.

pa€J?  |p—ql=|l¢(p) - ¢(a)ll,
Z I, ||| ¥ Euclid norm. Z® norm IZB§L T, RDEH2 & 5.
U:=B(w)={vel]|jv-—w|<r},

2T, |12 JA(R%LR) LIcFEE I 1 norm O & ~NOKIRERT. DI
LTH, ERARICROGHEIRONS.

U = Bf(w) U By (w) U Bf (w) U BY™ (w),
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0
(@
A

BE(w) := {v € B.(w) | A(v) >0} : elliptic
BP(w) := {v € B,(w) | A(v) =0, (F, F,, F;) # 0}: parabolic
BS"8(w) := B,(w)\(Bf (w) U BE(w) U BF (w)).

Xols, TNEDEDIKNLTYH, AEBROL L CHERE2EL 2 LBHXKS. 20
EERDOE (IMRERERTOR) 2EZ L.

H(w) : = lim #(BY/ ~), B(w) := lim #(BE/ ~),
P(u) : = lim #(B/ ~), S(u) := lim #(B"/ ~)

b LIRS, 00 LT 5. ¥4, (H,E,P,S), T H(w), E(w), P(w), S(w) % & 48K
INBZRT P ARERT.

BH(w) := {v € B,(w) | A(v) <0} : hyperbolic
):
(

Remark 3.1. 215 OHBREMERDO T CRAETH 553, diffeo J2 = R® ODELD A
Ik 2ATREMEDSH 5.  (i.e. induced norm IKERFEL TWw3.) koTZOBRETIR, Tho
DHERIARER L L T2 ¥ 7 well-defined Tizax v,

FROMERZEBHLT, UTOLIRFAERZERT 5:
Definition 3.2.

H(w) := Jrzxggn (Elm #(BH/ ~

)
E(w) := mm (llm# BE/ ~ )
P(w) := m1n (hm #(BY/ ~ )

S(w) := mm (hm #(BSm9/ N)).
(H,E, P,S)y T H(w), E(w), P(w), S(w) WX > TERINERT PV ERT.

2 TS OFEEEROED HIZd L 620wDT, ZTHIRABRRR, 26 TS
2HARR (B, D) KT 5, ERw KBV TEBINITFERTH 3.

COREREACT, BORREIMT 5. £, regular PDE O T, ROEUH DK
BoBEERLVBONS:

Theorem 3.3. L= {F =0} C J?%2_FD PDE Lt ¥ 3. ZDH,
(1) (1,0,0,0),, <= X is locally hyperbolic around w.
(2) (0,1,0,0), < X is locally elliptic around w.
(3) (0,0,1,0),, < X is locally parabolic around w.
T, wit T DEA.



HEME L OB HBRAR
B2 DR E T 3 Assumption 1.5 2 BT AHBRRIIH L Tid, ROBRHIR Y L.

Theorem 3.4. Z = {F =0} 2XTEZX6N5 PDELT5;
F = f —(a12 + agy + a3z + a4p + a5q + ag)

T, Fidr st BT 3 2ROBERT, (a),..,05) # OBRIID LTS, ZDH,
Assumption 1.5 % #it= 3 nonsubmersion point w {81} 5 (H,E, P,S),, DfEIZ F DAIC
k3. (2%Y, (H,E,P,S), It nonsubmersion point DELY 27212 X 578\>))

X 51T, SIENT B (H,E,P,S), DEIRDOWThH»ICRS.

(1) (2,0,2,1),, for f =rs or ts,
(2) (2,2,4,1), for f =rt,
(3) (0,0,2,1),, for f =r? or t?,
(4) (2,0,0,1),, for f = s
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