“Pseudogroupes de Lie transitif,” Séminaire Bourbaki, 8§5.

Transitive Lie pseudogroups

By Y. MATSUSHIMA
Translated by D. H. Delphenich

The object of this treatise is to present the funddaie of E. CARTAN'’s theory of
infinite transformation groups in terms of the ideasatthwere developed by
EHRESMANN in his theory of jets.

1. Notationsand terminology

The manifolds considered will be assumed to be diffeabletiof clas<C”, and verify
the second countability axiom. For a Lie grdaipthis would signify that the number of
connected components Gfis denumerable.

Let X = j.f be anr-jet of a manifoldV, of dimensionn in a manifold W, of
dimensionm. The pointx in V, is thesourceof X and the poinf(x) in Wr, is thetarget of
X. The manifold)'(V,, Wi, of all r-jets ofV, into Wi, has three canonical projectioms:
£, andy;, wherea(X) is the source oX, AX) is the target oK, and X) is the pair &(X),
B(X)). Ther-jet X = f also determines prjet 8°(X)= j’f ,where sp<r. LetX =
j T be anr-jet of V, into Wi, and lety = jig be anr-jet of V, into Up . If BX) = a(Y)
then one may define a jgtg (¥ of V, into U, that is independent of the choicef @indg
such thaiX = j, f andY = jig; one denotes that jet b§{X. Anr-jetX= j f of V,into
W, with the same dimension igvertible if the mapf is of maximum rank at the poirt
The inverse of an invertiblejet X = j, f is anr-jet x*t= iy f “ wherey = f(x). The set
n'(Vy) of all invertibler-jets ofV, into V, is an open submanifold df(V,, V,). The set
L* (V,, x) of all jetsX O M'(Vy) with source and targetis a connected Lie group. This

group is isomorphic td (R",0) (which one denotes by ), whereR" is the numerical
space of dimension, and 0 is the origin dR". The submanifoldl’(V,) is a fiber bundle

with baseV, x V,, projectiony; fiberL, x L, and group. An invertibler-jet X of R"
into V, with source 0 and targetis called arr-frame with origin atx in V,. The set
H'(Vy) of all r-frames inV, is a principal fiber bundle of bas& and structure groug,.

A local (differentiable) section dfi'(V,) that is defined over an open subsefVpf is
called anr-frame field.
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2. G-structuresof order r

Let G be a Lie subgroup of,. One says that a manifold, is endowed with &-

structure Sof order r if the following conditions are verified: There exisds open
covering U4} of V, and arr-frame fieldX“ that is defined otJ, such that<#(x) = X%(x)
7A(x) for x 0 U n Ug, wheres™ is a differentiable map &, n Ug into G. The set of
pairs {(Ux, X9} will be called anatlas for the structur&s. Two atlases {{», X%} and
{(Va, YO} define the same structure if:

Yx) =X X) tA(x) for  x=Ugzn Upg,

wheret” is a differentiable map &, n Uy into G.

A subset of M'(Vy) is a sub-groupoidof MN'(V,) if it satisfies the following
conditions:

1. IfX, YO and if the producX LY is defined therX Oy O 1.

2. 1fX 0N thenxtOM.

LetW be a map offl x I into V, x V, such that:

Y(X, ) = (a(X), AY)),

and setP(N) = YD), whereD is the diagonal iV, x V,. The producX OY of two
elementsX andY of P is defined if and only if{, Y) [ P(IT).

A Lie sub-groupoidof M'(V,) is a subsefl of N'(V,) that verifies the following
conditions:

a. I is a sub-groupoid dii'(V,).

b. M is a submanifold of1'(V,), and the canonical projectignof M to V, x V, is
onto and of maximal rank.

c. ThemapX,Y) - X of P(N) into I is differentiable. (By conditioh, P(IT) is
a closed submanifold &t x I1).

d. The mapX — X* of N ontol is differentiable.

We let G(M, X) denote the set of all elemerXsin a Lie sub-groupoidl of N"(V,)
that have source and target G(I1, x) is a group that we shall call tisotropy groupof
I at the poink. The isotropy groups @1 at different points are isomorphic.

PROPOSITION 2.1 — The growi(1, x) is a Lie sub-group ok (V,, X) .

PROPOSITION 2.2 — A Lie sub-groupditi of 1'(V,) is a fiber bundle with basé,
x Vp, projectiony; fiber G(IM, Xp), and structure grou@(, xg) x G(IM, Xo), wherex, is a
point of V,, and the grous(IT, xo) x G(I1, X;) operates or(I1, xo) in the following
manner:

(o n¥=r¥I"
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Indeed, by conditiob, there exists an open covering4 of V, and differentiable
maps@qp of Uy X Ug into M such that{gaAX, y)) = X, y) for any & y) 0 Uy x Up .
Suppose thato U U, , and seipuo(X) = ¢, (X, X) for anyx U U,. LetW,zbe a map of

Uy x Ug X G(IM, Xo) into M that is defined in the following fashion:

Wadx, ¥, 0) = $X) Do Tpa(X) ™
One easily verifies that the maws, s define the required fiber structure.

PROPOSITION 2.3 — With the same notations as in prappst 2, letl1, be the
set of all elementX of M with sourcexg. I'IXOis a closed submanifold di and a

principal fiber bundle with bas¥,, structure groufs(I1, Xp), and projections (AX) is
the target oK).

Now let S be aG-structure of order that is defined on a manifoM,, and let U,,
X% be an atlas 0%. An r-frame X with origin x is called adistinguished r-framef S if
there exists arod G such thatX = X%x) g, wherex 0O U, . This definition is
independent of the choice Bf, such that O U, , and the choice of atlas. The KB
of distinguished frames &is a principal fiber bundle of bas and groupG.

We let 1(S denote the set of all elemenysof M'(V,) that have the following
property: IfX is a distinguished frame &with originx (x being the source of) thenY 7
X is also a distinguished frame &f

PROPOSITION 2.4. A(S is a Lie sub-groupoid di'(V,).

Now, letln be a Lie sub-groupoid ¢1'(V,), and letX, be a frame of origing in Vi .
The mapk of L (V,x) onto L defined byk(Y) = X;'[YOX, is a differentiable

isomorphism ofL; (V., %) onto L. The Lie subgrougs(I, x) of L. (V,, %) is mapped
by k onto a Lie subgrou® of L.

PROPOSITION 2.5 — There existsGastructureS such thatl1 = MNM(S and X, is a
distinguished frame d&

With the same notations as in the proof of propas®i®., seX“(X) = @(x) DX, for x
0 U,. X%is then an-frame field onU,, and the atlas {{,, X°)} defines aG-structureS
such that'1(S =T. Moreover, one may assume tit(x,) = the neutral element of

G(IM, xg). Xo =X"(x,) is a distinguished frame &
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3. Transitive Lie pseudogroups

Let V, be a manifold, and ldtbe a bijective map of an open subgedf V,, onto an
open subse¥ of V,, . fis a local automorphism &f, with sourceU and targeV if f and
f* are differentiable.

A setl” of local automorphisms of, is apseudogroupf the following conditions are
verified:

1. The identity map o¥, belongs td .

2. Iff OT then the inverse mdp' belongs td™. If f andg O I then the composed
mapf [ belongs td".

3. Letf be a local automorphism of, with sourceU = UUi such that the

restrictions of to U; belong tal™ for each index. One then hakOT.

I" is transitive on V, if for any point &, y) of V, x V, there exists ah[] I such that
f(x) =v.

We let (") denote the set afjets j. f, wheref O I', andx ranges through the
source of. M'(I") is a sub-groupoid dfi'(V,)). The set of elements &F () of sourcex
will be denoted by (). The elements di'(I") with source and targetform a group
G'(I', x) that we shall call thaésotropy group of order rof [ at the pointx. A
pseudogroup is calledcomplete of order if the following condition is verified: If is a
local automorphism 0¥, of sourcel such thatj! f —M'(I") for anyx 0 U thenf O T.

A transitive Lie pseudogroup of ordeng a pseudogroup that operates oW, and
verifies the following conditions:

1. T is complete of order.

2. N'(N) is a Lie sub-groupoid di"(V,).

Since the canonical projectignis a map of1'(I') ontoV,, x V,, I is transitive. The
isotropy group of1'(I") at the poinix coincides with the isotropy group ofof I' at the
pointx. G'(I', X) is a Lie subgroup of' (V,, ).

Now, let S be a G-structure of orderr and letl'(S be the set of all local
automorphisms of V, that map the distinguished framessf i.e., for any poink of the
source off and for any distinguished fram¥ with origin x, f(X) = j'f X is a
distinguished frame.l'(S) is a complete pseudogroup of ordethat we shall call the

pseudogroup of local automorphisms of The elements df(S) whose sources are Wy
form a groupG(S): the group ofautomorphismof S A local automorphisnii of V,

belongs td (S) if and only if j, f O MN(S) for anyx in the source off

PROPOSITION 3.1 — Any transitive Lie pseudogroup of orderthe pseudogroup
of local automorphisms of @-structure of order.
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A G-structureS is called astructure defined by a transitive Lie pseudogréoujpf
orderr if (S =MN'("). A G-structureSis locally homogeneouandisotropic if for any
pair (X, Y) of distinguished frames &there exists &0 (S such thaf(X) = Y.

PROPOSITION 3.2 Sis locally homogeneous and isotropic if and only ifsit i
defined by a transitive Lie pseudogroup.Siis locally homogeneous and isotropic then
(S is a transitive Lie pseudogroup.

EXAMPLE 1. — LetG be a Lie group, and l&t, = G/H be a homogeneous space of
G. Letlg be the set of all local automorphisinsf V,, that enjoy the following property:
The restriction to a sufficiently small neighborhoddaay point of the source dfis a
restriction of a transformation @. Suppose that the following conditiop) (s verified:
If an elemenio of G leaves invariant any point of a non-vacuous open subsgttbéno
= 1. (If G is connected, and G operates effectively oW, then that condition is
verified.) ' is then a Lie pseudogroup of a certain order.

EXAMPLE 2. — LetV,, be an analytic manifold that is endowed with an almost
complex structur& Sis locally homogeneous and isotropic if and only if &isomplex
structure.

Two G-structures of ordar are callechssociatedS~ T) if [(S) =T(T).

PROPOSITION 3.3 = I8~ T thenl'(§ =T(T). If, conversely] (S =T (T), and ifS
is locally homogeneous and isotropic thén- T. If S is locally homogeneous and
isotropic andS~ T thenT is also locally homogeneous and isotropic.

Now, letS be aG-structure of order that is defined by an atlasf¢, X}, and leto
be an element in the normalizerM(G) of G in L. The atlas {{,, X“0)} then defines a

G-structureSo (cf. [1]). So=Srif and only ifor* O G.
PROPOSITION 3.4 S~ T if and only there exists @[] N(G) such thafl = Sa.

A structureS of orderr canonically defines a structug of orderp, p <r such that
M(S) = 6,(N(S)). In particular, ifl" is a Lie pseudogroup of orderthen nPr) =

g,(N"()) is a Lie sub-groupoid dnP(Vy).

4. Prolongation of a structure of order 1 (cf. [3] and B]).

A G-structure of order 1 will be defined by an atlas:
{(Ug; G, ..., B},

where 8, are linearly independent Pfaff forms g such that:
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6,(x) = a;(S” () B;( 3,

g - (a‘j (o)) being a matrix representation bbf . Local charts,, ¢, of H(S (the

principal fiber bundle of) are defined in the following fashiog, is a map otJ, x G
ontop (V) (p being the projection dfi(S) such thatpu(x, 0) = (X1, ..., X)), whereX; =
a (o) X7 (X, (X{, ..., X) being the frame field it that is dual to(g,) . Letr, be

Pfaff forms onU, x G such thaty, (x,0) = & (c7™)8.(X), and setw), = ¢,(17,). One
sees thatd, = oJ; onUq n Ug, and one may thus define Pfaff formdson H(S) that are
defined globally by the condition® = aJ,(x) for x 0 U, . & are linearly independent.

Choose a basi®, = (a‘jp) (0o=1, ...,r; r =dimG) for the Lie algebrd (G) of G,
once and for all. Op™*(U,), one has:

ad=a o 0nf+icd 0d,

where 7 and ¢ (cj = - c;}) are Pfaff forms and functions gn'(U,), respectively.
Now, let & (o=1, ...,r;i =1, ...,n) ber [hindependent variables, and let:

A (&) = (@,& -3¢

be linear forms irf. Let A denote the indice% 'Ik} (,j, k=1, ...,n; ] <Kk). LetB be a
J
_ [
subset ofA that has the following property: Thé, (¢) are such tha{jk} [J B are

linearly independent, and\}k &), { ! } [JA — Bis a linear combination oA}k(b(q)) =

ik

_ [
- ¢, (g foranyqU p (U, and for any{jk} O0B. Setrr=77” + b’ef. One then has:

dd=d o O0n+ic,w O,
where:
jk = Cjk+Ajk(b)

Now, suppose that such a transformation has besocated with eachr. One then
verifies that the functions;ijk are functions that are defined globally ld(5). CHERN

[5] called these functions}k the structure invariants of S.The structureS is called
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integrableif one may choose a subg&bf A in such a manner that the invariant; are
constants. The integrability condition depends only uperstructures

PROPOSITION 4.1 — AG-structure of order 1 that is locally homogeneous and
isotropic is integrable.

Now, letG™ denote the group of all matrices of the form:

B I

n

[I” Oj, B=(b), r=1,..ri=1,..n),

where:

A (0)= Y (a0 - d,t) = 0.

The atlas {p %(U,); &, 7°)} then defines &&™-structureS onH(S). S depends upon
the choice oB. However, one may prove the following proposition

PROPOSITION 4.2 — Suppose tiais integrable, and lef be aG™-structure on
H(S) that is defined by an atlas:

Wp @, . @, T, .., TE),

whered = s, s are constants.
Suppose that i#/z one has:

dd=d & O0m+icad 0 ,

whereT; =- G are constants.

The two structure$ and S are then associated.

One says that @™-structureT that verifies the conditions above ip@longationof
Swith respect to a bask, = (a},) of L(G), and that the constants, and T that are
associated witl form a system ostructure constants for the integrable structure &
prolongation ofS is a prolongation ofS with respect to a basis fd(G). Two
prolongations with respect to the same basis aecaged.

Now, letS andS’ = St be two associated integralfestructures, whereg O N(G).

Let (X,,..., X!) be a distinguished frame 8f and letx; = a'(y) Xi. (X1, ..., Xq) is then
a distinguished frame &and the ma@r((X/)) = (X) is an isomorphism of the manifold

H(S) onto the manifoldH(S). Let T be a prolongation o8, and leta (T) be the
reciprocal image ofl. It then results that & and S’ are two associated integralike
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structures then the families of systems of structurestemts ofS andS that one may
identify by the prolongations &andS’are the same.

Now, letl" be a transitive Lie pseudogroup of order 1 that operatesnaemifoldV,,
and letS be aG-structure of order 1 that is defined by Sis locally homogeneous and
isotropic, and therefore integrable. The family ofteyss ofstructure constantef I is,
by definition, the family of systems of structure stamts of the structur®@ Since two
G-structures that are defined Ibyare associated, the definition is independent of the
choice ofS

Leta,, ¢, (i,j,k=1,..,n p=1,..r) be asystem of structure constant§ of

One sees that the following equations, which can be dedaas linear equations with
respect to the unknowng’ , u?, v’ (ys. = -5, Vi =—V;), are compatible:

ic? Vi

(1) aijraia_ d]'a Eir = yr[c]'ralim’
(2) 3, ~ G, * 3,44 4+ g § =0,
(3) CuCit GGyt Gl 8, N 9, ¥ 3, %= 0.

Equations (1) are equivalent to the equations:
[Ar, Ad = VEA,.

It then results thay” are the structure constants of the isotropy groupdsral ofl".

Now, letS be aG-structure of order. Any f 0 '(S) may be prolonged to a local
automorphisnf® of H(S) with sourcep*(U) and targep *(V), whereU andV are the
source and the target Hfrespectively, ang is the projection oH(S). LetA be a sub-

pseudogroup of (S). We letA” denote the set of all local automorphisrhsof H(S)
that enjoy the following property: The restriction tauficiently small neighborhood of
any point of the source of is a restriction of afi”, wheref 0 A. A® is a pseudogroup
that we call thearolongationof A to H(S). One may prove the following proposition:

PROPOSITION 4.3 — Le$ be an integrabl&-structure, and Iet be a prolongation
of S One then haB(T) =M(9™. A local automorphism dfi(S) belongs td" (9™ if and
only if it leaves invariant the Pfaff forms:

W, ..., d.

5. Reduction of a Lie pseudogroup of order r > 1toalLie pseudogroup of order 1.

Let I be a transitive Lie pseudogroup of order 1 that operates on a manifold .
One sees that canonically determines a transitive Lie pseudogroup ofrotdthat
operates on the manifold ™(I").
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Let S be aG-structure of order that is defined by, let z be a point oV, that is
chosen once and for all, and Ebe a distinguished frame &f with its origin atz The

mapo — Z cZ* of G into L' (V,,2) is an isomorphism o& onto G'(I", 2), the isotropy
group of order of ' at the pointz. Let {(Us, X%} be an atlas o8, and sefX’ 9(x) =
Xx) (2. One then haX’“(x) O M"(F) andX’“(x) = X"A(x) 5" %(x) for anyx 0 U4 n
U, wheres’ # is a differentiable map df, n Uginto G'(T, 2. The atlas {{a, X’ %)}
thus defines aG'(I", 2)-structureS’",” and the principal fiber bundle of distinguished
frames ofS’" is M (). One sees, moreover, tHS’") =M(S) and thaf (S) =T (9 =

I.

We then, in turn, identify the structugewith S’'.

The structureS determines &'(I, 2)-structureS for anyp < r such thatfl(S) =
N'(9 and thaH(S) = NP(r). Setr?=r (). NP(p) =NP(r) is then a Lie subgroupoid
of MP(Vy), and thereford ,, is a transitive Lie pseudogroup of ordethat containd".
One sees thdt; O, 0 ... O, =I. One may thus define the prolongatib{? of I';

(r=q=p)toH(S) = NP(). " is transitive. One says thaf = r® is thenormal
prolongation of order p of. We shall show thdt“™ is a transitive Lie pseudogroup of
order 1. Now, suppose that<r, and se®, = j"I , wherel is the identity map o¥/, .

Let f andg be elements off .1 that are defined at the point If one utilizes the local
coordinates of the manifold of jets then one veriffes g f ®) = jépg(p) if and only if

jP*f = jP"g (f andg being the prolongations 6fandg to H(S) = MP?(F)). One may
thus define a mag., of ME™(C ) (= MI™(r)) in the manifold I'Ilzp(I'IE(F)) by

Fou(i%f) = jz P, Fpu is differentiable of maximal rank, anf,,,(N™(")) =

My (F). Let N°*{(", 2) be the kernel of the canonical homomorphisnGBT(I", 2)

onto G°(I', 2. MP*(") is then a principal fiber bundle with bag&’ ("), projection
62", and group\®"™(", 2), and the following diagram is commutative:

Fp+
nexr) —— M, (")
leg-ﬂ lﬁ
e () Identity e ()
Utilizing these facts, one may show thal(r®) is a Lie sub-groupoid of1*(M°?(r)).

The isotropy group ofi (r®) at the pointz, is GY(I'®, z,) andM*(r'®) thus defines a
GY(r'®, z,)-structureT, of order 1 in the manifold? ('), which is locally homogeneous

and isotropic, an#i(T,) = NL(r ™).
One may prove the following propositions:
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1. I(Ty)=r}, forp<r.

p+l

2. Fou T(TY)P OFE™ forp<r,

where (T,)" is the prolongation of (Ty) to H(Ty) = M3 (™) and Fp. (T O

F" is the pseudogroup of all local automorphismsf M?*(I') of the formh =

Fpes 0 OF ™, where f OT(Tp)®. Forp=r -1, one hay.1 =T, and one thus obtains

the following theorem:

THEOREM 5.1. — Lef be a transitive Lie peudogroup of orddhat operates on a
manifold Vi, . The normal prolongation™™ of orderr — 1 of " is a transitive Lie
pseudogroup of order 1 that operates on the manifd*(I"), z being a point oV,
which leaves invariant @-structureT,_; of order 1. The prolongation 6f ™ to H(T"™)
may be identified withr®.

The family of systems ddtructure constants df is, by definition,the corresponding
family of the Lie pseudogroup”™ of order 1.
The following theorem results from theorem 5.1 praposition 4.3:

THEOREM 5.2 — The notations being those of theobeln the normal prolongation
' of orderr of G is a pseudogroup of local automorphisms GtstructureT, of order
1 in the manifoldM}(). T, is defined by an atlas Y, o, ..., ", T, .., )}
where:

m=dim N,
r=dimG{r"™, z-y),
and: |
ded= a @ O7f +1d,w Odf .
a,, ¢, are the structure constantsiof A local automorphism off1}(I") belongs td" if

and only if it leaves the forms invariant.

REMARK. — One does not know, in general[ {f is a transitive Lie pseudogroup of
order 1. This would be truelifis also a Lie pseudogroup of order 1 or if[" has finite
type or is involutive (see paragraphs 6 and 7).

6. Liepseudogroups of finitetype.
A pseudogroud is a transitive Lie pseudogroup bhite typeif there exists an

integerr > 1 that enjoys the following properties:
1. T is a transitive Lie pseudogroup of order
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2. There exists an integer< r such that dinG(", x) = dim G (", x). (We set
G, X) = dim (1).)

If [ is of finite type then the canonical homomorphisn&¥f, x) into G5 (", X) is a
local isomorphism. It results from this that the agical map off15(I") onto M) is
locally bijective. If one utilizes local coordinates the manifold of jets then one can
prove the following lemma:

LEMMA. — If M%) — M%) is locally bijective thef* (") — M%) is bijective
forp>s.

Now, letl" be a pseudogroup that operates/pn One says thdt is simply transitive
if it is transitive and if an elemehobfl" leaves invariant a point so the restriction dfto
a neighborhood) of x is the identity map af.

Letl be a Lie pseudogroup of finite type and ordeit results from the lemma that

N’ (r) =dim N (), and therefore that:
dimn*r*™, z._y) dim N(r) - dim N4 = 0.
The structurd; in theorem 5.2 is thus defined by an atlas:
{(Ua o, ..., D)},

anddd = 1c, ' Odf . The following theorem then results:

THEOREM 6.1 — Lef be a Lie pseudogroup of finite type and ondeiThe normal
prolongatiorf(r) of orderr of I' is then a simply transitive Lie pseudogroup of order 1. A
local automorphism of the manifoldl (") belongs tor ™ if and only if it leaves

invariant some linearly independent Pfaff forads ..., ¢, which are such that:
ded = ic, e O,
wherem=dim M. (I"), and c‘jk are the structure constantsiof

EXAMPLE 3. — Letlg be the pseudogroup in example I.g is then a Lie
pseudogroup of finite type and a certain order The number is determined in the
following manner: Let O be the point ¥f = G/H that is represented by. The mapor -
j’o, (s O H), is a homomorphism adfl onto G’(I's, 0). By the conditionp) (see
example 1), there exists an integesuch that dinH = dimG°(Cg, 0). The number — 1
is then the smallest numbethat enjoys that property. There exists an isomorplisin
the manifoldG onto the manifoldr;(I.) such thatd (¢)) are left-invariant Pfaff forms

onG, whered are the forms in theorem 5.1.
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7. Involutive Lie pseudogroups

For the definition of an involutive linear Lie algebswe ] and P]. A linear Lie
group isinvolutiveif its Lie algebra is involutive and@-structure of order 1 mvolutive
if G is involutive. A Lie pseudogroup of order limssolutive if its isotropy group of
order 1 is involutive.

By using the theorem of the existence of solutionsystesns in involution one
proves:

PROPOSITION 7.1 — Le$ be an involutiveG-structure on amanalytic manifold. [If
Sis integrable then it is locally homogeneous and igpitr@nd its prolongations are also
integrable and involutive.

A transitive Lie pseudogroup of orderis involutive if its normal prolongation of
order r- 1 is involutive. The following theorem results frommeorem 5.2 and the
proposition 7.1:

THEOREM 7.1 — Ifl” is a transitive Lie pseudogroup of ordeand involutive then
the prolongation of orderof G is a transitive, involutive pseudogroup of order 1.

Now, let{a,, ¢,} (i,j,k=1,...,;r=1,..r; ¢, == g;) be a system of constants
such that the linear equations (1), (2), and (3) of paragtequle compatible. Suppose,
moreover, that the Lie algebtagenerated by the matricép = (a,,,) are involutive, and
thatG is the linear Lie group that is generated_by

THEOREM 7.2 — Let{a‘j » djk} be a system of constants that verify the conditions
above. There then exists an integrabistructure that is defined in a domdnof the
numerical spaceR" such that{a‘j » djk} Is a system of structure constants for that

structure. In other words, there exists a transitive gseudogroup of order 1 that
operates oD such thafa djk} Is a system of structure constants of that pseudogroup

(see P]).

PROBLEMS:

1. One easily sees that a Lie pseudogiowporderr is complete of ordgp for any
p>r. Isl a Lie pseudogroup of ordpirfor anyp >r?

2. Is any transitive, analytic Lie pseudogroup involutivefdinite type?



[1]
2]
[3]
[4]
[5]

[6]
[7]

[8]

[9]
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