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Abstract. Our goal of this paper is to develop an analogue of the theory of group extensions
for multiplicative Lie rings. We first define a factor system of pair of multiplicative Lie rings
(L, A), which use to construct an extension of A by L. Then we state Schreier’s theorem for
multiplicative Lie rings. We also use this notation to introduce second cohomology group of
multiplicative Lie rings. Finally, we show that the equivalence classes of multiplicative Lie ring
extensions can be identified with second cohomology group H?(L, A, p, h), where L acts on A
by p and h.
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1 Introduction

Ellis [4] introduced the notion of multiplicative Lie algebra, which is called
the multiplicative Lie ring in the body of this paper. This concept contains
both notations of groups and Lie rings. Ellis used this structure to investigate
an interesting combinatorial problem on group commutators (see also [3]).

Point and Wantiez [8] studied algebraic structural properties of multiplica-
tive Lie algebras. In particular, They defined nilpotency and proved several
nilpotency results generalizing known ones for groups and Lie algebras. In [1],
further structural properties of multiplicative Lie rings were investigated and
two homology theories were introduced and compared with the usual homology
theories of groups and Lie rings.

In [2], nonabelion tensor and exterior products of multiplicative Lie rings
were introduced. They also proved an analogue of Miller’s theorem for multi-
plicative Lie rings. The theory of group extensions and their interpretation in
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terms of cohomology is well known.

Fouladi, Jamali, and Orfi [6] developed an analogue of the theory of group
extensions for Lie rings. They proved Schreier’s extension theorem for Lie rings.
They also used the notion of factor triples to define the second cohomology group
of a Lie ring. The aim of this paper is to develop an analogue of the theory of
group extensions for multiplicative Lie rings. The treatment is parallel to the
known theory of the extensions of Lie groups and Lie algebras (see, for example,
[5, 7]) and Lie rings (see, [6]).

The paper is organized as follows: In section 2, we recall some necessary
notions about multiplicative Lie rings, which are needed in the rest of the paper.

In section 3, we define the notation of factor system of pair of multiplicative
Lie ring (L, A) and use it to construct an extension of A by L. Also we prove
Schreier’s theorem for multiplicative Lie rings.

Finally in section 4, we introduce the concept of second cohomology group
of a pair of multiplicative Lie ring (L, A) with L acting on the abelian multi-
plicative Lie ring A. We also see that the definition given in [6] for factor triples
and the second cohomology group arise from our definition when the group of
multiplicative Lie ring is abelian.

2 Basic concepts

In this section, we recall the notion of multiplicative Lie ring due to [1, 8, 3,
4].

A multiplicative Lie ring consists of a multiplicative (possibly nonabelian)
group L together with a binary function {,} : L x L — L, which we call it the
Lie product, satisfying the following conditions:

{z,z} =1, (
{z,yy'} = {z,y} Y {=,¥'}, (
{za',y} =" {2, y} {2, v}, (
{z, v} Y2 {{y, 23, 2 {{z 2}, Ty} = 1, (
Ayt ={%z.%y}, (

for all x,2',y,y’,2 € L in which *y = xyz~'. The following identities are de-
duced from (2.1)—(2.5) in [1, 4]:

{y,2} = {z,y} " (2.6)
b ! o} = [0 a7 /) (2.7)

N DN N NN
UL = W N =
— — O N —

for all z,2'y,y’ € L, in which [z,y] = zyz~ly !
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Example 2.1.

(1) Any group G is a multiplicative Lie ring under {z,y} = zyx~1y~! for all
z,y € G, which is denoted by G|;.

(2) Any group G is also a multiplicative Lie ring under {z,y} = 1 for all z,y €
G. Tt is called the abelian multiplicative Lie ring of G and is sometimes
denoted by G,.

(3) Any ordinary Lie ring L is a multiplicative Lie ring under the Lie prod-
uct. Moreover, if L is a multiplicative Lie ring whose underlying group is
abelian, then L is an ordinary Lie ring.

e A morphism ¢ : L — L’ of multiplicative Lie rings is a group homo-
morphism such that ¢ {z,y} = {¢(z), d(y)} for all x,y € L.

e A subgroup A of a multiplicative Lie ring L will be a subring of L if
{z,y} € A for all x,y € A. It will be an ideal of L, if it is a normal
subgroup and if {z,y} € A for all x € A and y € L.

e Let A and B be subgroups of L. The subgroup of L generated by
all elements {x,y},z € A,y € B, is denoted by {A, B}. The sub-
group {L,L} is an ideal and is called the Lie commutator of the
multiplicative Lie ring L.

Definition 2.1. Let L and A be two multiplicative Lie rings. By an action
of L on A, we mean an underlying group action of L on A, given by a group
homomorphism h : L — Aut(A), together with a map p : L x A — A, satisfying
the following conditions:

ol 9y/) = plar y)pla, ) (25)
p(zx’,y) = p(*z', “y)p(z,y) (2.9)
p({z, 2}, " y)p(Vz, pla’ ) " p("a! plz,y) )T =1 (2.10)
p(V, {y, y DY ol ) H s pla,y/) 1 =1, (2.11)

where z,2' € L, v,y € A,%y = hy(y), %2’ = za’z=1, %y = yy'y L.
3 Multiplicative Lie ring extensions and factor sys-
tems
Given multiplicative Lie rings L and A, we try to find different multiplicative

Lie rings, such as F, that contain the ideal A with £ ~ L. Such multiplicative Lie
rings are called extensions of A by L. In this section, we reduce the classification
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of equivalence classes of such multiplicative Lie ring extensions to so called
factor systems. Schreier’s theorem yields a bijection between equivalence classes
of multiplicative Lie ring extensions and the equivalence classes of the factor
systems. Through this section we fix multiplicative Lie rings L and A.

Definition 3.1 (Multiplicative Lie ring extension). An extension of A by
L is a multiplicative Lie ring E along with a monomorphism ¢ : A — F and an
epimorphism 7 : £ — L such that ker 7 = I'mi. We usually refer to an extension
(E,i,m) simply by the multiplicative Lie ring F. Let £(L, A) denote the set of
all extensions of A by L.

Definition 3.2. Let (E1,i1,m) and (FEs,i2,m2) be extensions. We say that
they are equivalent if there exists a homomorphism ¢ : F; — FE such that the
following diagram is commutative:

1 A p M 1
{
1 A2 p, o[ 1

This relation is symmetric, reflexive, and transitive, so we may speak of the
equivalence classes of extensions of A by L. We use [E] to denote the equivalence
class of E.

The following definition of a factor system is analogous to the definition of
a factor triple in Lie rings (see [6]).

Definition 3.3. A factor system of (L, A) is (f,g,p,h) of maps f,g : L X
L— A,
p:LxA—A and h:L— Aut(A)

such that h sends each £ € L to h., with the following properties:

(1) g6, 6) =1, (3.1)
(i) fe) = fh 0 =1, (3.2)
(1i1)  f(1,0) = f(£,1) =1, (3.3)
(iv)  f(lr,02) f(brla, L) = he, (f (L2, £3)) f (41, L2ls), (3.4)
(v)  p(ly, f(l2, €3)) f (L2, 3)g (L1, €als) Ry, gy0,y (f (L2, €3) ) (3.5)

= g(lr, b2) f({€1, L2}, b2) gy 030, (9(L1, L3
FEl1, 33, 67) f({lr, Lo} la, {01, 63} 05) (3.6)

and

P00 )91, )y ey (p (05, F(Er ) S0, ))
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= ey (9(£2,€3)) f (01, {£o, €3}) f (€1 {€2, €3}, €7 Vhes (4, 40 (9 (1, £3))
F( o, L3}, {1, £3}),
(v) By (g(0r, €2) F({0r, €2}, £51)) F (U, {00, 2357 (3.7)
—f (L ) f(sl1,8 ) p(“31, f(l3,02) f(L3l2, £51))
{f(ls,00) (U301, 657), f (L3, £2) f (L3l2, £57) } [ (U3, €2) f (Usln, €57) f (€3, 1)
Fls01, 651 g(" 00,5 L) ey, e, (f(f:‘n 03) f (U3, 05")

-1
P12, F (b, ) f (b, 651 F (s, ) f (£, 657 )

(Uii) Ah{{éhég}}/%g}(B)f({{glﬂ 62}762 63}7 {{527 £3}723 61})}1{‘31(2,{43,@1}}(0) =1,
(3.8)

where the following D defines, respectively, A, B, and C by replacing (¢1, {2, {3),
(b9, 03, 01), and ({3,401, 2) with (a,b,c):
D =9 p({a, b}, f(b,c)f(be,b™ ")) {g(a,b), f(b,e)f(be,b™")}  (3.9)
F(b,0)f(be,b~N)g(a,b)g({a,b}," )
Pigany vy (F(0,0)f (be. b )p(’c, g(a. ) 7
(viii) Ty, (hey(a)) = T2 (hy,(a)), (3.10)
(iz)  p(l,a1a2) = p(€,a1)p(*"£,"" az), (3.11)
() pllaba,a) =IO p(‘iy,f1 a) (3.12)
[t ({£ (01, 02) f(L1la, 671), 5 a}p(l1,a)){ f (1, l2) ", a},

(i) p({€1,€2},€2 a) (p(“gl,p(fg,a)))il (p(&fm (p(&,a))_l))i1 #1,
(3.13)

(wit)  p(®2t, {a1, as}){ " az, p(, a1) }{ a1, (p(€,a2)) "'} = 1,
(3.14)

for all £1,05,¢3, € L and a,a1,as € A.

e Note that if A is an abelian group and abelian multiplicative Lie ring,
then the conditions (vii), (iz), and (x) become

(Uii)/ h€1€2 (a) = h€1 (hb (a))’
(iz) p(bila, a) = p(" €2, a)p(ty, a),

@) ot £2).2 ) (p("trpt)) ) p(" s (ot ) ) =1,
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for all ¢1,¢2 € L and all a € A, and hence h and p together is an action of
L on A.

We denote the set of all factor systems of (L, A) by F'(L, A).

Definition 3.4. Let (f,g,p,h) and (f',¢',p', ') be two factor systems of
(L, A). We say that these factor systems are equivalent, if there exists a map
¢: L — A such that ¢(1) =1 and

(4) By (y) = ““ha(y), (3.15)
(i) o (2,y) = ) p(a, y){c(@), v}, (3.16)
(iid) ¢'(x,2') = “@p(, c( x)){C( ) ( ’)}C(ﬂﬁ’)C(:c)g(x,x/)h{m/}
(c(:c)_lp(x/ c(a l)c{x,x/}_l, (3.17)
(iv) f'(z,2") = C(x)hz(C(fv’))f(iv fv) ( O
for all z,2" € L, all y € A.

It is easy to check that this is an equivalence relation. We will use [(f, g, p, h)]
to denote the equivalent class of factor system (f, g, p, h) of (L, A).

Given two multiplicative Lie rings L and A, we introduce the following
notations:

g(L,A)={[E]: FEeel,A)},
F(L,A)={[f,g,p,h]:  (f9,p,h) € F(L, A)}.

Let (E,i,m) be an extension of A by L with i being the inclusion map; then
we cannot expect to find a homomorphism 7 : L — E such that 7(L) is a
transversal to A in E.

However, since L = 5 , we can always find a map 7 : L — F whose image is
a transversal to A in E. Such a map is said to be a section of the extension. We
may always choose 7 such that 7(1) = 1, in which case, 7 is called normalized.

Theorem 3.1. Each multiplicative Lie ring extension 1 — A BT
L — 1 together with normalized section 7 : L. — E defines a factor system

(frs9r,prshr).

Proof. Let v € L ~ % be a coset of A in L and let 7 be a fixed transversal
function © — 7(x). It satisfies 77 = id|. Since A is an ideal in F, then for all
a € A and all z € L, the elements 7(z)ar(x)~! and {7(x),a} are in A.

We can define

h:L — Aut(A)
T hy
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such that hy(a) = 7(x)ar(r)~! and
p:LxA— A
(z,a) = {7(x),a}

foralla € A and all x € L.
Since 7 is a homomorphism, we have

m(r(@)r(y)r(zy) ") =1,
m({r(@), 7(y)}(r{z,y}) ") = 1;

then T(x)T(y)(T(xy))_l and {7(z),7(y)}(7{z,y}) " are elements of ker .
Now we define

f:LxL—A 1 g:LxL— A
(,9) = 7(@)7 () (r(2y)) " (z,y) = {7(2), 7(y)} (r{z, y}) "
So we have
T(2)7(y) = f(z, y)7(zy), (3.19)
{r(x),7(y)} = g(z, y)7{=z,y}. (3.20)

It is easy to check that hy, (hm(a)) = f(xl’”)(hxlxz(a)) for all z1,20 € L,
a € A. We have

(1) p(z,yy") = {7(2),yy'} = {7(2), y}!{7(2), ¢} = {7(2), y}{*7(2),"y'}
={r(@), yH7("2),Y y'} = p(a, y)p(a.r y),

flaa! = Np(*a!, " y) faa! o) 7 f(a,2) 7

{f (@, ') f(za, 7", "y Yoz, y) f (2, y){ f (2, =)~ v},

(iii)p ({96 21 y) (e, p(al ) T (p(" ply) T T £ L,

()p(* z, {y. y DY, pla, ) Hoy, p(z,y)) 1 = 1.

If A is an abelian group and abelian multiplicative Lie ring, then p and h
together is an action of L on A. Using associativity in F, we have

(1) p(zz',y) =



44 N.Hoseini, F. Saeedi

for all z,y,z € L.
This implies (3.4).
Sine F is a multiplicative Lie ring, for each x,y,%’ in L, we have

{r(2), 7))} = {7(@), F, ) (yy)} = {7(@), g,y )P {7 (@), T(yy')}
= p(@, fFy, v ) v )9(@, yy )V ge oy (F (0,9 D72, 99}

and

{r(z), 7 ()} W {r(x), 7))}
= g(z, y)m{z,y} "W (g(z,y")r({z,y'}))
= g(z, ) f{z, v}, »7{z, y}y)gle, v f{z,y'h y)r{z, v by ™)
= g(z, v) ({2, U}, Y Pga gy (902, ) {2,y y ™)
Fz vy, {, vy DTz, v}z, o'}

Hence

p(a, £,y F s 0 g (@, yy Vg yry ()7
= g(x,9) f{z, v}, W) iz (9@ v ) v by D) F{zydy, {, g ).

Similarly, for all z,z’,y in L, we have

{r(@)r(@),7()} = {7 (@), 7(v) Hr (@), T(v)};
then
f('% :C')g(mc’, y)h{a:a:’,y} (p(yv f(wv x'))f(:v, x/))_l

= ha(9(2',y) f(x, {2’ y}) f ({2’ y},27)
h Z{:1:’,y}(g(:c7 y))f<x{x/a y}, {xv y})7

which implies (3.5).
For all z,y,z € L, we have

"7 (@), ()} = {77 (@), D)}

For left side, we have

" (z), 7(y)} =" (g(z,y)T{z,y})
= ho(g(z, 9) f({z,y}, 2 f(z {z, vy )r( H{a,y)),
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and for right side, we have

(M7 (2), " ()} = {f(z,2) f(z2, 2 )7 (2), 2, 9) f (29,2 )7 (y)}
= 1G22 0 0 (50), f(z,y) f(2y, 27 1)}
{f(z,2) (2, 27, f(z y)f(ay, 2~ 0D En fneh
({rCa), mCy)}) TN D f (2, 2) f (22,271, 7("y)})
_ e fenn Do, f(z.y)f(zy,27Y))
{£(z,0)f (2w, 27Y), £ (2, >f<zy, 1}
) fzy, 2 ) f(z2) (2,27 g (o, 2y ) hizp 2y
(£ 0 f Gy 20 (o, f(202)f (20, 271) f(2,2) e, 7))
T({Fz, ).

So (3.7) satisfies. With a similar argument, by using the Lie bracket condition,
we can obtain (3.8). QED

z

Theorem 3.2. Let (f,g,p,h) be a factor system of (L, A). Then the set
L x A together with the following operation

(€1,a1)(€2,a2) = (L1€2,arhe, (a2) f(l1, £2))
{(l1,a1), (€2,a2)} = ({€1, L2}, " p(l1, a2){a1, az}aza;
9(lr, L2)h, 4,3 (azp(la, a1)ar) ™)
for all £1,¢3 € L and ay,az € A, is a multiplicative Lie ring denoted by Ef g , 1)-
Moreover the maps € : A — Ey, , ) defined by a +— (1,a) and v : E(s g ,n) — L

defined by (¢,a) +— ¢ are multiplicative Lie ring homomorphisms such that
(E(f,g,0,n)5 €, ) is an extension of A by L.

Proof. The proof is purely routine. QED

By using the notations and definitions of the above theorem, we have the
next proposition.

Proposition 3.1. Let (E,i,7) is an extension of A by L, with i being the
inclusion map and let 7 be a normalize section of E. Then (FE, i, ) is equivalent

to (E(f, g, .pr.hr)s € V), Where (fr, g7, pr, hr) is a factor system of (L, A) arising
from the section 7.

Proof. Let x € E and let £ = w(x). We know that

m(x) (77(7'(5)))_1 =1 = 7w(zr)™) =1y = 2r(f)~' € A,
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So there exists a unique element a € A such that z = ar(¥).

Now we define ¢ : E — E(s. 4, ) by ((z) = (£,a). To see ¢ is a multi-
plicative Lie ring homomorphism, we let y € F and write y = br(m), where
m € L and b € A with m = 7 (y).

We then have

xy = a7 (£)br(m) = ahe(b)T(£)T(m) = ahe(d) f(€,m)T(fm).

Hence
C(xy) = C(ahg(b) (£, m)7(lm)) = (€m, ahy(b) f (L, m)).
Also

{z,y} ={ar(0),br(m)} = a{7(¥), b}ail{a, b}ba{T(E),T(m)}afl{a, 7'(m)}lf1
- ap(& b){a7 b}bag(& m)h{f,m} (bp(m, a>a)_17—{£7 m}7

from which we see that

C{xa y} = ({£> m}7 ap(ba E){a, b}bag(£> m)h{f,m} (bp(aa m)a)_l) :
Now it is easily checked that (i = € and v{ = 7. QED

Lemma 3.1. Let (f1,91,p1, h1) and (f2, g2, p2, h2) be two factor systems of
(L, A). If these factor systems are equivalent, then the associated multiplicative
Lie ring extensions are also equivalent.

Proof. Assume that (f1,g1,p1,h1) and (f2, 92, p2, he) are equivalent, so that
there is a map ¢ : L — A such that ¢(1) = 1 and satisfying (3.15)—(3.18).

Let (E(fhgl,pl,hl)’el’vl) and (E(f27g2,p27h2)62,v2) be two multiplicative Lie
ring extensions of A by L as the construction theorem 3.2. We need to show
that both extensions are equivalent, that is, there is a homomorphism ( :
Et1 g1.01,01) = E(f2,92,02,h2) such that the diagram commutes.

We define ¢ by ((¢,a) = (¢,ac(?)). Clearly this map is bijective. It is also easy
to check that ¢ is a multiplicative Lie ring homomorphism and so E(f, g, ».ny)
and E(g, g, 5o ho) are equivalent.

Lemma 3.2. Equivalent multiplicative Lie ring extensions define equivalent
factor systems.

Proof. Assume that we have two arbitrary equivalent multiplicative Lie ring
extensions of A by L.
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Choose arbitrary normalized sections 7 and 7’ to the extensions

1 A2~ F b L 1 and 1 Ao 2 1, respec-
tively. Let E(fT,gT,pT,hT)vE(f

—1.9.,p.1,h,,) D€ multiplicative Lie rings arising from
7 and 7’. By Proposition 3.1, we know that

(Bt g ) €0) and (Br, g0 0.)5€50")
are equivalent.
Then there exists a multiplicative Lie ring homomorphism
C : E(f‘r:g‘rvpr,h-r) - E(fT/,gT/,pT/,hT/)

such that vo¢ = v1 and (e; = eo.
For each arbitrary element ¢ of L, there are unique elements ¢* € L and
c(f) € A such that

(6, 1) = (&, ¢(0))-

So we have

C=v(l,1) =0'C(0,1) =o' (€%, c(0)) = £*.
Therefore ¢ = ¢*; then ((¢,1) = (¢, c(¢)). Consequently, for each a € A, we have

¢(4,a) = C(1,

Comparing both sides of these relations

C((£1,1)(£2,1))
C{(l1,1), (€2, 1)}
¢{(1,a), (4, 1)}

(1, 1)¢ (£, 1),
{ (€17 ) (627 )}a
{¢(1,a),C(4,1)},

and
C((& 1)(17 CL)) = C(& 1)C(17 a)

for all £1,02,¢ € L and a € A, we see that (fr,gr,pr, hr) and (fr, o, prry hyr)
are equivalent, which completes the proof.

All the above mentioned results will be used to conclude that Schreier’s
theorem holds for multiplicative Lie rings.
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Theorem 3.3. Let A and L be two multiplicative Lie rings.There is a one-
to-one correspondence between the set of equivalence classes of extensions of A
by L and the set of equivalence classes of factor systems of (L, A).

Let E be an extension of A by L and let (f, g, p, h) be a factor system arising
from a normalized section 7 of E.

Define
{ — he(Inn(A))
and

pp: L xA %7{14,14}1?7[/4,14}
(b.a) — plb.a) ({4, A} 1[4, A).

Suppose that 7 is another normalize section of E and x € L. Then 7(x) and
7/(x) differ by an element of A. Hence

where ¢ is a map from L to A. We have

{7'(x),a} = {c(x)7(x), a} =" {7(z),a}{c(x), a},
T(x)a :c(x)‘r(x) a :c(x) (T(w)a) ]

Consequently, for a € A, {7(z),a} and {7'(x),a} differ by elements in {A, A} N
[A, A] and also "®)q, 7 (#)q differ by an inner automorphism of A. Then pg and
hg are independent of the choice of normalized sections.

It is easy to check that hp is a group homomorphism and pg satisfies in con-
ditions (2.8), (2.9), (2.10) and (2.11). We shall refer to the pr and hg together
as a coupling of E. As we saw in above, equivalent extensions have the same
coupling, so we can from &, 5,)(L, A), a subcategory of multiplicative Lie ring
extensions of A by L with coupling pg and hg.

4 Second cohomology

Cohomology of Lie rings has been studied in [6] also, cohomology of Lie
groups and Lie algebras are studied in [7, 5].

But our knowledge of cohomology of multiplicative Lie ring is not enough.
In this section, we define the second cohomology group of a multiplicative Lie
ring and find the relation between the second cohomology, multiplicative Lie
ring extension, and factor system.
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Definition 4.1. Let L be a multiplicative Lie ring. An L-module is an
abelian group and abelian multiplicative ring A such that L acts on A.

Throughout this section, suppose that A is an L-module and that L acts on
A by a map p and a group homomorphism h such that h sends each ¢ € L to
hy.

Definition 4.2. Let Z2(L, A, p, h) be the set of all pairs of functions (f, g),
where f,g: L x L — A satisfying the following conditions, for all £, {1, ¢s, {3 € L:

(i) g(6,0) =

(1)  f(L,€ ) G 5) =1,

(ZZZ) f(l,ﬁ) (E 1) =

()  fll, ) f (5152753) = hzl(f(ﬁm%))f(@h@fs),

(v)  p(lr, f(l2,05)) f (L2, €3)g (L1, €2l3) Ry, gyesy (f (2, 03)7")

= g(01,02) F ({1, L2}, Ca) g, 010, (9(01, L3) f ({01, L5}, €51))
F({l1, bo} o, {1, £3}45)
and
f(l1,£2)g(L1la, £3) e gy 05 (P(ﬁs, f(l1,62)) f (41, 52)) -
= hu, (9(€2,€3)) f (01, {La, €3}) f (0r{l2, €3}, €1 Y hey (g, 7 (9(01, £3))
FO {2, 63}, {01, 43}),
(0i) Py (g(lr, L) f ({1, €2}, £5)) F({s, {1, £2}57)
= P(Z3517 fls, b2) f(Lsla,631))
F(ls,€2) f (C3l2, £57) f (U3, 1) f (€361, 651 )g (401, )
hespy b0y (f (3, 02) f(Lsla, 631) p( Lo, £ (€3, 00) f (€301, 65™)))
Fls, 1) f(lslr, 51) 71,
(vid)  Ahggp, g3y 205 (B)FE{ 63,2 €3}, {2, 633, (1} hgerg, 14,001y (C) = 1,

where the following D defines, respectively, A, B, and C' by replacing (¢1, {2, {3),
(62,63,51), and (63,51752) with (a, b, C):

D = p({a,b}, f(b,) f(be,b™ 1)) f(bye) f(be, b )
g(a7 b)g({aa b}ab c>h’{{a,b},bc} (f(b7 c)f(bc, b_l)p(bcv g(a7 b)))il
We shall refer to the elements of Z2(L, A, p, h) as cocycles of L in A.

Remark 4.1. The set Z2(L, A, p, h) is an abelian group under the pointwise
addition of the two functions

Lo+ ()= +f9+49).
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Let (f,g) be a cocycle of (L, A, p, h); then we observe that (f, g, p, h) is a factor
system of (L, A), because A is an abelian group and abelian multiplicative Lie
ring.

Definition 4.3. Let ¢: L — A be a map such that ¢(1) = 1. We define

(i) g(t1,62) = p(t, e(€))e(C) (1), ey (c(br)plLa, e(€1))e(l2))  (e({r, £2}))
(i) (b1, €2) = c(lr)he, (c(b2))(c(brb2)) ",
and refer to the pair (f, g) as a coboundary of L in A and denote the set of all

coboundaries by B2(L, A, p, h).
One can check that B2(L, A, p, h) is a subgroup of Z2(L, A, p, h).

Definition 4.4. The factor group
H*(L,A,p,h) == Z*(L, A, p,h)/B*(L, A, p,h)

is called the second cohomology group of L with coefficients in A, and the ele-
ments H2(L, A, p, h) are called cohomology classes.

Any two cocycles contained in the same cohomology class are said to be
cohomologous.

Given (f,g) € Z%(L, A, p, h), we denote by (f, g) the cohomology class con-
taining (f, g).

Theorem 4.1. There is a one-to-one correspondence between the following
three sets

F(L,A,p, h) - {[(fag7p7 h)]|(f7g) € ZQ(L7A7P7 h)},
g(L, A, p, h) = {[EHE S g(p,h)(L7A)}7
H*(L,A,p,h).

Proof. In the first step, we show that FI(L, A, p,h) and &(L, A, p, h) have a on-
to-one correspondence. Let [E] € (L, A, p, h) with pgp = p and hg = h.

Also suppose that (f, g, p/, 1) is a factor system form a normalized section T
of E. Recall that p’ : Lx A — Ais defined by (¢,a) — {7({),a},{ € Landa € A
and that b’ : L — Aut(A) is defined by ¢ — k), with h)(a) = 7({)ar(¥)~,¢ € L
and a € A. So

pe(l,a) = pl(£7 a)({A, A} N[A,A]) = p,
h(t) = y(Inn(A)) = h

forae A, 0 € L. B
It follows that [(f,g,p,h)] € F(L,A,p,h). On the other hand, since equiva-
lent extensions result equivalent factor systems, the map pu : (L, A, p,h) —

F(L, A, p,h) by [E] = [(f,g,h, p)] is well-defined and bijection.
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In the second step, we show that F(L, A, p,h) and H2(L, A, p,h) have a
one-to-one correspondence.

We define the map \ : F(L, A, p, h) — H*(L, A, p, h) by [(f,9,0,h)] = (f,9).

If [(f,g,p,h)] = [(f',¢,p,h)], then there is a map ¢ : L — A such that
¢(1) =1 and

9(z,y) = g (z,y)p(x, (c(y))c(@)e(y) iz (c(@)p(y, c(2))e(y) ({z, y}) 7,
fx,y) = f'(2,y)c(x)ha(c(y)) (clzy)) !

for all x,y € L.

This means (f,g) = (f',¢'); hence X is well-defined.

It is easy to see that A is a bijection.
Now A and p are one-to-one correspondences between the sets H?(L, A, p, h),
F(L,A,p,h) and &(L, A, p, h) QED
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