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Abstract: Description of the group of outer automorphisms of the
Gersten group was obtained by the author together with F. Dudkin
in 2021 [7]. In this paper, we study the possibility of extending the
methods of that work to an infinite class of cyclic extensions of a
free group of rank three

G = {a,b,¢,t]a" = a,b" = ba", " = c).

We have found the generating elements of the group Out(Gy)
and obtained a description of the structure of this group.
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1 Introduction

In the paper [1] of 2006, O. Bogopolski, A. Martino, and E. Ventura
described the outer automorphism groups of all infinite cyclic split extensions
of the free group of rank 2 as follows:

M, = Fy x, Z.
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We will further assume that automorphisms act on the right, i.e., ¢ : a — ap.
We write a’ for t~!at and  for the conjugation by t.
In 1994 using the group

H=F3xZ={ab,ct]|a =ab =ba,c = cda?),

S. Gersten [2| proved that groups Aut(F,),n > 3 and Out(F,),n > 4 are
not CAT'(0) groups.

The group H is a cyclic split extension of the group F3 with the basis
{a, b, c}, using automorphism ¢ : a — a,b + ba,c > ca’.

In 2021 |7|, a generating set of the group Out(H) was found and proved
that Out(H) = (Fy x Z3) x (Zo x Zs).

If ¢ is an automorphism of a free group of rank n, then we denote the
matrix of the mapping induced by ¢ on F% = 7" by % ¢ GL,(7Z).

A description of the groups Out(M,) is obtained in Theorem 1.1 [1],
depending on the type of matrix . In particular, a uniform description is
obtained for all groups Out(M,) with unitriangular matrix ¢®. This matrix
is unitriangular for the Gersten group.

In our work, we are trying to understand whether it is possible to obtain
a classification (similar to [1]) of the group of outer automorphisms of cyclic
extensions of a free group of rank three depending on matrix . To do this,
we study a series of cyclic extensions of a free group of rank three:

Gr = F3xZ = {a,b,c,t| at:a,bt:bak,ct:c>,k7&0.

The group Gy, is defined by an automorphism ¢y, : a — a,b +— ba* ¢ — c.
In what follows, for convenience, we will skip the index k. Matrix ¢® of such
an automorphism is unitriangular.

Trying to describe Out(Gy) using the methods of work [1], we found that
they are applicable to describe the generators of Out(Gy), but there not
enough ideas of paper [1]| to describe the structure of this group.

We succeeded in finding the generators (see section 3) of the group Out(Gy,)
and proved the following theorem:

Theorem 1. Out(Gy) = ((Z? x Zy,) x N) x (Zg x Zy X Z3), where N— is a
right-angled Artin group, the structure of which is described in Lemma 6. N
does not depend on the parameter k.

2 The Lemma about Fixed Points

The proof of Lemma 4.2 from [1] and Lemma 1 from |7] can be adapted
for Gk

We further denote the set of fixed elements of the automorphism ¢ by
Fizp.

Lemma 1. Let ¢ be an automorphism of F3 = (a,b,c) such that ap =
a,bp = bak, co = c, let k # 0,r # 0 be an integer and let w € F3. Then the
following is true:

1. Fizp = Fizg" = (a,c,bab™ '),



1402 E.A. SHAPORINA

2. If we" is conjugate to w, then w is conjugate to an element of Fix .

Proof. Let us prove the first statement. Note that a and ¢ lie in Fize.
Represent an arbitrary word w € Fj3 in the form

w = vi(a, )b va(a, c)b?.. b o, (a,c), e € {£1},i=1,...,n—1,

where v;(a,c) are words on letters a®!, ¢! (may be trivial); v;(a,c)p =
vi(a,c).

Understand further when w € Fizp. We can see that in a free group F3
we = ui(a, )b us(a, c)b?...b" tu,(a,c) = w

if and only if v;(a,c) = ui(a,c),i =1,2,...,n.
If 4 = —1, then

we = vy (a,c)a ¥ tug(a, ¢)...up(a, ).

Since v1(a, ) # v1(a,c)a™, wep can not be equal to w. Therefore ¢; = 1.
Using the same argument easy to see that €,_1 = —1.
If € = €i+1 = 1, then

we = up(a, )b .. .baFviiy (a, ¢)buip(a, ¢)...un(a, c).

Since a*v;11(a,c) # vir1(a, c),we can not be equal to w.

Using the same argument easy to see that:

If ¢, = —1, then ¢;4+; = 1. This means ¢; alternate, proven that ¢; =
(=1)"*! and n — 1 is even.

It is remind to note that

bui(a, )b~ 5 bakvi(a, c)a bt

Therefore v;(a, c) = a® for even i. Thus w € (a, ¢, bab™1).

The reverse inclusion is obvious.

The first statement is proven.

Let us now prove the second statement. If w is a word on letters a and c,
then the statement is obvious.

We can assume that w is cyclically reduced and contains letters b or b= 1.
By cyclic permutation and reversing w if necessary, we can assume that w
begins with b.

Represent w in the form w = ba™wg or w = ba wop, where wy € Fj3
and the last letter is not equal to b~'. This representation of w is stable using
©", which means w¢" starts with b and does not end with b~!. Therefore,
we" is cyclically reduced.

Since w and we" are conjugate, we" is a cyclic permutation of w. Therefore,
for a suitable s we obtain w¢"® = w. Applying the first statement, we obtain
w € Fixp.

The second statement is proven.

mb—l

O



AUTOMORPHISMS OF SOME CYCLIC EXTENSIONS OF FREE GROUPS 1403

3 The Generators of Out(Gy)

It is easy to check that the following maps extend to automorphisms of
the group Gy = (a,b,c,t | at = a, bt = ba¥, c! = ¢).

a—a, aw—a, aw—a,
) b tb, ) b=b, ~J b+ ba,
¥ c > c, X c +— tc, B: c+—c,
tst, tst, st
a—a, aw—a, av—>a,
b — ab, ) b b, g, . b ¢ b,
: ¢+ ac, Y e bab~ e, 2°) e,
|t st tst,
(a+— al, a— a, ara
L. bed, g, .1 b0 0. . b bl
"] c—c, LY e et 3°Y ¢ b leb,
t—t 1, t—t, t— ta k.

Let o € Aut(G). Denote the coset of the subgroup Inn(G) in the group
Aut(G) with the representative a by [a]. Then Out(G) = {[a] : @ € Aut(G)}.

We will assume that the conjugation acts as follows on an arbitrary element
&:p— z pr.

Further we will prove that

OUt(Gk) = <[¢]7 [X]? [/8]7 [ﬁ]v [M]ﬂ [92]7 [w], [61]7 [03]>

Lemma 2. Let { be an arbitrary automorphism of the group Gy, = {a,b,c,tla’ =
a,bt = ba* ct = c). Then there are I,k € Z,e € {0,1},x € Fy such that:

a+— v,
bi—>7}2,
Cc —r U3,
t — tvd,

§oi’oxl~owkowg:

where T 1s a conjugation by x € F3, v € Fizy,vs,v3 € F3,s,d € Z.

Proof. Let £ € Aut(Gy) be an arbitrary automorphism. Consider the action
of £ on the generators of the group Gy, (we collect the powers of ¢ from the
left in view of the relations of the group)

a — tPwi,
b— tlw27
c — t"ws,
t— tqw4,

where p,l,r,q € Z,w}, wa, w3, wy € Fj.

Since £ is an automorphism, it respects relations. Applying & to some of
them, we get the following:

(1) £(bY) = £(ba®) = wy T wotTwy = tle(tpw’l)k, k # 0= p=0, since
the sum of the degrees ¢ on the left and right must be the same.



1404 E.A. SHAPORINA

(2) £(a') = &(a) = wip? is conjugate to w)] in F3. By Lemma 1, we find
that w] is conjugate to an element from Fize.

From (2) it follows that w} = zwix™1, 2 € F3,w; € Fixg. Let us further
put w1 = v° such that the root of v in F3 can not be extracted. Let us now
apply the composition £ o & to the generators.

a+— v,

b— tl'UQ,
c— t"us,
t — tluy,

where v € Fixp, vo,vs, v, x € F3.

Since a and ¢t commute, their images with respect to the composition of
automorphisms £ o £ must also commute. Therefore, v* commutes with t9v,,
but since v € Fizp, v = vp = t~'ot. Therefore, v¥ commutes with v4. Since
two words commute in a free group only if they are powers of same element
and v is no longer rooted, then vy = v, for some d € Z.

As a result, we obtain a system of images of generators (v®, thvg, t"vs, tqu)
of the group Gy.

Consider the relation ¢t

= ¢ and apply composition & o Z:
v Y sl = g,

Since a and t commute, then v

commutes with ¢, and therefore vgp? =
vlusv™9, that is, vsp? is conjugate to vs in F3. Therefore, by Lemma 1, vs is
conjugate to an element from Fix, that is, v3 = yuy ™', where y € F3,u =
uP.

Note that v3 does not necessarily lie in Fizp (for example: for vg = b~ cb,
r=bu=cv?=ba"bp1).

Moreover, note that the sum of the powers of b in v3 is equal to zero. This
follows from the equality v3 = yuy !, where y € F3,u € Fizp.

We count the sums of powers a, b, ¢ in the images of generators a,b, ¢ in
Fy/F: v ~ a®cY vg ~ a®bP1 e vg ~ a2,

Note that v = 0. Let it not be the case. Using x we obtain a contradiction
with condition (1).

Since the system (v°,tlvo, t"v3, t%0%) generates Gy, then there are words
Wq, Wp, We, such that (we collect the powers of ¢ from the left in view of
ratios):
= wq (v®, thog, t7vs, tqu) = tllw;(a, b, c),
= b(vsjtlvg,trvg,tqu) = tle{)(a, b, c),

(V% thug, tT s, t90?) = 3wl (a, b, c).

Compare the sums of powers a,b,c on the right and left sides of the
equality. Consider a vector of the form (the sum of powers a, the sum of
powers b, the sum of powers c).

Then the vectors (1,0, 0), (0, 1,0), (0,0, 1) are linear combinations of vectors

(Oé, 07 0)’ (Oé]_, 51771)7 (O‘2)O772)'

w,
C w,
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Hence,
<(Oé, 0, 0)7 (041, 617 71)? (042, 07 ’72)>Z = Z3'
Therefore, the matrix composed of these vectors must be invertible over
Z. Tt means that the determinant of such a matrix is equal to 41, which
means that:

a = *£1,
61 = :l:la
Y2 = +1.

Note that in view of the obtained relations, the automorphisms y and
do not affect the degree of ¢ in the images a,t. Trace the sum of powers t in
the images of generators b, c when taking the composition of automorphisms
oz oxloy* and we find [, k such that:

The sum of powers ¢ in the image b under the action of the composition
of automorphisms & o & o x! o ¥ is equal I + 71“_ Bik =0,

the sum of t powers in the image ¢ is equal to r 4 (£1)I = 0.

Since 51 = £1, we obtain a system with respect to I,k of the following
form: L

l+ml+k=0,
{ r+ (£1) = 0.

The determinant of the matrix of this system is equal to £1, therefore,
such a system is solvable and integer k,[ can be found.

The resulting composition of automorphisms acts as follows:
a+— v,

b— V2,
C— U3,
t — tiy?,

godox oyt

where v € Fixp,s,d € Z,vo,v3 € F3.
For the presented composition to be an automorphism, it is necessary that
q==1.
Appling if necessary w(a + a1t~ t~1), we obtain the required.
O

Let us call a set of subwords of the form a™,ba™b™!, ¢™ unchangeable

blocks (lie in Fizp) and a set of subwords of the form b~!,b changeable
blocks (don’t lie in Fizyp).
Note that any word is divided into these subwords.

Lemma 3. Under the conditions of Lemma 2, two cases are possible:
1. v =a,d = 0,vy = uba™,v3 € Fizy, where u € Fizy,
2. v°=a"1 vt =a"F vy = a™b u, vz = a™ b loba™2,

where u,v € Fixy, m,my, mg € Z.
Proof. Apply the composition of automorphisms from Lemma, 2 (fo:i:oxiowz’)

to the relations:
(1) t7lat = a = v~ U Lstv? = 0%,
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(2) t7 et = ¢ = v gt = vs,

(3) t71bt = ba® = t~ gt = vduguhs—d.

First, note that the sum of powers b in the word wvs is equal to +1. This
implies that the total number of changeable subwords in vy is odd.

For example, let vy contain three changeable subwords, that is

v = wihjwohowshswy,

where w; € Fixyp,h; are changeable subwords. The word vy is reduced.
Under the action of the automorphism ¢ we obtain a letter-by-letter equality.
V20 = W1 (hl)gowg(hg)gowg(hg)gow4 = vdw1h1w2h2w3h3w4vks_d = Udvgvks_d(*)

Note that v¢ is a power of a. Look at three possible options.

Let there be no contractions between v¢ and vy. We count the number of
occurrences of b*! in both sides of the equality (taking into account that the
automorphism ¢ does not change the number of occurrences of b%). Without
loss of generality, we assume that d > 0, otherwise we consider (v—1)I4. We
count the number of occurrences of the letters b (|.|5) in both parts of (x).

ks—d|b —

valp = |vaiply = |[v%vav [v2p + ks|vlp

Since k # 0,s # 0, then |v|, = 0.

Similar reasoning for the number of occurrences of the letters c leads to
the fact that v is a power of a.

Let v? contract from vy, but v? does not cancel completely. Then v¢ =
zy, vy = xyy~'r = xr is a given word. Note that in this case v? is not
cyclically reduced. It is a contradiction.

Suppose the reductions is complete. Then, if v contains occurrences of
the letters b1, ¢!, then the number of these letters in vy will decrease.
Similarly to the previous cases, we count the number of occurrences of the
letters b™, c* in both sides of the equality (*). We get a contradiction. It
follows that v? is a power of a, that is, v = a*, z € Z.

Without loss of generality, it suffices for us to consider three variants of
the vy structure.

Choose h1 = b, ho = b, hg = b~ ! for the first example.

d ks—d

Let us use relation (3) (vap = t~lvat = vl =a*?

Vo az(ksfd) ) .

wibaFwabaFwsa b wy = a%wibwobwsb twsa*F D,

Note that for cancellations to occur in this case, it is necessary that ws =
al,q € Z. In this case, two of the three variable subwords merged into the
block bab~! € Fizyp, the word vo has the form wbws, where p € Z, wy, wy €
Fixp.

For the second example, let us take hy = b=, ho = b, hg = b.

Again, use relation (3):

wia *b M wabaFwsbaFw, = adzwlb_lwgbwgbw4az(k‘g_d).

Using similar reasoning to the previous example, we obtain a contradiction,

since contractions in the center will not occur.
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Take hq = b, ho = b~1, hg = b~!. We find that vy has the form w1 b~ ws, w1, ws €
Fizp,peZ

Note that for other cases, as well as for a larger odd number of subwords,
similar reasoning leads to one of the presented options.

Examine, as an exception, two possible cases with one block.

Let vy = wibwy = wybaFwy = aZdwlbwgaZ(kS*d).

We compare the subwords before and after the changeable subword in the
second equality, we see that d = 0,ws = a”, zs = 1, therefore v° = a** = a
where n € Z.

Let vy = wib twy = wia b 1wy = adzwlbflwgaz(ksfd). We see that
wy; = a", zs = —1, hence, v° = a*® = a7 !, 2d = —k, therefore, v? = a*? =
a=*.

We obtain two final options for the image of generators under the action
of the composition of automorphisms:

av—a

b — wiba™
C— U3
t—t
a—a”
b— a™b tws
CH— U3

t ta"

In this case, the sum of powers b in v3 is equal to 0. In each of the two

Case 1: , where wy € Fizp,p,n € Z,vs € F3,

1

Case 2: , where wo € Fixp,p,n € Z,vs € F3.

cases, let us pay attention to the relation ((c!)éozoxloy® = (¢)éozoxloy* =
a”* U tysta® = v3).

a— a,

b — wiba”,

C — U3,

t—t.

Applying the relation to this case, we get v € Fizp.

Case 1:

4 —
a—at

b a"b lws,
C — U3,

t— ta™ ",

Case 2:

where wo € Fixzp,n € Z,v3 € F3, the sum of powers b in v3 is equal to 0.

Since the sum of powers b in wg is equal to 0, then in addition to the
subwords from Fixp, v3 can contain variable subwords, but always in pairs:
if there is a certain number of subwords of the form b, then there is sure
to be the same number of subwords of the form b~!. We note that (using
reasoning similar to that for vy) given the relation, only one configuration
is possible for v3: v3 = a™ b~ lyba™2, m1, my inZ,y € Fizp, otherwise the
necessary contractions will not occur in the center. ([
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Lemma 4. Case 2 from Lemma 8 reduces to case 1 using automorphism
O3(a+— a b b7t s b leh, t > ta”F).

Proof. Consider the composition of the automorphism 63 and case number
2 from Lemma 3.
93 —1 2
a—=a " >a,
b5 b1 2 (w) " 'ba™™ = wsba ",
PRLENY RS RN (we) "tba "a™ b tyba™2a™b we =
= wpyba™ b Lyba™2 T Ly,

(4 2
t = ta=k St
where wa, W,y € Fixp, mi, ma,n € Z.
O

We will use an auxiliary statement ([8] p. 20, 2.8):

Proposition. Let U = {uy, ..., u;, } be the set of elements of the free group
F with the basis a1, ..., an,. If the following conditions hold:

(N1) v1 # 1,

(N2) vivg # 1 = |viva] 2 |v1], [v2],

(N3) V1V 75 1,vov3 75 1= |U1’L)2U3| > |U1’ — |’U2| + |113|7

for all triplets vy, ve, v3 € U*! and (U) = F, then U = {aF!, ... at!}.

For convenience, we introduce the following automorphism:

a a,
§=[k,0a) =kobgortobt: lc):zb,

t—t.

Lemma 5. The composition of automorphisms £oZ o Xio zp'%, acting on the
generators as follows:

a— a,

b — wiba™,
C — U3,
st

godoxloyk:

where wy,vs € Fixp,n € Z, lies in the subgroup generated by automorphisms

defined in Section 3.

Proof. Apply the automorphism [ the required number of times, and since
w1 = w1, v3 = v3 we obtain the following:

a—a,
b»—)wlb,
C — V3,
t—t,

nzgoioxiozp’;oﬂfnz

where w1, v3 € Fixyp, the sum of the powers of ¢ in v3 is equal to +1 (see
Lemma 3).
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Note that if w; = 1, then with the help of Proposition it is proved that
in the word vs there is one occurrence of the letter ¢*! and therefore 7 is
expressed through (/1*1)(91092)_1, /i(e;l), i, 07.

If v3 = ¢, then similarly there are no subwords of the form bab~! in the
word w1 and 7 is expressed through (5,605,601, 6.

Let wy # 1,v3 # ¢, |wi| = |vs|. (The case |vg| > |wi] is treated similarly).

For convenience, we redesignate w; by u, vs by v, that is, in our case, the
initial condition has the form |u| > |v|. Denote the length of the word u
relative to generators Fizy by |u|, , which is a free subgroup of the free
group F3 = (a,b,c).

Let the statement of the lemma be false in this case. We choose a counterexample
such that |ul, + |v], is minimal.

Note that if u or v starts with a, then we can apply one of the automorphisms
d or n to the required degree.

Let us further assume that these words do not begin with a. Let u =
wwi, v = wws, where w is the largest common prefix, wy Lwy is given.

We check the properties (N1) — (N3) for the system (a,ww;b, wws).

If the properties are satisfied, then (a,wwib, wwy) = (a®!,b*!, ctl) is a
contradiction. Failure to meet these properties implies the following conditions:

jwi] +1 < Jw],
|wa| < Jw].

Applying elementary Nielsen transformations, we pass to the system (a, wy L b, wws),
this is a system of reduced words, and checking the properties (N1) — (N3)
for it, we obtain the following system:

{ wi] + 1> |wal,
[w] > |wal,

which is fulfilled due to the conditions already obtained. Therefore, (a, wy 'w;b, wws) =
(a*!,b*!, c*!) is a contradiction. It means that we = 1, and initially the
system had the form:

(a, wwib, w).

Using Nielsen transformations, we pass to the system (a, w1b, w), for which
the properties (IN1)—(N3) are satisfied if w1 does not begin with a. Therefore,
wy starts at a*! and the automorphism has the form:

a v a,

b — wat™hb,
cHw,
t—t.

Consider the composition ™ oy o 7 on generators:
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+m
(4
aﬁ——>a—2—>ai>a,
iTVL
0 _ _
i b B0 qmp 22y qrme1p 0 qrmyy—lyyqFmpp = hb,
f="obyomy: gEm gy m
c—c—=c—w,
+m
0
£ 20 Oy By

Note that |u|, + |v], > |h|e + |w]|, is a contradiction with the stated
counterexample. It means that the presented automorphism reduces to the
identity automorphism. O

4 The Structure of Out(Gy)

Previously we proved that

OUt(Gk> = <W)]a [X]’ [/8]7 [KL [/‘]a [92]7 [W]’ [91]7 [03]>

Next we will prove that this group decomposes into a semidirect product
of subgroups

N = <[w]7 [X]a [B]a [HL [,u,], [92]>7
S = ([w], [01], [03])

and we will study their structure.

5 The Structure of S

Note that the subgroup S = (Za x Zg X Zs2) due to the following relations
between automorphisms:

62 — w? — 62 — id,

030w =wobs,

010w =wo b,

93091 :91 093.

6 The Structure of N
Study the structure of the subgroup

N = ([¢], [x], 8], [02], [u], [£])-

Let us prove that
N 272 x 7, x Ny,
where Ny = ([, [1], [62]).

Lemma 6. N = (Z? x Zy,) x N1, where N1 = {[u], [x], [02]).

Proof. The subgroup ([¢], [x], [8]) is normal in the subgroup N, ([¢/], [x], [5])
72 x Zy,. Moreover,

I

N = (22 x Zx) x ([u], [], 62])-
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Note that the subgroup ([5],[x],[¥]) is contained in the center of the
subgroup N. In addition, the classes [¢] and [x] have an infinite order in the
group Out(G) and g* = .

It remains to show that ([¢], [x],[5]) N {[u], [K], [f2]) = id. Indeed, note
that intersection is impossible due to the action of automorphisms on the

generators b, c.
O

Lemma 7. Out(G) 2 N x S
Proof. Tt is enough to establish the following relations in the group Aut(G) :

070 = o, wlw = Y, 03wl = YT

07 x0 = x7', wilxw = x, O3'x05 = x,

0786, = B, wlBw = B, 07805 = PBoa,

9;19291 = 027 w*102w = 0, 9;19293 = 0;1,

Hl_luﬁl = Og,u_lﬁg_lﬁ, wlhuw = uh 93_1/,603 = G0kt 092_1,
07 k0 = a 'Ok 0Y, wlkw = k7Y, 03'kfs = Baoplofyh.

Check one of them; the rest are checked in the same way.

( o-1
1 K 01
a— a - a — a
07" K 6
_1 b= b = ab L ab
91 Hel: 971 0
— K — — —
c—-— ¢ 5 gt A et
07" K 6
([ t— t =t - t
6.71 ﬁ 02 I{71 92_1
a —— a — a — a — a —
a”! -1 B 02 1y A T
a1 B0k 105 b —— aba — ab —= ac b — acT'b —
2 2 a-l . 3 . 0, . o1 4 9;1
c —— aca — aca —  aca — ca —
&_1 ﬁ 92 l{_l 9;1
t 2 ¢ 2ot By LN =2

Note that N NS = id. This is true in view of the action of automorphisms on
generators and in view of the finite order of automorphisms whose classes generate
the subgroup S. O

Lemma 8. Ny = K x Z, where K is a right-angle Artin group.

Proof. Denote K = ({u, k))n,. Then N1 =2 K x Z.

To prove this, replace the system of generators of the subgroup K as
follows: k; = 04 0 k005", u; =05 0 poby*, where i € Z.

Let us show that K is a right-angle Artin group, which has the following
representation:

K =2y, kiyi € Z | [, e [pis piv1], [Ris kig1] 4 € Z0).

Note that the system of generators u;, ki, ¢ € Z is sufficient for the subgroup
K, and the indicated commutation relations are obvious. Then consider

ab

ca
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i > 1. (Otherwise, the generator with a negative index can be corrected using
the conjugation #3) Show that, in addition to the indicated commutation
relations, there are no other relations in the representation K.

Denote: &, = /»;,;_11 o Ky, then k; = kg o & 0...0&; O = g © M,;_ll, then
Wi = 0;0...001 0 L.

Such compositions of new generators of the subgroup K give the following
actions on the generators of the group Gy, (generators a,t are fixed).

. :{ b (a1 b

cCH— C

(a= )¢
Ok : ko1
* {Ha Hie b>

The subgroup Aut(F,(x1...x,)) generated by partial conjugations «;; =
(xi, ;) was studied in |6], where:

—1
Tit> T, T;Tj

T;: . T;) = J
(@i, ;) {kaxk,k#Z

The representation of this subgroup has the following relations:

(1) cvijanj = ojovij,

(2) ajjop = apog,

(3) aijogjair = o

We consider the set (&, 0, k > 1).

Note that the elements of this set generate partial conjugations on the
subgroup Fizp.(0; = 0/2@3—1 039 0 a;3(k , & = ozk Loy o oz273(k71))

It follows that the set (&, 0k, k > 1) is generated by partial conjugations
023, 21, (432.

It is clear that the quotient

(o1, 013, a3, 21, 31, az2) / ({233, o131, 320112))
= (a3, 21, i32)

is free.
It means that there are no relations between the elements of the set
(&k, O, k> 1).

Consider the word w(uo, ko, &k, Ok, k = 1). Let the subgroup K contain a
relation in addition to the indicated relations of commutation, i.e. w = id.

Using commutation, we can get rid of occurrences of .

We get w1 (&, O, ko) = id, which can be rewritten:

w2 (&g, Ok) = Kg' © v1(0k) © kg2 © V2(Ek)-. vn (Ek) (%)

The left side of the relation (%) acts on the generators of the group Gy
as partial conjugations. Consider the action of the right side of the relation
(**) on the generator ¢ (without loss of generality it is sufficient to consider

the action on only one generator) ¢ — a®'p 1a52p a*p,tepy...p1, where
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pi, ¢ = l...n do not change with respect to each other under the influence of
mappings. Therefore, p; = a'i,i = 1...n. This is a contradiction. [l

Thus, the following theorem follows from Lemmas 6-8.

Theorem 2.
Out(Gk) = ((Z2 X Zk) X Nl) A (ZQ X Zz X ZQ),
where N1 = (u, k,03).
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