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B danniti pobomi poseasdaecmuea 3adana nowyky diamempy epyni NapHUT nidcmarosor no 3adanit
cucmemi meipnux. Beodumwvea nowsmmsa 36aaa1Mc06a1H0T NAPHOT NIJCMAHOSKY, MG 00HUCAIOIOMBCA
JOBHCUHU ENEMEHNIB, ULO € 30ANGHCOBAHUMU HU OAULEUMY D0 36A.AAHCOBAHUT. 30 JONOMO2010 OMPUMAHUL
dosotcur, OYA0 OMPUMGHO OCHOBHUT PE3YALMAM POOOU — HUNICHIO OUIHKY Jiamempa 3HaK03MIHHOL
epynu no 3adaniti cucmemi MEIPHULT.

Knmouwoei crosa: epap Keni, diamemp epagpa, cucmema meipHux, 2pyna naprux nidcmarosox.

In this paper we consider a specific case of the diameter search problem for finite groups, the
case where the system of generators is fized. This problem is well-known and can be formulated in
the following way: find the diameter of a group over its system of generators. The diameter of the
corresponding Cayley graph is the diameter of a group over its specific system of generators.

The main object of the research is the alternating group with the system of generators consisting
of cycles having length three and the form (1,2,k). This system of generators is a classical irreducible
system of generators of the alternating group. It is introduced the property of even permutations to be
balanced. We consider the set of balanced permutations and permutations close enough to balanced and
find minimum decompositions of them over defined system of generators.

The main result of the paper is the lower bound of the diameter of Alternating group over con-
sidered system of generators. The estimation is achieved using minimal decompositions of balanced
permutations.

Key Words: Cayley graph, diameter of graph, system of generators, alternating group.
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Introduction with respect to the classical irreducible system of
generators {(1,k)}, k = 2,...,n in obtained in [1].

In this work it is considered the alternating
group Alt(n) of degree n > 3 and its classical irre-
ducible system of generators (1,2, k), k = 3,...,n.
We introduced a specific type of even permuta-
tions that we call balanced permutations. For bal-
anced even permutations and close to balanced
even permutations it is constructed their mini-
mal decomposition. These minimal decomposi-
tions are used to estimate the lower bound of the
diameter of Alt(n) with respected to the men-
tioned system of generators.

Unless otherwise specified in the paper we de-
note a finite group by G and a system of generators
of G by S.

The diameter search problem for a finite group G
can be formulated as follows. Find maximum of
diameters Dg(G) for all system of generators S of
(. The interest to this problem was stimulated by
the paper of L. Babai and A. Seress [2]. Recent
results obtained in this direction can be found in
131, 4], [5], [6].

One closely related problem is the mimimum-
length generators sequence. This search problem
can be formulated in the following way: for a finite
group G, its system of generators S and an element
g € G find the shortest generators sequence real-
izing g. It was shown in [7] that this problem is
NP-hard for permutations groups.

A partial case of the diameter search prob-
lem is the diameter search problem with respect
to a fixed system of generators. An exact formula
of the diameter of the symmetric group Sym(n) In this section we recall basic definitions, that cor-
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respond to decompositions of elements. The defi-
nitions of strictly growing systems of generators
and groups-generators series were introduced in
8]

The main object of research of the paper is
the alternating group Alt(n) of degree n with its
system of generators ((1,2,3),...,(1,2,n)),n > 3.
We consider some useful elementary properties of
this system of generators and recall the trajectory
of a point over permutation’s decomposition. This
notion will be intensively used in the sequel.

1.1 Basic definitions, notations and
properties

Every element g of G can be decomposed as a
product

of generators from S for some natural [. The tu-
ple of generators (s1,..., si) will be called a de-
composition of the element g over S. The length
lg|ls of the element g over S is the length of the
shortest decomposition of g over S. The diameter
Ds(G) of G with respect to S is the maximum of
lengths |g|s, g € G. An element g € G such that
lgls = Ds(G) is called a diameter element.

Let us introduce the operation of concatena-
tion over tuples of generators. Let 7, 7 be elements
from G and D = (dy,...,dn),T = (t1,...,t,) be
its decompositions over S correspondingly. Then
the concatenation of D and T is the decomposition
(di,...,dm,t1,...,t,) of the element 7 - 7.

In this paper we consider the right rule of per-
mutation’s multiplication: for every permutation
7,7 and for every natural number z we have:

(m-7)(2) = 7(n(2)).

As usual, the support of a permutation
in Sym(n) will be denoted by supp(m), i.e.
supp(m) = {x € 1,n : w(x) # z} for some nat-
ural number n.

Fix a natural number n > 3. The group
A = Alt(n) is a permutation group on the set
I,n = {1,2,...,n}. The elements of this set will
be called points. Let S = SoG(n) = {s3,...,sn)},
where s, = (1,2,k), k > 3.

Let D = (i1,...,im) be a tuple of m > 1 nat-
ural numbers, each greater or equal than 3. We
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,im]s for the product

m m
I s =TT 2, 0).
k=1 k=1

For simplicity we will identify the tuple D =

(1,...,%m) of indices with the tuple (s;,,..., si,,)

of generators. Note, that the later forms a decom-

position of the permutation [iy, ..., 4m,]s over S.
s

will use notation [iy, ...

—_—

We will use notation a - b for 7 € A and
a,b € {1,2,...,n} such that w(a) = b. Moreover,
if for some permutation 7 € A and a point ¢ ad-
ditional equality 7(b) = ¢ holds then we use the
following notation:

T T

—~ —~
a—b=b-—c.

This notation can be naturally generalized for
products of arbitrary number of permutations.
1.2 The trajectory of a point over a
decomposition

Let m € A be a permutation. Fix a decomposition
D = (i1,...,%m) of m over S. We assume that
m > 3. Let a € {1,2,i1,...,im}. We will define
the trajectory of a over the decomposition D as
follows.

For arbitrary points ¢,d and & € 1,m such
that s;, (¢) = d we will use notation

k
c—d.

Then in the graph of the action of the generating
system S on 1,n the decomposition D defines the
unique path of the form

1 2 3 m
a=ayg—a = az > ... — ay =7(a).

Definition 1.1. The trajectory of the point a in
the permutation 7w over the decomposition D is a
tuple T'r(a,m, D) := (ji, ..., j:) of all indices from
D, such that exactly one condition

Qg = 1or Ajp—1 = 2
holds, 1 < k < t.

In other words, the trajectory of a is the tuple
of all positions in D, such that in the graph of the
action corresponding generator defines the arrow
that either starts in 2 or terminates at 1. Since
m > 3 the trajectory is well defined.

In many cases we can use more compact form
of the path of a point. For arbitrary k,l € 1,m,
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k < I, such that 2 = sl-_kl(ak) #ap=...=aq_1 # pathinzover D, then, based on |9, Proposition 2],

si(a—1) =1, ag, # 1,2, we will use notation

k,l
ap = ak.

Note that in this case both k,l € Tr(a,m, D).
The following properties of the trajectory
Tr(a,m, D) = (ji,...,Jj:) hold:

1) aj, # 2 for every k € 1,t;
2) aj, = aj,,,—1 if and only if a;, R aj, is
well defined in the path of a over D.

We will omit the following parts of the path
of a in 7 over D:

1) the initial part of the path up to the first
occurrence of a, if a # 1, 2;

2) the closing part of the path after the last
occurrence of 7(a), if w(a) # 1, 2.

Let m € A be a permutation with decompo-
sition D = (dy,...,d) over S, m > 3 and p
be a point from {1,2,di,...,dy}. We will say
that the point p has trivial path in © over D if
|Tr(p,m,D)| < 2.

2 Length of permutation over S

In this section we provide estimations of
lengths of permutations over system of generators
S. We introduce the special type of permutations,
which we call balanced. We show that the mini-
mum length is reached for balanced permutations
and permutations, which are close to balanced, ac-
cording to number of unfixed points.

We also provide the minimum decomposition
classification for special permutations: odd cycles,
products of two odd or even cycles, some cases of
products of three cycles. We separately consider
cases according to action on points 1, 2.

In this section we fix some natural number
n > 5 and consider permutations from the alter-
nating group A.

2.1 Length estimations over system of
generators S

Let m € A be a permutation, D = (dy,...,dn)
be its decomposition over S, p be some point from
{di,...,dn}. Note that if the point p has trivial

13

the path of the point p over D has the form
1 2 z—1 T
PP ... —p

(») . a(p),

where z is the first position of p in {d1,...,dn}
and x + 2 is the last position of m(p) in
{di,...,dn}.

Let m € A be a permutation with the de-
composition D (di,...,dy) over S, p €
{di,...,dn} be a point.

Definition 2.1. We will stay that the point p is
mixing point in m over D if there are two conse-
quence positions j1,j2 € 1,m, j1 < jo of the point
p such that:

z+1 z+2

3
ZHl, 9 TR 2(p)

x
—1 —

j2 — j1 — odd number

Let m € A be a permutation. Recall that every
permutation 7 can be decomposed into the unique
product of independent cycles up to its multiplica-
tion order. In this article we consider cycles with
the length greater or equal 2. We denote the set
of independent cycles of m by IC(7).

Let ¢ be a cycle from IC(7) and D be a decom-
position of m over A. Denote {d € D|d € supp(c)}
by P(c, D) — the set of positions of points from cy-
cle ¢ in the decomposition D, which are not equal
to 1, 2.

Proposition 1. Let 71 € A be a permutation,
c € IC(m) be a cycle with the length > 2 and
1,2 & supp(c). Then:

|P(c, D)| > |c| + 1.

Moreover, if |P(c,d)| = |c|+1 then every point
from ¢ appears only once in D, except only one
point, which is appeared twice. One of this double-
point’s positions is the minimum and another is
the mazimum over the positions of points of cycle
c over D.

Proof. Let D = (dy,...,dy) be the decomposi-
tion of 7 and ¢ = (i1,...,%;). Then there is the
sequence {ji1,jk2 : k € 1,7} of positions of points

from D such that for every k € 1,1:
TT(’ik, ™, D) = (jk71, e

7jk,2)7

where dj, , = ik, dj,, = igt1. The minimum
count of positions in D, which are represented
points from (i1, ...,%;), can be archived only if the

end of one trajectory will be the begin of another:

v < Jk—12 = Ikt < Jk2 = Jkr11 < ...
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Note, that this sequence is ordered as natural num-
bers. Hence, there is one ¢t € 1,1 Ji—12 7# Ji1
(ji,2 # ji1 in case t = 1).

The last means, that for the cycle ¢, the de-
composition D should consist at least [ + 1 points
such that:

1) only one point from iy,...,4; will be pre-
sented twice and has the minimum and the
maximum position over positions of points
from iq,...,14;

2) other points from iy, ...,4; will be presented
in decomposition only once.

As the result, we have:
|P(c,D)| =1+ 1.
The proof is complete. O

Corollary 1. Let @ € A be a permutation,
Cly...,¢r € IC(m) be cycles and 1,2 ¢ supp(c;),
1 €1,r. Then:

T
> |P(ei,D
=1

r

P Z\CJ + 7.

i=1

D)| = Z lci| + r then

the decomposztzon D will have ez‘actly leil + 1 po-
sitions for points from c;, i € 1,r.

Moreover, if Z | P(c,

Proof. Directly implies from Proposition 1. O

Corollary 2. Let 1 € A be some permutation,
{c1,...,¢,} =IC(m) and 1,2 & supp(w). Then:

T

> el + 7.

i=1

ITls >

,
Moreover, if |m|s = > |ci|+1 then the decom-
i=1
position D will have exactly |c;| + 1 positions for
points from ¢;, i € 1,r.

Proof. Directly implies from Corollary 1 O

Proposition 2. Let m € A be a permutation with

the decomposition D = (dy,...,dw), c1,...,¢p €
IC(m) be cycles, 1,2 & supp(c;), i € 1, 7.
Let the following conditions are hold:
1) the decomposition D  contains exactly
T
> |eil+7 positions of points from cy, . .., cp;

=1
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2) every point from (dy,...,dyp), which is dif-
ferent from points of ¢;, i € 1,7, is not the
mizing point in ™ over D.

Then all positions from P(c;, D) are odd or even
at the same time for every i € 1,r.

Proof. Let ¢ = (i1,...,7;) be one of cycles from
c1,-..,cr with the length [ > 2. Note, that cycle
¢ has exactly | + 1 positions in D, based on condi-
tion 1. Similar to proof of Proposition 1 we have
sequence of positions {(jx1,jk2) : k¥ € 1,7} such
that:

Tr(ig,m™, D) =

(jk,17 e 7jk‘,2)7

c<Jk-1,2 = Jk1 < Jk2 = Jk+11 < ...

Without loosing of generality, we can assume that
the point i1 appears twice in D.
Suppose, that positions of points of ¢ are not
all odd or even. Then there is at least one t € 1,7
that js 1, j:,2 have different parity. The last means
that there is at least one mixing point p with po-
sitions u1, us in m over D such that:
TT(it,W,D) = .,jt72),

(jt,la o, U, U2, .

where p = d,, = dy,. Condition 2 states that
there is another cycle g from ¢y, ..., ¢, that g has
mixing point p. Based on Condition 1 and Propo-
sition 1: w1, ue are the first and the last positions
of points of g. Note, that they also have different
parity. Similar to cycle ¢, there will be found an-
other mixing point for g, which will correspond to
another cycle.
It is enough to note, that:

1) every cycle, which positions of points are not
all odd or even, requires to have another cy-
cle with mixing point in the range of its po-

sitions;
2) on each step, range of positions is decreas-
ing:
{jl,l)"'7jl,2} D) {ulﬁ"'aUQ} D ceey

3) number of cycles are limited.

From this we have, that at some moment there
is no mixing point for cycle, which positions of
points are not all odd or even. Contradiction.

As the result, all positions of cycle ¢; are even
or odd at the same time for every i € 1, r. O




Bicnux Kuiscvkozo nayionanrvro2o yrisepcumemy
iment Tapaca Ilesuwernra
Cepia: Pizuro-mamemamusri HAYKY

2.2 Balanced permutations

Let C be the set of pairwise different cy-
cles with length greater or equal 2. The value

> |e| +|C| we denote by L(C).
ceC
Note that if 7 is a permutation from A, then

value L(IC(m)) is even number, because:
1) if 7 consists of odd cycles

2

ceIC(m)
and [IC(m)| are even numbers, so, its
sum is also even;

(a) and its number is even, then |c]

(b) 2

celIC(m)
and |IC(rm)| are odd numbers, so, its
sum is even number.

and its number is odd, then ||

2) if 7 consists of even cycles, then the num-

ber of even cycles are even, so, > |c|+
ceIC(m)
|IC(m)| is even number;

3) all other cases is a combination of the previ-
ous two.

Let m be a permutation, 1,2 & supp(n).

Definition 2.2. We say that 7 be balanced permu-
tation if 1,2 ¢ supp(m) and there exists separation
IC(m) into uncrossed sub-sets C7, Cy such that:

L(Cy) = L(Co).

Proposition 3. Let 1 € A be a permutation.
Then the permutation m be balanced permutation
if and only if:

|mls = L(IC(m)).
Proof. Necessity. Based on Corollary 2:
mls = L(IC(m)).

For every cycle ¢ = (i1,...,i;) we have its rep-
resentation in the permutation’s decomposition in
the following way:

[- .. 7i1,t1,i2,t2, o e 7ix7tzai1,tx+1, .. .]5‘7

where ¢ € IC(m) and {t1,1t2,..
points.

., tyy1} are some
We identify cycle ¢ (igl),...,il(l)) €
IC(m) with every ¢ € IC(m). Let C; =
(cll,...,clm), C> = (¢y,..-,Cr,,) be sub-sets
from definition of balanced permutations. We use
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the similar form of cycle’s decomposition, as it was
in Proposition 1.

Then 7w can be decomposed over S in the fol-
lowing way (without loosing of generality, we as-
sume here that I; < 7):

™ = [il(ll),il(n),... (ll)

1 (r1)

(11)77:7"1(7‘1)77: 9y

) ill s iT’1+1

, ilml (llml ) , irm2 (’r‘mg )’ il(lml )’ il(rmg)]s‘

The last means that the statement is correct,
because proposed decomposition is a decomposi-
tion of 7 with length:

L(C) + L(Cy) = Y e| + [IC(x)].
celIC(m)

Sufficiency. Let D be a decomposition of 7 such
that the length of D equals 3 ;o ¢ +[IC(7)].
Note that the permutation 7 satisfies conditions of
Proposition 2 with all cycles from IC(7) and no
other points, different from them. From Propo-
sition 2 it follows that all positions of points of
cycle ¢ are odd or even at the same time for every
¢ from IC(w). Construct the sub-sets Ci, Cs in
the following way: if cycle ¢ has odd positions of
its points in D, then we put ¢ into C1, otherwise —
into Cy.
As the result:

e > |c| + |C1| — number of odd positions;
ceCq

e > |c|+|C2] — number of even positions.

ceCy
In the end, it is enough to note that > [+
ceIC(m)
[HC(m)| = > lel +[Cil + 2 [e[+]Cof is always

ceC ceCy
even number for any permutation from A. As the

result:
el 10 = el +Cal,

ceCq ceCly

which means that the permutation 7 is bal-
anced. O

Lemma 1. Let m be some balanced permutation,
p be a natural number greater 2 and ¢ supp(r).
Then if there exists separation IC(m) into un-
crossed sub-sets C1,Cy such that:

L(Cy) = |7r2|5 + 1 and L(Cy) = ‘7;5 -1 (1)
then:
|7 - 8p2s = |7|s + 1.
Otherwise:

- 8,215 = Il + 2.
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Proof. Note that |7 - sp%|s > |m|s + 1 based on
Proposition 1. Also note that 7 - s,? = [7]s - [p, D]
with the length equals |7|g + 2, so: |7 - p?|s <
|7|s + 2. Let |7|g =m.

Suppose that there exists the decomposition
D = (di,...,dm,dms1) of 7 - s, Note that
p & supp(m) and 7 is balanced, so, there exist
paths:

l—-...—2>pp—>...22and2— ... > 1.

Based on |9, Lemma 9|, the point p can be
placed on the mth position without increasing de-
composition’s length:

- Sp2 - [dla ce. 7dm717pa derl]Sa

where there is no other p in dy,...,dpy—1.
Consider different cases of value of dp,11.

1) Let dynt1 = p. Based on [9, Proposition 1],
we have:

Series: Physics & Mathematics

which prove that:

7 pPls =m+1=|nls +1.

If there are no such separation of IC(7) into
C1, Cs, then there is no decomposition D of
7 - p? with length m + 1. As the result:

|- pls =m+2=|n|s + 2.
The proof is complete.
O
Lemma 2. Let w be an balanced permutation,

p1,p2 2 3, p1 # p2, such that py,pa & supp(r).
If there exists a separation IC () into uncrossed

sub-sets Cy,Cy such that

L(Cy) = |7r2|5 +2 and L(Cy) = |7r25 -2 (2

™ = [dla” . 7dm—1aPaP}S‘[p]S == [dlu”’ 7dm—1]50r

which means that |r|g < m —1 — contradic-
tion.

2) Let dpy1 # p. Note that there are exactly
m positions for cycles of m. From Proposi-
tion 2 it follows that all positions of points
of cycle in D should be even or odd numbers
at the same time for every cycle from IC(7).

Let C7 be the set of cycles, which are placed
on odd positions and Cy be set of cycles,
which are placed on even positions in D.
Note that there are exactly % + 1 positions
for Cp and 5 — 1 for C. It is enough to
note, that:

(a) cycles from C; can be placed in decom-
position on odd positions;
(b) cycles from C5 can be placed in decom-

position on even positions

if and only if the equality (1) is hold. In this
case, we have (without loosing the general-
ity, we assume that [; < rq):

i(ll) (1) ,L-(ll) ,l:(Tl) (l1) .(r1)

7T:[lvzl sy Thly Tyt
(l1) (1) (l2) (r1) (Imy)  (Tmy)
T P R TR NP L A
(Imq) (Imq)
Zlmll 7p721 ! ]Sv

L(Cl) = |7r2\5 —1 and L(Cg) = ‘71-25 +1 (3)
then
|7+ (1,2)(p1,p2)|s = |7|s + 3.

Otherwise
|7T : (17 2)(1717172)’5 = ‘ﬂ-’S + 4.

Proof. Let |r|s = m. Then |7 - (1,2)(p1,p2)|s =
m + 3 based on Proposition 1 and Corollary 1.

Also note that 7-(1,2)(p1,p2) = 7 [p1,p2, P2, P1]s
with the length equals m+4, so: |7-p?|s < m+4.

Suppose that there exists the decomposition
D = (dy,...,dpnts3) of m(1,2)(p1, p2) over S. Note
that p1,pe & supp(w) and 7 is balanced, so, there
exists paths:

p1L—> ... —>pgand po — ... — p1.

Based on [9, Lemma 9|, the points pi,ps can
be placed on the last positions of decomposition.
There are 2 possible options:

1) - (1,2)(p1,p2) = [di,...,dm—3,P1,dm—1
s D25 Ay 15 D1, Ay 3] 55

2) . (17 2)(p17p2) = [dla oo 7dm—27p17 dm
s P2, dimt2, 1] s

16
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Note that there are no other pi,po in decomposi-
tion. We consider each case separately.

Case 1. There are exactly m positions for
cycles of w. Based on Proposition 2, all positions
of points of the cycle in D should be odd or even
numbers at the same time for every cycle from
IC ().

Let C7 be the set of cycles, which are placed
on odd positions and Cs be the set of cycles, which
are placed on even positions. Note that there are
exactly % + 2 positions for €y and 3 — 2 for Cs.
The last one take place if and only if the equation
(2) is hold.

If such C1, Cy exist, then, similar to previous
proves (without loosing the generality, we assume
that [; < l3) we have the following decomposition:

() (r1) () (r1) () (r1) () (r1)
71—:[7’1 'l Tl g 7"'7Z11 'Y 01 7le+17
(l2) (1) (my) L (lmg) (Imyq) (lmy )

G 72114,_2""7 lm11_3a11 ? 7Zlm11_25plvzlmll_lap2a
(lmq) (lmq)
llmll , P15, ! ]Sv

which prove that:
|7 (1,2)(p1,p2)|ls = m + 3 = [r[s + 3.

If there are no such sub-sets (', Co, then there is
no decomposition D of 7 - (1,2)(p1,p2) with the
length m + 3 over S. As the result, we have:

|7 (1,2)(p1,p2)|ls =m + 4 = |r|s + 4.

Case 2. There are exactly m positions for
cycles from IC(w). Based on Proposition 2, all
positions of points of cycle in D should be even or
odd for every cycle from IC(r).

Let C} be set of cycles presented on odd po-
sitions and Cs be set of cycles presented on even
positions. Note that for C there are exactly 5 —1
positions and 4 +1 for . The last one take place
if and only if the equation (3) is hold.

If such C1, Cy exist, then, similar to previous
proves (without loosing the generality, we assume
that [; < l3) we have the following decomposition:

(1) o(r1) (1) .(r1) (1) -(r1) () .(r1)
m= iy 7,0 iy, iy N A NS SR e
(12) -(r1) (lmy) (Tmy) (Tmy)

1 a7fll+27---721 ! allm2i1,plaz7“m22 )

2)

(Tm
p?azl 7p1]57

which prove that:

|T-(1,2)(p1,p2)[s =m +3 =|[m|s +3
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If there are no such sub-sets C7, Cs, then there
is no decomposition D of 7 - (1,2)(p1, p2) over S
with length m + 3. As the result, we have:

|7 - (1,2)(p1,p2)|ls =m +4 = |n|s +4
O

Lemma 3. Let m be some balanced permutation,
p1,D2, 03 = 3 be pairwise different natural num-
bers such that py,p2,ps & supp(w). If there exists
a separation IC () into uncrossed sub-sets C1, Co
such that:

L(Cy) = ’7;\5 + 2 and L(Cy) = Irls _ 2
or:
L(Cl) = m 1 d L(CQ) = |7T2‘S +1
then:
|7 (1, p1)(p2, p3)|s = |7|s + 4
Otherwise:

|7 (1, p1)(p2,p3)ls = |m|s +5
Proof. It is enough to note that:
7 (1,2)(p2, p3) - (1,2,p1) = 7 - (1, p1) (2, P3),
so based on strong growing propositions from [9]:
|- (L, p1)(p2, p3)ls = [m - (1,2)(p2, p3)s + 1

If Lemma’s conditions are succeed, then, based on
Lemma 2 we have:

|7T : (17 2)(]727173)’5 == ‘W’S + 37
which means that:
|7 (1,p1)(p2,p3)|s = |7|s + 4

If Lemma’s conditions are succeed, then, based on
Lemma 2:

|7+ (1,2)(p2,p3)|s = |7|s + 4,

which means that:

|7 (1,p1)(p2,p3)|ls = |mls +5

17
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Lemma 4. Let m be a balanced permutation,
P1, P2, P3 = 3 be pairwise different natural num-
bers such that p1,p2,ps & supp(w). If there exists
continuous separation IC(m) into uncrossed sub-
sets C1,Cy such that:

Irls 7| s

L(Cy) = 5 +2 and L(Cy) = 5 -2
or:
T T
(Cl) | ’S and L (02) | 2|S +1
then:
|7 (2,p1)(p2,p3)|s = |7|s + 4
Otherwise:

|7+ (2,p1)(p2,p3)|s = |7|s + 5

Proof. It is enough to note that:

(1,2,p1) -7+ (1,2)(p2,p3) = 7 - (1,p1) (P2, P3),

so based on strong growing propositions from [9]:

|7 (2,p1) (P2, p3)ls = |7 - (1,2)(p2, p3)|s + 1

If the conditions of the lemma are satisfied, then,
based on Lemma 2 we have:

|7 (1,2)(p2,p3)|s = |7|s + 3

The last means, that:

|7 (2,p1)(p2,p3)|s = |7|s + 4

If conditions of the lemma aren’t satisfied, then,
based on Lemma 2, we have:

|7+ (1,2)(p2,p3)|s = |7|s +4

The last means, that:

|7 (2,p1)(P2,p3)|s = |7|s + 5

O]

Lemma 5. Let ©m be balanced permutation,
D1, P2, P3, P4 = 2 be pairwise different natural num-
bers such that p1,p2,ps,pa & supp(mw). If there
exists a separation IC() into uncrossed sub-sets
C1, Cy such that:

7|5

—2
2

L(Cy) = ‘7;’5 +2 and L(Cy) =

2021, 4
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or:
L(CY) = '”2|S 1 and L(Cy) = |2|S +1
then:
7 (1, p1,2, p2)(p3, pa)|s = |m|s +5
Otherwise:

’77 : (17p1727p2)(p35p4)|s = ‘T‘-|S +6

Proof. It is enough to note that:

7+ (1, p1)(p3, pa)- (1,2, p2) = 7 (1, 1,2, p2) (3, Pa),

so based on strong growing propositions from [9]:

|7T . (1,])17 27]92)(])37174)‘5 = |7T . (17p1)(p37p4)‘5 + 1

If the conditions of the lemma are satisfied, then,
based on Lemma 3:

|7 (1,p1)(p3,p4)|s = |7|s + 4,

The last means, that:

|7 (1,p1,2,p2)(p3,pa)|s = |7|s + 5

If the conditions of lemma aren’t satisfied, then,
based on Lemma 3:

|- (1,p1)(p3,pa)ls = |7|s + 5,

The last means, that:

|- (1,p1,2,p2)(p3, pa)|s = |w|s + 6
O

Lemma 6. Let m be a balanced permutation,
P1,D2,P3, P4 = 3 be pairwise different natural
numbers such that p1,p2,p3,pa & supp(m). If
there exists a separation IC(m) into uncrossed sub-
sequences C1,Cy such that:

L(Cy) = Irls +2 and L(Cy) = |7T2‘S -2
or:
L(Cy) = |7T2|S — 1 and L(Cs) = |7T|S +1
then
|- (1,2, p1,p2)(p3, pa)|s = |m|s +5
Otherwise:

’77 ' (1727p17p2)(p3ap4)|5 = ‘T‘-|S +6
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Proof. Tt is enough to note that: 1) m-c=1di,...,dm—u,C1,dm—ut2,C2, ...,
A tu—2y Cus Aty 61]5.
7 (2,p2)(p3,p4)-(1,2,p1) = 7 (1,2, p1, p2) (3, Pa),
2) T-C= [dla ooy Ay dp—ut 1,5 C1,

so based on strong growing propositions from [9]:

’ﬂ- : (17 27p17p2)(p37p4)’5 = ‘ﬂ— ’ (27p2)(p37p4)’5 + 1

If the conditions of the lemma are satisfied, then,
based on Lemma 4 we have:

|7 (2,p2)(P3,p4)|s = |T|s + 4

The last means, that:

|7T : (17 27]717172)(1737]74)‘5 = |7T|S + 5

If the conditions of the lemma aren’t satisfied,
then, based on Lemma 4 we have:

’71— : (27172)(1737274)‘5 = ‘ﬂ-‘s + 5
The last means, that:

|7+ (1,2, p1,p2)(p3, pa)|s = |7|s + 6
Il

Lemma 7. Let m be a balanced permutation, c be
odd cycle with length u, c is independent to m and
1,2 & supp(c). Then if there exists a separation
IC(7) into uncrossed sub-sets Cy,Cy such that

Ly =ms vt ey = Tls _utl
2 2 2
then
|T-cls = |m|s + (u+1).
Otherwise

|- cls = |m|s + (u+2).

Proof. Note that |7-c|s > |7|s+ (u+1) based on
Corollary 1. Also note that:

Im - p?ls < Imls + lels = |m|s + (u+2),

as product of two elements of A.

Suppose that there exists decomposition D =
(di,...,dm,dmt1
yeooylmiyy1) of - c with |r|s = m. Note that
¢ is independent to w, 1,2 ¢ ¢ and 7 is balanced.
Then, without loosing of generality, we can assume
that for cycle ¢ = (¢1,...,¢y): ¢ has trivial path
inm-cover D.

Based on rules of Multiplication of permuta-
tions by generators [9]: all points of cycle ¢ can
be placed on the last positions of decomposition,
corresponding to its cycle order. As the result, we
have the 2 options:

dm—u+3 <oy Cy, dm+u—17 C1, dm+u+1]S-
Note that there are no other points of ¢ in decom-
position, based on Corollary 1. In both cases there
are exactly m positions for cycles of 7. Based on
Corollary 2: every cycle from IC(7w) should be
presented only on odd or even positions in decom-
position D.

Let C; be set of cycles presented on odd po-
sitions and C be set of cycles presented on even
positions. Note that there are exactly % + (u+1)
positions for C1 and § — (u + 1) for C3. The last
one takes place only if there exist sub-sets C1, Coy
from lemma’s condition. We will show that in case
if the first lemma’s conditions are satisfied, then
can be constructed the decomposition of m with
corresponding length. The second case can be sim-
ilar constructed.

If such C1, Cy exist, then similar to previous
proves:

;) (1) (r1)

2 ,...,le U

;,ly), Zng2)7 Zilj/_)l,

(Imy)

(1)
1

:(r1)
VLD

(lmq)
,...,zlm1
1

)

(12)

i (r1)

,le+2,... C1

)

Cuy ) Cl]Sa
where x some position for cycle in group C; with

length y. Provided decomposition proves that:
m-cls=m+ (u+1)=|r|g+ (u+1)

If there are no such sub-sets C1, Cs, then there
is no such decomposition D of 7 - ¢ with length
m~+ (u+1). As the result, we have:

- els =m+ (u+2) = [nls + (u+2)
O

Lemma 8. Let m be balanced permutation, c be
odd cycle with length u, c is independent to m,
1,2 & supp(c) and p be some natural number
greater 2, p & supp(w),supp(c). If there exists
a separation IC () into uncrossed sub-sets C1, Co
such that:

L(Cl):‘g’s ““2” andL(CQ):“;‘S—“;l
then:

|m-c-(1,2,p)|ls = |m|ls + (u+1)+1
Otherwise:

[m-c-(1,2,p)]s = [7ls + (u+2)+1
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Proof. It is enough to note that from strong grow-
ing propositions of [9] it follows:

|m-c-(1,2,p)|ls =|m-cls+1

If the conditions of the lemma are satisfied, then
based on Lemma 7 we have:

[m-cls = |rls + (u+1)
The last means, that:
|m-c-(1,2,p)|ls =|mls + (u+1)+1

If the conditions of the lemma aren’t satisfied, then
based on Lemma 2 we have:

|- cls = |m|s + (u+2)
The last means, that:
e (L,2,p)ls = Irls + (u+2) +1

O]

3 Lower bound of diameter of alternating
group

Theorem 3.1. Let n be a natural number, n > 7.
Then:

[22]-6+2 ifnmodd =3
[22].6+4 ifnmodd=0
Dgogny(Alt(n)) = ¢ - 1, ) _
[22]-6+5 if nmod4 =1
["TQ] if nmod4 =2

Proof. Remind that series of subgroups Alt(n)
with system of generators SoG(n) are stable and
strong growing according to properties of SoG(n)
described in [9]. The last means that diameter ele-
ments can be found only in case if every generator
from SoG(n) will be presented in its decomposi-
tion. So, the diameter element should move non-
identical every point from 3 to n. Consider every
case separately.

1) Let nmod4 = 3. The last means that count
of points from 3 to n can be presented as:
n—2=4-k+1fork= "772. Consider the
following element:

a=(1,i1,2) - (in, i3)(ia, i5) . .

(Z.nfE)a ’L'nf4) (Z.n73a 'L'an)a
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with some combination (i,...,4,—2) from
(3,...,n). Remind that series of subgroups
Alt(n) with system of generators SoG(n)
are homogeneous according to properties of
SoG(n) in [9]. So, without loosing of gener-
ality, the chosen of combination has no effect
on its length over SoG(n).

Note that b = (i2,43) ... (in—3,in—2) is bal-
anced permutation as a product of 2k trans-
positions with length 2. So,

bls =2 2k+2k=3-2k=6k

Moreover, every cycle has the length 2, so
it cannot achieved condition for Lq,Ls in
Lemma 1. Hence, for a = (1,41,2) - b by

Lemma 1:
lals = |bls +2=6-k+2

Let nmod4 = 0. The last means that count
of points from 3 to n can be presented as:
n—2=4-k+2for k= %. Consider the
following element:

a = (1,2)(’i1,i2) . (ig,i4)(i5,’i6) .

S(in—Ba z-71—4) (in—Sa in—Q)a

with some combination (i,...,i,—2) from
(3,...,n). Remind that series of subgroups
Alt(n) with system of generators SoG(n)
are homogeneous according to properties of
SoG(n) in [9]. Without loosing of general-
ity, the chosen of combination has no effect
on its length over SoG(n).

The permutation b (i3,14)(i5,176) - . .
(in75,in74)(in73,in72) is balanced, |b|S
6-k and cannot archived condition for Ly, Lo
in Lemma 2. Hence, for a = (1,2)(i1,i2) - b
by Lemma 2:

lals = |bls +2=6k+4

Let nmod4 = 1. The last means that count
of points from 3 to n can be presented as:
n—2=4-k+ 3 for k= "772. Consider the
following elements:

(1,41)(d2,43) - (14, 85) (i, 47) - - -
(Zn 5, tn— 4)(1n 3, tn— 2)

ag = (2,i1)(i2,13) - (44, 75)(i6, i7) - - -

('Ln 572n 4)(7fn 372n 2)

ay =

as = (i1,192,13) - (44,1%5)(i6,17) . . .
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(in—k’); in—4) (in—?n in—2)a

with some combination (ii,...,i,—2) from
(3,...,n). Remind that series of subgroups
Alt(n) with system of generators SoG(n)
are homogeneous according to properties of
SoG(n) in [9], so without loosing of general-
ity, the chosen of combination has no effect
on its length over SoG(n).

The permutation b = (ig,i5)(i¢, 7). ..
(inf5ain74)(in73ain72) is balanced, |b’S =
6-k and cannot archived condition for Lq, Lo
in Lemmas 3, 4 and 7. As the result, we
have:

la1|s = [(1,41)(i2,i3) - bls =6 -k +5
laz|s = [(2,i1)(i2,43) - bls =6 -k +5
’ag‘s = ’(il,iQ,i3) . b’s =6- /{7 + 5
Let nmod4 = 2. The last means that count
of points from 3 to n can be presented as:
n—2=4-kfor k = an. Consider the
following elements:
ay = (17 ila 27 i2)(i37 24) ' (i57 Z.G)(i% ,58) cee
(in—57in—4)(in—3vin—2)v
a9 = (1, 2, il, ig)(ig, i4) . (i5, i@)(i7, ’L'g) e
(in—57in—4)(in—3vin—2)v

az = (1,2,i1)(i2,’i3,i4) . (’i5,i6)(i7,’ig) e

21
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(in—57 Z‘n—4) (in—37 Z‘n—2)a
ay = (i1,12)(i3,14) - (i5,76)(i7,18) . . -
(in—57 Z‘n—4)(in—37 Z‘71—2)7

with some combination (iy,...,4,—2) from
(3,...,n). Remind that series of subgroups
Alt(n) with system of generators SoG(n)
are homogeneous according to properties of
SoG(n) in [9], so without loosing of general-
ity, the chosen of combination has no effect
on its length over SoG(n).

Again, b = (is, i6) (i7,98) - - - (in—5, In—a)(in—3, in—2)

is balanced, |b|g = 6 - (k — 1) and cannot
archived condition for Li, Ly in Lemmas 5,
6 and 8. As the result, we have:

‘al,s - ‘(17i1727i2)(i37i4) : b’S =6-k
lasls = [(1,2,11,42)(i3,74) - b|s =6 - k
las|s = |(1,2,1)(i2,73,44) - b]s = 6 - k
laals = |(i1,2)(i3,44) - b|ls = 6 - k
Note that in case n = 10 there is element
as = (1, 2)(i1,i2)(i3,i4,’i5)(i6,i7,i8) € Alt(n)

with same length as for ay, as, as, a4, |as|s =
10 by Lemma 2.

O
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