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ERDOS-KO-RADO PROPERTIES OF SOME FINITE GROUPS

M. JALALI-RAD, A.R. ASHRAFI

ABSTRACT. Let G be a subgroup of the symmetric group Sym(n) and A
be a subset of G. The subset A is said to be intersecting if for any pair
of permutations 0,7 € A there exists i,1 < ¢ < n, such that o(z) = 7(4).
The group G has Erdés-Ko-Rado (EKR) property, if the size of any
intersecting subset of G is bounded above by the size of a point stabilizer
in G. The group G has the strict EKR property if every intersecting set
of maximum size is the coset of the stabilizer of a point. The aim of this
paper is to investigate the EKR and strict EKR properties of the groups
V%n,L%n,jln and Sl)gn.
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1. INTRODUCTION

In extremal set theory, there is a famous result named “Erdés—Ko-Rado theo-
rem”. This result states that if n > 2r and A is a family of distinct subsets of
[n] = {1,2,...,n} such that each subset has size r and each pair of subsets has non-
empty intersection, then the maximum size of A is the binomial coefficient (:‘j)
[8]. In mathematics literature, there is an elegant proof of the Erdés—-Ko-Rado
theorem by Katona, where he discovered a new method, which is called Katona’s
cycle method [13]. In this paper, we consider an Erdés-Ko-Rado type theorem for
finite permutation groups.

Suppose G is a subgroup of the symmetric group Sym(n). A subset A of G is
said to be intersecting if for any pair of permutations o, 7 € A there exists i € [n]
such that o(i) = 7(¢). A group G has Erdés-Ko-Rado (EKR) property, if the size
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of any intersecting subset of G is bounded above by the size of a point stabilizer in
G. The group G has the strict EKR property if every intersecting set of maximum
size is the coset of the stabilizer of a point.

Frankl and Deza [9], proved that the symmetric group Sym(n) has EKR property
and conjectured that it has strict EKR property. Cameron and Ku [4] proved this
conjecture. Ku and Wong [14] proved that the alternating group Alt(n) has strict
EKR property. Wang and Zhang [18] established the EKR property of some Coxeter
groups and Meagher and Spiga [15, 16] showed that the projective special groups
PGLs(q) have strict EKR property, but the group PGL3(q) does not have this
property. Ahmadi and Meagher [1] proved EKR property of cyclic, dihedral and
Frobenius groups and characterized which ones have the strict EKR property. They
also showed that if all the groups in an external direct sum or an internal direct sum
have the EKR (or strict EKR) property, then the product does as well. We refer
to [2] for a complete history of this problem for permutation groups. Ahmadi and
Meagher [3], in a recent paper investigated the EKR property of Mathieu groups
and all 2—transitive groups with degree no more than 20.

Throughout this paper our notations are standard and mostly taken from [12]
and [2]. For two positive integers n and m, (n,m) denotes the greatest common
divisor of m and n. Suppose a finite group G acts on a set X. If g € G then Fix(g)
denotes the set of all points ¢ € X such that i9 = i and the stabilizer subgroup
G, is the set of all elements g € G with i9 = i. The group action in our work is
essential since it is possible a group has (strict) EKR property under one action
while it fails to have this property under another action. Ahmadi and Meagher [1,
Section 7] presented an example of such a group. So, by a permutation group we
consider a subgroup of Sym(X) with its natural action on [n]. All calculations are
done with the aid of GAP [17].

2. MAIN RESULTS

Suppose G is a subgroup of the symmetric group Sym(n) and A is a simple
graph. An independent set in A is a subset of V(A) without adjacent vertices.
The independent number of G is the size of a maximum independent set in G.
Following Ahmadi and Meagher [1], a fixed point free permutation of G is called
a derangement and the derangement graph I'¢ is the graph with vertex set G in
which two vertices are adjacent if and only if they do not intersect. We will also
denote the set of all derangements of the group G by D(G). In particular, o, 8 € G
are adjacent if and only if o3~ ! is a derangement. Clearly, this is a Cayley graph on
the set of all derangements of G. On the other hand, if o7 and o5 are two elements
in a conjugacy class of G and o7 is derangement then oy is also a derangement.
This proves that the set of all derangements is a union of conjugacy classes and
so I'¢ is a normal Cayley graph. Also, the group G has a transitive action on the
elements of G by left multiplication.

The semi-dihedral group SDsg,,, dicyclic group Ty, and the groups Ug, and Vg,
have the following presentations, respectively:

SD8n _ <$,y ‘ x4n _ y2 =e, yry = m2n—1>
Ty, = < !
Un = (wy|a® =y>=e¢ a7lyz=y"),
‘/871 = <

)

zy | 2* =12" =y y ey =a7"),

oyl =yt=e ayz =y, aylz =y).
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It is easy to see that the dicyclic group Ty, has order 4n, The group Us, is of
order 6n, the semi-dihedral group SDsg, and the group Vs, has order 8n. The ratio
bound for independent sets is an important result was proved by Delsarte [6]. We
also refer to [10, Section 9.6] for another proof of this result.

Proposition 1 (Ratio Bound for Independent Sets). Let X be a k—regular graph
on n vertices with T the least eigenvalue of X. For any independent set S we have
18] < 5

Suppose S is a normal subset of a group G and e € S. To compute the eigenvalues
of Cay(G, S), we apply a result of Zieschang [7, Theorem 1] as follows:

Proposition 2. Let Cay(G,T) denote the Cayley graph of a finite group G with
respect to a normal subset T of G \ {e}. Let further {xi1,...,xs} be the set of
all irreducible complex characters of G and define \; = ﬁ > ier Xj(t), where
1<j<s. Then {A1,..., s} is the set of all values of the spectrum of Cay(G,T).
Moreover, if m; is the multiplicity of A;, then m; = ZZ:L A= (xr(e))?.

Suppose G is finite group. Since the derangement set of G is a union of its con-
jugacy classes, we have to first compute the conjugacy classes of G. The conjugacy
classes of semi-dihedral group SDs, computed by Hormozi and Rodtes [11]. To
describe their method, we need some notations taken from [11]. Define:

ceven — Cl U C;Uen U Cg'uen and Codd _ Cl U ngd U Cfé)dd7

where
C, = {0,2,4,...,2n},

csver = {1,3,5,...,n—1},
csen = {2n+1,2n4+3,2n+5,...,3n — 1},
c9t = {1,3,5,...,n},

c9t = {2n+1,2n+3,2n+5,...,3n},
Clon = C1\{0,2n},

ngd = Ogreny ogven,

Moreover, we assume that C¢V¢" = C¢v*"\ {0, 2n} and C% = C°\ {0, n, 2n,3n}.
By [14, Proposition 2.2], the conjugacy classes of SDsg,, n > 2, can be computed
as follows:

e Ifnis even, then Z(SDg,) = {e,a®*"} and there are 2n— 1 conjugacy classes
of size two in the form of (a”)Ps» = {a” a7~} 1 € CU". In this case,
we have two other conjugacy classes of size 2n as b5Ps» = {ba® | 0 <t <
2n — 1} and (ba)Psn = {ba?*1 | 0 <t < 2n —1}.

e Ifnisodd, then Z(SDsg,) = {e,a", a*",a3"} and there are 2n—2 conjugacy
classes of size two as (a”)%Psn = {a",a®»~V"} r € 2%, In this case, we
have four other conjugacy classes of size n as bPsn = {ba* |0 <t < n—1},
(ba)SPsn = {ba***1 | 0 <t <n—1}, (ba?)%Psn = {ba***2 |0 <t <n -1}
and (ba3)3Psn = {ba™*3 |0 <t <n —1}.

The character tables of the groups Us,, and Vg, (n is odd) are given in the book
of James and Liebeck [12]. If n is even then the character table of the group Vg,
computed by Darafsheh and Poursalavati [5]. The group Vs, has exactly 2n + 3
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conjugacy classes, when n is odd and the number of conjugacy classes is 2n + 6,
when n is even. The conjugacy classes of the group Vg,, n is odd, are {e}, {b*},
{a2r+1’a72r71b2}(0 <r<mn- 1)’ {a257a72s}’ {a25b27a72sb2} (1 < s < nT—l)7
{a?b* | j is even & k = 1,3}, {a’bF | j is odd & k = 1,3}. If n is even then
the conjugacy classes of this group are {e}, {?}, {a"}, {a"b?}, {a®> Tt a=2""10?}
(0 <r <n-—1), {a®*,a 2}, {a®?,a 20} (1 <s <2 1), {a®pD" |0 <
k< n—1} {a®bD"" 10 <k <n—1}, {0 <k < n—1},
{a? 1D o<k <n—1}.

The group Ty, has exactly n + 3 conjugacy classes as {e}, {a"}, {a",a™"} (1 <
r<n-—1),{a¥b|0<j<n-1}and {a¥ b | 0 <j <n -1}, and the conjugacy
classes of Ug,, are {e}, {a®"}, {a®"b, a®"v?}, {a® 1, a? 10, a® 102}, 0 <r <n—1,
see [12] for details.

Following Ahmadi [2], we now present a generalization of the EKR and strict
EKR property to the case where the set of all the derangements of the group is
replaced by an arbitrary union C of the conjugacy classes of the derangements of
the group. In this case, the EKR and the strict EKR property will be changed to
the EKR and the strict EKR property with respect to C, respectively.

Theorem 1. Suppose C C D. The following statements hold:

(1) Ifn is odd then

(a) D(Van) = Van \ (ab)¥®» U {id} and the group Vi, has strict EKR prop-
erty,

(b) if C # D then the group Vg, does not have EKR property with respect
to C.

(2) If n is even then

(a) D(Van) = Vin \ (ab™1)V3» U {id} and the group Vg, has strict EKR
property,

(b) if C is a union of a conjugacy class and its inverse then the group Vg,
does not have EKR property with respect to C,

(3) (a) D(Tun) = Tun \ {id} and the group Ty, has EKR property,

(b) the group Ty, does not have EKR property with respect to an arbitrary
proper union of members in D.

(4) (a) D(Ugn) = Z;ll (a®b)Ysn and the group Us, has strict EKR property
if and only if n # 2,

(b) if F C{1,2,...,n—=1} and C = Uy p(a? b)Y then (C) = (b,a®") and
Cay(Ugn,C) has exactly 2(n,r) components, where r is the greatest
common divisor of all numbers k and n — k, where k € F,

(¢) if C = (a®Fb)Vsn U(a®"=2kp)Vsn then Us, has strict EKR property with
respect to C if and only if 3|n and k = %,

(d) if C = (a®*b)Ysn U (a®~2kb)Usn | then Us, has strict EKR property
with respect to C if and only if |(C)| = 9.

(5) D(SDg,) = SDg, \ {id} UbSPsnand the group SDsg,, has strict EKR prop-
erty.

Proof. Our main proof will consider some separate cases as follows:
(1) Suppose n is odd and G = V.

(a) In this case, we use the permutation representation a = (1,2,...,2n)
(2n+1,2n42,...,4n) and b = (1,2,2n+1,2n+2)(3,2n,2n+3,4n)(4,4n—
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1,2n+4,2n—1)...(n+1,3n+2,3n+1,n+2). By [5], the mapping z — a
and y — b, embeds the group G in Sy, and so we can assume that G is
a subgroup of Sy,. We now compute Fix(a"b?), where 0 < r < 2n and
0 < s < 4. It can easily see that when r or s is even, a"b® does not have
fixed point. Hence it is enough to assume that r and s are odd. In this
case, a"b® has exactly two fixed points [ and [+ 2n, where 1 <[ < 2n. Thus
D(Vgn) = Vzn \ (ab)V®» U {id} and since {id,a"b*} is an intersection set so
Oé(rvsn) > 2.

We claim that a(I'y,,) = 2. To prove, we assume that S is a maximal
independent set in I'y,,. Without loss of generality, we may assume that
id € S and by above discussion we can add a"b® to S. If a®°b™ is another
element in S, m and o are odd, then there exists ¢ such that a"b*(i) =
a®b™(i). This implies that b=**1(b=1a"~*)b™ (i) = i. We now consider
two cases that r — s is even or odd. Notice that if m is even then b='a™ =

a~™b~! and otherwise b='a™ = a~™b. If r—s is even then a*~"b™ % (7) = i,
a contradiction, and if 7—s is odd then a®~"b™*% (i) = 4, which is impossible.
Therefore, a(I‘VSn) = 2 and S = {id,a"b*}, for some 1 < r < 2n and
1 < s < 4, where r and s are odd. A similar argument shows that every
maximal independent set has size 2. Our argument given above shows that
G; = {id,a"v*}, 1 < i < 4n. This implies that G has EKR property and
any maximal independent set in I'y, is a coset of point stabilizer. Hence
G has strict EKR property.

Suppose C' C D and (a'd’), (a"b%) € Vgy,. (a'b?) and (a"b®) are independent
if and only if (a'd’)(a"b*)~! ¢ C. If s — j is even then

at=rhi=s 2|r

11,7 ris\—1 __
@yt ={ 0T,
and if s — j is odd then

i+rLj—s
ipJ rpsy—1 __ a v Z‘T
((l b])(a b ) - { az’+rbsfj 2'f7‘

Define T7 = {(b%)Ye~, bVsn (a25b2)Ven | (B2)Ven U (a25b2)Ven, (b2)Ven U bVsn,
(a5p?)Ven UbYen (b2)Ven U (a5b%)Ven UbYen; 1 < s < 221} Since for each i,
1<i<dn, |Stab( )| =2and A; = {a/;0 < j < 2n — 1} is an independent

set of size 2n with respect to C' € T3, the group Vg, does not have EKR
property with respect to C. In a similar way, we define:

Tg — {(CLQT )Vgn (b2)Vgn U (a2r+1)Vgn,
(a2r )Vgn U (a2st)V8n, (b2)Vgn U (a2r+1)Vgn U ngn7

( )Vgn ( 2T+1)Vgn U ((12562)‘/8" U (a28b2)V8n U ngn;
1<s <2t

Ay = {a; 0<i<2n-—1, 2i},

Tg _ {(a2s)V8n, (a2r+1)Vgn U (GQS)VSH’

(bQ)Vgn U (a2s)V8" U (a28b2)V8n7
(a27'+1)V8“ U (QQS)Vgn U (QstQ)VSn; 1 S s S nT_l}7
As = {a', a'b, a'b?}, whereiisoddand 1 <i<2n—1,
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T4 _ {(bZ)Vgn U (a2s)Vgn7 (aQS)Vgn U (a25b2)V8n7

(bZ)Vgn U (a2r+1)Vgn U (aQS)Vgn U ngn; 1 S s S anl}7
Ay = {d', a'b, id; 214}, where 7 is odd and 1 < i < 2n —1,
Ty = {<a23)Vgn ngn7 (bZ)Vsy,, U (GQS)Vsn U sz,,,,

<a27"+1)V3n ( 2S)V8n bVSn
(a2r+ )VSn ( 2eb2)Vsr, U ng,, (azs)VSn U (a25b2)\/sn U ngn7
(

bQ)Vgn ( 23)Vgn U (a25b2)Vgn U ngn;

As = {a', a’b, id}, where 2ti and 2] ;.

Then the group Vg, does not have EKR property with respect to C' € T;,
i=1,...,5.

Suppose n is even and G = Vg,. In this case, we use the permutation
representation a = (1,2,...,2n)(2n+1,2n+2,...,4n) and b = (1,2,2n +
1,2n 4 2)(3,2n,2n+ 3,4n)(4,4n — 1,2n+4,2n — 1) ... (n,3n + 3,3n,n +
3)(n+1,n+2,3n+1,3n+2). By [5], the mapping z — a and y — b, embeds
the group G in Sy, and so we can assume that G is a subgroup of Sy,,. Since
b2(j) = 2n +j and b2 (2n + j) = j, 1 < j < 2n, a*b?(i) # i. Moreover, if r
and k are odd then a"b* does not have fixed point if and only if 7 + k is not
divisible by 4. In the case that 4 | 7 +k, a"b* has exactly four fixed points [,
I+n, [+2n and [+3n, 1 <1 < n. So D(Vg,) = Vs, \(ab~1)"s»U{id}. Now by
a similar argument as the case that n is odd, one can prove S = {id, a"b%},
r, s are odd and 4|r + s, is a maximum intersection set. Thus, a(Ty, ) = 2.
On the other hand, for each 7,1 < ¢ < 4n, there are odd integers r and s
with 4|r 4+ s such that G; = S, proving the EKR property of G. Finally,
any maximal independent set in I'y, is a coset of point stabilizer and so
G has strict EKR property.

Define F; = {(b?)"3, (a™b?)Ven, bVen U (b71)V8n, (ab)Ver, (a?b%)Vsn;1 <
s < % —1}. Since for each i, |G;| = 2 and By = {a’;0 < i < 2n— 1} is
an independent set of size 2n, the group Vs, does not have EKR property
with respect to C € Fj. Similarly we define the sets Fp = {(a")"3"},
By = {b’,O <1< 3}, F5 = {( 2‘5)‘/8" 1<s < 5 — 1}, Bs = {id,ab_17aib3},
21, Fy = {(a®>*1)"8:1 < s <n—1} and B4 = {b%;0 < i < 3}. Hence the
group Vg, does not have EKR property with respect toC' € F;, i =1,...,4.

(3) Suppose G = Ty,. Define a = (1,2,...,2n)(2n+1,...,4n), 6 = (1,2n+ 1,n +
1,3n+1) and b= ][ 5(i,4n —i+2,n +4,3n — i+ 2). Then G = (a,b).

(a)

C = D. We note that a"b®, 0 < r < 2n and 0 < s < 3, does not have fixed
points. Hence G; = {id} where i € {1,2,...,4n}. So, D(Ty,) = Ty, \ {id}.
This implies that I'z,, is complete and Spec(I'z,, ) = {—1(¢I-1 times)
1}. Thus, —1 is the minimum eigenvalue of I't, . By Proposition 2, for
each independent set S, |S| < m = 1 = |G;|. Therefore, G has EKR
property.

C & D. Choose g € Ty, \ C. Then {id,g} will be an independent
subset of Ty, which shows that «a(I'y, ) > 2. Since G; = {id} where
i € {1,2,...,4n}, therefore Ty, with respect to C' does not have EKR
property.
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(4) Suppose G = Ug,. Define a = (1,2,...,2n)(2n + 1,2n + 2) and b = (2n +
1,2n + 2,2n + 3). Following Darafsheh and Poursalavati [5], the mapping x — a
and y — b, embeds the group G in Sa;, 3.

(a) Compute Fix(a"b*), where 0 < r < 2n and 0 < s < 3. It can easily see that

{2n+1,2n+2,2n+3} s=0 and 2|r

{2n + 3} s=0and2¢r

Fix(a"b®) =< {2n+2} s=1land2tr ,
{2n + 1} s=2and2¢r
0 otherwise

therefore D(Usy,) = U:,:ll{a%b, a®"b%*}. On the other hand,

G = Gy=...=Gyy ={id,b,b*},
Gony1 = {id,a™,d"v?; 2| m, 21k},
Gonyo = {id,a™,a¥b; 2| m, 21k},
Gonys = {id,a™,a"; 2| m, 21 k}.

The maximum size of any point-stabilizer in U, is 2n. Suppose 2|m and
2 1 k. Then id(2n + 2) = a™(2n + 2) = a*b(2n + 2) = 2n + 2 and so
S = {id,a™,a*b | 2 < m < 2n —2&1 < k < 2n — 1} is a intersection set of
size 2n. By the character table of Ug, given in [12] and Proposition 2, the
spectrum of I'(Us,,) is

m—2 -n+1l -2 1
Spec(FUﬁn):( 2 4 2 -2 4n—4>

Apply Proposition 1 to deduce that the group Ug,, n > 2, has EKR
property. If n = 1 then Ug = S5 and trivially S5 has strict EKR prop-
erty, but for n = 2 the group Uiz does not have EKR property, since
S = {id, a, b, b*,ab, ab®} is an independent set.

(b) In this case, we first prove that (C) = (b,a?"), where 7 is the greatest
common divisor of all numbers k£ and n — k, where k € F'. Choose m such
that k = mr. Thus, a®*b = a®™"b = (a*")™b € (b,a®") which implies that
(C) C (b,a®"). Conversely, since Z(Us,) = (a®), we have (a®*b)(a?*b?)~!
= b~L. Hence b € (C). On the other hand, by the form of elements in C,
a?! € (C) and by definition of 7, a®" € (C). This shows that (C) = (b,a®").

Next (a®") C Z(Us,) and so (a*") < Us,. This proves that |(C)| =
|(b,a®")| = (32) and so |Ug, : (C)| = 2(n,r). Therefore, the number of
connected components of Cay(Usy,, C) is equal to 2(n,r).

(c) Suppose a’d’ and a”b® are independent with respect to C. Thus a’d’ (a"b%) ! ¢

C. Since

ba™" and

a”"b r is even

{ a~ b1 risodd

)

1 { a”"b r is odd

a~"b~! ris even
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we have
L i—ThHs—] :
at(a"b*)"t = ai_rbl_s [ odd and
a”” "y r is even
ar(asb)—l _ ar(asb2)—l _ (arb)(asb2)—1

{ a""%b r is odd

a" b1 ris even

Hence, if C' = (a?*b)Ysn U(a?"=2Fp)V6n then A = {a’,a’b,a’b?} is a maximal
independent set with respect to C' if and only if 0 < 7,5 < 2n — 1 and
i—j # 2k,2n — 2k. Define W to be a maximal set of non-negative integers
i such that 0 < ¢ < 2n — 1 and difference between two arbitrary members
of W are different from 2k and 2n — 2k. Suppose r is a divisor of k. Then
|W| = n provided that n = 45 (mod 2k), 4j # £ and 0 < 4j <2k —1. In
general, |W|=n— % provided that n = % (mod 2k), i is odd, % <2k-1
and if s < r is another divisor of k£ then % #+ %, for all odd j. If 3|n and
k = % then |W| = n — k and so |A| = 3|W| = 2n which shows that Us,
has EKR property with respect to C'. Conversely, if Ug,, has EKR property
with respect to C' then |A| = 2n and so |W| = 2t. Then by definition
n = 3k.

(d) We first assume that Us, has EKR property with respect to C. Now by
Part 4(c) of this theorem we have n = 3k. So r = (2k, 4k) = 2k, o(a**) = 3
and by Part 4(b) we have [(C)| = 9. Conversely, we assume that [(C)| = 9.
Then o(a®") = oy = 3and son = 3(n,r) = 3k. We now apply 4(c) of

this theorem to conclude that Us, has EKR property with respect to C.

(5) G = SDs,. We use a permutation representation for this group given by
Hormozi and Rodtes [11]. Suppose m = m (mod 4n), a = (1,2,...,4n) and
b = [Licgeven (i, (2n — 1)i), when n is even, and if n is odd, then we define b =

Hingdd (i,(2n — 1)i). If n is even then each element a?b, 1 <[ < n — 1, has ex-
actly two fixed points in the set Z; = {1,2,...,4n} \ {2n,4n}. Conversely, each
point of Z; is a fixed point of a unique element in the form of a?b, 1 <1< n — 1.
Thus, |G2n| = |G4n| =1 and for any element in Zl, |Gl| = |G2| =...= |G2n—1‘ =
|Gont1] = ... = |Gan_1]| = 2. Obviously, {id,a**b} is an independent set in '
and so a(I'¢) > 2. Suppose S is a maximal independent set and without lose of
generality we can assume that id € S. It is clear that a?*b € S. Since b(2n) = 2n
and b(4n) = 4n, b ¢ S. We now assume that a?'b € S. Then there exists a point
m such that a?*b(m) = a?b(m) and so a**~Y(b(m)) = b(m), which is impossi-
ble. A similar argument shows that a?**'b ¢ S. Therefore, a(I'g) = |S| = 2.
If n is odd then each element a*b, 1 < [ < n — 1, has exactly four fixed points
in the set Zy = {1,2,...,4n} \ {n,2n,3n,4n}. Conversely, each point of Z is
a fixed point of a unique element in the form of a*b, 1 < I < n — 1. Thus,
|G| = |Gan| = |G3n| = |Gan| = 1 and for any element i € Zs, |G;| = 2. By a
similar argument as in the case that n is even, one can prove a(I'¢) = 2. This
shows that H has EKR property.

This completes the proof. ([



ERDOS-KO-RADO PROPERTIES OF SOME FINITE GROUPS 1257

REFERENCES

[1] B. Ahmadi and K. Meagher, The Erdés—Ko—Rado property for some permutation groups,
Australas. J. Combin., 61:1 (2015), 23-41. Zbl 1309.05175
[2] B. Ahmadi, Mazimum Intersecting Families of Permutations, Ph.D. thesis, University of
Regina, 2013.
[3] B. Ahmadi and K. Meagher, The Erdés—-Ko-Rado property for some 2-transitive groups,
Ann. Comb., 19:4 (2015), 621-640. Zbl 1326.05068
[4] P.J. Cameron and C Y. Ku, Intersecting families of permutations, European J. Combin.,
24:7 (2003), 881-890. Zbl 1026.05001
[5] M. R. Darafsheh and N. S. Poursalavati, On the existence of the orthogonal basis of the
symmetry classes of tensors associated with certain groups, SUT J. Math. 37:1 (2001), 1-17.
Zbl 0999.20006
[6] P. Delsarte, An algebraic approach to the association schemes of coding theory, Philips Re-
search Reports, 10, 1973. Zbl 1075.05606
[7] P. Diaconis and M. Shahshahani, Generating a random permutation with random transposi-
tions, Z. Wahrscheinlichkeitstheor. Verw. Gebiete, 57 (1981), 159-179. Zbl 0485.60006
[8] P. Erdos, C. Ko, and R. Rado, Intersection theorems for systems of finite sets, Quart. J.
Math. , Oxf. II. Ser., 12 (1961), 313-320. Zbl 0100.01902
[9] P. Frankl and M. Deza, On the mazimum number of permutations with given mazimal or
minimal distance, J. Combin. Theory, Ser. A, 22 (1977), 352-360. Zbl 0352.05003
[10] C. Godsil and G. Royle, Algebraic Graph Theory, Graduate Texts in Mathematics 207,
Springer-Verlag, New York, 2001. Zbl 0968.05002
[11] M. Hormozi and K. Rodtes, Symmetry classes of tensors associated with the semi-dihedral
groups SDgy, Colloq. Math. 131:1, (2013), 59-67. Zbl 1279.20016
[12] G. James and M. Liebeck, Representations and Characters of Groups, Cambridge Univ.
Press, Cambridge, 1993. Zbl 0792.20006
[13] G.O.H. Katona, A simple proof of the Erdos—Chao Ko—Rado theorem, J. Comb. Theory Ser.
B, 13 (1972), 183-184. Zbl 0262.05002
[14] C.Y. Ku and T.W.H. Wong, Intersecting families in the alternating group and direct product
of symmetric groups, Electron. J. Combin., 14 (2007), #R25. Zbl 1111.05093
[15] K. Meagher and P. Spiga, An Erdés-Ko-Rado theorem for the derangement graph of
PGL(2,q) acting on the projective line, J. Combin. Theory, Ser. A, 118:2 (2011), 532-544.
Zbl 1227.05163
[16] K. Meagher and P. Spiga, An Erdos—Ko-Rado theorem for the derangement graph of PGL3(q)
acting on the projective plane, SIAM J. Discrete Math., 28:2 (2014), 918-941. Zbl 1298.05175
[17] The GAP Team Group, GAP — Groups, Algorithms, and Programming, Version 4.5.5, 2012.
http://www.gap-system.org
[18] J. Wang and S. J. Zhang, An Erdés—Ko—Rado-type theorem in Cozeter groups, European J.
Combin., 29:5 (2008), 1112-1115. Zbl 1140.20001

MARYAM JALALI-RAD

DEPARTMENT OF PURE MATHEMATICS,
FACULTY OF MATHEMATICAL SCIENCES,
UNIVERSITY OF KASHAN,

KASHAN 87317-53153, I. R. IRAN
E-mail address: jalali6834@srttu.edu

ALl REZA ASHRAFI

DEPARTMENT OF PURE MATHEMATICS,
FACULTY OF MATHEMATICAL SCIENCES,
UNIVERSITY OF KASHAN,

KASHAN 87317-53153, I. R. IRAN
E-mail address: ashrafi@kashanu.ac.ir



