i AL L
difnnedyanan NIzeeNINAIAIANIELN

FIHUNITIVY
= da d A d a
amasiuuuavauunInTilszraveInsurans v

Determinant of Adjacency Matrices of Some Graph

A93. 1Y qUHS

(Faminlasams)

lasunuativayuanddsnndungld dszadawiszanas 2556

AMLINNManS
RcH
QP LY i T = Yy v L%
o amumalulagwszoomndudnammsaianszila
0\ 249 g b )aSa%4%

[?‘,‘QHQ “,.-- ou-nvvvvvuc--'-u-aw«

e R0040 AR
MUAEL iy sy o -4
Au, 1oy, Ut Bl L



yolasems __ fesfuuudvesniisndyssBavesnsiiuiensn

"Iﬂ'f 9 IAsIMI)___ . Determinant. of Adjacency Matrices of Some Graph

uMasdu_ ] SITERT) Lo ey ALt (ot A
Useitleudsemm 2555 i‘im’mﬁuﬁllﬁ'%'nmiﬁﬁuﬂuu ___________________ 50,000 . 1N
sTETNAWINMGINY d ik LAAIAN 2555 D9 30 AWMU 2556 .

A o Y V1 ao Y ' Y o o
%ﬂ-ﬁfja ‘ﬂ’)‘ﬂu"liﬂi\iﬂ']i Llﬁzﬁii'flﬂiﬂﬁﬂﬂﬁ?%ﬂ wmmzu UUINUAUNINALDS DL

WO- AN WA MU e
AUAUIMATNINS 910158 MW agameans
AalY Inmemans TnsAW ___0-2326-4344 919 283 L8 0-2737-3000 610 6187

o -]

1M wﬂg (Keywords) Determinant, Adjacency Matrix, Power cycle graph,



a

annssuilszma

@

3 ¢ v Y d o =8 a a o t oA A
u?ﬂﬂﬂ]ﬂﬂl@ﬁ]ﬂﬂﬂm AMINITY 1BT1VUHIN UAAAE 1uﬁ’]‘|]’]')°]ﬂﬂmﬂﬁ’]ﬁ¢l5nﬂ‘Vl’]u‘n‘]f'Jﬂl'ﬂﬁi’)‘lu

° 4 o o ' d0 g o aw
ﬂ’liﬂ’lu’)ﬂﬂ'ﬂuﬂgﬂjﬂ!ﬂﬂ:]ﬂ'llq‘ljﬂim IDATITANN 9 ﬂ"l]'uﬂutluﬂ'lﬁﬂ']\ﬂu'ﬁlﬂ

Yo o

¥ ¥
vovauna ATUATIANUE i IdduaSuuasaiuayu nieunaldmdalelumsiausse

) aa a o aa A d Y v aw ae dy
JIUNT HgUANU DAITRT NI mﬂugmaum%ﬂ‘lummwu

q

Y [

¥
gaioll {ivevevougu ausinnimeand anfumaluladnszromndudiqunnis

aansafs Neiuryuaulsznalumsihauisy

A7, AW TUUS



t
v 1
UNnaL

° o a -4 A Hato Ay A o g
ﬂi'lw'Nﬂ’lanT C" 10 ﬂi']w'ﬂllﬂ'lu:lui}ﬂﬂaﬂ n ?ﬂllﬁgﬂqﬂﬂﬂﬂ U AT v UIFdUIsaunun

LY

] A 1 A " a & a ‘;' 9 = da o a o
ADINDISYSNNNICHIN uw DS v JJm"lumu 4 clfﬂu\‘n‘milﬂu Lsﬂﬂmﬂmasmmuﬂmmmmﬂm

[

1
UszFauninsramaaand 14aqil

0 ;n=0,2,4,6,8(mod 10)
det(A(CH))=18 ;n=1,3,7,9(mod 10)
128 ;n=5(mod10)

& d o 3
U9 n Lﬂuﬂlu'sumumn

g 9 =S = o a o a oA a 0o a
HanNaINU !5'Iulﬂ“ri'lﬂl‘l’lﬂilluuuﬂ"llﬂdlifﬂSﬂcﬂﬂiz%ﬂﬂlﬂﬂﬂ‘iw\lﬂlﬂﬂ%'lﬂﬂ'l‘iﬂ’lluuﬂ'liﬂ'li‘ij'm

[ Y

sgnensdumasdnunsy G (C:+G) uaznimsiasaes C; dse¥aduan A, g v,

(C,‘,‘l U, Pnz) Tavdt v, e V(Pnz)



ABSTRACT

Cycle power graph C: is a graph which has 7 vertices and two vertices # and v are adjacent
if and only if distance between # and V not greater than 4. We show that the determinant of adjacency
matrix of cycle power graph C: are as follows

0 ;n=0,2,4,6,8(mod 10)

det(A(CH) =18 ;n=1,3,7,9(mod 10)
128 ;n=5(mod10)

where n is a positive integer.

Furthermore, we show that the determinant of adjacency matrix of graph C: +G and the
determinant of adjacency matrix of graph C:. le P,,2 which is a cycle power graph C:. adjacent a path

Pnz at vertex v, where v, € V(P )
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8$5-05. Combinatorics / Graph Theory / Cryptography / Coding Theory

» Landau biological, Hakimi chemical, Kim et. al. and Newman et. al. network model-
Bozoki, Fulop, Keri, Poesz, Ronyai et. al. economical, Lilieros et. al. human relation
odeling, white Ivanyi et. al. and Pirzada et al sport applications.
~ Consider the result of a soccer league competition where n teams play each other ex-
¢ once. A team gets thige points for cach win and one point for each draw. The to-
score obtained by each team v, is called the f-score of v; and is denoted by fi The
squences of all f-scores [fil7,, armanged in non-decreasing order is called the f-svore
equence of the competition. We raise the following problem: Whish sequiences of non-
egative integersin non-decreasing order is a foufball sequence, that is the outcome of a
woccer leagite competition.
 We model such a competition by an orienied graph with teams represented by vertices
which thie teams play each other onee, with anare from team i (o team v if and only if
defeats v. An oriented graph is a digraph with no symmetrie paies of divecied arcs and
. Toops. If D is an orignted graph with vertex set V' & (v, va,...,va} and ifd*{v)
1} are respectively the outdegree and indegree of a veriex vy, deting fy (or briefly
[y 207 ()d (v, and we note that tis f; is the foothall score(or briefly
core) of v;, as can‘be seen as follows. I d*(v) is the number of those vertices u in D for
ch e have ¥(0= ()i (where v{0 = ~0}u means there is no are between 7 and ), then
A (v) il (vy=n s so that f, = dH ()= d T{v) + d40) 247 (V) =d " (v} =
" {v). This implics that cach vertex i with V{1 ~ 0} comtributes three to the
of v, and euch veriex « with v(0 = --0ju contributes one o the f-score of v. We
sy several pecessary conditions for football sequences and some characlerizations
rrestrictions.
LATHEMATICS SURBIECT CLASSTRIEATION: 0SC20/93C30,
Wardy susd Phruses, foothall ssquence, oricated graph, faatball scare.

 July2 (Toe.) 17:20° 17:40, Room: 106

characterization of connecled 3-i-critical graphs containing  cutset of small order

Asnanchuen*, Department of Mathematics, Faculty of Science: Silpakorn Univer-

v, Nakorn Pathom, Thailand

Varcharaphong Ananchuer, School of Liberal Arts, Sukhothai Thammathirat Open Uni-

sity, Pakkred, Nonthaburi | {120, Thailand

Louis Caccetta, Western Australian Centre of Excellence in Industrial Optimisation, De-

tment of Mathematics and Statistics, Curtin University of Technology, GPO Box U1987,
6845, Western Australia

A subset 8 of ¥ (G} is 2 dominating set for G if each vertex of V(G s citherin § or
acent to some vericx of S. Parther, if G[S} is independent. then § i< called an inde-
dent dominating set. The independent domination mimber of G dentred by i{(GY s the
minimum cardinality of an independent dominating set for G. A graph Giis k-i-eritical
i HGY =k, but i G+ v} < k for any pair of non-adjacent vertices 1 and vof G. In this
elbn sveopresanew inscates asaaab connetteddeixctitical sganhu i where. the number of.
components of G — S equals |8} when § is a minimum cutset of small order.

10 MATHEMATICS SURSECT CLASSIFICATION: 05C69.

ey Words and Pheases. insdependent domination, critical, cutset.

ime: July 2 {Tue} 17:40 ~ 18:00, Room: 108

‘Determinant of adjacency matrix of ¢}

Nitiphoom Adsawatithisakul*, Department of Mathematics, Faculty of Science. King
Mongkut's Institute of Technology Ladkrabang, Chalongkrung Road, Ladkrabang, Bangkok,
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CT-15.

CT-16.

10520
Decha Samana. Department of Mathematics, Faculty of Science, King Mongkut's Insti-
tute of Technology Ladkrabang, Chalongkrung Road, Ladkrabang, Bangkok, 10520

Cycle power, C3 is a graph has n vertices and two vertices « and v are adjacent if

and only if distance between u and v not greater than 4. In this paper, we show that

the determinant of adjacency matrix of cycle power Cj are as follows det(A(CY)) =
0 nz=0,2,4.6,8 mod 10
8 n=1,3.7,9 mod 10

128 ;o= 5 mod 10,
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Key Words and Pheases: determipant, adjacency matrix, cyele power.

Time: July 2{Tue, ) 18:00 ~ 1820, Room:-106

Graphs of inversions in the symmetric and dihedral group
Severino V. Gervaeio, Department of Mathematics, De La Salle University, 1004 Manila,
Philippines

Teofina A. Rapanut. Department of Mathematics-and Computer Science, University
the Philippines Baguio, 2600 Baguio City, Philippines

Phoebe Chloe F. Ramos*, Department of Mathematics and Computer Science, University
of the Philippines Baguio. 2600 Baguio City, Philippines :

Let '@ s=x x2% - -4 € 8y, The graph G of inversions of ¢ is the graph with vertex
set Vo= g 32, L o4y andiedge set
E(Ga)= [xix; xy > x5, L i< j € n}. "We prove-that a simple graph G is isom
to some graph of inversions Gg. where g1 a permutation in the symmetric group
if (7 has a transitive orientation anid if G does not contain an-induced cycle of leng
greater than four. We then prove two theorems for isomorphism of graphs of inversi
of permutations in $,. Next, we focus on the-graphs of inversions of permutations in
ditiedral group Dy and show that the types of graphs are complete bipartite graphs a
disjoint unien graphs, Finally a formula is given to determine the number of graphs in E
up to isomorphism.
2010 MATHEMATICS SUBIECT CLASSIFICATIONCOSC2S, 20830, U5C38!
Key Words and Phrases;, symmetric-group.-dihedral group, invetsions of permutations, graph of inversig
Backward permutations, praph isomorphismexcle, disjoing Union graph, complete bipartite graph.
Time: July 3 (Wed.) 08:30 ~ 08:30, Roonr: 106

Classification of combinatorially homogeneous digraphs

Wai-Keong Kok*. Tunku Abdul Rahman College
Lai-Chin Chin, Tunku Abdul Rahman College

A graph is homogeneous if whenever two induced subgraphs are isomorphic,
every isomorphism of one of the induced subgraph onto another induced subgraph
be extended to an automorphism of the graph. The homogeneity condition on graphs
first studied by Shechan and then Enomoto completed the classification of homogeneo
graphs elegantly. In this talk. we introduce the combinatorial approximation of the a
concepts on digraph, namely, combinatorially homogeneous digraphs and present parti
results on the classification of all the combinatorially homogeneous digraphs. We
demonstrate the relationship between combinatorially homogeneous digraphs and
symmetric commutative association schemes since our investigation was heavily relied.
the construction of certain classes of non-symmetric commutative association schemes.
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Abstract

Cycle power, C%4 5.6 graph has'n vertives and two vertices w.and v are
adjacent if and only if distance between » and v pot greater than 4. In this
paper, we show that the determinant of adjacency matrix of cyele.power Cjj
are s follows .

0 yne=,2,4,6,8 mod 10
det{AlCH)=1 8 ;a=13879modl10
] 128 ; n=5mod 10,

Keywordsy Determinant, Adjacency matrix, Cycle power.
2010 Mathematics-Subject Classification: 05C55.

L. INTRODUCGTION

Let & be asitnple unditected graph with.n vertices-and m edges. Let V(G and
E(G) denote the vertex set and edge set of &, respectively. The adjacency matrix
A{G) of G i the matrix [a;j}nxn where-
o if v; and v; are adjacent
g 0 ; othewise.
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We denote det(A(G)) is the determinant of -adjacency matrix of G and

E(G; k) is K eigenvalues of the adjacency masrix which det(A(3)) and E(G, k) .

are independent of the choice of vertices in adjacency matrix and are an invariant
of G. ' .
In (3] and {5] , they determined the determinant of adjacency matrix of some
graphs;such as Ky, Cn, Yy snd Wy, B. Gyurov and J. Cloud 7] hes determined

determinant of Pin-wheel graph. N. Adsawatithisakul and D, Samana {2] had:

found determinant of Square cyele graph. Moreover, there. ave studies of graph
which safisfy some properties of determinant for example, M. Doob {6] construct
circulant -graph with det(A(G)) = ~deg(GY, 8. Hu [10] and A. Abdollahi {1} have
found that the determinant of graphs with exactly one cycle and exactly two
cycles, respectively.

Cytle power; G%.is'n graph. that has n vertices and distance each pair of
vertex is less or equal'd'. For example,

L
o
‘25“\/;

Figure 1. d-th power of cycle graph

Purtherinore, there are studies of cycle power such ss, C.N:Garupos and C.Pide
Mello:{4] ; M.XKrivelevich: and A.Naclmiias {11] studied about the colowing in
cycle power, Y Hoa, C.Woo and P.Chen (9] investigate the sandpile group in
eycle power , D.Li and MiIad [12}-consider cycle power aud their complements
which satisfy Hadwiger's conjecbure.

Proposition 1, [3/ Suppésc that [0, ag; ... an] s the first row of the-adjacency ma-
triz-of a circulant groph'G;. Then the eigenvalues of graph G -is denoted E(G; k),

k3
E(Gjk) =Y a7
j-—

. Zkri
where z = e™n k== 1,3, ..,n.
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C}'cie:power Chis acircitlant graph then eigenvalues of ¢ycle power Clis
BChR) =24 @ 4P 4+ 2 4200 423 02 =t @)
‘Decermimm; of a'square malrix can be find by eigenvalue its:0s below
Theorem :2. [T Let Ay, oy Xn b2 o édgenvalues of a square moltriz A, Then
- det{A) = Ao dae

Next;, we present lomma. that will be nsed.in the proof of determinant of
ad;aroncy ‘matrix of eycle power C3.

2, Max Resurrs
Lemmsz 3 Let n-be an-odd integer when n. 2 10 andn # 5 mod.10. Then

méﬂc 08 .‘i{‘ﬂ)  g=m-1),
n

P-mb_f. Tt-can be proved hy

'ﬁ km ri o}'r ) ]:[1 sin 24 iy

(6052 €08 €08 —on) &= [ ] ot S ol WY
L | [ oo 24in "”'wa gy i S
: nel v 4»“'- " 107;,—,
1 H“'&P sin 22 giy gy
- gn--1 7"1

Hk » sin (Zk ].)-r »l (4L—~2)1r sin (wk—o)w

n-3

1 Hk—J sin.3 L___ZE sin i“.LJ?“ iy A0K-5im.
=9 . y
8 HI:— i (2 Qx sin & 2);r St (mk Sy

s g {1},
» |
Lemma 4. Let g be o positive number. Then g
¢ . ) ¥ 4941
k. . 2kn . Sk - kw kT, 5ka

{cos o03 ) {cos 008 - 087 z) (2)

g 10g+5 - _10q+a wq+5 kg“ 109+5 7 10g+8 " 10g+5

"ﬁ‘ DL . T H (m 1 oo ST
kokges 10¢ 45" 10g 15" 10q+ 5 10(1 Ty 10g+5 7 10¢+5

xlig[H (;x)s k- e - ) e §7199
iiess 10q+5 S Tog+5 " wq+ :
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Proaf. The left hand side of (2) is
g 4g+% . . .
7 2k S5kx 2k Bk
H(‘mmq+5 Tog+5° 10q+5)‘1212( 10q+ 10q+5c°sll)q+95)
5ﬁ"’ L A “ﬁ*‘ (cos akn_  Gkn
- } .
e g +5  10g+5  10g+5 — mq 5% 107 +5 " 10g+5
la (cos kx 2kn 2os S5kx )
-t 10q+5 10q+5 10g -5

2k Azt

2y _2kx 43::7:" A0k 4q+1 i 10k
( - Syt 10q+5 sin iy ol 15,75 ) i sin 2%, mfn % S s m:, 5 Sin e 10945
s Blw -
sl ..SIIIW 2sin mZSlnm PRy 2smm2$lnn—,i2smm g

Gq 12 2 i 10k 8543 Zhn s Akmo o 0ky
sin T0g5 77 wqw sin g VT 810 75,75 B 35,75 810 7G5 -

2k b
Ic—-4q-3 2sin 1(]‘1.”,2 sin. wﬁskm 1[)q+5 Pt 2sin lwz sin g5 2 sin- g5

l(lq{ 4 10k
Sy 5 l(lq-‘-a sin mf,r SiN 1o0e5 10q+a

24 Bkn
(k i 2sih lUg*!’:“bin“'qur 2sin 5 Tog 45

(koD o (W2 Qk By

Y G § | k“'l sin 1‘)4+r qu-hS
810(1 L~~1 sin -%%%’-’- sin ﬁ%ﬁ)_f. sin (l?gq-:i)vr
dipkl 2k {2gF1 e o (Sk-(dg+2 o (10k—(10g+5’
Hkq—?w sin ¢ 1&;—5 P gin £ ( q~ M i € (q o 2ics
H}iqél ; sin (ﬂk—(24+'l))ﬂ Méq—«g))w <in (mk«(xrn T
g ) -
Hiq_‘,;q Lg 8N (“Jk*@‘”‘m (47" (Sqiﬁ))'r (lﬂk—(.!()q.&]d))r
\ HZ&Z‘;? sin (zk—qu))or s (dk—-(&ﬁ-ﬁ))’r i (wk-(oowo))n
H{q4é;+ sin (2k—(6q+3)}_ gin (%—(lzqw)),r el (10k~(30q ,,_15)) ,r
HZ‘P?M (nkn(ﬁqﬁi))’rr 1y Lk (!2q~;h)]7r (1”k'(dl)i+la))~r
iy g3
niﬁ:w sin 25 (sq S i (4'“"“6‘1"0) giy (0= (‘1f'fl"~’5))4T
Hm‘s 80 2k~ (Sq*:))« Sn(a&—(u:qmun)n (101:—(404_2,,)),,
45

- 8'*-10!1

Next;, 'we use Lemima 3'gnd 4 to find déterminant of a.dgarency matrix of cycle -

power (*4

)
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We can rewrite

DETERMINANT OF ADJACENCY MATRIX OF 5

Theorem 5. Let CE be o cyele power with n vertices and v be o positive integer.
Then

0 =024, 6,8mod 10
det{A[C3) ={ 8 ;n=1,3,7.9med10
128 ;n=5mod 10

Proof. Let B{C4 k) be a it éigenva,lue of adjacency matrix of cycle power graph:
CL. From (1), We get

2kmi: Bkrd Bhmi Hfn~Amd 2%(n~Bkms Win-2)wi Sln-3)mi
B(CSE) =ew re +eﬂ +ern e w e w 4e n  4e =
2hmi. Akwi 8krt Sknzi 8k Sk ik g 2knwi wdkw i
wwE T g +gn 4en e m g n e v e m e nm g R

nai = 2key
Y N

™

By Euler’s formule, we obitain

2k dkn
E(Ch k) = boa——+ 51n—)+( —+’£8(1—)
+(cos-;z—-+isin-—n—)+(c B —— + 1§ 'n———-‘-)
- _8k( (, Iy -
+ (cos &0 +isin ~r) +‘-(cos > L) +isin Gkn)
n n n
=4 k7 —~2k —2k1
4 oo T st 4’”r) {08 ok 4 fgin T2y
% n n

2 :
2rx)s~’5—+2coq&—+2rm§;ﬂ¢2 8k,1:'
7 n n

123

B{CH k) = 8{cos k—ﬂ- o8 Eﬁr_ cos inﬂ) {(3)

From: () We have

deAGH) = [T B4R
k 1

= H 8(cos —-I €O =

Feeerid

2};:“ ak’r ) @

Cousider-n as follows

-Case I, 1= 0,2,4,6,8mod 10
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Since n is even and 1 < k <, consider (3) when k == 3. Then

4; 1t

5
B(Cy; —2«) = 8{cos T cosweos »——7'—)

2 2
= 0.

~From (4), we obtain.

det(A(CH) = f] B(ChE)
k=l

=(.

e Therefore, det(A(C;{)) = Qwhen 1= 0,2,4,6,8 mod 10,
Case 11, n= 1,3, 7, 9mod 10. Since n is-odd and n & 5 mod 10. Then

. det{A(C)) = fI E(Ch k)
k=l

4 %w . Bkw

kw
= H 8{cos — cos — tos ——)
ol n n n
nx  2nw Snw
= 8{C0s — €0§ ~— €08 ——)
n n n

— C0§ — €08 ———)

n~1
kr  2km  Bkw
n—1 o 3
g I-I(COS n n n

k=1

Using Lemma 3, we have

det(A(CH) = f[ E(Cy: k)
k=1

=8
&

w  Therefore, det{A(CY) =8 when n is odd and n % 5 mod 10.
Case I, 7 = 5 mod 10. Theu n = 18g +5, 3g € 27,
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From (4), we obtain
0
det(A(CH) = [[ B(CH K
-
“ﬁ (o 2kw Sk )
= 10q+5 mq+5 10 +5
— 8(cos g+ )7 \ 2{2¢ + 1) 5(2g-+ 1)‘7r)
T0g+& 1045 Tog +5
(dg +2)7r 2ag+- 2w Bdg+ 2w
W nids % b~V s )
(6g+3)7  2(6¢g+3)n  B{6g+dx
8(cos g 55 cos 1045 1045 )
(8g+4)yr  28g+4n  5(8g+4im
008 7o TE Togre * logis !
8(cos (10g By ; ).(IDq +8)%  B(1Dg<+ )
10¢+-8 10g+ 3 10g+5
P Bk
109
b H(cosm T S T 15 S Tog+5
‘Tf e km o) 2kn Sk )
5,9 10¢ -t 5¢ Iﬂq i 5 10q+a
Sff(ws kr CL
Kodges 10g 45 10q+ 5 10(1+
g @\ kw o 2k Skn )
i ) 8¢5 10g-+ e wq +5
mﬁ4 fou ke - ez Bk )
= 008
KBas 10g 45 10q+35 10q+u
kar 2k 5kn
—2){(~Z)(~ 209 08 08
( 2)(—2) 2)( 2)(8)(8 )I:[(LOS 10g+5 "10(]"}-5 08 10¢+5
“ﬁ‘ (oo T o 2T Shr_
g+ 5 T0g 45 109+ 5
Ke2942
(ﬁg (cos ka cos 2k os Skn )
Pyt 10¢ +5 10¢+5 10g+5
fais kw 2w
I o gz, 75 ¢ 10 +5 s
Fmbigad q q- q
1‘ﬁ4 (i ke cos k= s Skw ).
L T 0g B mq-%a *10g+35

)
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Using Lemma 4, we have

=128
Therefore det(A{CE)) = 128 when n = 5mod 10
From case I, 11 and HI, then

0 ;n=02468mod10
det(A(CH) = ¢ 8 a=1,37%mod 10
128 ; n=5med 10.

Observe that det(A{C?)) = 0 where n and € are even andn = 2 +2d , we
have Corollary 6.

Corollary 6. Determinaut of the adjocency matriz of cyele power C,‘f is singular

Pyoof, Letn and d be even. From proposition 1, we get
BChR) =2+ 224 .o+ 28457 b+ 2R

=-2cos-2ﬁ7i+ 2::031—1‘—1EE +o +2me
T n T

d I
=3 z cos %ﬁ &)
=1 :

Since 7 is even and 1 < k < n. Consider (5) when k=% . Then

22 43 2(8)d7
B(Cﬁ; 2) 2 2(:05__(2)# +2C()b-—(~g~27r b 2608 _(2_)__1
n n n
=0,
Then
n
det(A(CD) = [] E(Ca¥)
k=1
Therefore det{C3) is equal zero when 7 and d are even and n== 2+ 24, =
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