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Expander graphs based on 60/102 NBCA and its application
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ABSTRACT

Expander graphs are useful in the design and analysis of communication networks. Mukhopadhyay et. al introduced a method to generate a
family of expander graphs based on nongroup two predecessor single attractor CA(Cellular Automata). In this paper we propose a method to
generate a family of expander graphs based on 60/102 Null boundary CANBCA) which is a group CA. The spectral gap generated by our
method is larger than that of Mukhopadhyay et. al [12]. As an application we give an algorithm which generate one-way functions whose

security lies on the combinatorial properties of our expander graphs. the one-way function using d-regular graph generated by the 60/102
NBCA is based on the Goldreich’s construction [5].
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parameter) h (G) & th&# 2o},

h(G)=min{|fS|| 151 < }

&, 1 X1= 3% X9 dad As °IE}.

<o|® 22> G=(V,E)E= FAH] nAQ ¢A1
Tolx gc vet ahxh 2ejd S oo AP §
o RE ZXHF dAH o
lasl=181<151=1SI(n—|s1) o]t} 2222 G9 &3
MRS g3 2o

H(E) = minfn—lsi Isl< 2}= 1n/2)
W (z] Bzt R gL Ja A5l

<CiH 23> G= (V,E)=2AH | pAl d-A7F
agTeln S Vet stat 59 FAHY A%t -

olate} ahah, 1@ §o) & BRI WL §9] dx|5l/n
2247 AAH 9082 1as/lSI ~ dlSl/n olch. [ S|
o] HAage g n/20182 B A A5 nt A
glol h(G) = d/27+ 3 d$uh.

<Heol 24> 1Y X G 9] I H ¥ (adjacency matrix)
A(G) = {b)= |VIx|V] #Bol 3, b & B3
2.

0, A 2R 3} R F 2] Aol of We) gl

HHEE 4@ IRAHE
spectrum)©] A &S o] §38fo] 2= GSI BAES
ola g < Utk A(G) Y LRLFAEH S IHZ G
A:ﬂ]EE—lo]a}_,_ 3 AT 1f/2H HE
Ha DA, BEA, Edo] 2o 2 %
A%kol 7hsste 2 f-83trH10)
G=(V.B)= M FIA T A(G)= 6o M
dolgtm 3t 183 A\ (A@) 1<i<n)E A(Q)

E‘.i
_V:l‘
ﬂ:
'
K
o



60/102 NBCAl 7|WH& & 3418253 1 &4

o] ALfrgtole} stk 28 A(Q) = A A PHolnz
Rz} 7hssket Rk g 9A g n g-g 5 ol 7}
A& 5

o AEidolgEe] 131 CAClAL €' el
Azt 7 c2H-E FE 5 o Y (comple- mented)
CAZH 814 2#l 3 TP T pl 488 Qi
3tAk XNOR TF& o] H &5 & 9429 AF o] 10]n
XNOR o] 2 &5 &= 94219 AdEo] 02 ¥H

E Fotota o] g o duH e & o, o9 CAY T
dee T Ae Tr=Tr®Fox

Tr=BT e o1 1FOH 7)ot

ol Bl A ul g @9l AFAL A(G) o) 3
FoAEY 4ASE ZAGT Fe AL B Y
&4 ol

<B2l 31> @b AWE dAFIRE o

M (A4(@) =delnt.

<d¥2| 32> VMg d-ATagEd v Gt 4
Aoz e FF2AE A (4(Q)>\4(Q)

ojt},

<Fe| 33> GhugEd-AFagZd o Gl ol
728 Z (bipartite graph)d de iz
MAG) == A, (4(G) (i=1,2,- ,n) O]},

<Meo| 34> d-ATIHE G Z(gap) A(G)&
A(G) =d— ), (4A(Q) = A3,

<gzl 351> Gt A (A(G) = M (A(G)
> =)\ (A(G) & &Sz d-ATF 18 Ze kAt
a2ed A(G)/2 < h(G) = V24A(G) ©Ith

<ofH 36> BTGP E G2
o5 2o} AL

JHHE A(G)ol

01012000
10100002
01010020
10100200
20000101
00021010
00200101
02001010

AlG) =

aE ool HEt

/\I(A(G)):él X (A(G)) =2 (A(G) = 2,0, (A(G) =
—2

2 (4(G) =0, X, (A(@) =), (4(G)) =-2,

M (A(@)) == Ei o] A(G)=4-2=20|EE%
1<h(G) <4 MA G >x(AGHL N (AG)

==X, (A(@) (z—12 8)°|EE ¢ dZaH=
o] 3 o -1 ot}

IV. 60/102 NBCAd|| 7|2tg &
HEIE

o] Ao A 60/102 NBCAE o] &3} 3k B2 o9
9 d-AFIYZES FATY Cv duidoldd
T7} & 22 n-4 60/102 NBCAZ} 314}, o] 2 2

A Ao gE 7= T'=<60,102,---,102 > & 1}
Era,
<da| 417> T EROEY clr)E

x| 427 T AzuE
m(z) = (z+1)" "ot}

mlz) = (@+1 1ol 22 08 A7 4 BBk 39
439) 2L [719) el 342) T H HFAFS,

<Yzl 43> CEdddo|gdE o] T n-A 60/102
NBCA# 813 €& o ¢ ¥ E(complemented vector) 7}
(ap - ya,_1, 1) {a,€{0,1},i=1,2,--,n—1) 0] 21
Aol AN}y T C2%3H f28 o9 cAg
st o o' e WEH ¢ o) Ax)gPolu)

ord(T) = 2% o|® th&o] Ay ech

1941



SRR YFREANTGI =FA A15H A9Z

A1 A A 439 gt C9f FEidolE of | E)
AR 1=8

<oid 44> C7} deAo)PgHe] T=< 60,
102, 102 > <1 3-4 60/102 NBCAZ} 314}, 121® C 9
A Aol vhg3 2t

ONORO=0
O, ONO=0

a7 1. 2 MEfHO|
Fig. 1. The state transition diagram of C

F=(0,0,1)'a 3@ wzAe 259 9zt
T0=1,T1=2,T2=3,T3=0, T4=5,
T5=6, T6=17, T7T=4°t), 28" C9 49
HE7E By = (0,0,1)'9 A9 CA €, 9 Aol
A T A ER G & et
ord(T)=2-ord(T)=2-2=403, Rz 43
o e8] O] Abo| 25| BE Yo7t E1},

29 2e d9¥EA 22 F =(0,0,1)
Fy=(1,1,1)' 99 cA9 AHAHIER G, G,
£ Bt 8 x8 AP AE 4(G), A(G,) & ] 44
o A ¢} Zo] )53} 2t}

0101000

10100000 00000101
00001010
01010000
10100000 00000101
Al(G) = 00000101.AH§)= 00001010
00001010 01010000
00000101 10100000
0000101 0101000

1942

s
{3

a8 2. F,=(0,0,1)" (F,=(1,1,1))2 o{& CA<|
MEfMO| G (EEG)
Fig. 2. The state transition diagram G, (resp. G,) of
the complemented CA with 7, = (0,0,1)" (resp.
F,=(1,1,1))

Ge ¥ 2YZ GF G Faxolth 1w
A(G) = T3 24

01010101
10101010
01010101
10101010
01010101
10101010
01010101
10101010

AlG)=

A(@ 9 UL 2% (z—4)(z +4) ok 2
gz A(Q9 IFFS AN =4, = -
=\, =0, \g =— 40|tk 2B A3 329 A3
339) 93t G 97 o) 2 Zo|th 19 3L UA
gdo| 4(@)Q ZHYE Golt}.

2% 3 a8= @
Fig. 3. The graph G



3
S
g
@)
>
2
N
o
Hrt
to
o3
4
=
2]
i
i)
W
olo
op

<Fa| 45> C+x ZHAolagol T 607102
NBCAClZ O (& C,) e  oLHEys}
Fi=(0,%,,%,1), (F,=(1%,,%,1))3

C=7E 249 o4 CAZ 3k &
T,X=TX® F, 2} 34}

G (EE Gyt C) (e )28 BE047 1
gzt x Ge F 2T G, G, Az
&AL

a9 G ol f 44 2 o th.

e ) e €{0,1}),

A ={0,z - ,2,_,,0) }

0)le, € {0,1}},
}

3} T X=TXDF,

m°i'

t\:cje{(),l} ,
A, =Ly 2,
0,247, _ 1) 2, €{0,1}},

1 2y 2, _ 1)z, € (0,1} 8} 8F
=A,U4,, B=B UR, % ¥ 4UB=s°|T}.

dele] XE A, el tsty
T,X=TX4 F

= (0., K006 (0. %, -+, 4,1
=(0,%,, %.1)E B,

T,X= TX4 F,

=0, %, o, %G00 (10,0, 4,10
=(1,%, -, k., 1V &€ B,

doje X E 4,9 b3t
T,X=TX¢ F,

=(1,%, -, %007 @ (0,5, k.1
= (1%, , %.1) € B,

T,X= IX&F,

= (1%, 006 (1o, -, x,17)
=(0.%,~, %, 1= B
ol¢}  FAREA 4ol Ye Bol dsd

TYEA, T,YE 4,48 R & gt} 38 9
99 ye ol tste] 7,yed, ,yed, 9SS RY F
9eh.

olty. E1dA4 F, —(0000) F, =(1,1,0,0)'g} 3
A add A(G) Y FF SAEFLE N = =0
Ag=4, 0 ==X, =0, Ay =)y =—40|th, 18

Bg o A% YL G o|EaZt ol HAE
g zolt}, ®¥ £ =(0,0,1,1)", F, =(1,0,0,1)"&}

31 G ol B Zo|t,

1 A(GQ9 1% ~HEH

Table 1. The eigenvalue spectrum of A(G)
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In—lei'rn
Tn

ofth MM y, =z,y, =2,y = 2,Dy44,
(k=2,--;n—1)0] &g},

H2E A2 Zof 71ukE F 60/102 NBCAZ F 38
g AgAneld, 9loe 45, 83} 123} 163} 60/102
NBCA®] 7]8H& & TS ZEof tjdt F 71 o) 2
& B3 ot AE 4T osd 25led 3
R P B e NS (R P Bt RHE )
o F7ttE Ag R ET) 832 $-2 Wi 93
2¥ Ed 0] Mukhopadhyay ] ¥l o3 ~HER
ARG A0E AL RAEO12].

F 2. 4-4 60/102 NBCAO| 7|8tE &
Hudsi=e AHERH
Table 2. Spectrum of the 4-cell 60/102 NBCA
based regular graph

el ; St
U S [EE T L O
(t) o Fis i Hg)

1 1.15 4 4 2 2 2

3 1,39,15 8 8 4 1 133
1,359

5 1115 12 12 2 10 2
1,357,

7 9,11, 16 16 0 16 2.2857
13,15
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E 3. Mukhopadhyay2f AHEZ Zinl 2| ol
ofst A”eE™ o |

Table 3. Comparison of Mukhopadhyay's spectral
gaps with our spectral gaps

8‘1-3]
771" /t(Mukhopadhyay®| ) ot
g | HREE SR (gal w)
1 0.76 2
3 1.03 133
5 114 2
7 154 2.2857
3EB 7998

& Favle 4o gz AARES d=d e
A7He O(n)elth. F017 n-A 60/102 NBCAd) thé
o Ay 2= AL e dATFIHTES 74
& Fi 3 F, Aol 9] Ao 9)&E3l) o & Eof 19
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EF B2 44 ZAA Aozl 20/t

ol Al

F, ={0,05, 25,4, 1,0,1)10,€{0,1},i=2,---,n—2},
F, ={0,a5, a3, 0, _;,1,1)1g,;€{0,1},i=2,--,n—2},
Fy ={(Lay a5, 0, _1,0,1)10,€{0,1},i=2,---,n—-2},

Fy, ={(Lay, ay,-+50, _ 1,0, 10, €{0,1},i=2,--,n—2}

|3 K=(F}, xFy )U(F, < F,) 2t kAL
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O ¥49 ¢ FAE 2HZ G 3 Gy FaH
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Table 4. Algorithm A

dnElE A G B BXH Ul 0|2 TAME Al w |

INPUT @ ALHE (7. B)=8% & By z=¢

OUTPUT : zo Ml o} % HAHE(S,.5.8.P)

Stepl: @A T,(Ex T)E ol#d 2o 0g 49 §
(s 5)E 7Tk

7

5, = Tiz= TebF,. 8 = La= TobF,

/% Step29t Step8ol A Hwl 4.6& olgstd] A AR P (EE
P)E Tt «/
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Table 5. Algorithm B.
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fl

2 81416
1 31113

17911
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Y16 = (X AX(T)) v (X(9) AX(11))
=(0A0)V(0A1)=0 °|T},
Y B E y= H(z) =1101001000010100(= 53780)
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