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# Genera te ER random graphs
#n =500 , p =0 .1 ; n =500 , p =0 .2 ; n =1000 , p =0.05
g= e r d o s . r e n y i . game ( n , p , d i r e c t e d = TRUE)
g= g e t . e d g e l i s t ( g )
w r i t e . t a b l e ( g , p a s t e 0 ( ” e r ” , n , ” ” , p ) )

# Genera te BA random graphs
#n =500 , e =1;n =500 , e =2;n =1000 , e=2
g= b a r a b a s i . game ( n ,m=e , d i r e c t e d = TRUE)
g= g e t . e d g e l i s t ( g )
w r i t e . t a b l e ( g , p a s t e 0 ( ” ba ” , n , ” ” , e ) )

# Genera te Geometr i c random graphs
# With t h e same number o f edges and nodes as ER n e t w o r k s
#n =500 , p =0 .1 ; n =500 , p =0 .2 ; n =1000 , p =0.05
r = s q r t ( ( n−1) / n∗p / p i )
g rg . game ( n , r , t o r u s = TRUE)−>g
g=as . d i r e c t e d ( g )
g= g e t . e d g e l i s t ( g )
w r i t e . t a b l e ( g , p a s t e 0 ( ” geo ” , n , ” ” , r ˆ 2 ) )

# t r d g i v e s t h e T r i a d Degree d i s t r i b u t i o n .
# I n p u t : D i r e c t e d graph g . Outpu t : The T r i a d m a t r i x M.
#Each row r e p r e s e n t s a node and
# each column r e p r e s e n t s an o r b i t .
#The ( i , j ) t h e n t r y i s t h e number o f o r b i t j t h a t
# node i i s i n v o l v e d i n .
t r d<−f u n c t i o n ( g ){

A= g e t . a d j a c e n c y ( g )
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N= v co un t ( g )
M=matrix ( 0 ,N, 3 0 )
f o r ( i i n 1 :N){

a1=which (A[ i , ] >0)
a2=which (A[ , i ]>0)
a3= i n t e r s e c t ( a1 , a2 )
a1= s e t d i f f ( a1 , a3 )
a2= s e t d i f f ( a2 , a3 )
n1= l e n g t h ( a1 )
n2= l e n g t h ( a2 )
n3= l e n g t h ( a3 )
i f ( n1>0){

f o r ( j i n 1 : n1 ){
b1=which (A[ a1 [ j ] , ] >0)
b2=which (A[ , a1 [ j ] ] >0)
b1= s e t d i f f ( b1 , c ( i , a1 , a2 , a3 ) )
b2= s e t d i f f ( b2 , c ( i , a1 , a2 , a3 ) )
b3= i n t e r s e c t ( b1 , b2 )
b1= s e t d i f f ( b1 , b3 )
b2= s e t d i f f ( b2 , b3 )
f o r ( k i n b1 ){M[ i , 1 4 ] =M[ i , 1 4 ] + 1}
f o r ( k i n b2 ){M[ i , 2 ] =M[ i , 2 ] + 1}
f o r ( k i n b3 ){M[ i , 1 7 ] =M[ i , 1 7 ] + 1}

}
i f ( n1>1){

f o r ( j i n 1 : ( n1−1)){
f o r ( k i n ( j + 1 ) : n1 ){

i f ( (A[ a1 [ j ] , a1 [ k ] ] +A[ a1 [ k ] , a1 [ j ] ] ) = = 0 ){M[ i , 3 ] =M[ i , 3 ] + 1}
i f ( (A[ a1 [ j ] , a1 [ k ] ] +A[ a1 [ k ] , a1 [ j ] ] ) = = 1 ){M[ i , 6 ] =M[ i , 6 ] + 1}
i f ( (A[ a1 [ j ] , a1 [ k ] ] +A[ a1 [ k ] , a1 [ j ] ] ) = = 2 ){M[ i , 1 0 ] =M[ i , 1 0 ] + 1}

}
}

}
i f ( n2>0){

f o r ( j i n a1 ){
f o r ( k i n a2 ){

i f ( (A[ j , k ]+A[ k , j ] ) = = 0 ){M[ i , 1 3 ] =M[ i , 1 3 ] + 1}
i f (A[ j , k ]==0&A[ k , j ]==1){M[ i , 7 ] =M[ i , 7 ] + 1}
i f (A[ j , k ]==1&A[ k , j ]==0){M[ i , 1 6 ] =M[ i , 1 6 ] + 1}
i f ( (A[ j , k ]+A[ k , j ] ) = = 2 ){M[ i , 2 3 ] =M[ i , 2 3 ] + 1}

}
}

}

}
i f ( n2>0){
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f o r ( j i n a2 ){
b1=which (A[ j , ] >0)
b2=which (A[ , j ]>0)
b1= s e t d i f f ( b1 , c ( i , a1 , a2 , a3 ) )
b2= s e t d i f f ( b2 , c ( i , a1 , a2 , a3 ) )
b3= i n t e r s e c t ( b1 , b2 )
b1= s e t d i f f ( b1 , b3 )
b2= s e t d i f f ( b2 , b3 )
f o r ( k i n b1 ){M[ i , 4 ] =M[ i , 4 ] + 1}
f o r ( k i n b2 ){M[ i , 1 5 ] =M[ i , 1 5 ] + 1}
f o r ( k i n b3 ){M[ i , 2 0 ] =M[ i , 2 0 ] + 1}

}
i f ( n2>1){

f o r ( j i n 1 : ( n2−1)){
f o r ( k i n ( j + 1 ) : n2 ){

i f ( (A[ a2 [ j ] , a2 [ k ] ] +A[ a2 [ k ] , a2 [ j ] ] ) = = 0 ){M[ i , 1 ] =M[ i , 1 ] + 1}
i f ( (A[ a2 [ j ] , a2 [ k ] ] +A[ a2 [ k ] , a2 [ j ] ] ) = = 1 ){M[ i , 5 ] =M[ i , 5 ] + 1}
i f ( (A[ a2 [ j ] , a2 [ k ] ] +A[ a2 [ k ] , a2 [ j ] ] ) = = 2 ){M[ i , 8 ] =M[ i , 8 ] + 1}

}
}

}
i f ( n3>0){

f o r ( j i n a2 ){
f o r ( k i n a3 ){

i f ( (A[ j , k ]+A[ k , j ] ) = = 0 ){M[ i , 1 8 ] =M[ i , 1 8 ] + 1}
i f (A[ j , k ]==0&A[ k , j ]==1){M[ i , 2 5 ] =M[ i , 2 5 ] + 1}
i f (A[ j , k ]==1&A[ k , j ]==0){M[ i , 1 1 ] =M[ i , 1 1 ] + 1}
i f ( (A[ j , k ]+A[ k , j ] ) = = 2 ){M[ i , 2 9 ] =M[ i , 2 9 ] + 1}

}
}

}
}
i f ( n3>0){

f o r ( j i n a3 ){
b1=which (A[ j , ] >0)
b2=which (A[ , j ]>0)
b1= s e t d i f f ( b1 , c ( i , a1 , a2 , a3 ) )
b2= s e t d i f f ( b2 , c ( i , a1 , a2 , a3 ) )
b3= i n t e r s e c t ( b1 , b2 )
b1= s e t d i f f ( b1 , b3 )
b2= s e t d i f f ( b2 , b3 )
f o r ( k i n b1 ){M[ i , 2 1 ] =M[ i , 2 1 ] + 1}
f o r ( k i n b2 ){M[ i , 1 9 ] =M[ i , 1 9 ] + 1}
f o r ( k i n b3 ){M[ i , 2 6 ] =M[ i , 2 6 ] + 1}

}
i f ( n3>1){
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f o r ( j i n 1 : ( n3−1)){
f o r ( k i n ( j + 1 ) : n3 ){

i f ( (A[ a3 [ j ] , a3 [ k ] ] +A[ a3 [ k ] , a3 [ j ] ] ) = = 0 ){M[ i , 2 7 ] =M[ i , 2 7 ] + 1}
i f ( (A[ a3 [ j ] , a3 [ k ] ] +A[ a3 [ k ] , a3 [ j ] ] ) = = 1 ){M[ i , 3 0 ] =M[ i , 3 0 ] + 1}
i f ( (A[ a3 [ j ] , a3 [ k ] ] +A[ a3 [ k ] , a3 [ j ] ] ) = = 2 ){M[ i , 1 2 ] =M[ i , 1 2 ] + 1}

}
}

}
i f ( n1>0){

f o r ( j i n a1 ){
f o r ( k i n a3 ){

i f ( (A[ j , k ]+A[ k , j ] ) = = 0 ){M[ i , 2 2 ] =M[ i , 2 2 ] + 1}
i f (A[ j , k ]==0&A[ k , j ]==1){M[ i , 9 ] =M[ i , 9 ] + 1}
i f (A[ j , k ]==1&A[ k , j ]==0){M[ i , 2 4 ] =M[ i , 2 4 ] + 1}
i f ( (A[ j , k ]+A[ k , j ] ) = = 2 ){M[ i , 2 8 ] =M[ i , 2 8 ] + 1}

}
}

}
}

}
re turn (M)

}

# NNscore g i v e s t h e N e a r e s t Neighbour s c o r e .
# I n p u t : D i s s i m i l a r i t y m a t r i x d . Outpu t : NNscore
NNscore<−f u n c t i o n ( d ){

n= nco l ( d )
diag ( d )=max ( d )
t =0
f o r ( j i n 1 : n ){

i =which . min ( d [ , j ] )
i f ( abs ( i−j )==1){

t = t +1
}

}
re turn ( t / n )

}

# N2Nscore g i v e s t h e N e a r e s t Neighbour s c o r e .
# I n p u t : D i s s i m i l a r i t y m a t r i x d . Outpu t : N2Nscore
N2Nscore<−f u n c t i o n ( d ){

n= nco l ( d )
m=max ( d )
diag ( d )=m
t =0
f o r ( j i n c ( 1 , n ) ) {
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i =which . min ( d [ , j ] )
i f ( abs ( i−j )==1){

t = t +1
}

}
f o r ( j i n 2 : n−1){

i 1 =which . min ( d [ , j ] )
d [ i1 , j ]=m
i 2 =which . min ( d [ , j ] )
i f ( ( abs ( i1−j )==1)&( abs ( i2−j ) = = 1 ) ){

t = t +1
}

}
re turn ( t / n )

}

#NN g i v e s t h e n e a r e s t n e i g h b o u r .
# I n p u t : D i s s i m i l a r i t y m a t r i x d . Outpu t : N e a r e s t n e i g h b o u r .
NN<−f u n c t i o n ( d ){

n= nco l ( d )
diag ( d )=max ( d )
t =c ( )
f o r ( j i n 1 : n ){

i =which . min ( d [ , j ] )
t =c ( t , i )

}
re turn ( t )

}

#N2N g i v e s t h e n e a r e s t two n e i g h b o u r s .
# I n p u t : D i s s i m i l a r i t y m a t r i x d . Outpu t : N e a r e s t two n e i g h b o u r s .
N2N<−f u n c t i o n ( d ){

n= nco l ( d )
m=max ( d )
diag ( d )=m
t =c ( )
f o r ( j i n 1 : n ){

i 1 =which . min ( d [ , j ] )
d [ i1 , j ]=m
i 2 =which . min ( d [ , j ] )
t =rbind ( t , c ( i1 , i 2 ) )

}
re turn ( t )

}

# Find t h e s i g n a t u r e t r i a d s
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t y 1 =matrix ( 0 , n , n )
f o r ( i i n 1 : ( n−1)){

f o r ( j i n ( i + 1 ) : n ){
t y 1 [ i , j ]= which . max ( abs ( e [ i ,]− e [ j , ] ) ) + 3
t y 1 [ i , j ]= t y 1 [ i , j ] ∗ s i g n ( e [ i , t y 1 [ i , j ]−3]−e [ j , t y 1 [ i , j ]−3])

}
}
s=matrix ( 0 , 3 1 , 3 3 )
f o r ( i i n 1 : ( n−1)){

f o r ( j i n ( i + 1 ) : n ){
a= t y 1 [ i , ]
b= t y 1 [ j , ]
a=sum ( which ( a== t y 1 [ i , j ] ) )
b=sum ( which ( b==− t y 1 [ i , j ] ) )
i f ( a>=b ){ s [ i , t y 1 [ i , j ]+17]= s [ i , t y 1 [ i , j ]+17]+1}
i f ( a<=b ){ s [ j ,− t y 1 [ i , j ]+17]= s [ j , t y 1 [ i , j ]+17]+1}

}
}
l =matrix ( 0 , 3 1 , 1 6 )
f o r ( j i n 1 : 1 6 ){

l [ , j ]= s [ , j +17]− s [ ,17− j ]
}
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