
I. SUPPLEMENTARY MATERIAL

A. C/Fortran implementation of the SANN s
heme

Hereby, we propose the C (SANN.
) and Fortran (SANN.f) implementation of the SANN

s
heme.

B. SANN.


/∗

∗ �f i l e sann . 


∗ �author van Meel , F i l i on , Va l e r i an i , Frenke l

∗ �date November 2011

∗ �br ie f Sample implementation o f the SANN algor i thm in C

∗/

/∗

∗ �stru
t NbData

∗ �br ie f De f ine s an { index , d i s t an
 e } pa i r f o r use as neighbour data

∗/

s t r u 
 t NbData

{

i n t id ; // Id o f neighbour p a r t i 
 l e

double d i s t an
 e ; // Distan
e to neighbour p a r t i 
 l e

} ;

/∗

∗ �br ie f Compares the d i s t an
 e o f two neighbours f o r use in ' qsort '

∗ �param nb1 Pointer to f i r s t neighbour ' s NbData

∗ �param nb2 Pointer to se
ond neighbour ' s NbData
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∗ �retval Returns negat ive i f l e s s , p o s i t i v e otherw i s e

∗/

i n t nbLess ( 
onst void ∗nb1 , 
onst void ∗nb2 )

{

// 
a s t ' 
onst void ' po in t e r to ' 
onst NbData ' po in t e r f o r

//both ne ighbours

NbData ∗pnb1 = ( 
onst NbData∗) nb1 ;

NbData ∗pnb2 = ( 
onst NbData∗) nb2 ;

// I f f i r s t d i s t an
 e i s sma l l e r than se
ond d i s t an
 e re turn

// negat ive va lue

i f ( pnb1−>di s t an
e < pnb2−>di s t an
e ) re turn −1;

// Forget about ' equal ' when us ing f l o a t i n g po int numbers . . .

// Return p o s i t i v e va lue f o r ' g r e a t e r than '

re turn 1 ;

}

/∗

∗ �br ie f Computes the SANN se t o f nea r e s t ne ighbours f o r a g iven p a r t i 
 l e

∗ �param id Id o f p a r t i 
 l e who ' s ne ighbours are to be 
omputed

∗ �param neighbours NbData array to r e 
 e i v e neighbour { id , d i s t an
 e } pa i r s

∗ �param rad iu s Pointer to double to r e 
 e i v e SANN rad iu s

∗ �retval Number o f ne ighbours 
omputed by SANN, (−1) on e r r o r

∗/

i n t 
omputeSANN ( in t id , NbData ∗neighbours , double ∗ rad iu s )

{

double distan
eSum ; // sum of neighbour d i s t an 
 e s

i n t 
ount ; // number o f a l l p o t e n t i a l ne ighbours a v a i l a b l e

i n t i ; // a loop va r i ab l e
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//Step 1 :

// Get number and { id , d i s t an
 e } pa i r s o f a l l p o t e n t i a l ne ighbours .

// In t h i s example we use a Ver l e t neighbour l i s t with a

// la rge−enough 
 u t o f f d i s t an
 e f o r t h i s task . SANN then 
hooses

// i t s ne ighbours from th i s s e t .


ount = 
omputeVerletNeighbors ( id , ne ighbours ) ;

// I f the r e are not enough neighbours ava i l ab l e , r epo r t an e r r o r

i f ( 
ount < 3) re turn −1;

// Step 2 :

// Sort ne ighbours a

ord ing to t h e i r d i s t an
 e in i n 
 r e a s i n g order .

// In t h i s example we use a ' qu i 
ksor t ' a lgor i thm f o r t h i s task ,

// whi
h e x i s t s in the standard C l i b r a r y s t d l i b . h

qso r t ( neighbours , 
ount , s i z e o f ( NbData ) , nbLess ) ;

// Step 3 / 4 :

// Sta r t with 3 ne ighbours ( i t ' s the minimum number o f

// ne ighbours p o s s i b l e )

distan
eSum = 0 ;

f o r ( i =0; i <3; ++i )

{

// Add neighbour d i s t an
 e to sum

distan
eSum += nbData [ i ℄ . d i s t an
 e ;

}

// Set SANN rad iu s to distan
eSum / ( i − 2)

∗ rad iu s = distan
eSum ;

// Step 4 / 5 :

// I t e r a t i v e l y in 
 lude f u r t h e r ne ighbours u n t i l f i n i s h ed , whi
h i s i f

// the SANN rad iu s i s sma l l e r than the d i s t an
 e to the next neighbour
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whi le ( ( i < 
ount ) && ( rad iu s > neighbours [ i ℄ . d i s t an
 e ) )

{

// Add neighbour d i s t an
 e to sum

distan
eSum += neighbours [ i ℄ . d i s t an
 e ;

// Compute new SANN rad iu s

∗ rad iu s = distan
eSum / ( i − 2 . 0 ) ;

// i n 
 r e a s e the SANN number o f ne ighbours

++i ;

}

// I f the re were not enough neighbours f o r the a lgor i thm to 
onverge ,

// r epo r t an e r r o r

i f ( i == 
ount ) re turn −1;

// Step 6 :

// Return the number o f SANN neighbours .

// Note : the SANN rad iu s has a l r eady been s to r ed in the

// po in t e r ' rad ius ' ,

// whi
h was provided as parameter to the fun
 t i on

re turn i ;

}

// end−of− f i l e

C. SANN.f

subrout ine SANN

! Fortran implementation o f the SANN algor i thm

!

! van Meel , F i l i on , Va l e r i an i and Frenkel November (2011)
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! d e 
 l a r e a l l v a r i a b l e used in the subrout ine

imp l i 
 i t none

! npart = t o t a l number o f p a r t i 
 l e s in the system

in t e g e r npart

! m = t en t a t i v e number o f ne ighbours

i n t e g e r i , j , k ,m

! 
ountne ighbors = number o f ne ighbours o f p a r t i 
 l e i

i n t e g e r 
ountne ighbors (1000)

! ne ighbor = l i s t o f ne ighbours o f p a r t i 
 l e s i

i n t e g e r ne ighbor (1000 ,100)

! s o r tne i ghbor = sor t ed ne ighbours

i n t e g e r so r tne i ghbor (1000 ,100)

! s e l e 
 t edn e i ghbo r s = l i s t o f s e l e 
 t e d ne ighbours

i n t e g e r s e l e 
 t edn e i ghbo r s (1000 ,100)

! Nb = f i n a l number o f ne ighbours o f p a r t i 
 l e i

i n t e g e r Nb(1000)

! edge o f the s imu la t i on box

double p r e 
 i s i o n box

! d i s t an
 e = l i s t o f d i s t an 
 e s between ea
h

! neighbour o f p a r t i 
 l e i and p a r t i 
 l e i

double p r e 
 i s i o n d i s t an
 e (1000 ,100)

! d i s t an 
 e s o r t ed = sor t ed d i s t an 
 e s

double p r e 
 i s i o n d i s t an 
 e s o r t ed (1000 ,100)

! R(m) as in Eq . 3 in the manus
ript

double p r e 
 i s i o n rm , rm1

! x , y , z 
omponent o f every p a r t i 
 l e i

double p r e 
 i s i o n x (1000) , y (1000) , z (1000)
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! d i s t an
 e between p a r t i 
 l e i and p a r t i 
 l e j

double p r e 
 i s i o n dr

! 
 u t o f f d i s t an
 e to i d e n t i f y a l l p o t e n t i a l ne ighbours

double p r e 
 i s i o n r 
 u t o f f

! Step 1 :

! f i r s t we i d e n t i f y the p a r t i 
 l e s with in a 
 u t o f f r ad iu s r 
 u t o f f

do i =1, npart

! loop over a l l p a r t i 
 l e s d i f f e r e n t from i

do j =1, npart

i f ( j . ne . i ) then

! 
ompute x , y , z 
omponent o f the d i s t an
 e between p a r t i 
 l e i and j

dx = x( j ) − x ( i )

dy = y( j ) − y ( i )

dz = z ( j ) − z ( i )

! apply ing p e r i o d i 
 boundary 
ond i t i on s

dx=dx−nint (dx/box )∗box

dy=dy−nint (dy/box )∗box

dz=dz−nint ( dz/box )∗box

! 
ompute d i s t an
 e dr between p a r t i 
 l e i and j

dr = sq r t (dx∗dx+dy∗dy+dz∗dz )

! i d e n t i f y ne ighbours that are with in a 
 u t o f f ( r 
 u t o f f )

i f ( dr . l t . r 
 u t o f f ) then

! j i s a neighbour o f i


ountne ighbors ( i ) = 
ountne ighbors ( i ) + 1

! bu i ld a l i s t o f ne ighbours

ne ighbor ( i , 
ountne ighbors ( i ))= j

! 
 r e a t e a l i s t with the d i s t an
 e between i and j

d i s t an
 e ( i , 
ountne ighbors ( i ))=dr

end i f
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end i f

enddo

enddo

! Step 2 :

! f o r every p a r t i 
 l e i s o r t a l l ( 
ountne ighbors )

! ne ighbours ( ne ighbor ) a

ord ing to t h e i r

! d i s t an 
 e s ( d i s t an
 e ) and 
 r e a t e a new l i s t o f

! p a r t i 
 l e i ' s ( s o r tne i ghbor )

! and a new sor t ed l i s t o f d i s t an 
 e s ( d i s t an 
 e s o r t ed )

do i =1, npart


 a l l s o r t ( i , 
ountneighbors , d i s tan
e , neighbor ,

& sor tne ighbor , d i s t an 
 e s o r t ed )

enddo

do i =1, npart

! Step 3 :

! s t a r t with 3 ne ighbours

m = 3

! Step 4 :

! 
ompute R(m) as in Eq . 3

rm = 0

do k=1,m

rm = rm + d i s t an 
 e s o r t ed ( i , k )

enddo

rm = rm/(m−2)

! 
ompute r (m+1)

do j = 1 , 
ountne ighbors ( i )

rm1 = 0

do k=1,m

rm1 = rm1 + d i s t an 
 e s o r t ed ( i , k )
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enddo

rm1 = rm1/(m−2)

! Step 5 :

! i f rm > rm1

i f (rm . ge . rm1) then

rm = rm1

! i n 
 r e a s e m

m = m+1

e l s e

! Step 6 :

! i f rm < rm1 , m i s the f i n a l number o f ne ighbours

e x i t

end i f

enddo

! the f i n a l number o f ne ighbours i s m = Nb( i )

! and the ne ighbours are s e l e 
 t edn e i ghbo r s

Nb( i ) = m

do j =1,Nb( i )

s e l e 
 t edn e i ghbo r s ( i , j ) = so r tne i ghbor ( i , j )

enddo

enddo

return

end

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
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