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Abstract

A "eentrlc criterion" CC vector was derived from the distance freq-
uency matrix F by means of a new power function. CC enables one to drastic-
ally simplify the procedure for determining the centre/polycentre of a
graph G, Based on CC, a new “"centric connectivity index" CCI was develop-
ped. This topological index can account for the presence of heteroatom as
well os of unsaturation or aromaticity. For organic rodicals, a CCIR vers-
ion is propesed. Two coumputer programs, based on vertex adjacency data,

were performed for CCI and CCIR computation.

Introduction
In graph theory, a vertex vy with the property that the maxim-

al distance to uny other vertex in the graph G is minimal, is called thg

2

: Is ¢ The distance between vy and the most distant vertex

»d Lhe radiug of the graph =
in G is called » rmax,ij

" Author to whom all correspondence should be addressed.
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rﬁﬂx,ij =min ; j =1, 2, .. U (1)
where I is the number of Vortices in G.

All other vertices in G will have their radii larger than rﬁax,ij .
According to the Jordan theorem, any tree has a unique centre (vertex) or
bicentre (two adjacent vertices).

Based on the graph centre notion, Balaban3 introduced the gentric in-

dex B , eq. 2 :

n 2
B = J; (2)
i=1
where c{; represents & pruning sequence (see”* * Vs
A normalized centric index C was also introduced, in order to have a

topological index reflecting the shape of alkanes, eq. 3 :

c=1/2(Btree-Bcham)=1/2(Btraa-zn-u) (3)

where U =[1 - (-1)“]/2 . It is obvious that for n-alkanes {chain graphs)
C = 0 . The centric index C belongs to the "quadratic" class of topological
indices (see4 ).

Balaban’s procedure for determining the centre is applicable only to
acyclic graphs. In cyclic systems, sometimes more than one vertex could ap-
pear as central. To resolve this problem on cyclic graphs, a meneralized con-
cept for the graph centre und several centric indices vere propoaad?' 6

The new definition for the graph centre is based on the distance mat-
rix D and consists of four hierarchically ordered criteria: 1) the minimal
maxiowy distance in the row or column of the vertex ; 2) the smallest sun of
all distances dij (in D ) in the row or cclumn corresponding to vertex i ;
3) the smallest number of largest entries in the vertex distance code, VDC s
4) criteria 1) - 3) are repeated to the pseudocentre of the graph until on
two successive cycles no more vertices are rejected, The polycentre thus ob-

tained may contain one vertex or several adjacent or non-adjacent vertices.
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In order to simplily the procedure for determining the centre/poly-

centre of a graph, we proposed a new function, eq. 4 :

Gnax j/a
dal1) =Z CF JJElmA (4)
- ij
i=1
where 3 fij - represent the elements of the distance frequency matrix,
F
U,dgay
dmax - is the largest value for a path ( or distance ) in G :
dmo.x = max dij oL o= 25 wee W (5)

and d_Lj - the elements of distance matrix Dy . (or simply D ).
)
dd(1i) - denote the elements of the resulting “distance distribut-
lon" (DD, .) vector.
0,1
The vector DD shows & distance sequence often different of that resu-

lting by simple summation of all ontries In the i-th row or column of D (see
T ). The minimal value among dd(i) - values will discriminate tor the centre
of the graph :

rddm) =min dda(i) ; 1 =1, 2, ... N (6)

By noraalizing the vector DD by min dd(i), we derived the "centric

eriterion" ( CCy ) vector :
,

ce(1) = dd(i) / min @a(d) ; 1 =1, 2, ... N (n
Thus, CC shows a rcc( G) =1 . The subscript dd and ¢¢ in the graph radius
expression, r (G), suggest the radius values derived from DD and CC, respect-

ively. bxemplifying, the following matrices can be writen for the graph G1 :
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12345867 1234587 12354
1lo100000 0123 4 3% 4 9. 4 212 5.68108 1.8640
2lto10000¢0 1012327 2220 4,2852 1.4059
310101010 2101212 3300 3.0481 1.,0000
4loo10101f|l—|[53210121—|3210|—]||3.7303||—=|| 1.2238
slflcoco1o000 43210532 1221 5.0960 1.6718
6ll0 010000 32123073 1230 4.6937 1.5399
tHo0 001000 43211 :2: 3.0 1212 5.0960 1.6718
A D P DD cc

Fig. 1 - Matrices corresponding to the graph 1

To observe the vertex vy vhich has : 1) the swallest maximal dis-
tance ( 2 )} ; 2) the minimal distance sum ( 9 ) and %) the smallest number
of largest entries in VDC ( zero ) . The last criterion requires addition-
al explanations.

Randié 1ntroducada the so-called atowic and molecular path codes,
in intention to have an unique characterization of molecular structures.
Phe atomic (vertex) path code of the atom i, VPC(1i), can be writen as a
pover series :

b4

b ¢ :
VPC(1) = p1i‘ P212 v pmiimax (8)

vhere pj is the path of length j , and fj_j represents its frequency nunb-

er ( e, g. the elements of F ). For polycyclic structures, Donchev (sea?

loc. cit.59 ) replaced the path with the distance notion, thus defining

the vertex distance code, YDC(i) :
f

fil 12

1
VOoEE) = B TR e AT

> S (9)
“he molecular (graph) codes are obtuined similarly, by summation

over all atoms (vertices) in the molecule (graph G ) :

£ T : 4
max 10
GPC(G) = p11 p22 eee Pooy (10)

T, £
1 2 i
d,l d2 e dma

ax

GDC( Q) &

(11)
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where :

£, =472 )n_-rn (12)

represents the half sum in the coluamn j of F. More frequently, these codes
are used in linear form :

e = (£ f b 4 ) (13)

11! 742" "7 Ti,max

It is obvious that the i-th row in F represents just the VDC of vertex vi.
The above codes were converted into topological indices (see4 ) of

quadratic type :

VDI = E(fijlz (14)
b

GDI = E(ijz (15)
3

Heturning to G1, the VDC(3) = 3,3,0,0,vhich agrees with the criterion

5, 6

3) of Bonchev et al. for the graph centre.

For G2, only CC is gilven; one can see that G2 has a polycentre. All
other vertices out of the ring have their ccli)-values larger than unity.

cc(e2)

1.0000
1.3556
1.0000
1.3556
1,0000
1.3556
1.0060
1.3556
1.0000
1.3556
1.0000
G2 1.3556

Fig. 2 - The CC vector for G2
Centric Connectivity Index, CCL
As shown before, CC provides a good topological information and

therefore we converted it into a "gceptric connectivity index", CCI, accord-



ing to eq. 16 :

cuw)=m§ bu[mumu)xcdnmﬂ]”” (16)

all edges
vhere : m - is & multiplier, introduced by the same reasons as for the
Balaban's J index (see’ ).
=1/ M+1) “1n
/ﬁ - is the cyclomatic number, or the number of rings, in the clas-
sical definition of polycyclic compounds (see Baeyer, IUPAC
and Chemical Abstracts nomenclature systocus)
M=q =1 41 (18)
with q@ = the number of edges in G.
bij - represents the bond order (most often the conventional order:
1, 2 and 3 for simple, double and triple bonds, respectively,
and 1.5 for aromatic bonds ).
cell), ce(j) - are the values in CC corresponding for two adjacent
vertices .
S(1),8(j) - stand for the degrees of clectronegativity of vertices

i and J, respectively, as defined by us in ref.1

X
het

amended for hetoroatons.® The use of group electronegativities S(1i) along

Thers 1s a limited analogy between CCI and the Balaban’s J index

with the cc(4i) values walkes from CCI a highly discriminating topological
index. Following the connectivity in G, CCI also accounts for the type of

bonds (by means of bij ). For G1 and G2, the computed 3(i) and CCI values

are listed below :
s(61) s(@2)

—_— ———

1.6216 1,2780 (atomws: 1,3,5,7,9,11)
1.3869 1,9937 (atous: 2,4,6,8,10,12)
1.2873
1.2780
1.6216
1.6216
1.6216

CCI(G1) = 3.9081 CCI(G2) = 5.1352
Fig. 3 - The computed8(1i) and CCI for G1 and G2
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Radical Approach - CCIR

In a series of drug molecules, with similar biological properties,
only the radical attached to the same skeleton varies. lloreover, some
properties could be a function of local topology (meaning just the radi-
cal)l or local electronic distribution, Thus, one imposes to compute & to-
pological index only for radicals.

Bolaban and Filip proposed7 an approach for the J index which con-
siders the radical as & rooted graph. They assigned to the root vertex a
distance sum vhich is ten times smaller than the minimal distance sum am-
ong &1l graph vertices.

By analogy, we addopted for the root vertex a dd(i) value 0.1 less
than the minimal dd(i) value :

dd(root) = min dd(i) - 0.1 (19)

Since CCI uses of double characterization of a vertex, this app-
roach has to account for the modified adjacency to root vertex when comp-
uting 3(root) = the group electronegativity of root vertex?

Subsequently, DDR is normalized by dd(root) value, thus obtaining
the CCR vector. CCIR is then computed by the same eq. 16, Exemplifying,
the computed values for a radical (rooted graph) RG3 (from a butyrylcho-

linesterase inhibitor molecule - seew ) are listed below :

r
’ﬁ:o 2 cc(RG3) S(RG3) CCIR = 2.8210

N 1.0000 1.2873
3\4’/5 1.5978 1.9115
1.0399 1.422%
1.2739 1.3825
RG3 1.5978 1.6216
(r-stands for root ¥ig. 4 - The computed CC, S(1i) and CCIR
vertex } for RG3

Computer Programs for CCI and CCIR

Two computer programs vere performed for CCI and CCIR computation.

First program, SCRGRAF - reads from input terminal informations about the
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chemical structure of & given compound @#nd stores this information on a
dislk file. The second program, GRAF$1 - computes CCI and CCIR by using
two disk files: first file was created by SCRGRAF program and the second
file, nawmed ELNEGS,DAT contains the Sanderson’s electronegativities of
atoms. This second file was created by using a text editor.Its structure
is the following : - Sanderson’s electronegativities

- group of atom in the short form of periodic chart

- symbol of atom

The programs were written inFORTRAN 80, on a Romanian CUB - Z

nicrocomputer (based on 4 - 80 microprocessor ).

Conclusions

The new function introduced enabled us to derive, from the distance
frequency matrix F, the “centric criterion" CC vector. This vector is an
expeditive tool for determining the graph centre/polycontre and brings a
valuable topological information.

The "centric connectivity index", CCI , derived on the basis of CC
appears to be a powerful topological index, as will be shown in the next
paper of this series. For biological activity correlations, the radical
approach CCIR can be used instead of {or along with) CCI. These topolog-
ical indices account for the presence of hetercatom as well as of unsat-
urction or aromaticity.

Figures 5 to 14 present the computer programs for CCI and CCIR
computation,

Acknovwledgements
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2 c SCRORAF =~ vead from input terminal
= & = name of chemical compound
1 2 - numb2r of vertices latcms)
5 < - number of edgee

o
i

2lement symbol for =ach atom
- for each edge

- start vertex

- end vertex

= bond type

oo T

o

These informations are stored on 3 disk file in above
mentioned order

"o

bytz n,m, 11,12

e integer el
17 integer den(40)
18 write(l, 1)
1 1 format( SCRGRAF - formulae reading , as a graph “//)
20 writell,2)
24 2 format (¢ Enter name of file in which formula 4is stored : /)
20 call assdsk(7)
23 write(l,19)
24 19 format (7 Name of chemical compound 3 “/)
25 readll,17) den
26 17 format (40a2)
27 writel7,18) den
2z 1& format (1x,40a2)
29 writell,3)
3 ] format (7 MHumber of atome : *)
read(1,4) n
4 farmat (13)
write(l,3)
S format (¢ Number of edges : 7)

readt(1,4) n
writel7,18) n,m
1e format {1x,214)
do S0 i=1,n
write(1,13) i
13 format (7 Element symbol for atom “,13,7 1 “)
read(}l,14) el
writet7,15) 1,el

14 format{a2)
15 format(ix,14,a2)
50 continue

do 100 1=1,m
write(l,6) i

é format ( Edge 7,i3)
writell,7)
7 format ( Siart atom /)

Fig. 5. Program SCROBAP ( in PORTRAN )
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readil, 4) il
Aritell, 2)
format (" End atem i
r2adti,4) i2
writedl,9)
7 farmzt{” Bond type
readil, 11 b
11 format (10,00
wrile(?,12) i1,i2,b
12 farnat{1x, 244, F10. 2
100G continus
endfile 7
stop
2nd

Log

Fig. 5. { Continued )
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2 < SRAFOL - program for determining 3
: adjacency matrin

i

c - distance matriz
s c - frequency matrix
= 2 - gistance distributicon
7 [ =~ centric criterion
7 = The fzllowing subroutines are called @
1o <
11 € CITGRAF (which csell AZSDEK)
z C AlLAL
12 & LIETA
14 ‘i FRECY
15 o4 SCRME]
1é e SCRMGL

COMPET

,_
o~
" N

v

erogram GRAFOL
integer den(40)
byte n,m,k, T (10G0),d(1000),a(1000),g9a(100)
byte 1eg(100,2),v(100),h{100)
dimension tip(100)
dimension sa(100},51(100),59(100)
damension dd(100),¢ce(100)
wrile(l,1)
1 format(//* Program GRAFQL “/)
call citgri(n,m,den,leg,tip,sa,9a)
write(1,19) den
19 format (/7,7 Computing are performed for compound ‘/.
& Sx,40a2,//)
call adiacin,m,leg,a)
write(1,2)

2 format (/7 Adjacency matriz : 7/)
call scrmslta,n,l)
call dista(n,m,a,d)
write(l,3)
e format {(/* Distance matrix : 7/)
call scrmsi(d,n, 1)
call frecvin,d,k,f)
42 write(l,4)
< 4 format{/’ Frequency matrix : “/)
44 call sermgi(f,n,k, 1)
45 ki=k
s do 10 i=l,n
47 dd(i)=0.0
48 do 10 j=1,k
49 aux=fleoat(j)/float{ki)
50 ii=(j~1)#n+1

Fig. 6. Progron GRAPO1 ( in PORTRAN )
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k=T iii)
19 gdiil=ddi1rthi=xaus
dmin=%, G2l
0 i=l.n
t{(dmin.gt.dd{i}} dmin=dd(i.
20 2ontinue

writell, 25}
read(1,220 |
if(i.eq.2) go tw SO
da 20 i=l,n

jedv] cclid=ddii)/dmin

25 farmat(” Do you want computations for whole molscule 7, /,
“Ml = yee , 2= ) %)
na=0
nl=0
call compcelin,m,s,sa,9a,tip,l2g,0e,v,53,h,si,eci,na,nll
write(l,11)
11 format (/¢ Atom oo Ci 3I1°/)
do 40 i=1,n
40 write(1,12) i,dd(i),ccli),sili)
12 format (1x,15,3112.4)
write(l,2) cei
b format{(" CCI = 7,112,4/)
go tao 100
S0 write(1,21)
2 format{/“ No. of atom which is rootad )
readil,22) na
22 format (i2)

if(na.le.0) go to 50
ifina.gt.n) 9o to 50
wirite (1, 26)
a8 format(’ No. of broken edges to this atom @ 7)
read(l,22) nl
dmin=dmin-0.1
dd{na)=dmin
do 70 i=1l,n
70 cctid)=ddti)/dmin
call compeccin,m,a,sa,ga,tip,leg,cc,v,59,h,5i,0ci,na,nl)
write(l,11)

do 80 i=i,n

20 write(1,12) i,dd(id,ccli),sidi)
writetl,23) cci

23 format {* CCIR = “,f12.4//)

100 stop
end

Fig. 6. ( Continued )
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I CITGRAF -~ subrcutine whichreads data about gqraph from dish

2 file to Core mEmory

& Disk file was created with program SCRGRAF snd its  structurs
= = first record contains compound nane

° = sgcond racord conlaine numbey of variices (atoms) and

(o} number of =dges

i - next records icne for sach atomd) contain name of the

¢ corresponding 2lament
o = nexl recorde (one for each edgz) contain
° - first atocm of bond
I = segond atan of bond
o - bond typ=z
L5
3 Mzmory variables :
fe DENC33) - name of compound
G LEGIM, 2) — atom index for each edge
c TIFIM) = bound typ2
< SALN) - atom =lectronegativity
c GAIN) - group from pericdic chart
c
subroutine CITGRF (N, M, DEN,LEG, TIF, SA, GA)
integer den(40)
integer EL,ELL
byte N,M,gal,LEG(100,2),GA(100)
dimension tip(100),SA(100)
write(1,1)
1 format (© Please enter name of file which contains formula : )
call assdekt?)
read(7,19) dan
1¢ format (40a2)
read(7,2) n,m
2 format(2i4)
call openld, “ELNEGS DAT -, 1)
do SO0 i=1,n
rzadl?7,4) j,el
4 format (i4,a2)
rewind &
100 readlg,5, end=200) sal,gal,ell
S format(18.3,11,a2)
if(el.eq.ell) go to 300
g0 to 100
200 writell,é) el
& format (1x,a32,” element not found in ELNEGSZ/)
go to 500
200 sali)=sal
gali)=gal
00 continue

Fig. 7. Subroutine CITGRAF ( in FORTRAN )



=3
53
54
o9

Sé

rig.

= g e

das 10 31=1,1

raadi(7, 31 legii,!),legii,2), tipiil
fornat (214,110, 2}

continus

return

=nd

7. ( Continued )



i z
z 2 K - assigns a disk file for 3 logical anit nuaebzsr LUK
4 subrout ins SOk (LLND
5 Eyle numef (3 tf (2, nume (12
- integar nrunit, lun
7 e format (° Name of disk file (with capital letterss @ *)
a K] formai(” File extension iwith capital letters) @ )
¢ 4 Tarmaty” Unit ol=f , 2=F) @ 7
10 S format (2AL1)
11 & format (1
12 do 20 i=1,%
1% 30 numef (1)="
14 wreite(l,2)
] read(1,5) (numefii),i=1,8&}
do 30 i=t,3
40 extfli)=" 7

writel(i, &)
readil,S) lextfiad,i=1,3)

do S0 i=1,8

S0 nume 1 )=numef (1)
do &0 i=1,3
ji=i+8
2] nume(ii)=extf(i)
nume (12)=" 7
2 70 write(l,4)
2 read(1,£) nrunit
2e if(nrunit.lt.f.or.nrunit.gt.2) go to 70
7 call cpen(lun,nume,nrunit)
30 return
31 end

Fig. 8, Subroutine ASSDSK ( in FORTRAN )
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AOTAC - adjacency matrix deteraination for 3z graph wiih
N = number o vertices
M = numbar of edees
LEG(M, 2) - edge wector ftstart vertex, end vertex)

The adjacency matriz is symmetrical and is stored in wvector
form , columnwise (only thes upper triangle)d.

subroutine ADTACON,M,LEG, A)
byts n,m, leg(100,2),11,12,a01000)
integer z

na=n

na=na#{n-1}/2

da 10 i={,na

alir=0

do 20 k=1,m

il=leglk, 1)

iZ=leglk, 2)

ifiil.1t.i2) go to 15

=il

i1=i2

z={i2-1)%(12-22/2+i1
alz)=1

return

end

Fig. 9. Subroutine ADIAC ( in FORTRAN )



1 [
2 (= DISTA -distance matrix determinaticn
2 ¢ Inpul paramstlers @
3 il N = number of wvartices
s I3 M = numtesr of =dg=<
& o A = adjacency matrix fupper triangle)
7 I3 Reegulte @
E [e I - distance matrix (upp2r triangle:
10 e
11 subroutine GISTACN,M, A, IO
12 byte n,m,dl
1= bytz2 a(1200),d(1000)
14 na=n
15 na=nasin-1)/2
14 da 10 k=1,na
17 10 dk)=0
12 do” 20 k=1,na
19 iftatk).2q.0) go to 20
20 dik)=1
2 20 continue
e do 40 i=1,n
23 do 40 j=1,n
o4 ifti.eq.j) 9o to 40
2% iflj.1t.1) go to 11
26 ki=(j-1)=lj-2)/2+i
27 ao to 12
28 11 k1=(i-1)®%(i-2)/2+§
2 12 continue
30 do 20 1=1,n
21 if(l,eq.i.0or.1.2q9.J)) go to 30
32 if(l.1t.)) go to 21
3z k2=(1-1)=(1-2)/24]
G4 9o to 22
& 21 K2=0(j-1)x(j=-2)/2+]
2¢ 22 if(dik1)=d{kZ).eq.0) go to 30
37 di=d(k1)+d{k2)
] if(1.1t.1) go to 23
a9 k3=(1-1)#(1-2)/2+i
40 go to 24
41 23 k3=(i=1)#(i=-2) /241
42 2 if{d(k&).ne.0and.dl.g9e.d(k3)) go to 30
43 d(k3)=dl
44 &0 continue
435 40 continue
4¢é return
47 end

Fig. 10. Subroutine DISTA ( in FORTRAU )
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o) FREZY - frequency matrin F determination
g Input data :
s N - numbzr of wverticecs
< O - distance matrix {(upper triangle)
c Reeults :
o to= maximal 2lement of matlrin D
c F - frequency matrix , with N rows and K columne
c (stored columnwisa)
C
c
subroutine FRECVIN, DL K, F)
byte f(1000),d(1000)
byte n,k
nas=n
na=nasin-1)/2
k=1
do 10 i=i,na
iftd(i).gt.k) k=d(i)
10 2ontinue
nf=n#k
da 20 i=1,nf
20 fli)=0
do S0 i=i,n
do SO j=1,n
ifli=j) 30,50,40
20 1=0j=1)%(j-2)/2+1
9o to 45
40 1=(i-1)#(i-2)/2+j"
45 m=d(1)
ii=(m-1)&n+i
flid)=flii)+1
S0 continue
return
end

Fig. 11. Subroutine FRECV ( in FORTRAYN )
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SCRMZL —writes a symmatrical wairia A of ordsr noon a file wit

& logical unit number LUN

[ Matrin A i3 ztored columnwise , upper trisngle , without
C diagonal e=lemants , which are null,

[ Matrix type is DYTE.

{3

subroutine scrmsiia,n, lun)
byte n,al1000), v (100)

do 20 i=t,n

2 do 10 j=1,n

——
3 b O ud €0 el B U Fa L R e

13 ifii.ne,j» go ta 5
14 vij)=0.0

15 go to 10

1€ g il=i

17 il=j

18 if(il.1t.j1) go to 7
19 k=il

20 i1=j1

21 il=k

22 74 k=(j1=1)#{j1~2) /2411
23 vijl=alk)

24 10 continue

5 write(lun,1) (vi{k},k=1,n)
2¢ 1 format(“ 7,2014)

27 20 cent inue

28 return

e end

Fig. 12. Subroutine SCR¥S{ (in FORTRAN )
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c
2 ZCRMGY ~writes 3 3znzral matrix A with M rows and M cclumns
C on & file with logical unmit numbsr LUN,
[
° Matrix is stored columnwise.
° Matrix type is EYTE.
Q
subrcutioe scrmglia,m,n, lun)
byts n,m,a(1),v(100)
do 20 i=1,m
do 1¢ j=1,n
k={j-1}=mn+i
10 vijr=alk)
write{lun,1) (vik),k=1,n)
| format (7 7,2014)
20 continue
return
end

Fiz. 13. Subroutine SCRHG1 ( in FORTRAN )
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1 3
e e EDHPEE ~ determination of following parametecs @
4 o Y = adjacency sum of vartes
=] o I0 - group electronsgativity of vertes
& e H = number of hydrogen atoms on wertex
7 by Sl - vertex degree of electronegativity
& o CC1 - centric connectivity index
2 [
10 @ Input data :
11 < W = number of vertices
2 i M - numver of 2dges
1% e A = adjacency matriu
14 c SA = vertex electronegativity vector
15 & GA = vectar of group in pericdic chart of atom
o TIF - bond type vector
[ LESG - bond wvector
c CC = centric criterion vector
[
subroutine COMPCC(N,M,A,SA,GA,TIP,LEG,CC,V,SG,H,SI,CCI,NA,NL)
byte n,m,a(1000),1eq(100,2),9a(100),v(100),h(100)
dimension sal(100), tip(100),ccli00),sg(100),51(100)
do 100 i=1,n
vii)=0
do 100 j=I,n
ifti=j} 10,100,20
10 I=0j~1)sj-2)/2+i
ga to 30
20 1=0i-1) (i -2)/24]
30 vii)=v(i)+all)
3 100 continue
32 do 200 i=1,n
33 is=0
24 do 150 j=1,m
35 if(legtj,1),ne.i,and.leglj,2).ne.i) go to 150
Zé is=is+intitip(j))
27 150 continue
22 hti)=g-gali)-is
39 if(i.eq.na) h{i)=h{i)-nl
40 ifth{i).1t.0) hti)=0
41 200 continue
42 do 300 i=1,n
43 i=h(i)
44 sgli)=(sali)*2,592ns])asu(1./(1.+j))
45 300 continue
L73 do 400 i=1,n
47 Jj=v(i)
48 ifti.eq.na) j=j+nl
47 siti)=sgli)®%(1./(1.4j))
50 400 continue

Fig. 14. Subroutine CQIPCC { in FORTRAN )



Mig=m=r+}

am=1. 00 loat triud+d,)

ooi=l,

go S0 i=l,nm

il=leqli, 1)

iZ2=legli,2)

coi=coittipin)=sleidil ) soniil)=ssi (1)
00 cont inue

coizamseei

return

2nd

Fig. 14. { Continued )
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