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Summary. The SIBIS and HIBIS programs implement our
algorithms developed to guantifyv the steric (SIBIS) and hydro-
phobic (HIBIS) interactions in biological systems. The paper
presents the flowcharts, the complete listing in FORTRAN of
the progroms, and detnils the structure of the input/output
date. Illustratively, one performs SIBIS and HIBIS calcula-
tions for a serie of twenty inhibitors (triazines) cf L.casei
dehydropholate reductase, good results being reported.

Finzlly, the algorithm CCHEX, which teaches the computer to
recognize connected greavhs, is given.

(%) all correspondence could be sent at this address
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1. The SIBIS and HIBIS Programs

The two 2lgorithms (SIBIS - Steric Interactions in
BIological Systems and HIBIS - Hydrophobic Interactions in
Blological Systems) were discussed and applied to drug - re-
ceptor interactions in previous papers (i.e., refs. 1-3, and
4, respectively).

The present paper contains the flowchart, the com-
plete listing of the programs and the structure of the
input/output dzta. An application of these algorithms to a
serie of twenty inhibitors of L.casei dihydropholate reduc-
tase is also given.

The main difference between SIBIS and HIBIS consists
in the objective functions to be optimized, namely:

BR

a+ b snﬁ + ¢ SD¥ (SIBIS)

2 (HIBIS)

BR=m+nf+pf
(BR stands for the Biological Response). The mathematical
tool is the same (i.e., the least squares technigue with the
subsidiary condition to preserve connected some subgraphs of
the (IRS) (Investigated Receptor Space) graph). Accordingly,
the SIBIS and HIBIS programs have the same flowchart given
below., The complete listing of the programs is given in Ap-

pendix 1. Appendix 2 contains the algorithm CONEX, which

teaches the computer to recognize connected graphs.
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SIBIS and HIBIS - the flowchart

READ
@%,(X(I,J),J:l,m),lzl ,N)

READ
[apc,IVAL, (ICONE(J),J=1,IVAL)

GNAT(LI,J) = .PALSE.

{(d=1,...,M)}
GEAT(I,ICONE(J))=.TRUE.

(J=1,...,IVAL)

IGR(I)=
=IAPAR(J

Y(I)=log(¥(1})
(I=1,...,N)

PRINT Y,X

R o

(I=1,.00,M)

DATA ERROR

NOT
CONNECTED
GRAPHS

i SDCSDW _SCON(1)&SCON(2)
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| REGRES

REGRESSTON ABORT STOE,

PRINT
R,S,F,BETA(I),
2(1}, SerEC(T)
(I=lyeanyd)

"FIRST RESULTS"

B REJ=.TRUE.
I=1

ey
It n
o

LGR(I)=NGR(I)
(:) > LGR(I)=KF(LGR(I),J)

= = = = PIR3T STEP end

- -~ = = ITTERATIVZ PART OF THE
ALGORITHI (begin)

REGRES]|

REGRESSION ABORT]

[RECO(J)=R

RRR=[RECO(J)| - |mern] [«




TEST(1,I)=NGR(I)
<:>-——- NGR(I)=KPF(NGR(I),IR)

= §30 =

{imm € 1077
N

RMIN=RECO( J)
I_

TEST{2,I)=NGR(I)
LGR(I)=NGR(I)

(TEST(1,1)=TEST(2,1) 7> REJ=, FALSE,

_______ ITTERATIVE PART OF
THE ALGORITHM (end)

LGR{1)=NGR(T)
{I=1,...,M)

REGRESSION ABORT

PRINT:
(I,APART(NGR(I)+2),I=1,M), |
R,S,F EV,BET&(I),T{I),

SEREC(I), for I=l,..s.3
"LAST RESULTS"

- =~ = LAST STEP
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The structure of the input data is detailed below.

The SIBIS and HIBIS programs together with the PO-
LYREG program (which performs multivariate regressional ana-
lysis) are parts of a unique program called "ABSIN" (Analysis
of Biological Structures INteractions).

Input data for this program are composed from an
unlimited number of specific input data for each of its parts.
One can select the subprogram by a Keyword, namely: SIBIS-LV
(81IBIs - Linear Version), SIBIS-NL (SIBIS - Non Linear versi-
on), HIBIS, and POLYREG.

A commented example of input data is given at the

end of Appendix I .

2, Applications

The 150 values for the inhibition of L.casei dihy-
dropholate reductase by triazines of type I are taken from

ref. 5 (see Table 1).

X
PUF{Z
HN CHy
CH,
Fig.l. Fig.2.

The starting {IRS) for SIBIS calculations is
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@Rs7énit= 0(1‘3-7r8vll;12);w(4—6,9,10,13—15);1(16)]
(see Figure 1; ce-type subgraph corresponds to the structure
of compound 20 from Table 1). - Explanations for the signifi-
cance of ¢, w, r and i are given in refs. 1 and 4 -.
The starting (IRS) for HIBIS calculations is
(1rs) 1% [x(1,2,6,7,11);1(3-5,8,9)]
{see Figure 2). The two optimization zlgorithms offer the fol-

lowing results:

(R IPY = [e(1-5,7,8,11,12) ;w(6,9,10,13-15) ;i(16)]

s
log 1/I5, = 2.964(+0.098) + 0.261(40.030)5D7 - (1)
(£=30.383) (t=8.787)
- 0.382(+0.082)5D%
(t=4.674)

(r = 0.769, s = 0.413, F = 8.801), and, respectively,

1rs)OP% = [r(1-7,10,11)3i(8,9,12)
H

log 1/TIg, = 3.017(+0.088) + 0.368(+0.060)F + (2)
(t=34.227) (t=6.137)
+ 0.031(+0.023)£?
(t=1.340)

(r = 0.832, s = 0.373, P = 11.987)

One may combine the eguations (1) and (2) into one

equation, resulting the equation

log 1/I54 = 2.963(+0.079) + 0.143(+0.024)5D% - (3)
(t=37.393) (t=5.926)
- 0.228(30.066)SDy, + 0.276(+0.056)F
(t=-3.445) (t=4.883)
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(r = 0.875, s = 0.325, F = 12,266)

The f2 term has been rejected because it is not statistically

significant (i.e. tyq o o5 = 2.093) 1.340).

Table 1. Inhibition constants fot the inhibition of L,casei

DHFR by Triazines of type (I)

No. X log 1/I, sn"‘:E sn;j ¥
1 S0, NH, 1.82 2.2 2.0 -1.480
2 CONH,, 2.47 2,0 1.0 ~1.109
3 H 2.64 0.0 0,0 0.167
4 COCH, 2.87 2.0 1.0 =0.115
5 CH, 3.07 1.0 0.0 0.691
6 OCH, 3.12 2.0 0.0 0.262
7 OH 3.19 1.0 0.0 -0.309
8 C(CH3)3 3,20 2.0 2.0 2.150
3 C00GC,Hy 3.21 4,0 1.0 0.975

10 SO, F 3.21 2,0 2.0 -1.488

I3 F 3.29 0.8 0.0 0.382

12 CF, 3.29 1.8 1.6 1.323

13 c1 3.45 1.2 0.0 0.925

14 NO,, 3.56 2.0 1.0 -~0,066

15 Br 3.69 1.3 0.0 1.121

16 1 3+73 1.7 0.0 1.430

17 0(01{2)200635 3.74 7.0 3.0 1.574

18 OCH,CgHy 4.20 F.6 4.0 2,163

19 0(CH2)3CH3 4,20 5.0 0.0 1.846

20 (CH2)53H3 4.96 6.0 0.0 3.295
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APPENDIX 1
:fiittlﬁ!lﬂl‘!Iitl.!tttt*l.I'itltilttt’illt*ittiititttt*ttt
* EET] RBBA 858 x
* s3°°% 11 BR®®%s I 3°%% !
£ SS I d8 B II »
bl 58 gaaaa 8§ *
2 S8 ] ] S8 *
* S 85 BB B S §s *
: §5S8 I1 B8gBBa I SSS8 :
"tltttthliﬂlqtitl'tlltitqltntil‘tll*i*tli*.iti**it*tttiit

* AUTHORS
AARRRRRAARN

x OCTAViaAN

DRAGOMIR=FILIMONESCU *

AREARRA N R A AR AR RARRARRRRRA AR R AR Ak

* JUAN MOTOC =
AARRRAKARARNRRR

COMPUIER RESEARCH CENTER CHEMISTRY RESEARCH CENTER
STR, 9H, LAZAR NO ' BY, M, VITEAZU NO, 24,

R ="1908 "TImM1soaka, R = 1300 TIMISOARA,
ROMANTA ROMANTIA

SEGMENT UHAHAT,VA%OR:.REGPAR
COMMUN /GRAMAT/ WMAT(50,50),GHAT(50,50)
CUMMUN JVALURTY X(100450),¥ (10014 TGRUS0) (NGR(S0)/LGR(50)
LgSEUN(3) SB(100,3) TEST(2,50) Ny M
Gommun” /REGPAR/ "BETAC21) 5 TC21), BEREC(21),R, S, F,EXPVAR
1,SERY,SERES
s VEFS
DIMENSION ICONE(S50)
DIMENSTON RECO(2)
DIMENSION T1TL(20),FRD(20)4FwR(20)
DIMENSTION M RK{SO;
DIMENSTON APAR (3
DIMENSTUN éAPnR( ]
OATECEAONEER)
NTE® cH (2)ga570EH 2, 4)
DOUBLE PRECISION BETA,VEPS
LUGLUAL Y AVY, AVX, AVIGR
LOGICAL®] MARK,MRK
LOGICAL#1 GMAT,WMAT,REJ,SCON,NPRINT,LOG
LOGICAL®{ ERR
LOGICAL*Y EG
INTEBER TEST,DOI
INTEBER CRekP
DATA CR 7105/
L R ——
N N o] ) UE /
BATA APARE, "TASKR"Y ;[I;'?':'W‘.-?:O.l'/' .
DATA REC, CAV /'RV, ‘g
(QAIA §T0CA/THIAL!, " VL ISIRIY,'S=LV!, 'SIBIY, 'S=NL', 'POLY!,

KF(iND1, IND2) =
VEPY = 0,1D=71

MOD C(CINDT + | + IND2),

3) =1
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205  WRITE(LP,206)
206 2353!56{/0 xxk WRONG DATAV//)
208 ESEHAT(//- wxn WRONG ASSOCTATION OF RUN PARAMETERS!')
. MENT WRAMAT,VALORI
SN UBROUTINE ' CHKCONEX (ERR, GV)
¢ ,
DMMUN /GRAMAT/ wWMAT(50,50),G6MAT(50,5Q)
EOMMUN ISAtORI/ Reres gég.vi?no:.16&(50),~sntso).Lsncsoy
1 sﬁuﬁ§3ékssﬁk$9'3"TE§T‘ 7503 N H
Ebc?ugi.; WMAT,GMAT,RE 3, SCON, CONEX
COGICAL®] ER,ERR
. LOGICAL*1 GV
ERR % _FALSE
po 1ug'l -
c _ :
?Etgq = oEALSE,
NF B
NN 2 0
¢ WU 90 J s 3, M
z I (LGREJ) LNE, 1G) GOTO 70
DO 60 K = 1, M
8 IFC(LBR(K) NE, IG) GOTO S0
WMAT(J,K) & GMAT(JsK)
GOTO 60
50 WMAT (J,K) = FALSE,
60 CONTINUE
¢ NN @ NN + 1
LF (NF ,NE, 0) GOTO 90
NP3
6070 90
zo DO 80 K = |, M
cD “H‘T(J!N) = 'FALSE'
90 CUNTINUE "
a SCON(I) = CONEX  NFs NN, ER )
c
E IF ( ,NOT, ER ) GOTU 100
R ® ,TRU
En V(i) 2 TaﬁE.

éon CONI4NUE
RE[‘;U"N
* sEGHENT YRAMAT

LTION CUNEX ( NF, ERR )
CUMPMON /GRAMAT/ cuuutcr(§0,50).GHAT(SO.SO)



- 154

ICAL*1 ERR

wr
=3 [: 4
— (=)
f= [: 4
<& x
at
-~
~ z
- -
-
o —
x P~
o £ 3y}
x D=
x =] —
- - (=]
. =1 a2
- (L] o
= —~
z - —~ -
- ~ —_— d
- - — >
[=1 - X x
z -~ QO -
~N L ax xz -
- = - xC
[=] - - - X ]
[ - Q w -0
< -t - - o= >
(L] x [=] = Zz = 'Y
- (4] [=] <X z
— - 4 o (=
—~ -] - - -~ (&)
'y - - - —— -~
4 =] — (=] -t - ax
z z OF S -
- . = - - - <X z g
- oyl w oAy -a ™ - — - 2 E3
WWLiD e ~a . -~ = D= =1
TOWMITOX X =l o EmiDE LI Fret W M I S0 o+ - ow
Z4IXIX-ZTWOTD W ZwXZTWU eZw Z20 - o (&)
ZAA - +ZJWEEX N ZXFHZwWX wZy sr O 2Z2Zaox o w (=]
i = = o T _J xX = Zr W X = <O o - o
-ee N «Z s @ g nZ = — =D = O “ss «
- HEN —O W —IH—O L EQX [ I L L T & e | -
uu -~ LUBH - hnd on h ~r—R D = T xZz
n e . W Wk =il & Ljuw sl =& L~ 0= i (=1
AW T mADRD e ADD = AZTOH XY N2 =

e ZZ g Ot Z Zr4 D DD ZZN T W ZZ XX ZZZ AD
-t I -t B FTwwagi=w. Z X Lo Z ——ED AdA Q2 X >»D

F M EXDEXDOVN XN DT e N0 MNY~XYDEIDX—~D x

DATA NNM /50/
LOGIVAL®1 CON
GICAL=1 STA

LO
LUG

XXX wXKZZTZ XY wXZZZT —Zaq2Zwd —sprdZ RO
CA-XA-EOouC=0000L IOLCOOEOCLWEr-OuUSLLOUDLWZZ D
DINAINAOHENUOUOCHCOHI OLY OHY ODUHZ OO ZOX W

* SEGM

aIGR(SQ):NGH(SO)ILGH(5OJ



- 155 -

DO 2Y I ® 1, N

LERES3

-
[T =]
—~ - n
=Ty o -
- - o
e x =
—rr - -
2 ~~ ~~
- (=]
+ E (2} o
e L
~ n (%3 ~—
s i > 4
s = ~X >
=0 = Xiad -—
20 e ~NJ
-1 - > - ond
— A~ o =
LB i [+ 4 ol —— D
[ ] ans bt R 8
s [=3 44 T g
et o ke [ B3 —~e
[l ~n S ~ e om zz
20 L] . =~ o
oo - T - - ZzZC>
@ o~ = ont WX - -
-t b ted Ow Dl -~ =B ] =y
—~ P e - - 4 R e -
>0 -t - bt almt - of of o "
™ ] AT M owE W > ~ TET >
-3 L xm o e o - Zm3 oo 2w
- o w X O wZA —~0 - -t ==
-~ 3.4 L2 i ON=CZ Z  we DNW f=fal-=] [
L=T - Z ™~ DN Ot et -3 ZZ &« B Z Do
- | R i = ) - o> E b WX Zd - [~ —~
COoOQ W M~ - = D> e WD b ——r [N Z et}
- - e L B 1Y —_ OxX >0t )t FEUHI k- Fee=<H B OHBD
OO T ~— D il o whatiad - U —SEWD = 2D o -
xx Z o = AZHE ZmZX - aCO> U ~Z J\. oD ong—~ ~ B ZAem
KR~ © OO = W [ g- 4T A« OO00O0 % Ox bt Oretemw Ul J I+ Z "R IH s e
e B2 = D @) = O =t 3 K o) ereA-3 Dkl ") w30 e mmow
" b - -4 EZE WIOZTA Or-vduld ol K > FZ —nNZ -y HEZ D W
—+=3F. D ekl D = DILHY: XYDI>BEIT D! nNe " 32 JINDFHRA DD AZ AD st
ey} Y et D = W) et XEALLIDUD- Fig s HU‘U L33 3 2o BN dr—a a3 A A
(&3 & 4 =z Z=ODEXWUINETS xx = 4 ZIx QA Fa 21
o300 Q o DWZZ DOW>r0=2 0 (LR 3 Esso D 4I30000 Ow—0
Lol i w o CﬂEEBC - wl} w00 8 L & >0 ChuZTZOO LAID
-y} - x &
G
[TV)
w2
o o =4 o = o
(5] (SRS ) LS ol 5 o 1S M - [S RIS I8 &) - o L]



- 156 -

-
~
- -
-~ —~ -
> o -~
- ~— - N~ ~
- « -~ nyry —
Lo w9 x ~ ~ N
- - ~ ~ ~
a - = Exx «
Ld =4 ~EE N x - ~ -~ ®
~ -~ = « ——~—— ~—
> > X~ -~ -~ WNEE E e ~—~
d =mm ~~X Py "~ -~ E
« ~D 2 X e - g E -
-Z w L x9nwm (% 3 00—
~ - bt bt = ] At 2 > x &« St 3 U
- [ w > - nx w X
— -A £~ > e -~ « > > x
- -t B > L] - o - ]
a b " = =& St~ z BIE x4
- [ ol R >~ 0— > = > -
-~ ad > e v X > = - O~ @ X
» A roxn > B - - § B > g
> & @x ww b B s ~ oI ot
+ - Zz— —~ o - n o ~ oo
- & 3 oo (=] x> o ~ - E own
-~ - —EM o - = ~an e L X = 0~ =1 e X ¢ —~D
- - ¥ o - ~— X>»Xx - n C o — - I>>
- = MNZ o~ o w Z — —ZZ - o Z - MZE -
— x wooa ot > 3 —E K R P ) ~ N ~ > ™ —g K
Z - Zx -z~ (=] > _ra (2] <l b S S (=] LTS (2]
- (=T 3 S A3 N (L] e >ZZO b M ey - O -y >ZZ
o - - o Wa® -0 0 % M AIT K~ =2 N - QD Z x-@n > aJ
T M - N rd e -~ Z - s - ~ s B o - "N 'S
- -k~ OO0 - K w ZX - Ny (=YY - Zox W
O s—=p~ T C sXECOHNZ = s MY T =] o e Z o (T -
Zz o ] ['VE 3 = OXews = N s Zi— W - - — Lo Z—
- IO =~ x« S QO N e WD R X N~ - X ax et OH B —Hx
~ W D xe & O el W en wo o T —ne .= z w
nNeE T ~Zw (=} 4 SN FZ—~ MW Ww = = u W NN =N BWeTTIH i =
= D=2 o ~ =l tw-n - = =32 D v - -0 Z w>
e BN =-Z o« = e ~ B R~ Z B R~ z oo = sHC U~ —Z ¢
wi - Zeu) ad x EO=Z O=rd = O = [ lad o U= O - - n = ——
DQ=RIN—=C O-2 - QA OO~ N —~DE o~ Ll Sl DT D= Wt I e
z =2 LI Zx Z +=Z O - 3 L vt =3 ZZZr— 0 es )O3 Zootws
D e ~“¥ . ~a n —E~EL&D D, - 3 DHAEHADI~ADEL WD . -
—— D = ~ZEDwZE~=4—3D 203 2 DL =L =—Z L33 203
z 4 W& O - Z Zx w=X -
o0 o = LXOr-uLxOo 2 o OS0Qx0Co [=]
oo o - O SN LD (L] O Lnawno (L)
- -y -0 —ry -y -y
o oCc <O c o
< Sy =1 =4 o o o0 e T v o
= NN LLLOLL O 0 P~ o< o v et e -



- 157 -
(Wed), J = 1, ND)

I,

199,

- —~ -
2 x -
- ko <
-t > .
~ —
- 1
¥
- L 3 -~
~— - o
> ~ — — N e o
B 4 w -— ax [« 4TS
- a + >ruw [+
x ud ] - " L]
- > ~— x *
E ] - -« K~ xz
LS x - a x 4
- tad wt 4 ~—~E LTS
o ~ -3 - ¥ IO * o~
Ll w o ox — =} - w Z > - <
- - & = z + - . T M e
> Z = Q- ~ bess N B Xo O
O W ox O - -~ x 2 - . w7
- Lo R 3 Z —0 o~ ] bl N - o ®es oL
o (S I < why - - 2 (=4 e e Zx ~w
] - f= Lar v -l 1 -~ - s X® D« [AYN ] -
- w % Z—n - T - z Xd=d Z>>> Wik x [
b3 w o« -« = ) -~ > e e - D —Z XD
= (=T aH— < wl nn et Zsowl) o - W Ax - =
~ LS - = =] - = e £ — E¥X Wx T W=
ol - = =i (L Rt E T £ > ¥ (£ T A = -
z x B =3 = HA u ~== o OHH — n—rym xXxx O*x N e
o = e Z e O~—Z (LI o XX -« ¥ Uik S
- K WO GO N E W w0 O S [F1} ax Tk N~ —ZxXW
o~ © &k D NGEDEY T A0 ADOX HITX e se HARAHNT " * T
o} o o o ZEN EZOWOwZD ZZOmZ» DO-wZ D000 < ~dE uix win Faax
zu N &, =42 J=' ~AE-ND IA4Tw—a ANIT R Dre®fNrm’ k. T YHNNT—L
~E X & =UI I Y= Or-UT=0 U= TN XY~ nE —«. >
Ll 4 (L 4 Zd 2 Zz Z x zZ =z Qx - HuuHHER 3
z0 w = 0o Quund 20 SO0 JDETA ODuw-ummO o L N Te 4 >
On ax %« o OO=0 0o o WD LLETTo (& Dk C=x ol W
(53 —
< < -y o cc < < <
oo = oo - e i un o
0 DO O oy N nny ~N n GUSTSTE S S T STETS S}



- 158 -

/ (R2 / (FLN « 1,0))

-~
~
- -
~ -
- ]
- wt
[ ] -
- 4 —
xrw - -
- z x
ouy wl —~ =
Z%x wX o —~ ~ ~
oOx o =2 > z ~c
- 4. 4 - = il -
[—_— - ~ | - e xxE
- & —~ . - ~F Lo ox ]
% -~ - - - . - xo -—
=X b 4 [ ] ~ DE e —~ . -
[V - Lad ~ O e x x =
x - xxo ~ Z@x -l - -l ~ - Ll
~ - (=] wo T oW s - =0 > * Q
o - X w wd il ey (& ] -« - w x (L] -~
4 = o (D - O ~ - w Ol @ - = -
- ox - >~ > - D OUX 3 @ w I = —~ o
e z — xZz W i~ w A — O z
[ ] wx ~J N wo w= o s @ LN T - > -
wx e~ (=] Ll a 00 w=- - 2 > - 2 -
x g & — ow - Z OQOZ W~ -~ —Z -« uX o . "
- o« N wa xe - - - b3 < s @x (15 =
S (LR (S ] b 411 Rl Zr- A= — D [T ] ol (S ] - -
- w % o wlo s 4Talla Tailallell ol QW ety et z0 D Z . -~
Lok axx i (2] OO «seee e it - - -0 X0 -« « -
-« orw N XMW = o - - L ZzZ <« « '} -
[ 34 W x W - ) WO et otototeteesly D —— w xo N a1’ Y ® —
- I+« L] X ~AWZ s Llbalate W )~ [+ - n ol - bt
Za Lk 4 ) B >EXL sssmsnas X - - xw —-—NNZZ « ® -
A -« = Z O W aOwee oo [5-] = =~ w 2 =00 Z~ .
b Z x« X~ a4 WOFO—<BARIAEEN W N * W = et -~ wn
~N Ox Deet o B Ol == D T s e o xenwe Z— - = L
L] & @ W XN TOW > e = ] ZT= e O -0 = Qe e - ety Y W
~NZ -« < j~D X ~ (L9} 478, 4 -l - #+O wlujhad O OWw b s S =z
wz wx H—n XD o wrxa o> ~ON ™M oxD W owlw -t A= O =
N (&R 3 W ~—n OoOw o DUl O - et Oes X ZZAXX—ON I « oM
@x u — ~T O W ro- B - Ot = Ml =HOOAXONACH WZ Zr—Ul=O
" - - MW~ oo~ Wi~ oM~ HZD M-I =« —— P ] Z e
n x nx —HO XITH Z = I =0 =HZZ == Z D - w ZTH R T
Nl - . S ~EuUrwr— N —derrrvrrrrdr i—d=EX YX~aC=BX DZ J A1)« g =5 4 1 Sl
>l — MEN-AD = U wZ T acssannsaZE o ZENwA =IZE =« 2D YUDD-ZIH~trir=Z 0L Z
orocw - s 424 ZAE HEOCOOODOOHE UM = Zr=HXOoX-ODIED DO Zr= ) Z O
Wl o - Wi DWW D vttt ettt X O NI X O O OWXED—~LIUZODO=O00xOIX0 X200 02X
nmoz wx o0 LEONR -0l 200 Lt LW i->TwWwnoooJdoubwd UZZe Okl

[SISIS IS ELS )

2Te

= UMY N D

280

-—

290

300

=4 -y

=4 f=l=}
(= =l =] - o
- U N WAWN N
M N o - (818 818 8]



= 159 &

1

oy —
- — |
-
—~ o L 4
o —_— -
=] -« ¥ W —
= o - -~ —
x = [ —
- [N >
— b o O
x > [=3 [ | o -
- o o fal §
o - (L -~ ~
- wx 1 Zz = ~ -
=t -l ™ —~ - -~ - -
- o~ z - - - »
L ™ - - e S —~
- 0 ~ T NEh = - [res > z +
[+ 2D Zr - n - = -
L= ok L N~ ™ ad Ll -~ * > <<
- o wZ +* -~ - o A z -— x
Zn D~ T o~ - -t T - - »Z [4-]
* o =-—T ~0 - —~ a - > x R —
-4 Z A0 wX e NG Z nNZE D - 1L - > ]
- o~ n - e~ z - - 3 -r - X = >
Oy x= 0# oOx-—BDwu o« w - X~ wy LN >
X - XX b & -2 «Z L B A w2 ZIx —_ZoZ
= = O o ez -t [ ¢ -« e - - &« 0
M UCHFETSTWE B il ~d —~— - A = wM b - N
ATl T meD = "D Z + - . b X S > T
s X PN 1T X zZZ -H + n ~ bl ot z - ZH ¥
0nux L Tewrwrrd w2 DradZ I CIui— B wlwluior ZONnHE W ZO HOW

E z ZZXZX = HZd— TZZZZ oZ DA ZZ —PDI~NZZT

3 D2LD 22 D4 SZUDNt = et A A= X ~FE ARX: —~E D! =M

EZ=wd<I2P LI ImD 2D (S St D D= D BT Jalvtt e~
Z =Han Z rM —ZZZZ FOZI ZrOZXIW zZ—-0

S 24 O Ok LWOOOOXWZI=MD OwWZI=>»>0 JSw
D=0 QD= OUOOWTWLOXO OXUeOxo Ol

(=] TN
-

-—
- —t — -



- 160, -

INPUT DATA FOR SIBIS

N
SIBIS-Linear Version,yy _ qrUE, = vector Y will be resd
SIBIS=LVIT! AVX = ,TRUE. = =//= X // =
- 34 = SERIE — TITLE AVIGR = ,TRUE, = IRS will be read
sazaré__—-——‘.{'s are already logarithmed

(11X,F7.,2¢4T20,24F4,1))=— output FORMAT for (¥Y(I),(X(I,J),Jd=1,K))
(16F4,2) «— input FORMAT for Y

522 600 610 700 B0O 492 555 559 674 700 770 485 S05 S49 470 510
S60 600 ©20 730 748 749 755 768 352 S40 566 585 SB89 600 650 eey

740 755 / "y

(12,24F24}) w~ input Pormat for (I,(x(I,J),J=1,K))

1111l 1 A
-3 T G U O S U B B O | 1 1
311111 111y 1

a1 111111t 1

S11 1131t 111t 1

61 1 111111 1111 121

71 L4498 3 1111 (S TR T

81 1 111111 1111 1

91 12 T 1111 1

101 1 I S T A O | 1141 (O]

111 ¢ 111111 1111 1

120 111 1 111t 1 wyn
13001 11311111 11

141 111t 111101 1

151 1 129 111 11 12 12121

161 1 121 111 11 12 121

171 1 121 1 1111 121

181 1 I71 111 1 1

191 1 211111112 1

201 1 120 1 1111 12 1

211 1 121 11111 12 1 v



221
231
241
251
261
27
281
291
301
311
321
331
341

EOF «*#—— end of

4o
3C
4c
Sw

144

8C

9cC
1oc
11C
12w
13w
14w
15w
16W
17w
184

1 121
1 124
1 19
1 i
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

343/
224

3356
34 614

3268
37 919

3 81018

4 91115916
3 sl0le
3111514
21214

3 st212
21016
4101511724
3161824

3 91764

e b R Ak el R e R e

-

- em e e A A s e kA s e e

1

1
1
1
1
i
1
1
1
1
1
1
1

- et RA fem s s A R e e e

1

1
1
{
i
1
1
1
1
1
1
1
1

12

17
12

= 181 =

12

B
12
i3

12

data (for X)
Wy %yﬁvertex 1, type "c" connected with 2 vertices,

name

9/7/}4’/‘“‘Verrex 6, type "c"

12
12

nyn
12

{ continued)

_ s e 3

1ly 2 and 20

connected with 4 vertices,
namely 4,5,7 and 11

<IRS> - input FORMAT - (12,A1,(38I2))
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194 3 1| 824 T

20w 2 121 <ms> - (continued)
21W 22022

22w 22123

23w 22224

241 51617191923

+EOF ~— end of data (for SIBIS-LV)
SIBIS=NL (it was a complete set of input data)
SIBIS =~ Non Linear version

(AVY = AVX = AVIGR = .FALSE.
The run will be performed
with the same input data).

- For HIBIS, input data have the same structure.
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INPUT DATA FOR POLYREG
POLYFUNCTIONAL REGRESSICN ANALYSIS

POLYREG
HI=AIR ’
-—— TITLE of the regression
N wkk AR g
CiO Se}
HI Lo B1 82 A3 CT & N variables

(6F5,3) =— input FORMAT for (X(I,J),J=1,M+1)

4y7 3 152 19 19 204 |
1023 411 152 19 19 297
1523 50% 152 19 19 349
1154 411 204 276 316 3js
2023 617 152 19 19 442
1951 505 152 {9 316 421
1879 505 19 276 316 3ug
1724 411 259 286 286 297
2253 711 152 19 19 494
2379 617 152 19 31e 442

"{" — each card is a row

\

T1 11 2y =e——— This RUN parameters card means:
T - DATA will be verified;
RUN PARAMETERS - monoparametric regression;
T 111 41 o QW G LT
”n (1] 4 ” n
T1 1151 = U ae B
T1 11 61

+EOF =——_ond of run parameterg - new data are resuired under
+E0F e end of data under this TITLE the Supn (IR
+EOF w— _ end of data for POLYREG

after this ".EOF" card, one can ask a2 new computation
specifying a keyword and a2 new data set, or finish the
execution of the program with a new " ,EOF" card!
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APPENDIX 2

Teach the Computer to Recognize Connected Graphs.

The algorithm CONEX.

The algorithm is based on the idea that starting
with a given vertex of a connected graph, one may reach any
vertex of the graph.

For brevity, the algorithm is described in ALGOL.

function CONEX (G,K,N)

begin
for i =1 step 1 until N

do
begin
vy = false;
V(*%i]:= false;
Vi) := false;
end
end
V[mﬁK]:= true; V[*hKlvz true; V“][K]:= true;
for i =1 step 1 wntil N
do
begin
if G[i,K]
then
vIMy = true;
v ¥y = true;
fi
end
end
1: for i =1 step 1 until N
do
begin
ir v & v & v in
then

v = true;



2 ek 4=

i =121 gtep 1 until N
do

Hy
O
]

begin
i 60,4
then
VUﬂﬁltz true;

end
end
Fi
end
end
KNMS := false;

for i =1 step 1 until K

do
begin
i vl 2 vy
then
KNMS := true;
V[m]{i]: true;
fi
end
end
if KNS
then
go %o 1j
else
CARD := 0;
for i =1 step 1 until N
do
begin
ir vl e vy e My
then
CARD := CARD + 1;
fi
end

end
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if CARD # N
then
return false;
else
return true;
fi
fi
end CONEX;

Illustratively, let us consider two applications of

the algorithm:

A) 1 0110 o’ Xy
~—3 4 5 10100 X,

[tfll’ 11010| =|x,

2 0010 1| X,
G=(X,); Card X =5 00010 Xg

The \.’T-ml, V[“] and V“] vectors, for each step, reads:

vl’]

v el
vi®l 950000 (start with the vertex 1)
J
4

vino gy vty
Vi*] * ¥ ==> V[*] EE
v g11p0 viml 33100

It

v
V[f] oy 1 V“] R
V["El ¥ ¥ K ¥ GF= \(U‘E'l *® K K K
P 113190 v 1317340
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4
VA B IO O vl gtk
V[*]_ ¥ K K ¥ K =2 V[*l ® K K ¥ K
gy 193711 vi®l 11111

There is no entry of V[ml equal to 1 with correspon-
ding V[*] and Vm entries different from # and !, resvecti-
vely. The computing procedure is stopped, end one totalizes
the 1's of the v ™ :

Zvlm] = 5 = Card X == the graph G is connected.

B) 1 0100 X
CCR— | 1000 %y
: 0001 Xy
G = (X,/M); Card X = 4. 0010 X,
vl
)
v o000 (start with the vertex 2)
J
v[i] 1 V[ﬂ] 1 1
y (%] 3 ety vIEL 5ok
vyl 1 000 vy 3300
vt
*
svi® -2 £ carax = 4 VIE
50} viml 1100

the graph G is not connected.



