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1. Abstract.
Linguistic pattern recegnitien techniques have been used for ge-
nerating and identifying the near sequence in binary cepeolymers en the ba-

3is eof the ultimate effect.

2. Intreductery Netiens in Linguistic Pattern Recognition.

Linguistic recegnition uses the analegy between letters and the
words withim a phrase and the structure of a pattern. In this analegy any
pattern (geometrical feature, digital print, image, etec.) [ 1, 2 ] may be
decempesed inte a number of compenent parts (called primitives) that have
for cerrsspendent the letters and the werds ef a language. On the ether
side the rules of a pattern compesitien may be related te the grammar
rules eof building a phrase. Therefere we come te the conclusion that de-

fining a language and a grammar that describes a certain pattern class is

pessible. In erder te exemplify let us censider the geometrical pattern

of & square. The square can be decemposed (Figure 1) inte & number ef four
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primitives a, b, ¢, d that define unit length segments. Therefere any se-

quence of feur letters of abecd, beda, cdab, dabc type will identify the
b .
S S Y S
FIGURE 1. Primitives used in the descriptien ef a square.
square. Further en, the language L1 that generates the set ef the squares
having sides ef length equal te m units will be defined by the set:
L1 -{sn v? ¢ g B> 1}

Ia erder te specify the rules ef building squares using elements ef this

language we use the theery ef pattern languages that defines a grammar ef
the fellewing pattern:

a.(vn. Vor By 5)
where:

V. - the set ef the nen-terminal symbels;

-
1

the set of the terminal symbels;
P - grammar rules;
3 - initial symbol.
The grammar elements that generate tha patterns described by means of the

L,I language are:

VT. {a, b, ¢, d}
vN={s. &y By Gy D}
P : 3-==a8A4, A-->ahA, B-==Db 3B, D-=>d D
A - B B-2»cC D-=4d
A =s»DbB C=2=dD
The operation threough which we build the pattern, following the grammar
rules specified by P is called derivatien and is represented by the sym-
bol "==== ". In the case of a square having unit sides, the derivatien

may have the pattern:
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Sz=p Ao bBaxxabeCapabecl=apabed
Such @ grammar is knewn under the name of contexti-free grammar. If we
wish to represent & quadrilateral, whese primitives are described in Fi-

gure 2, the language will have the pattern:

L, = {n"hjckdl I 1,3,k,1 ;1}

FIGURE 2. Primitives used in the descriptien of a quadrilateral.
In this case the grammar is stochastic and has the pattern:

Gs- (vﬁ' VTI PS' S)
where Ps is a finite set of stochastic rules.

For a context-free stechastic grammar a rule in ES has the

pattern:

L Aogr AE VLG € (VT ¥p)

vhere I’_,L represents the preduction prebability.

J
In the case of a quadrilateral the grammar rules are given by:
b4 P P P
Py 8-> ad, A =I5 ek, 5222 v, B <22 oty 2245 ap

P B, P
12358 8238,¢ ¢34y po-a

Supposing the probability distributioen is uniferm within the interval

(0, 1), the derivation rules for a guadrilateral are:

P P B B, Piy
S m=> 8A =i2> aB =22p abB =23p &bC =22» abeC =2ip
) - P P
==_3-=5.;. abecC nZi-;. abccl —_-i:> abeedD



- 254 -

3. Generating Cepolymer Sequences.

A copelymer represents & chemical macromelecular cempound ha-
ving an aleatery repetitive structure in which the setting-up of mer se-
quences (the mer being a structural elementary unit ef & macremelecular
chain) as well as their nature and number depend on the cenditiens in
which the chemical reactien ef copolymer fermation takes place (tempera-
ture, pressure, solvent catalyst, etc.). The nature and the reactivity ef
the monemers alse influence the mer ssquence. As there is & clese linmk
between the copelymer structure and its properties, any theeretical ap-
proach in determining the structure on the ground of the monemer reacti-
vity may prove te be extremely useful as it might allew the synthesis ef
macremslecular compounds having an a-priori structure. Therefore, deter-
mining sequence distributien is important for understanding physical pre-
perties ef the copolymer, for determining reactivity parameters ef mene-
mers and for discriminating between many possible reaction mechanisms. In
order to exemplify we present a binary cepelymerizatien reaction between
acrylic acid (M1) and methyl methacrylate (Hz) menomers, &S well as a

pessible 1(114'1121»121(1 sequence in the cepelymer chain:

CH, = CH - COOH + CH, = c(cH.j) - c:ooc}i3 —

) (ny)
s i
—-b—CHE-(r'l"l—CHZ—H-Cﬂz-c—(ﬂiz-(l!-cﬂz—r{—
CO0H COCH OOOCH.s GOOCH,‘,‘ OOH

Several models have been developed te explain the way in which
copolymerization reactions take place and te allow cepolymer structure
determination according te monomer reactivity E 4 1. All these studies
take into account the appearance prebability distribution of a mer con-

ditioned by the growing macro-radical structure (the ultimate mer-model
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and the ultimate effect, the penultimate mer-medels and penultimate effect
etc.) as well as the conditiens ef setting up & copelymerization reaction,
expressed threugh r, and r, cepelymerizatien reactivity raties. A binary

copelymerization reactien (two menemers) with an ultimate effect (that is
enly terminal menomer units - mers - alter the rate values) imply feur e-

lementary grewing reactions :[ 3 1.:

- K]J *
Mo Mp o+ My === NuMp, I, d o= 1,2

The raties rI = KII !/ KIJ y I, d = 1,2, I £ J are called reactivity ra-

ties. Suppesing that:

i) rate values de not depend on the length ef the grewing ma-
creradical;

ii) we can neglect Initiatien er ending precesses (that is we
consider that the polymer length is se large that it does not influence
initiatien er ending macreradical grewing), the probabilities of tran-

* *
sition P from the state MI to the state HJ can easily be celculated

II

thus:

Ko (M) (M)

4 = ¥ * -
K (M) (K )+ K, (M) (K

11

(M ro (M) r

Kpp(ny) L I

KII(NI) + KIJ(MJ) .L‘I (MI) + (MJ) T+ c

where ( ) designs the initial monemer concentration and C = (MJ) /

{MI). PIJ can be ebtained with the fellowing relation:

PIJsl-PIi= ______

The authors intend to develop & linguistic cepelymer sequence

generation and recognition system. They have thus proposed the interpre-
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tation of & copelymer sequence as sentences of different lengths in
which the mers are letters that greup in werds formed ef ene or many mers
of the same type, Here are the steps we have made:

b Choosing the primitives is impesed by the mer type that cem-
peses the copelymer. As in the case of binary cepelymerizatien the meno-
mer units are ef two different types, that have been chesen as primitives,
the mers (the primitives) being neted with n1 and Ha. A3 neted above, in
the case of the copolymer acrylic acid / methyl methacrylate, primitive

H1 will be represented by the mer - CH, - G(C‘.Hs) (COOCHB) -

2
2° Cepolymer structure representation is made under the form ef
a primitive string. Thus, for the situation mentioned abeve & sequence im
a primitive string is .... n1n|uzn1n2y.2...
3% 4 context-free stechastic grammar of the pattern belew has
been chosen for describing and generating sentences that represent such

structures:

V“-:{S. Xy Y}
VT':{H‘I' MZ }

where:

P P

1 21
Ps $ 8 ———> H,Ix, X m==> Mlx, Y =—> n1x
P42 P!
S == le X =—=> HzY Y —==> HZI
T, T,
P, , = wew=y, P, =1=P , P, ===
1 il 12 11 22 ¥
1 2
.’:’21 =1 - 1'22; T, and r, are copolymerization rate values.

The grammar thus defined has been implemented in & program for
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generating cepolymer sequence in whieh the copelymerization degree repre-
sents the sequence building process stepping criterion i 4~ 11 1. The
probabllity of generating the string that represents the copolymer ap-
pears as the preduct ef all probability productions asscciated with the
production used in mer generating. We have considered that if the last mer
is of the M _ er Mz type the appearance probability o¢f another M

1 1
te be attached to the growing chain is unifermely distributed; the appea-

or “2 mer

rance probabilities are P”, P12 respectively if the last mer is of the
¥, type. A sequence generated according te this grammar is shown in Pi-
gare 3, and the GENERATE-STRING sequence generation pregram is presented

in the Appendix. 1.
M=M= =M =My MM b =M M i M =M MMM M MM K M M -

T T I P P e P B

M1-H1—HZ-M1-M2-H"2—M1-M2-MZ-M2—H1 -ME-M1-—M2—K1-M2-H1-M1—H1 —M1—H2—H1—M1—M1-

Wy mMy =ty =M by =M b M M WM M M MM =M M M M M -

P e e e P P e P i e P P P P

2

M M MW M MM

M,-M 1

1
I P e e e
I T e T T B I e

e (W

o M, 2—1‘11—!11—M1»M2-M1-M2—M2—M1—H1 -M2-M1-M2—M1

FIGURE 3. (ﬂ1"H2) 2-vinyl-pyridine* styrene copolymer partial
string sequence generated according te GS'

4. Principles of Copolymer Linguistic Recognitien.

If a pattern class can be described through a determinist lan-

guage then the procedure of recognizing a pattern to belong to a certain

clags is made by & determinist automaten. This accepts as the input the
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string describing the pattern, and verifies the belemging ef a pattera te
a certain ¢lass with the help eof grammar rules used in building a pat—
tern. For the pattern generated by the I langusage L = Ilnh‘c.dnl n>1
the determinist automaten has the pattern:

A=(Z,Q »q,F)
where:

T ={a, b, ¢, d} and is the alphabet;

Q = q°, q1, q2. q‘3} the state set;

F s{qj} final state set;

1, is the initial state.

d" is an application on the Q x F set with values in the Q =aet.

The transition diagram has the pattern:

FIGURE 4. The transitien diagram ef the A autematon.

Fer the A autematen, will have the values:

d‘ (qo. a) -{qor q.l}
d" (aps b) =<, qz}
d (ay o) =< ay q,}

d (qj. d) n{qg}

In the case of pattern recognition whose generatien was made
with the help ef a stechastic grammar, the most simple precedure ef receg-
nition can be made with the help of & nen-determinist automaton. This so-
lution has been adopted by the authors for the recegnition (identifica-
tion) of & copolymer. The next non-determinist automaton has been de-

fined:
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C="(L,Q a, F)

L= li>l}

Q= q.l a9 q‘Q}

where:

Faf

d (M) =4 a,, qz}
02y W) =gy

d (ap B =< q

d (ayr W) n{ q1}

FIGURB 5. The transition diagrem ef the C automaton.
The transitien diagram of the C autematen is given in Figure 5. The aute-
maten was implemented threugh & computer program. T™is pregram accepts
as input the string that describes the cepelymer, and afferds the rate
values as eutput. We have calculated the rate values r, and r, of the
copolymer that results from the methyl methaorylate / chloreprene copo-
“lymerizatien:

r o= 0.073 and r,= 5.852
(the experimental { 12 ]. ones having the following values: r1 = 0.08
and T, = 5.1)s T™e RECOGNITION-STRING program is presented in the Ap-

pendix 2.
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5. Results.
In order to exemplify (See Table 1) we effer belew the results
obtained in the case of cepolymerizatien of acrylic acid (K1) with methyl

methacrylate (!2 ).

M1 1;1 in the ebtained cepolymer
initial experimental Markev (M) Automaten (C)

1. 88.0 91.1 90.8 92.0
2. 88.1 85.7 84.9 85.4
3. T2.4 TTe2 7T.2 T67
4. T1.6 T5.6 6.4 7545
5. 58.9 61.5 63.9 61.2
6. 58.7 62.2 63.7T 61.1
7. 51.0 5641 55.6 53.4
d. 45.8 49.1 50.0 46.6
9. 34.0 41.1 3649 33.0
10. 30.5 32.6 33.0 28.7
1. 20.2 25.1 21.5 20.2

TABLE 1.

The agreement between the compositions calculated using a Mar-
kov chain model of the first order and the stechastic linguistic grammar
described above is very geod, as it is shown in the fellewing linear re-
gression equations:

% M, exp = 7.658 + 0.904 % M,,C

(r = 0.998, 8 = 1.3T1, F = 981.779)
% M.y exp = 2.854 + 0.957 % M., K
(r = 0.99, 3 = 1.759, F = 594,962)
where r represents the correlation coefficient, s the standard devia-

tion and F the Fisher statistics.
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AFENLIX 1

ooo0000

e R R P R T TR e
sEE
HEH
GENERATE-STRING Y
EEE
wHE
ERR R R R R R PR R e LT R b P R P R LR R 113

GENERATE -STRING IS NEW VERSION OF MEMORY -2

BLOCE DATA

COMMON/ TMER/FETA  FETE, RLK

DaATA PETA, PETE, BLE/2ZHA~, 2HE~, 1H /

END

INTEGER SW, FRMOL , MER, NA, NG, NTAS, NTES, NRA, NRE, NEA, NER, RA, RE
COMMON N

COMHMON/EONST /SW, FRMOL , MER, NA, NE, NTAS, MTES, NRA, NRE, NEA, NEE, RA, RE, 1
COMMON/POLYM/FOLYMOS000) /NIVID/ALFHA, BETA, C, R, R2
COMMOM/TAREL /GTAB(S, 14), J/RANDOM/TA, TE, X

OIMENZION NAME (40)

L=10%

REALIC10%, 200, ENL= 2) (NAME (K, K=1,40)

READCLOS, 910)MER, N, RL, &2, NA, NE, FRMOL

WIITE L, 240)

WL TE L, 2000 (NAME (KDY K =1, 10)

WRITE (L, 930N, R1, RZ, FRMOU , NA, ML

CALL INIT

CALL ERROFCMC)

PR RS g EL e W T ETW R N |

IF (MESLERL 1) CALL INITA

[FEOMUR. GO, 2)CAL L THNTIE

cabl Far
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2 CALL ERRORP (M)
IF(MC.EQ. 1)G0 T 1
[F(MC.E@. 1050 T 1

4 CALL MAS
CALL ALEAT
CALL NMAZ
1A=IB
CALL ERRORR(ME)
IR - T O 1 T I W
I=1+1
IF CI.GT.NDCALL OLIT (Mo
IF (M. ED. 160 1ot
GO TO (5,6),54W

b= CALL GENERY

GO 10 7

= CALL GENERR2
7 CALL REEWCML)

LMz, 3, 4
= ST
200 FLRMAT C40A2)
10 FORMAT (12, 16, 201408, 3160
A0 FUORMATCLHO/ 2/ 1)

P50 FURFIAT (X, “POLYMERISAT LON DEGREE: 7, 14/

1 S5X, Ri=7,F14,2/

2 aX, 7 Ra=",F14.8/

z SX, EVALUTTON MOuE =7, 14/

4 rik 94 NA- 7, T4/

4 85X~ NE=", [4&//)
ERT

SLVRCLET TME REE WM
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INTEGER SW, FRMOL, MER, NA, NIt, NTAZ, NTBES, NRA, NRE, NEA, NEFE, RA, R
COMMON/EONST /%W, FRMOL , MER, NA, NE, NTAS, NTE'S, NRA, NRE, NEA, NBE, RA, RR, I
COMMON/FOLYM/FOLYM(S000) /DIVID/ALFHA, BETA, C, R1, R2
COMMON/ TMER/FETA, PETE, BLE
IFCCCALFHALER.O. ) . AND. (RETA.ER.0.)).OR.
COALFHALED, 1) AND, (BETA,E2.1.0)) GO T 1
IFCONTAZHNTRE) LLT.FRMOL) GO T 1
NA=NA-NTAS

NE=NE-NT LS

IFCONBHLLT.O),OR, (NALT,.0)) GO TO 2

LF(MNALED.O) G0 1D 3

IF(NELEGL,0) GO TO 4

MZ=-1

RE TURN

MC=0

RE VLIEN

ZALL =ENDA

M=

RETURM

Al ENTIE

MC=1

RE TLIRN

LM

SR ANE TND |

TNTEGER SW, FRMOL , MER, NA, NIz, NTAS, NTES, NRA, NKR, NRA, NEF, RA, RB
UGN A RTINS €730, FIRMOL, [T, NA, BB, MTAS, MRS, NRA, NRE, NEA, NEE, RA, 78, 1
COMAON/PQLYM/POL YR CSO000) ZDTVIN/A PHA, BETA, G, RL, K2

CCIMAONZ TARFL /G TARCS, 13, J/RANMDOM/Z LA, B, X



COMMON/ TMER/FETA, PETE, BLE
1=t

J=1
1A=ASE3Y
NFA -0

NR iz

NBE=0
NTAS=0

NTEE=0
pooiL=1,5
001 Ket, 14
GTAE (L, K) =ELE
00 2 L=t,20
CALL MAS

CALL ALEAT
CALL NMAS
IA=1B

RETURN

ENTRY INLTA
POLYM(L = FETA
Gh=1

A1

NTAZ:=1

RE TLIRN

ENIRY INLIR
FOLYMUL) =FETE

Hl=2

= 265 =
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RE VIR

END

SLUBROUTINE FART

INTEGER SW, FRMOL , MER, NA, NE, NTAS, NTES, NEA, NRE, NEA, NEE, RA, RE
COMMONZEONST Z5W, FRMOL , MER, NA, NE, NTAS, NTES, NRA, NRE, NEA, NER, RA, RE, [
COMMON/FOLYM/POLYMOS000) /DIVID/ALFHA, BETA, C, R1, R2

C=FLIIAT (NAY ZFILDAT (NED

ALFHA=RL /(1. /C4RE)

BETA=1.-R2/ (CHR2)

REYLIRN

L]

DL INE ERFOR CME)

INTEGER SW, FRMOL, MER, NA, NE, NTAS, NTES, NRA, NRE, NE&, NIE, RA, RE
COFFAON N

COMMON /R ONGT Z5W, FRMOL , MER, NA&, NE, NTAS, NTES, NRA, NRL, NEA, NRE, RA, RE, T
CMMONZFDLY MDY CR000) /0IV TO/ALFHA, BETA, C, R1, RZ/RANDOM/ TA, 1R, X
MmO

lo= 1003

IF(N.LE.O) GO To |

UF MR FL O URGNALL B O) Gl 10 2
IFCFREMOL . LE.OY GO T 2
(FOMER.LT. LLOR.MER ET2) G0 T 4
RE LRI

LR LML, 2GOIN

MO 3,

18 TLIEN

W TR L, 9O TN, NI

=1

Bt puinad

WL L CL 20y g Fe i,
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MC=1

RETLIRN

WRITE (L, 230)MER

MC=1

RETLIRN

FUORMAT (/7 /5Y,, “sERURKHS N= 7, T&)

FURMAT C/ /70X, "8 R0ERs MA=", 14,7 NE=", [&)

FORMAT (/7 /75X, “sERORR= EVALLIATION MODE= ", T<)

FUORMAT O/ /75X, =

RORR= MER=", T:)

TECCALPHALLT. O ) JOR. CALPHALGT. §. ) L TIR,
1CEETAAT.O ) LR CBETAGT, 1)) GO 7O 3

RE, TLIFtN

WRITE (L, Z40) ALFHA, BETA

MC=1

e TLIRN

FORMAT C/ 7 700, “=0Rrnfiie AL FHA=", F14.8, 7 BFia",F 14

ENTRY  ([ERECFEF CZy

M0

Louing

TEOXLLE OO, X GEL 1) GO T0 &

RETLRN

WRITE (L, P00 X

IS =1

RETUIHN

FURMAT C/ /75X, “sEROER GENERATOR DEFECT X7, F14.7)

Bt

SR TME GERE R
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INTEGER SW, FORMOL , MER, NA, NE, NTAS, NTES, NRA, NRE, NEA, NEE, RA, RE
COMMON/ KONST /54, FRMOL, MER, NA, NE, NTAS, NTRS, NRA, NRE, NEA, EBB, RA, RE, |
COMMON/POLYM/FOLYMES000) /DIVID/AL FHA, BETA, €, R1, R2
COMMON/ TABEL /GTAR (S, 1), J/RANDOM/ 1A, 1B, X

COMMON/Z TMER/FHTA, PETE, BLE

IF (NA.GT.NTAS) GO 1O 2

IF (NALEGL O ANLL NTAS. B 0) G0 TO 2

CALL ENDA

GooTO 3

IF(X.1LE.ALPHA) GO TO S

IF (NFALERL 1. OR.NRALER.0) GO TO 4

RA=NA -NTAS

I NE-NT 15

NEA=MEA +1

GTARCL, D =PETA

ETARGZ, 1) NRA

GTARLE, ) =NEA

GTAE (4, J) =RA

GTAELS, 1) =RL

ENET |

1F GLLGT.14) CALL GRIAL

FOILYM DY =k [ B

St

NEA =0

NFuENEEA 3

RE (LN

FOLYMOLDY ="ETA
NFeA-HRA 1

MIAZ-MTAZ L
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RETLIRN
END

SUBROUTINE GENERZ

INTEGER SW, FRMOL , MER, NA, NE, NTAS, NTES, NRA, NRE, NEA, NE, R4, RE
COMMON/EQNST 250, FRMOL, MER, NA, NE, NTAS, NTRE, NRA , NRE, NEA, NEE, RA, RE, 1
COMMON /FOL YRZFOLYMCSO000) /TNIV LT/ ALPHA, BE 1A, C,R1, R2

COMMON/ TAREL /GTARCS, 14), J/RAMIIM/ LA, B, X

COMMON/ TMER/FETA, PETE, BLE

IFONBLGTONTRES) G0 10 2

IF (NI, B, O AN N L

2. 0) GOOT 2
CALL ENDE

GO0 3

TFOXLEETAY 150 10 3

FOLYMO L) =Py

NRE=MRE+1

NTES=NTES+ 1

e TTIRN

TEONFE . BB, LD NRES BLL O) G0 T 4
RANA -MTAS

RE=NE-NTBS

NEE=NER+1

GTARCT, D =FETH
GUARCZ, J1 =NRE

GTALCE, )= NEE

ETAECA, 1) ~RA

GTARCE, 1) =RE

Jeded

TF (A GO CALL GIVTAR
FIYe s =P e fA

Sl
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NRE:=0

NFeAvs MEAS L

NTAZ-NTAS+1

RETURN

END

SUBROUTINE  OUT (MT)

INTEGER SW, FRMOL, MER, NA, NE, NTAS, NTES, NRa, NRE, NES, NEE, RA, RI2
INTEGER GO2,40),A,B

COMMON N

COMMON/ZEONST /20, FRMOL, MER, NA, NE, NTAS, NTES, NRA, NRE, NEA, NER, RA, RB
COMMON/ZFOLYM/FOLYM CS000) /ADIVID/ALFHA, BETA, C,R1, R2
COUMMON/TABEL /GTARCS, 14), J/RANIOM/TA, TR, X

CUMMON/ THMERZFE TA, FE TR, BLK

MC=0

1.=102

IEONRALEL L OR,NEALFR,O) GO T |

RA=NA -NTAS

RI=NE--NT S

NEA =NEA+1

GUARCL, D=FK1A

GTABC2, Q) =NFA

GEARCH, =N

GTAB (4, ) =RA

GTAE(S, D) =RL

CF ORI 0 1D OR L NEE, =@ 0) 50 fd 2

R e N oS

R4 IR o A e

M- NEF+1

BTABCL, 1) =PETE

GUARCR, ) B



= 87N =

GTARLR, ) =MER

GTARRCA, 1)=RA

GTARCS, 1) =RR

IFCA.GY. 1) CALL GRYAR

IFCALER. LuANDL AGTARCL, J) JER. PETALOR.GTARCL, D) L EG. FETE)YCALL GRTAR
oo 3 I=1,2

Do 2 J=1, 40

G, D=0

N =0

A=

[2=0

=1

IFCPOLYMOL) JEQLPETA) IC=1

oo 20 I=1,N

IF CROLYMOL) LEGLPETAY GO TO 4

(ETW I ]

IFCTCLER. - 16O T 5

AnAEL
GOETO 20

IF LR GT. 40 1E T 7
Ge2, By=Ge, 1yl
IC=1

]

GooTa 4

Gid, 40)- G2, A0) 41
LIRS Y

TR OIDLER. LY GO Tu 2
B=ftl

GUEOVoe 20

(A G, 30) G o 1l



= 22 =

Gl A)=GCl,Ad 41
10 IC=-1
A0
N.J=NJ+1
GO 2
11 G1,40)=G01,40)+1
GooTO 10
peded CONTINUE
IFCIC.ER,. 1) GO TO 30
LFLALGT.40) A=60
GOl AY=00E, Ad 4+l
G0 TO 40
20 IF CH.GT.40) EB=40
GO, BY=G01, B) Fl
40 CONT INLIE
WRITE (L, 2200 (1, =1, 80), ((G(T,.0),d=1,40), I=1,2)
P2 FORMATC/ /73X, "CONEF DGURAT TONT /75X, 1207 -")/
14X, "N 17,401%/4%, 122 ~7) /4%, A 1°,4003/4X, "R 1°,40132)
G WRLTECA, P00) (FOLYMCI)Y, T=1, M)
WRLE CL, 2100 MBS, MEE, N
@00 FORMAT C/ /73X, 7 THE MOET PROEBARLE SHAPE OF THE MOLECIH E7
1 L5, te= Ty
b4 £/ LEX, ROAZY)
210 FORMAT (/75X , "NUMEER OF GROUFS &0, 17
1 2N MU L GRS G, LT
1707, "HLHRErR: OF GRS AT =7, 17)
MC=1
RE TURN
1-ND

SLRTN TNE GRY AL
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COMMON/ TABEL /GTAE (S, 16) , J/RANDOM/ TA, 13, X
COMMON/FOLYM/ZFOLYMOCSRO00) ZDTIVID/ALFEHA, BETA, T, K1, R
COMMON/ TMERZPRTA, FHCTE, BLE
L=10a

g WRLTE (4, 900) CUETARCIT, J0), =1, 14y, T1=1,5)

001 rI=1,5
Dol =1, 16

1 GTARCIT, 3 =BLK

d= 1

FETURN

SO0 FORMATC/ 72X, 13007-7) /EZX, Sk ANRE 1555
1 14¢71 ", A2, ") 17,
2 SAXGAEROCT T B, T LENGTHS L
I 14¢70 7,500, 7 17,
1 F2X, XBOCT-7) /2, 7 POZTTEON 11,
=] 14¢7) <, 5,00, 17,
& RN, 1RG0 /2K, 7D NUMBER OF MERS A IN FGED 17,
i 14471 7, F5.0),7 17,
2 FEX, BROCTTY/AX, T NUMBER OF MERS BOIN FEEXR 17,
2 14¢70 7, FS.0), 7 17,
E P Wy YRR )
[LIND

SLIEBROLT INE ENDI

INTEGE R Sk, FREOL, MEE, NA, NI N AS, NTRS, N NEE, NEd, MR R, R
CCHCIN A BT /5, D, MR, A, FE, N CAS, R, A, B, S0, I, BA, e ]
COPMON/ TAREL ZGTAR LD, 14, J/RANDIDM/ 1A, T, X

VOO 7o LY CS000) 20TV TDZALEHA, B ra, G R, 12

L=108&

AlLFHA=1.0

RE(A~L.O



- 274 -

NS
FRMOL=2+N
NE=0
WRITE (L, 700)
900 FURMAT (5%, “®=s NUMBER OF MEKS B = O L ]
RETURN
ENIi
SUBROUT INE ENDA
INTEGER S, FRMOL, MER, NA, NIY, NTAS, NTES, NRA, NRE, NEA, NEE, RA, RE
COMMON/ TAREL /GTABCS, 16) , J/RANDOM/ TA, (B, X
COMMON/ZKONST /SW, FRMOL , MER, NA, NI, NTAZ, NTRE, NRA, NKE, NEA, NEE, RA, RE, 1
COMMON/FOLYM/FOLYM CR000) /D IVIT/ALPHA, BETA, C, R1, R2
=108
ALFHA=0 O

BE1A=0.0

MY
FRMOL=24N
MA==0
WRITE(L, 200)
200 FORMAT (59X, “=x= NUMDGE R OF MERS A = O === )
Rz TLEN
ENLI
SLHAROUTTNE ALEEAT
COMEON/RANDOM/TA, TR, X
AL AN
RE (LIRN
24 Vil
SULROUT INE RAN
CUGIPOM A AMIIM Y TA, T, Y

Il AA=a sy



IFCIR.GE. Q) GO

TQ 1

TE=TE+21 474835447+

1 X=IB

X= X=0, 45441 360

IA=IE

RETLIRN

END

MASEE L

MAZCLIE

MAS

NMAS

ERNTEE MAZ, NMAS

COMFELE ASSIRIS

FZ:

DEF

MAE, MMAS

paTA, 4,4 X 76400000

LLTM, L3 MamILE

Bl

LLETM, i3

Bl

275
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AFENDTX 2

B R R R R s E T T R e e s F L]
]
mREE

IDENTIFICATION-STRING BEEE
R
EEEt ]

e R R A L R Rt R e R R e R R e B R

IDENTIFICATTON=STRING [5 MEMORY -2 FRIGRAM

COMFUTATION OF THE REACTIVITY RATIOS IN BINARY

[RREY

STRLE CUPCLYMERTEATION WL TH LT TMATE Ll

INFUT DATA:
ME TARD CONTATNS:

NA = NUMLEEF: OF MER A,
NE= - NLUMBER UF MER R,
N~ NUMEBER OF GROUFS A-E.

DIAERSTON TC10000) , RO1G000)

DATA A, T/1HA, 1HE/

CALL ASSIGN (4, “CR: ")

READCA, 100) NA, NIE, NJ

GN - é, L)

M= MAANE

CALL GEMOT, &, N)

e 3 Eas1, N, S

o3 KE=L,N,S

CAL L GEMNMOT R, N, EA, FE, NAL, NAT, NI:T D

[FCOMALGTLHAT -2 AMOLMAL L TLNAT H3) L AND,
TORAB.GULNI-ZOANILNAE. LT N 020 )) GO TO S

Ga o3

CAbl PRI O, EA, R, NAFNAL, MEs)

CHUNT LR

g



= @l =

100 FORMAT(213)
END
SURROUTINE FRINT CT, KA, K, KAR, NAT, NE1)
OIMEMSION TC1)
AT CEA)
BVYT (KR
Ri=h/(1,~A)
R2=(1, -B) /B
WRITECE, 100) AR, R1,R2, EAL, NAT, NET

100 FORMAT(SX, “A=7, F10.2, 53X, "B

“.F10,1%, 5%, “R1=",10, 5, 5X, "R2=",
LF10.5/

24X, TNz, TS, 2%, TNAT=S

RETUREN

ENII

SLRROUT INE GENCT, B, ND
DIMENSION TC1), RO1)

nDaYa IA/Z&

g1 1=, 100000
CALL ALENTCLA, Flt, X)
1 LA=]B
noo2 Is1,M
CALL ALEATCIA, [E, X)
IA- 1R
TeL) =X
i ROL )X
CALL RAMZRIICT, N, M)
RE T LIFM
M
SRR ML GE RIPECT, B ML EA, R, NAT, MAT NI Y

DIAEMSTON Te1)y /1)
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A=T(KA)

E=TC(ER)

Dor S I=i,N

G010 (1,3), TAB
IFCRET L LE.A) GO oTo 2
NET=MBT+1

NAL=MNARY 1

TAR=2

GoeoTO 5

MAT MAT+1

Ge T 5

[IFORCDYLLELRY GO To 4
NET= NI

LU

NAT="NAL-+]

[FSIER |

LU EMUIE

P TN

EMLt

SHELG I CHE. RANCERLICZ N, BE )
DR TN Z (R

Mi=h-1

TF L2000 LF L P02y Gl g
Sl by

ey 2D

L0320 A



]

oo 4 I=2,Nt
IFCZCIY LB, ZCT+10 ) G0 ¥ 4
A= (I+1)

Z1T+13=2(1)

I1=1+1

oo J=1, 11
IF(Z€)=d) LB A) GO T 2
I+l =2C1-0)

COMNT INUE

Z¢1a=A

Gl T 4

2T -+1)=A

COe ENLIES

ek TLIRN

ENI

SLEBRCOUTINE ALEAT (TA, TR, 70
DaYa 11, I12/0,0/
Z=RANLCTL, T2

FRETIHN

ENT
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