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1 .  I ntroduct i on 

I n  Chemi s try chemi ca l  s tructures a re mode l l ed i n  three d i mens i on s  by 

the bal l -a nd-st i c k  method . A forma l method to generate or  accept 

( recogn i se )  three -d i mens i ona l chemi ca l  s tructures  cou l d  have i ntere s ­

ti ng appl i cat i ons . [6 , 7 ,8 ] One of the se be i ng that the occurences 

of three-d i mens i ona l ' chemi ca l struc tures  wi th i n  l arger s tructures  are 

of i mportance i n  for i ns tance X-ray c rys ta l l ography and _ chemi ca l  

documentat i on [6 ] .  

I n  th i s  paper we propose a method to generate three-d i mens i onal 

representat i ons of mol ecu l es . I n  a mol ecu l e  atoms are bonded together 

by chemi ca l  bonds . Each  atom appears i n  the mol ecul e i n  a certa i n  

context .  Th i s  context i s  defi ned by the other atoms i n  the mol ecu l e  
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as  we l l  as the bonds between the atom and the other atoms i n  the 

mol ecu l e .  As the context i n  wh i ch the atom appears i s  three-d i mens i ona l  

a forma l method to generate a mol ecu l e  mu s t  make prov i s i on for three­

d i mens i ona l  c ontexts . 

Random Context Structu re Grammars ( RCSG ) generate three-d i mens i onal 

structure s  u s i ng a number of permi tt i ng and forb i dd i ng contexts . [ 1 0  J 
I n  an RCSG the rewr i t i ng of a s i ng l e symbol i n  the structu re may be 

i nfl uenced by the presence and/or absence of certa i n s pec i f i ed symbol s 

i n  the structure . Th i �  i s  appl i cab l e to the appearance of atoms i n  a 

mol ecu l a r s tructure . 

I n  Sect i on 2 Random Context Structu re Grammars wi l l  be defi ned and 

d i scu s sed br i efl y . 

I n  Sect i on 3 an  examp l e of a Random Context Struc ture Grammar that 

generates a methane mol ecu l e  i s  d i scussed . 



2 .  

177  

I n  Sect i on 4 a br ief  d i scu ss i on of Random Context Structure Automata 

i s  g i ven . The equ i va l ence of the generat i n g  power of RCSG ' s  and  the 

accept i ng power of RCSA ' s  are co111T1ented on . 

Random Context Structu re Grammars . 

One- d imens i ona l Random Context Grammars were or i g i na l l y  def i ned by 

(Van der Wa l t  [ 1 ] ) and extended to two d i me�s i on s  by �on Sol ms 

[ 4 , 5 b wh� defi ned Random Context Array Grammars . I n  Random Context 

Structure Gr:ammars the pr i nc i pl e  of a random con text i s  extended to 

three d i mens i on s . 

The l a nguage genera ted by a n  RCSG i s  a se�  of three -d i men s i ona l d i g i ta l  

structures . ( For a d i sc u s s i on of  three - d i �en s i ona l d i g i ta l  structures 

the reader i s  referred  to ( Rosenfel d [ 7 J ) .  An RCSG can on l y  generate 

�onnec ted structures . l A  s tructure S i s connec ted i f  there ex i sts a path 

bet� een any two symbo l s  i n s cons i st i ng cf onl y symbol s of S J .  

An R:SG i s  a 4-tup l e G = ( VN , VT ' P , S J  �,e re VN ' VT , P a nd S ha ve the 

usua l forma l l anguage mean i ngs . The produ : t i ons of P are of  the form : 



The product i ons wi l l  now be d i scus sed by con s i der i ng f i gu re 1 wh i ch 

shows a s i ng l e symbol i n  a three-d i mens i onal  structure . The l i nes  

and  p l ane s  through the po i nt where the symbo l 1 s  l ocated , determi ne 

the d i fferent contexts wh i ch mu st  be cons i dered before � - produc t i on · 

i s  appl i ed .  

z 

(c) 

F I G U R E  

y 
up 

South 

X 

North 

down 

The Context associated with a symbol A in a 

3-dimensional structure 
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There a re seven d i fferent c ontexts a s soc i a ted wi th the symbol A :  

a )  The hori  zonta 1 . J i  ne c ontext Al l the symbol s a ppear i ng on 

the l i ne through A pa ra l l e l to the X-ax i s .  

b )  The vert i ca l  l i ne c ontext - Al l the symbol s a ppea r i ng on 

the l i ne through A pa ra l l el to the Y-ax i s .  

c ) The depth l i ne context - Al l the symbol s a ppea r i ng on the 

l i ne through A para l l el to the Z-ax i s .  

d )  The hori zonta l p l ane context - Al l the symbo l s  a ppear i ng on 

the pl ane through A para l l el to the XV-p l ane . 

e ) The vert i ca l  p l a ne context - Al l the symbol s appear i ng· on 

the p l ane through A para l l e l to the XZ pl ane . 

f )  The depth p l ane context - Al l the symbol s a p pear i ng on the 

pl ane through A para l l e l to the YZ-pl ane . 

g )  The g l oba l c on text - Al l the symbol s a ppear i ng i n  the 

structure . 

Product i ons  can  cause  s ubst i tut i on i n  s i x  d i fferent . d i rect i ons : 

A -+ a. to the ea st  

A +  a to the west 

A ;'- a. to the s outh 

A J( a to the north 

A t a u pwards 

A i  a downwards 
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A product i on 

of G can be i nterpreted as fol l ows : 

I f  A appears i n  a three-di men s i ona l s truc tu re of symbol s  of 

VN LJ VT A may be substi tuted by a ea s twa rds i f  -

(a ) a l l the symbol s of u 1 and none of r 1 a ppear i n  the 

hori zonta l l i ne context 

( b ) a l l the symbol s of u2 and none of T2 appear i n  the 

verti ca l  l i ne context 

( c ) a l l the symbol s of u3 and none of T3 a ppear i n  the 

depth l i ne context 

( d ) a l l the symbol s of u4 and none of T4 appear i n  the 

hori zonta l p l ane context 

( e ) a l l the symbo l s  of u5 and none of T5 a ppear i n  the 

vert i ca l  p l ane context 

( f )  a l l the symbo l s  of u6 and none o f  T6 a ppea r i n  the 

depth pl a ne context 

( g ) a l l the symbol s of u7 and none of T7 appear i n  the 

g l oba l c ontext 

( h ) l a l  = 2 the bac kground symbo l  mu s t  appea r d i rectly 

ea st  of A 

18 0



· ( i ) l a{ = 1 A i s  s i mpl y subst i tuted by Q i f  ( a ) - ( g ) hol ds . 

The other type s of product i ons are i nte rpreted i n  a s i m i l a r  

way . 

I t  i s  easy to see that RCAG ' s  a re a spec i a l c a se of  RCSG ' s .  The 

structures genera ted by RCAG I s can be seen as :structures ly i ng i n  

a s i ng l e  pl ane . The power of RCSG 1 s i s  i nherent i n  the fact that 

the subst i tut i on of  a symbol i n  a s tructure can be i nfl uenced by 

the presence or absence of other symbol s i n  seven d i fferent contexts 

i n  the structure . Th i s  shou l d have very i nterest i ng pract i ca l  appl i -

cati ons . 

The representa t i on of a Methane Mol ec u l e by an  RCSG 

We wi l l  g i ve an exampl e of an  RCSG tha t generates the s i mp l e s t  hydro­

carbon nam�l y ·  methane wi th c hemi c a l  formu l a CH4 [ 1 0 ] .  I n  a methane 

mol ecu l e  four  equ i va l ent  bonds a re d i rected towards the vert i ce s  of 

a tetrahedron by the carbon atom . 

H 

H 

H 

H H H 

To re pre sent the bonds between the ca rbon and hydrogen atoms i t  i s  
C 

nec e s sary to know tha t each  of  the bonds have a l ength of 1 . G9A 

and that the angl es between the bonds ate 1 U9 ° 28 1
• 
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Eac h  bond wi l l  be repre sented by a spec i a l  term i na l  symbol sJ 
wh i c h  denote s the l ength ( i ) a n d  a ng l e  ( j ) of the bond . 

As we w i l l  ha ve four  bonds w i th the same l ength but d i fferer.t 

bond i ng ang l es we wi l l  denote these b onds by s 1 , s2 , 83 and  B4 • 

/a
, 

B� 

H H H 

The set of termi na l symbol s a re H ,  C ,  B 1 , B2 , B3 , B4 • 

The product i ons  to form a metha ne mol ecu l e  i s  a s  fol l ows : 

The f i rst  symbol i s  gene ra ted 

1 s 4 k 

A ve rt i ca l  1 1bond 1 1  i s  gene ra ted  
v ,  

2 K t K ( // / / / /� ; { V 2 , V 3, V 4 } ) 

The three 1 1 bonds 1 1  on "the hor i zonta l  l eve l a re gene ra ted : ( note the 

context cond i t i on s ) 

4 K Jt( V K ( // { V 1 } ;  �/ { V2 } ;  �///� ; { V3 } )  3 

5 K + V 4 K ( /  / {  V 1 } ; � / { V 2 ; V 3 } ;· � / / / ) 



The termi na l  C i s  i ntroduced 

6 

A non -termi na l  c onnected  to the vert i ca l  11bond 1 1 i s  i ntroduced 

7 v 1 t v 1 (// { C} ; �//// { V2 , V3 , V4 } ;  � )  

Non-termi na l s connected to the hor i zonta l  pl ane " bon ds "  a re 

i ntroduced : 

8 v2 � , v2 K ( { C} ; g// / { V3 , V4 } ;  � /// { V 1 } ;  � ) 

9 v3 � K
V3 ( / { C } ; �// { V4 , v2 } ;  �/// {V 1 } ;  � )  

1 0  v4 � KV4 ( { C } ;  � /// {V2 , V4 } ;  �/// { V 1 } ;  � )  

The sente'-nt  i a 1 bond  symbol s a re repl aced  by term i na l 

symbol s :  \ 

1 1  v 1 t s , ( /  / { C }  , � / / / / 0 ; {V 1 ' B2 , B 3 , B 4 } )  

1 2 V2 � B2 ( {C } ; �///0 ;  { 83 , 84 } /// { B 1 } ;  � )  

1 3  V 3 " B3 ( / { C } ,� // { B2 } ; { B4 } /// { B 1 } ;  � )  

1 4  V4 + B4 ( { C } ;  �/// { 82 ; B3 } ;�/// { B 1 } ;  � )  

1 5  K � H ( ////// { 8 1 , 82 , B3 B4 } ;  � )  

bond 
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Th i s  genera te s on l y one metha ne mol ecu l e .  Note how the context con ­

d i t i ons  i n  produc t i ons  1 1  - 1 4  e n s ure tha t on l y  one bond syr.ool 

a ppea rs between a ny two termi na l s  repre sent i ng a toms . Note a l so that 

the context cond i t i ons  i n  product i ons 6 and 1 5  ensure that a s i ng l e 

methane mol ecu l e  i s  generated . To gene rate more comp l ex carbon 

com�ounds the con texts  i n  these produc t i ons  wou l d ha ve to be l e ss 

str i ngent . 

184_ 

I n  the prev i ous examp l e we proposed a method to generate three­

d i mens i onal  representat i ons of mo l ecu l e s . It  mu st  be stres sed that 

th i s  representat i on i s  a research  project on i ts own and th i s  examp l e 

on l y  attempts to show that RCSG ' s  cou l d have u sef� l  app l i cat i bns i n  

th i s  fi e l d .  

4 .  Random Context Structure Automata . 

Formal l anguages a re character i sed i n  two ways : by a genera t i ve 

dev i ce (a  g ramma r )  and an accept i ve dev i ce ( an  a utoma ton ) .  The 

_ l anguages generated by Random Con text Grammars are accepted by 

Contract i on Automata of l i mi tat i on ( 'l' , 1 ) ( Von Sol ms [.2 , 3 ] ) .  

The l anguages generated by Random Context Array Grammars a re 

accepted by Random Context Array Automata ( Eh l e rs & Von Sol ms [ 1 0 ] 

Thus  i t  i s  of i n te rest  to character i se the l anguages generated by 

RCSG ' s  by an accept i ve dev i ce . Random Con text Structu re Automata 

are d i sc u s sed br i ef ly  i n  th i s  sect i on .  For another exampl e of three ­

d i mens i onal  f i n i te automata the reader i s  referred to ( Tan i guch i e t . a l  [9 ] ) .

Fi gure 2 i l l u s trates the ma i n  concepts of a Random Context Structure 

Automaton ( RCSA J . 
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F I G U R E  2 

up 

outh 

West 
East 

No 
down 

Input-rectangle 

A Random Context Structure · Automaton 

An RCSA con s i sts of 

0 An i nput-rectang l e  of read/wr i te heads . The i npu t­

rectangl e cons i s ts of read/wr i te heads wh i c h  are vert i ca l l y  

and hori zonta l l y · connected to each other . 

0 A three-d i men s i onal i nput tape ( potent i a l l y  i nf i n i te ) .  

The i nput-rectang l e  moves across the i nput  tape i n  east/west and 

west/eas t  d i rect i ons . Dur i ng an i n i t i a l  bound i ng s tate the three­

d i mens i ona l  d i g i ta l  structure on the i n put-ta pe i s  bounded by a box 

frame . The automaton moves from the ea s tern to the western boundary 

and i n  s o  do i ng determi nes the context .  I t  then moves ea st  and non­

determ i n i s t i ca l l y  dec i des to do a subs t i tut i on operat i on .  Th i s  sub­

st i tut i on i s  on l y done i f  the correct context hol ds . At most  one 

subst i tut i on operat i on i s  done duri ng a movement from the western to 

ea ste rn boundary . The subst i tut i on opera t i ons a re def i ned so that the 

s tructure " s hr i nk s "  from the edges and can be seen as pars i ng 
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operat i ons . The moment a subst i tut i on  operat i on has been comp l eted 

succes sfu l l y  the RCSA goe s  i nto a copy state and  moves to the eastern 

boundary . I t  "forgets " the c urrent context , goe s  back i nto a read 

state and the cyc l e  beg i ns aga i n .  The RCSA goes i nto a f i na l  s tate and 

accepts the i n pu t  tape when onl y the f i na l  symbol and background 

symbol appear on the tape . For a more deta i l ed d i scu s s i on see [ 1 0 ] .  

The equ i va l ence of the c l a s s  of l anguages accepted by RCSA ' s  (fRCSA ) 

and the c l a s s  of l anguages generated by RCSG ' s  {[ RCSG ) i s  shown by 

the fol l owi ng theorems : 

Theorem 

If L i s a l anguage accepted by an RCSA M an RCSG G can be constructed 

such  that L = L ( G ) . 

Theorem 2 

I f  L i s a l anguage generated by an RCSG G an RCSA M can be constructed 

such that L = L (M ) . 

We can thu s conc l ude that [RCSG = /RCSA . 
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