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PREFACE 

The s tudy  o f  form t h e o r y  as a new d i s c i p l i n e  w i t h i n  fo rmal  

language t h e o r y  i s  l ess  than ten years  o l d .  I t  was i n i t i a t e d  by 

Armin Cremers and Seymour G insburg  around 1974/75 and s i n c e  t h i s  

t ime i t  has t r u l y  b lossomed.  

The p r i m a r y  goal  o f  these  l e c t u r e  notes i s  to p r o v i d e  an 

i n t r o d u c t o r y  and u n i f i e d  accoun t  o f  " c o n t e x t - f r e e "  form t h e o r y  as i t  

s tands today .  Because o f  i t s  i n t r o d u c t o r y  r a t h e r  than e x h a u s t i v e  

n a t u r e  many r e s u l t s  are o n l y  ment ioned i n  pass ing  r a t h e r  than be ing  

g i ven  the space they  deserve .  However I t r u s t  the reader  w i l l  be 

conv inced  by the m a t e r i a l  in  these notes t h a t  the s tudy  o f  grammar and 

L forms has indeed c o n t r i b u t e d  towards  (a)  the  u n d e r s t a n d i n g  o f  

g e n e r a t i v e  d e v i c e s ,  (b)  the deeper u n d e r s t a n d i n g  o f  the c o n t e x t - f r e e  

and E0L languages and (c)  the deve lopment  o f  a t h e o r y  o f  g rammat ica l  

s i m i l a r i t y .  Moreover  many i n t e r e s t i n g  and open problems remain to be 

s o l v e d .  

A word o f  w a r n i n g  about  p roo f s  i s  in  o r d e r .  A number o f  the 

p roo f s  are g i ven  in  an i n c o m p l e t e  f a s h i o n ,  t h a t  i s  a c o n s t r u c t i o n  

a n d / o r  a p r o o f  ske tch  is  a l l  t h a t  is  u s u a l l y  g i v e n .  The reason f o r  

t h i s  i s  t h a t  many p roo fs  f o r  forms reduce to " s t a n d a r d "  p roo fs  f o r  

grammars. T h e r e f o r e  i t  i s  assumed t h a t  the reader  has a good wo rk i ng  

knowledge o f  fo rmal  language t h e o r y ,  p a r t i c u l a r l y  of c o n t e x t - f r e e  E0L 

and ETOL grammars and languages .  With t h i s  w a r n i n g  in  mind the 

m a t e r i a l  shou ld  be a c c e s s i b l e  to advanced unde rg radua te  s t u d e n t s ,  

g radua te  s t u d e n t s  and r e s e a r c h e r s  in  formal  language t h e o r y .  

These l e c t u r e  notes c o n s i s t  o f  f i v e  chap te r s  and an e x t e n s i v e  

b i b l i o g r a p h y .  Chapter  I r e v i e w s  the  bas i c  t e r m i n o l o g y ,  n o t a t i o n  and 

c o n v e n t i o n s  needed in  the f o l l o w i n g  chap te rs  and a lso  c a r r i e s  out  a 

r a p i d  su r vey  o f  v a r i o u s  approaches to g rammat ica l  s i m i l a r i t y .  One 

i m p o r t a n t  aspec t  o f  form t h e o r y  i s  i t s  c o n t r i b u t i o n  to  t h i s  t o p i c .  

Chapters  I I  and I I I  form the core m a t e r i a l  o f  these no tes ;  c o n t e x t -  

f r e e  grammar forms are s t u d i e d  i n  Chapter  I I  and EOL and ETOL forms 

in  Chapter  I I I .  In  c o n t r a d i s t i n c t i o n ,  Chapter  IV d i s cusses  a number 

o f  r e s u l t s  f o r  " n o n - c o n t e x t - f r e e "  forms.  F i n a l l y  Chapter  V p resen ts  

the h i s t o r i c a l  background o f  the m a t e r i a l  p resen ted  h e r e i n ,  d i s cusses  

some o m i t t e d  r e s u l t s  and f i n a l l y  p resen ts  some open problems in  

a d d i t i o n  to those  ment ioned t h r o u g h o u t  the t e x t .  
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Two p o s s i b l e  s tudy  sequences are to f i r s t  read:  Chapter  I ,  

S e c t i o n  I . I  then 

e i t h e r  Chapter  I I ,  S e c t i o n s  I I . I ,  11 .2 ,  1 1 . 3 . 3 ,  1 1 . 3 . 4 ,  11 .4 ,  

11.6.1 and 11 .6 .2  

or Chapter  I I I ,  S e c t i o n s  I I I . I ,  111 .2 ,  1 1 1 . 3 . 1 ,  1 1 1 . 4 . 1 ,  

1 1 1 . 4 . 2 ,  1 1 1 . 5 . 1 ,  111.6 .1  and 111 .6 .4  

f o l l o w e d  by Chapte r  V, depend ing  on whe the r  you r  i n t e r e s t  l i e s  i n  

c o n t e x t - f r e e  grammar forms or EOL fo rms.  

These l e c t u r e  notes  would  not  have been assembled w i t h o u t  

the a s s i s t a n c e ,  encouragement  and s u p p o r t  o f  my two l o n g s t a n d i n g  

c o l l a b o r a t o r s  Herma.nn A. Maurer  and A r t o  Salomaa. We have had many 

e n j o y a b l e  t imes t o g e t h e r  p r o v i n g  theorems and ,  most i m p o r t a n t ,  t a k i n g  

l ~ y l y .  Second I w ish  to thank  A r i s t i d  L indenmayer ,  the o r i g i n a t o r  

o f  L systems f o r  h i s  c o n t i n u i n g  w i l l i n g n e s s  to  d i s c u s s  them. A l so  

t h e r e  are those peop le  who e i t h e r  t h rough  c o l l a b o r a t i o n  a n d / o r  by 

r e a d i n g  a d r a f t  v e r s i o n  have c o n t r i b u t e d  to t h i s  m a n u s c r i p t .  These 

a re :  W. A i n h i r n ,  B. von Braunm~hl ,  K. C u l i k  I I ,  S. G i n s b u r g ,  

J. Hagauer,  E. H o t z e l ,  R. L e i p ~ l ~ ,  Th. Ot tmann,  M. P e n t t o n e n ,  

G. Rozenberg and E. W e l z l .  However the many e r r o r s  and i n c o n s i s t e n c i e s  

t h a t  s u r e l y  remain are c o m p l e t e l y  a t t r i b u t a b l e  to m y s e l f .  

In l o o k i n g  over  my co r respondence  I see t h a t  my p roposa l  f o r  

t h i s  book was f i r s t  made to S p r i n g e r - V e r l a g  on September 13, 1977. 

I w ish  to  thank them f o r  t h e i r  encouragement  and p a t i e n c e  over  the 

i n t e r v e n i n g  two and a h a l f  y e a r s ,  when I f a i l e d  to meet d e a d l i n e  a f t e r  

d e a d l i n e .  However I f e e l  t h a t  these notes  are the b e t t e r  f o r  the 

de l ay  s i nce  i t  has enab led  much new m a t e r i a l  ~to be i n c l u d e d .  

I w ish  to express  my h e a r t f e l t  g r a t i t u d e  to Suzanna den B leke r  

who l abo red  long  to produce a readab le  f i r s t  d r a f t  f rom my s tanda rd  

s c r i b b l e ,  to  Robin Rober tson who p r o v i d e d  l a s t  m inu te  a s s i s t a n c e  w i t h  

her  usua l  c h e e r f u l  manner and to  Marga re t  Belec who has done an 

e x c e l l e n t  job  i n  p r o d u c i n g  the  f i n a l  copy.  

F i n a l l y ,  I want  to a s c r i b e  c r e d i t  to the n i n e t e e n t h  c e n t u r y  

E n g l i s h  n o v e l i s t  An thony  T r o l l o p e  who t a u g h t  me the  impo r tance  o f  a 

r e g u l a r  w r i t i n g  schedu le  and to  the  Lord o f  the  U n i v e r s e ,  Jesus C h r i s t  

who he lped  me to s t i c k  to  i t !  

McMaster U n i v e r s i t y  

2nd June 1980 



PREE~CE 

CONTENTS 

Page 

CHAPTER I :  BEGINNINGS 

I . I  Bas ic  T e r m i n o l o g y  and N o t a t i o n  

I . I . I  C o n t e x t - F r e e  Grammars and Languages 

1 .1 .2  EOL and ETOL Grammars and Languages 

1 

2 

7 

I I  

1.2 

1 2.1 

1 2 . 2  

1 2 . 3  

1 2 . 4  

1 2 . 5  

1 2 . 6  

No t i ons  o f  Grammat ical  S i m i l a r i t y _  

Weak and S t r u c t u r a l  E q u i v a l e n c e  

Covers 

T r a n s l a t i o n s  and S z i l a r d  Languages 

Grammar Morphisms 

T o p o l o g i c a l  S i m i l a r i t y  

Grammar C o l l e c t i o n s  

16 

16 

18 

19 

21 

22 

25 

CHAPTER I I :  CONTEXt-FREE GRAMMAR FORMS 

I I , I  The Bas ics  o f  C o n t e x t - F r e e  Grammar Forms 

I I . I . I  Two Kinds o f  I n t e r p r e t a t i o n  

11 .1 .2  Grammar and Grammat ical  F a m i l i e s  

26 

27 

27 

31 

11.2 I s o l a t i o n  and S i m u l a t i o n  

11.2 .1  I s o l a t i o n  

11 .2 .2  S i m u l a t i o n  

35 

37 

39 

11.3 C o l l e c t i o n s  o f  Grammar F a m i l i e s  

11.3 .1  Pre -Orders  and C losu re  Opera to rs  

11 .3 .2  Compos i t i on  o f  Grammat ical  C losu re  
Opera to rs  

11 .3 .4  S t rong  Form E q u i v a l e n c e  and L a t t i c e s  

11 .3 .4  M in ima l  Grammar Forms 

47 

47 

48 

62 

66 

11.4 Normal Form, C losu re  and C h a r a c t e r i z a t i o n  
R e s u l t s  

11.4 .1  Reduc t i on  R e s u l t s  

11 .4 .2  C losu re  P r o p e r t i e s  

11 .4 .3  C h a r a c t e r i z a t i o n  Theorems 

71 

71 

86 

90 



VIII 

11.5 

11.5.1 

11.5,2 

11 .5 .3  

Syntax  A n a l y s i s  

Syntax A n a l y s i s  o f  s -g rammat i ca l  

Precedence R e l a t i o n s  

Pushdown Acceptor  Forms 

Fam i l i e s  

I00 

I00 

106 

113 

11.6 

11.6.1 

11 .6 .2  

11 .6 .3  

11 .6 .4  

Dense C o l l e c t i o n s  o f  Grammatical  F a m i l i e s  

P r e l i m i n a r y  Not ions 

Denseness and s -g rammat i ca l  F a m i l i e s  

MSW Spaces 

Two-symbol Grammatical  F a m i l i e s  

121 

121 

124 

130 

136 

CHAPTER I I I :  EOL AND 
I I I , I  

I I I . I . I  

111,1.2 

ETQL ,EORM,S 

The Basics o f  EOL and ETOL Forms 

D e r i v a t i o n  R e l a t i o n s h i p s  

I s o l a t i o n  and S i m u l a t i o n  

146 

147 

152 

153 

111.2 

111.2.1 

111.2.2 

Reduct ion Theorems 

Some P r e l i m i n a r y  Reduct ion and Non- 
Reduct ion Resu l t s  

Propagat ing  and Two- tab le  Normal Forms 

159 

159 

164 

111.3 

111,3.1 

111.3.2 

111.3,3 

111.3 .4  

Completeness 

Two-symbol EPOL Forms 

Shor t  {S ,A ,a } -synchro -EPOL Forms 

ETOL Forms and Completeness 

Regu la r -comp le teness  

170 

170 

186 

191 

196 

111.4 

I I I . 4 . 1  

111.4 .2  

111.4.3 

111.4.4 

Goodness and Very -comp le tness  

P r e l i m i n a r i e s  

The EOL S i t u a t i o n  

The ETOL S i t u a t i o n  

R e l a t i v e  and Mutual Goodness 

199 

199 

201 

205 

209 

111.5 

111.5.1 

111.5.2 

111,5.3 

D e c i d a b i l i t y  Quest ions 

Strong Form Equ iva lence  

Uni form I n t e r p r e t a t i o n s  of  EOL Forms 

OL Forms and Form Equ iva lence  

212 

212 

215 

221 



CHAPTER IV: 

CHAPTER V: 

IX 

111.6 Gene ra t i ve  Capac i t y  o f  EOL Forms 

111.6.1 C losure  and Non-c losu re  P r o p e r t i e s  

111.6.2 Sub-Regular  Grammatical  F a m i l i e s  are 
EOL Form F a m i l i e s  

111.6 .3  Regu la r - comp le teness ,  -boundedness and 
- s u f f i c i e n c y  

111.6 .4  Generators  

OTHER TOPICS 

I V . I  Phrase S t r u c t u r e  Grammar Forms 

IV.2  EIL Forms 

IV .3  C o n t e x t - f r e e  M a t r i x  Forms 

IV .4  C o n t r o l l e d  Grammar Forms 

PAST, PRESENT AND FUTURE 

V. I  H i s t o r i c a l  Background 

V.2 A D iscuss ion  o f  Some Omi t ted Resu l t s  

V.3 New D i r e c t i o n s  and Open Problems 

227 

227 

229 

233 

239 

248 

249 

258 

266 

275 

284 

285 

289 

297 

BIBLIOGRAPHY 302 


