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2004  :  
<XML > 



Chomsky  [1956] 

Type-0  

 

 

 (a|b)*c(d|e*|f)  

E  ::=  ¢  μ  9 άҌέ ¢ 
T  ::=  άόά 9 άύέ  μ  άлέ  μ  άмέ 

A B  ::=  / άҌέ 5 ! 9 
B A ::=  C C C 
    ( 2 ) 



Chomsky  [1956] 

Type-0  

 

 

 

GOOD  (yacc, grepΣ Χύ 
BAD  

GOOD  
BAD  
BAD Parsing  
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TAG ET0L-System  



Aho [1968] 

 

Type-0  

 

 

 



Fischer [1968] 

Eager  

 

Type-0  

 

 

 

= Lazy  



 

Å  ά έ  
 

ï 1   (Python ) 

 
BLOCK(x) ::= STATEMENT(x)  |  STATEMENT(x) BLOCK(x) 
STATEMENT(x) ::= S_IF(x)   | S_WHILE(x)  |  S_EXPR(x) 
S_IF(x)  ::= x  if        EXPR  ¥n  BLOCK(x  ¥t) 
S_WHILE(x) ::= x  while  EXPR   ¥n  BLOCK(x  ¥t) 
S_EXPR(x) ::= x  E 
E  ::= E + E  |  E * E  μ   Χ 
PROGRAM ::= BLOCK() 



 

Å  ά έ  
 

ï 2   

 
/<([a-ȊϐҌύҔΧғκ¥1>/ 
 
XML  ::= ELEMENT( [a-z]+ ) 
ELEMENT(tag) ::=  < tag Ҕ Χ ғκ tag > 



 

ÅParser Generator  

Å  

ïάƛƴŘŜȄ
ά ,  ( ), 2008 

Å  

Åhttp://www.nue.riec.tohoku.ac.jp/ppl2008/program.html 

http://www.nue.riec.tohoku.ac.jp/ppl2008/program.html


Eager  Lazy ( ) 

ÅS ( ) 

ïάғa,a>έ 

ïά<a,b>έ 

ïά<b,a>έ 

ïά<b,b>έ 

AORB ::= a | b 
PAIR(x) ::=  <   x    ,    x   > 
S  ::= PAIR( AORB ) 



Eager  Lazy 

ÅS ( ) 

ïάғa,aҔέ  Eager  Lazy 

ïάғa,bҔέ  Lazy 

ïάғb,aҔέ  Lazy 

ïάғb,bҔέ  Eager  Lazy 

AORB ::= a | b 
PAIR(x) ::=  <   x    ,    x   > 
S  ::= PAIR( AORB ) 



Eager  Lazy 

ÅS  

ÅPAIR( AORB ) 

ÅPAIR( a | b ) 

ÅPAIR(a)     PAIR(b) 

Å<a,a>    <b,b> 

ÅS  

ÅPAIR( AORB ) 

Å< AORB , AORB > 

Å< (a|b) , AORB > 

Å< a, AORB >  < b, AORB> 

ÅΧ 

Å<a,a>   <a,b>    <b,a>   <b,b> 

AORB ::= a | b 
PAIR(x) ::=  <   x    ,    x   > 
S  ::= PAIR( AORB ) 



Eager  Lazy 

Eager  

 

Type-0  

 

 

 

= Lazy  

 
 

 

β  
 Lazy  OI 
 Eager  IO 

 



Eager  Lazy  

Å  (  tab 1 ) 

 

 

 

 

ÅEager  ( space ) 

 

ÅLazy  (  tab 1  space 8 ) 

PROGRAM ::= BLOCK() 
BLOCK(x) ::= S(x) |  S(x) BLOCK(x) 
S(x)  ::= x  if  EXPR  ¥n  BLOCK(x NEST) 
NEST  ::= ¥t 

NEST  ::=  Ƨ ƨ | Ƨ ƨ NEST 

NEST  ::= ¥t | Ƨ         ƨ 



 (Lazy) 

Å  
 
 
 
 
 
ÅList(Bool)  
ïNil 
ïCons(False, Nil) 
ïCons(True, Cons(False, Nil)) 
ï... 

data List a = Nil | Cons a (List a)  

List ( a) ::= Nil | Cons( a, List ( a))  
Bool     ::= False | True  



Polymorphic Recursion 

ÅPow2Seq(Bool)  
ïS(False) 
ïB(S(P(False,True))) 
ïB(B(S(P(True,True),P(True,False)))) 
ïB(B(B(S(  ...8... )))) 

data Pair a b  = P a b  
data Pow2Seq a = S a  
               | B (Pow2Seq (Pair a a))  

Pair ( a, b)  ::= P( a, b)  
Pow2Seq( a) ::= S( a)  
             | B( Pow2Seq( Pair ( a, a))  

Polymorphic Recursion 
CbN

 



 



 [Engelfriet&Schmidt 1977] 

Egr 1st  

Type-0  

 

 

 

Egr 2nd  Lzy 2nd  

Egr 3rd  Lzy 3rd  

 = Lzy 1st  



 
 

TYPE1( h, b) ::= h { b }  
TYPE2( h, b) ::= h begin b end 
 
SS( t ) ::= | S( t ) SS( t )  
 S( t )     ::= IF ( t ) | WHILE( t ) | UBE 
 IF ( t )    ::= t (if E, SS( t ))  
 WHILE( t ) ::= t (while E, SS( t ))  
 UBE      ::= beginend  S( TYPE2)  
 
PROGRAM ::= SS( TYPE1)  

if x<3 {  
  beginend  while x<100 begin  
    if x%2==0 begin ... end  
  end 
  while x<200 { ... }  
}  



 

Egr 1st  

Type-0  

 

 

 

Egr 2nd  Lzy 2nd  

Egr 3rd  Lzy 3rd  

 = Lzy 1st  

 
 

 



Egr 1st  

Type-0  

 

 

 

Egr 2nd  Lzy 2nd  

Egr 3rd  Lzy 3rd  

 = Lzy 1st  

Eager  Yes 
[Maneth 02] 



Egr 1st  

Type-0  

 

 

 

Egr 2nd  Lzy 2nd  

Egr 3rd  Lzy 3rd  

 = Lzy 1st  

Lazy  Yes !! 
[Inaba&Maneth 08] 



 
 

Egr 1st  ִ  P 

Type-0 (Turing ) 

 NSPACE(n) 

 ִ  P 

 DSPACE(1) 

Egr 2nd  Lzy 2nd  

Egr 3rd  Lzy 3rd  

 = Lzy 1st  ִ  NP  

 NSPACE(n) ִ EXPTIME 
  
  

β kth  нϣнϣΧϣƴ  
 

 

2k 



 [Inaba 09] [Inaba&Maneth 08] 

ÅHigher-Order Macro Grammar  

ïDSPACE(n) 

Č O(n)  

Č  

Č ( )  

ïNP  

Č (P=NP )  

Č  

NP  
  



 

 

 

Å  

 

Å  

 

Å  



 

Å(Eager )  

ï  

 TYPE1( h, b) ::= h { b }  
TYPE2( h, b) ::= h begin b end 
SS( t ) ::= | S( t ) SS( t )  
 S( t )     ::= IF ( t ) | WHILE( t ) | UBE 
 IF ( t )    ::= t (if E, SS( t ))  
 WHILE( t ) ::= t (while E, SS( t ))  
 UBE      ::= beginend  S( TYPE2)  
PROGRAM ::= SS( TYPE1)  

beginend  if x<100 begin end  

PROGRAM 

SS[2] TYPE1 

S[3] SS[1] 

S[1] TYPE2 beginend 

E SS[1] if t t 

IF 



 

Å  interpret  

Å [Theorem: Engelfriet&Vogler 1988]  
ïn n-1  

ïn-1 n-2  

ï ... 

ï1 CFG  

  n  

pr0 pr1 prn 

tn tn-1 tn-2 t0 

string 



 

Å  pretty print  pri  

ïInput:  tree x and tree y 

ïOutput: άŦόȄύ Ґ ȅέ Κ 

   O( t(|x|+|y|) )  
       O( s(|x|+|y|)  )  

TM  

pr0 pr1 prn 

tn tn-1 tn-2 t0 

string 



 

Å pretty print  pri  
 

ČTheorem:   Eager    P  DSPACE(n) 

ČTheorem:   Lazy    NP-complete  DSPACE(n) 

Å  

 pr0 pr1 prn 

tn 

tn-1 

tn-2 t0 

string 



 

Å  

 
 

 

 

 

Č Theorem:  

pr0 pr1 prn 

tn 
tn-1 

tn-2 t0 

string 

PR0 PR1 PRn 

tn tn-1 tn-2 t0 

string 
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1.  

 

2. /  

 

3. , Verification 

 

4.  
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3. , Verification 
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