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Overview

� What Is Packrat  Parsing?

� What is it  Good (and not good) For?

� Pract ical Exper ience

� Related Work

� Conclusion



What is Packrat Parsing?

Answer:

Top-down parsing with backtrack ing –

except:

Uses memoization to achieve linear parse 
t ime



Example Grammar

Addit ive ® Mult it ive '+' Addit ive
| Mu lt it ive

Mult it ive ® Primary '*' Mu lt it ive
| Pr imary

Primary ® '(' Addit ive ')'
| Decimal

Decimal ® '0' |  ... |  '9'



 

Recursive Descent  Parser



Recursive Descent  Parser

dat a Resul t  v = Par sed v St r i ng
| NoPar se
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Recu rs ive Des cen t  Pa rs er

dat a Resul t  v = Par sed v St r i ng
| NoPar se

Semantic Value



Recursive Descent  Parser

dat a Resul t  v = Par sed v St r i ng
| NoPar se

Remainder String



Recu rs ive Des cen t  Pa rs er

data Result v = Parsed v String
| NoParse



Recursive Descent  Parser

dat a Resul t  v = Par sed v St r i ng
| NoPar se

pAddi t i ve : :  St r i ng - > Resul t  I nt
pMul t i t i ve : :  St r i ng - > Resul t  I nt
pPr i mar y : :  St r i ng - > Resul t  I nt
pDeci mal : :  St r i ng - > Resul t  I nt



Recu rs ive Des cen t  Pa rs er

pAdditive :: String -> Result Int



Recursive Descent  Parser

- -  Addit ive ® Mult it ive '+' Addit ive
- -  | Mult it ive
pAddi t i ve : :  St r i ng - > Resul t  I nt



Recursive Descent  Parser

- -  Addit ive ® Mult it ive '+' Addit ive
- -  | Mult it ive
pAddi t i ve : :  St r i ng - > Resul t  I nt
pAddi t i ve =

( do l  <-  pMul t i t i ve
char  ' +'
r  <-  pAddi t i ve
r et ur n ( l  + r ) )

<| > ( do pMul t i t i ve)



Recu rs ive Des cen t  Pa rs er

-- Addit ive ® Mult it ive '+' Addit ive
-- | Mult it ive
pAdditive :: String -> Result Int
pAdditive =

(do l <- pMultitive
char '+'
r <- pAdditive
return (l + r))

<|> (do pMultitive)



Recursive Descent  Parser

- -  Additive ® Multitive '+' Additive
- -  | Multitive
pAddi t i ve : :  St r i ng - > Resul t  I nt
pAddi t i ve =

( do l  <-  pMul t i t i ve
char  ' +'
r  <-  pAddi t i ve
r et ur n ( l  + r ) )

<| > ( do pMul t i t i ve)



Recursive Descent  Parser

- -  Addit ive ® Mult it ive '+' Addit ive
- -  | Mult it ive
pAddi t i ve : :  St r i ng - > Resul t  I nt
pAddi t i ve =

( do l  <-  pMul t i t i ve
char  ' +'
r  <-  pAddi t i ve
r et ur n ( l  + r ) )

<| > ( do pMul t i t i ve)



Recursive Descent  Parser

- -  Addit ive ® Mult it ive '+' Addit ive
- -  | Mult it ive
pAddi t i ve : :  St r i ng - > Resul t  I nt
pAddi t i ve =

( do l  <-  pMul t i t i ve
char  ' +'
r  <-  pAddi t i ve
r et ur n ( l  + r ) )

<| > ( do pMul t i t i ve)



Recu rs ive Des cen t  Pa rs er

-- Additive ® Multitive '+' Additive
-- | Multitive
pAdditive :: String -> Result Int
pAdditive =

(do l <- pMultitive
char '+'
r <- pAdditive
return (l + r))

<|> (do pMultitive)



Recursive Descent  Parser

- -  Addit ive ® Mult it ive '+' Addit ive
- -  | Mult it ive
pAddi t i ve : :  St r i ng - > Resul t  I nt
pAddi t i ve =

( do l  <-  pMul t i t i ve
char  ' +'
r  <-  pAddi t i ve
r et ur n ( l  + r ) )

<| > ( do pMul t i t i ve)



Parsing Example

pAddit ive “2*(3+4)”



Parsing Example

pAddit ive “2*(3+4)” A ®  M '+' A



Parsing Example

pAddit ive “2*(3+4)” A ®  M ©+© A

pMult it ive “2*(3+4)”



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M
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pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º P ®  ©(© A ©)©



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º P ®  ©(© A ©)©



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º P ®  D



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º P ®  D
pDecimal ª2*(3+4)º



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º P ®  D

pDecimal ª2*(3+4)º Þ  Parsed 2 ª*(3+4)º



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º Þ  Parsed 2 ª*(3+4)º



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º Þ  Parsed 2 ª*(3+4)º

pChar ©*© ª*(3+4)º



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º Þ  Parsed 2 ª*(3+4)º

pChar ©*© ª*(3+4)º Þ  Parsed () ª(3+4)º



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º Þ  Parsed 2 ª*(3+4)º

pChar ©*© ª*(3+4)º Þ  Parsed () ª(3+4)º

pMu lt it ive ª(3+4)º



Pa rs in g Exa m ple

pAddit ive “2*(3+4)” A ®  M '+' A

pMu lt it ive “2*(3+4 )” M ®  P '*' M

p Prim a ry “ 2*(3+4)” Þ  Pa rs ed  2  “ *(3+4)”

p Ch a r  '*' “*(3+4)” Þ  Pa rs ed  () “ (3+4 )”

p Mu lt it ive “ (3+4 )”

. . .



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º M ®  P ©*© M

pPrimary ª2*(3+4)º Þ  Parsed 2 ª*(3+4)º

pChar ©*© ª*(3+4)º Þ  Parsed () ª(3+4)º

pMu lt it ive ª(3+4)º Þ  Parsed 7 ªº



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º Þ  Parsed 14 ªº



Pa rs in g Exa m ple

pAddit ive “2*(3+4)” A ®  M '+' A

pMu lt it ive “2*(3+4 )” Þ  Pa r s ed  14  “ ”

pCh a r  '+' “ ”



Parsing Example

pAddit ive ª2*(3+4)º A ®  M ©+© A

pMult it ive ª2*(3+4)º Þ  Parsed 14 ªº

pChar ©+© ªº



Parsing Example

pAddit ive ª2*(3+4)º A ®  M



Pa rs in g Exa m ple

pAddit ive “2*(3+4)” A ®  M

pMu lt it ive “2*(3+4 )”



Parsing Example

pAddit ive ª2*(3+4)º A ®  M

pMult it ive ª2*(3+4)º

. . .



Th e Ba ck tra ck in g Prob lem

� Ca n  yield  expon en t ia l wors t-ca s e pa rs e 
t im es



The Backtrack ing Problem

� Can yield exponent ial worst-case parse 
t imes

� Typical solution: avoid backtrack ing by

� Predict ion using one-token lookahead

� Hack ing the grammar

� Designing the language for  easy parsing



The Backtrack ing Problem

� Can yield exponent ial worst-case parse 
t imes

� Typical solution: avoid backtrack ing by

� Predict ion using one-token lookahead

� Hack ing the grammar

� Designing the language for  easy parsing

� Alternate solution: allow backtrack ing;

� m em oize  a ll in term ed ia te res u lts .



Memoizat ion of Resu lts

Assumptions:

� Parsing funct ions depend only on inpu t 
st r ing.

� Parsing funct ions yield at most one result.

Implicat ion:

� Requ ires resu lts table of size (m �  (n+1))

� m= number of nonterminals/ parsing funct ions

� n = length of inpu t str ing



Building a Packrat Parser



Building a Packrat Parser

dat a Resul t  v = Par sed v St r i ng
| NoPar se

pAddi t i ve : :  St r i ng - > Resul t  I nt
pMul t i t i ve : :  St r i ng - > Resul t  I nt
pPr i mar y : :  St r i ng - > Resul t  I nt
pDeci mal : :  St r i ng - > Resul t  I nt



Building a Packrat Parser

dat a Resul t  v = Par sed v St r i ng
| NoPar se

pAddi t i ve : :  St r i ng - > Resul t  I nt
pMul t i t i ve : :  St r i ng - > Resul t  I nt
pPr i mar y : :  St r i ng - > Resul t  I nt
pDeci mal : :  St r i ng - > Resul t  I nt



Building a Packrat Parser

dat a Resul t  v = Par sed v Der i vs
| NoPar se

pAddi t i ve : :  Der i vs - > Resul t  I nt
pMul t i t i ve : :  Der i vs - > Resul t  I nt
pPr i mar y : :  Der i vs - > Resul t  I nt
pDeci mal : :  Der i vs - > Resul t  I nt



Building a Packrat Parser

dat a Resul t  v = Par sed v Der i vs
| NoPar se

dat a Der i vs = Der i vs {
dvAddi t i ve : :  Resul t  I nt ,
dvMul t i t i ve : :  Resul t  I nt ,
dvPr i mar y : :  Resul t  I nt ,
dvDeci mal : :  Resul t  I nt ,
dvChar : :  Resul t  Char }



par se : :  St r i ng - > Der i vs
par se s = d wher e

Bu ilding the Derivs Structure



Building the Der i vs Structure

par se : :  St r i ng - > Der i vs
par se s = d wher e

d = Der i vs add mul t  pr i m dec chr



Building the Derivs Structure

parse :: String -> Derivs
parse s = d where

d = Derivs add mult prim dec chr

chr = case s of
(c:s') -> Parsed c (parse s')
[] -> NoParse



Building the Der i vs Structure

par se : :  St r i ng - > Der i vs
par se s = d wher e

d = Der i vs add mul t  pr i m dec chr

chr = case s of
( c: s ' ) - > Par sed c ( par se s' )
[ ] - > NoPar se



Bu ild in g th e Derivs Stru ctu re

parse :: String -> Derivs
parse s = d where

d = Derivs add mult prim dec chr

chr = case s of
(c:s') -> Parsed c (parse s')
[] -> NoParse
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d = Der i vs add mul t  pr i m dec chr
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[ ] - > NoPar se
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parse :: String -> Derivs
parse s = d where

d = Derivs add mult prim dec chr

chr = case s of
(c:s') -> Parsed c (parse s')
[] -> NoParse



Building the Der i vs Structure

par se : :  St r i ng - > Der i vs
par se s = d wher e

d = Der i vs add mul t  pr i m dec chr

chr = case s of
( c: s ' ) - > Par sed c ( par se s' )
[ ] - > NoPar se



Bu ild in g th e Derivs Stru ctu re

par se : :  St r i ng - > Der i vs
par se s = d wher e

d = Der i vs add mul t  pr i m dec chr

chr = case s of
( c: s ' ) - > Par sed c ( par se s' )
[ ] - > NoPar se



Building the Der i vs Structure

par se : :  St r i ng - > Der i vs
par se s = d wher e

d = Der i vs add mul t  pr i m dec chr

chr = case s of
( c: s ' ) - > Par sed c ( par se s' )
[ ] - > NoPar se

add = pAddi t i ve d
mul t = pMul t i t i ve d
pr i m= pPr i mar y d
dec = pDeci mal d



Bu ild in g th e Der i vs  Stru ctu re

par se : :  St r i ng - > Der i vs
par se s = d wher e

d = Der i vs add mul t  pr i m dec chr

chr = case s of
( c: s ' ) - > Par sed c ( par se s' )
[ ] - > NoPar se

add = pAddi t i ve d
mul t = pMul t i t i ve d
pr i m= pPr i mar y d
dec = pDeci mal d



Modifying the Parsing 
Funct ions

pAddi t i ve : :  Der i vs - > Resul t  I nt
pAddi t i ve =

( do l  <-  pMul t i t i ve
char  ' +'
r  <-  pAddi t i ve
r et ur n ( l  + r ) )

<| > ( do pMul t i t i ve)



Modifyin g th e Pa rs in g 
Fu n ct ion s

pAddi t i ve : :  Der i vs - > Resul t  I nt
pAddi t i ve =

( do l  <-  pMul t i t i ve
char  ' +'
r  <-  pAddi t i ve
r et ur n ( l  + r ) )

<| > ( do pMul t i t i ve)



Modifying the Parsing 
Funct ions

pAddi t i ve : :  Der i vs - > Resul t  I nt
pAddi t i ve =

( do l  <-  dvMul t i t i ve
char  ' +'
r  <-  dvAddi t i ve
r et ur n ( l  + r ) )

<| > ( do dvMul t i t i ve)



Pa ck ra t  Pa rs in g Exa m ple

parse “2*(3+4)”
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Pa ck ra t  Pa rs in g Exa m ple

A

parse “*(3+4)”

?

?

?

?

2 l

M

P

D

C



Packrat Parsing Example

A

par se “ ( 3+4) ”

?

?

?

?

2 l

M

P

D

C

?

?

?

?

*  l



Pa ck ra t  Pa rs in g Exa m ple

A

par se “ 3+4) ”
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Packrat Parsing Example

A

par se “ +4) ”
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Packrat Parsing Example

A
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Packrat Parsing Example
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Pa ck ra t  Pa rs in g Exa m ple
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What is Packrat  
Parsing

Good (and not good) For?



Th eoret ica l Proper t ies

� Form a lly developed  by Birm a n  in  1970s

� Proved  exis ten ce of lin ea r -t im e p a rs in g 
a lgor ith m

� ...bu t apparen tly  n ever im plem en ted

� Recogn iza b le la n gu a ges :

� Str ict ly la rger  th a n  determ in is t ic pa rs in g 
a lgor ith m s : e.g., LL(k ), LR(k )

� In com pa ra b le to cla s s  of con text-fr ee 
la n gu a ges



Scanner less Parsing

� Tradit ional l inear -t ime parsers l imited by 
fixed (e.g., one-token) lookahead

� If we only have one lookahead token, then 
it©s easier i f tokens are big.

� Packrat  parsers provide unlimited 
lookahead

� No longer need to separate lexical analysis

� Why scanner less parsing?

� Simplicity: unified grammar for  ent ire 
language

� Power: lexical elements with  complex syntax



Syntact ic Flexibil ity

� Syntact ic predicates

� Parse X only if Y also matches

� Parse X only if followed by Y

� Subtract ive syntax

� Parse X only if Y doesn©t match

� Parse X only if not fol lowed by Y

� Semant ic predicates

� Parse X if i ts semant ic value sat isfies 
condit ion



Lim ita t ion s

Wh a t  is  a  pa ck ra t  pa rs er  not good  for?

� Gen era l CFG p a rs in g: e.g., a m bigu ou s  
gra m m a rs

(beca u s e of “ a t -m os t-on e res u lt ”  lim ita t ion )

� Pa rs in g h igh ly “ s ta tefu l”  s yn ta x: e.g., C, C++

(m em oiza t ion  depen ds  on  s ta teles s n es s )

� Pa rs in g in  m in im a l s pa ce

(LL/ LR pa rs er  grows  with  s ta ck  dep th , n ot  in pu t  
s ize)



Pract ical Parsers

Example packrat parser  for  the Java 
language:

� Unified (scanner less) parser

� Implemented in  Haskell

� Three versions:

1.Hand-coded with monadic combinators

2.Hand-coded with pr imit ive pat tern-matching

3.Automat ically bu ilt  by prototype parser  
generator



Perform a n ce Res u lts  
(Su m m a ry)

Pa rs e Tim e:

� Relia b ly lin ea r  growth  with  in p u t  s ize

� 26-52KB/ s  (600-1200  lin es / s ec)

(GHC 5 .04 , 1 .2GHz Ath lon )

� Com pa ra b le to Ha ppy-gen era ted  LR pa rser

(fa s ter  for  a vera ge-s ize J a va  s ou rces )

� Hea p  u s a ge:

� Relia b ly lin ea r  growth  with  in p u t  s ize

� 300-60 0
�

 expa n s ion  ra t io



Related Work

Funct ional/ monadic Parsing:

� Wadler , Fokker , Hut ton, Meijer , etc.

Scanner less Parsing:

� Tai, Salomon, Cormack  – NSLR(1)

� (linear  t ime, bu t  restr ict ive of grammar)

� Visser  et  al. – Generalized-LR

� (not  l inear  t ime)

Syntact ic &  Semantic Predicates:

� Parr , Quong – pred-LL(k)



Conclusion

Packrat  parsing:

� Uses memoizat ion to provide backt rack ing 
and unlimited lookahead in  a l inear-t ime 
parser

� Is easily expressed as a lazy data structu re

� Provides more flexibi l ity than LL or  LR 
parsing

� Enables pract ical scannerless parsing

� Has substan t ial storage cost , bu t  often 
reasonable



For More Informat ion

Papers, Master©s Thesis
Prototype Packrat  Parser Generator
Source Code for Example Parsers

Test  Su ite for  Example Java Parsers

available  a t:

http://pdos.lcs.mit.edu/~baford/packrat/


