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Wh a t  is  Pa ckra t  Pa rs in g?

Answe r:
Top-down  pa rs in g with  ba ck tra ck in g –

except:

Uses  m em oiza tion  to a ch ieve lin ea r  pa r se 
t im e



Example Grammar

Additive → Multitive '+' Additive
| Multitive

Multitive → Primary '*' Multitive
| Primary

Primary → '(' Additive ')'
| Decimal

Decimal → '0' | ... | '9'
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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

� Typic a l so lutio n: a void  ba ck t ra ck in g by

� Pred ict ion  u s in g on e-tok en  look a h ea d

� Ha ck in g th e gra m m a r

� Des ign in g th e la n gu a ge for  ea s y pa rs in g

� Alte rna te  so lutio n: a llow ba ck t ra ck in g;

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



Mem oiza t ion  of Res u lts

As s u m ption s :

� Pa rs in g fu n ct ion s  dep en d  on ly  on  in p u t  
s t r in g.

� Pa rs in g fu n ct ion s  yield  a t m os t one res u lt.

Im plica t ion :

� Requ ires  res u lts  ta b le of s ize (m  

�

 (n+1))

� m = n u m ber  of n on term in a ls / pa rs in g fu n ct ion s

� n  = len gth  of in pu t  s t r in g
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Bu ild in g a  Pa ck ra t  Pa rs er

data Result v = Parsed v Derivs
| NoParse

data Derivs = Derivs {
dvAdditive :: Result Int,
dvMultitive :: Result Int,
dvPrimary :: Result Int,
dvDecimal :: Result Int,
dvChar :: Result Char}
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chr = case s of
(c:s') -> Parsed c (parse s')
[] -> NoParse

add = pAdditive d
mult= pMultitive d
prim= pPrimary d
dec = pDecimal d



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

pAdditive :: Derivs -> Result Int
pAdditive =

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

<|> (do pMultitive)



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

pAdditive :: Derivs -> Result Int
pAdditive =

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

<|> (do pMultitive)



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

pAdditive :: Derivs -> Result Int
pAdditive =

(do l <- dvMultitive
char '+'
r <- dvAdditive
return (l + r))

<|> (do dvMultitive)
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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



Sca n n er les s  Pa rs in g

� Tra d it ion a l lin ea r -t im e p a rs ers  lim ited  by 
fixed  (e.g., on e-token ) looka h ea d

� If we on ly h a ve on e looka h ea d  token , th en  
it's  ea s ier  if tok en s  a re big.

� Pa ckra t  pa rs ers  p rovide u n lim ited  
looka h ea d

� No lon ger  n eed  to s epa ra te lexica l a n a lys is

� Wh y s ca n n er les s  pa rs in g?

� Sim plicity: u n ified  gra m m a r  for  en t ire 
la n gu a ge

� Power : lexica l elem en ts  with  com plex syn ta x



Syn ta ctic Flexib ility

� Syn ta ct ic p red ica tes

� Pa rs e X on ly if Y a ls o m a tch es

� Pa rs e X on ly if followed  b y Y

� Su btra ct ive syn ta x

� Pa rs e X on ly if Y does n 't m a tch

� Pa rs e X on ly if not followed by Y

� Sem a n tic p red ica tes

� Pa rs e X if it s  s em a n tic va lu e s a t is fies  
con d it 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)



Pra ct ica l Pa rs ers

Exa m ple pa ckra t  pa rs er  for  th e J a va  
la n gu a ge:

� Un ified  (s ca n n er les s ) pa r s er

� Im p lem en ted  in  Ha s k ell

� Th ree vers ion s :

1. Ha n d-coded  with  m on a d ic com bin a tors

2. Ha n d-coded  with  p r im it ive pa t tern -m a tch in g

3. Au tom a tica lly bu ilt  by p rototype p a rs er  
gen era tor



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



Rela ted  Work

Fu n ct ion a l/ m on a dic Pa rs in g:

� Wa dler , Fokk er , Hu t ton , Meijer , etc.

Sca n n er les s  Pa rs in g:

� Ta i, Sa lom on , Corm a ck  – NSLR(1)

� (lin ea r  t im e, b u t  res t r ict ive of gra m m a r)

� Vis s er  et  a l. – Gen era lized -LR

� (n ot  lin ea r  t im e)

Syn ta ctic & Sem a n tic Pred ica tes :

� Pa rr , Qu on g – p red -LL(k )



Con clu s ion

Pa ckra t  pa r s in g:

� Us es  m em oiza t ion  to p rovide ba ck t ra ck in g 
a n d  u n lim ited  look ah ea d  in  a  lin ea r -t im e 
pa rs er

� Is  ea s ily exp res s ed  a s  a  la zy da ta  s t ru ctu re

� Provid es  m ore flexib ility th a n  LL or  LR 
pa rs in g

� En a b les  p ra ct ica l s ca n n erles s  p a rs in g

� Ha s  s u bs ta n t ia l s tora ge cos t , bu t  often  
rea s on a b le



For  More In form a t ion

Pa pers , Ma s ter's  Th es is
Prototype Pa ck ra t  Pa rs er  Gen era tor

Sou rce Code for  Exa m ple Pa rs ers
Tes t  Su ite for  Exa m ple J a va  Pa rs ers

available  a t:

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


