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P ac krat parsing is a memoizing, bac ktrac king recursiv e-descen t parsing tec h-

nique that runs in time and space linear in the size of the input text. The tec hnique

w as originally disco v ered b y Alexander Birman in 1970 [1], and Bry an F ord to ok

up the idea for his master's thesis in 2002 [4, 3, 2]. F or detailed information on the

tec hnique, please see Bry an F ord's w eb page athttp://pdos.
sail.mit.edu/~baford/pa
krat/
This do cumen t describ es an R5RS Sc heme library of parsing com binators imple-

men ted using the pac krat parsing algorithm. The main in terfaces are the pa
krat-parse
macro (section 3) and the com binators in to whic h it expands (section 2), thebase-generator->results function (section 1.2), and the accessors for parse-result
records (section 1.1).1 Data Stru
tures
This section describ es the data structures that mak e up the core of the pac krat

parsing algorithm, and some of the lo w-lev el pro cedures that op erate on them.1.1 parse-result
A parse-result record describ es the results of an attempt at a parse at a particular

p osition in the input stream. It can either record a successful parse, in whic h case

it con tains an asso ciated seman tic-v alue, or a failed parse, in whic h case it con tains

a parse-error structure.(parse-result? <obje
t>) → <boolean>
This is a predicate whic h answ ers #t if and only if its argumen t is a parse-result

record.(parse-result-su

essful? <parse-result>) → <boolean>
This predicate returns #t if its argumen t represen ts a successful parse, or #f if it

represen ts a failed parse.(parse-result-semanti
-value <parse-result>) → <obje
t> or #f
If the argumen t represen ts a successful parse, this function returns the asso ciated

seman tic-v alue; otherwise, it will return #f.
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(parse-result-next <parse-result>) → <parse-results> or #f
If the argumen t represen ts a successful parse, this function returns a parse-results

record represen ting the parsed input stream starting immediately after the parse

this parse-results represen ts. F or instance, giv en an input stream [a, b, c, d, e], if

the parse-result giv en to parse-result-next had completed successfully , consuming

the [a, b, c] pre�x of the input stream and pro ducing some seman tic v alue, then

the parse-results returned from parse-result-next w ould represen t all p ossible parses

starting from the [d, e] su�x of the input stream.(parse-result-error <parse-result>) → <parse-error> or #f
If the argumen t represen ts a failed parse, this function returns a parse-error struc-

ture; otherwise, it ma y return a parse-error structure for in ternal implemen tation

reasons (to do with propagating errors up w ards for impro v ed error-rep orting - see

section 3.2.4 of [3]), or it ma y return #f.(make-result <semanti
-value> <next-parse-results>) → <parse-result>
This function constructs an instance of parse-result represen ting a successful parse.

The �rst argumen t is used as the seman tic v alue to include with the new parse-

result, and the second argumen t should b e a parse-results structure represen ting

the lo cation in the input stream from whic h to con tin ue parsing.(make-expe
ted-result <parse-position> <obje
t>) → <parse-result>
This function constructs an instance of parse-result represen ting a failed parse. The

parse-p osition in the �rst argumen t and the v alue in the second argumen t are used

to construct a v arian t of a parse-error record for inclusion in the parse-result that

rep orts that a particular kind of v alue w as exp ected at the giv en parse-p osition.(make-message-result <parse-position> <string>) → <parse-result>
This function constructs an instance of parse-result represen ting a failed parse. The

parse-p osition in the �rst argumen t and the string in the second argumen t are used

to construct a v arian t of a parse-error record for inclusion in the parse-result that

rep orts a general error message at the giv en parse p osition.(merge-result-errors <parse-result> <parse-error>) → <parse-result>
This function propagates error information through a particular parse result. The

parse-error con tained in the �rst argumen t is com bined with the parse-error from

the second argumen t, and the resulting parse-error structure is returned em b edded

in the error �eld of a cop y of the �rst argumen t.1.2 parse-results
A parse-results record notionally describ es all p ossible parses that can b e attempted

from a particular p oin t in an input stream, and the results of those parses. It

con tains a parse-p osition record, whic h corresp onds to the p osition in the input

stream that this parse-results represen ts, and a map asso ciating �k ey ob jects� with

instances of parse-result.

A tomic input ob jects (kno wn as �base v alues�; usually either c haracters or tok en/seman tic-

v alue pairs) are represen ted sp ecially in the parse-results data structure, as an op-

timisation: the t w o �elds base and next represen t the implicit successful parse of a
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base v alue at the curren t p osition. The base �eld con tains a pair of a tok en-class-

iden ti�er and a seman tic v alue unless the parse-results data structure as a whole is

represen ting the end of the input stream, in whic h case it will con tain #f.(parse-results? <obje
t>) → <boolean>
This is a predicate whic h answ ers #t if and only if its argumen t is a parse-results

record.(parse-results-position <parse-results>) → <parse-position> or #f
Returns the parse-p osition corresp onding to the argumen t. An unkno wn p osition

is represen ted b y #f.(parse-results-base <parse-results>) → (
ons <kind-obje
t> <value-obje
t>)or #f
If the argumen t corresp onds to the end of the input stream, this function returns

#f; otherwise, it returns a pair, where the car is to b e in terpreted as a base lexical

tok en class iden ti�er (for instance, �sym b ol�, �string�, �n um b er�) and the cdr is to

b e in terpreted as the seman tic v alue of the tok en.(parse-results-token-kind <parse-results>) → <kind-obje
t> or #f
This function returns the car (the tok en class iden ti�er) of the result of parse-results-

base, if that result is a pair; otherwise it returns #f.(parse-results-token-value <parse-results>) → <value-obje
t> or #f
This function returns the cdr (the seman tic v alue) of the result of parse-results-base,

if that result is a pair; otherwise it returns #f.(parse-results-next <parse-results>) → <parse-results> or #f
This function returns the parse-results record represen ting the p osition in the input

stream immediately after the argumen t's base tok en. F or instance, if the base

tok ens used represen ted c haracters, then this function w ould return the parse-results

represen ting the next c haracter p osition; or, if the base tok ens represen ted lexemes,

then this function w ould return a represen tation of the results obtainable starting

from the next lexeme p osition. The v alue #f is returned if there is no next p osition

(that is, if the argumen t represen ts the �nal p ossible p osition b efore the end-of-

stream).(base-generator->results <generator-fun
tion>) → <parse-results>
This function is used to set up an initial input stream of base tok ens. The argumen t

is to b e a n ullary function returning m ultiple-v alues, the �rst of whic h is to b e a

parse-p osition record or #f, and the second of whic h is to b e a base tok en, that is a

pair of a tok en class iden ti�er and a seman tic v alue. The argumen t is called ev ery

time the parser needs to read a fresh base tok en from the input stream.
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(prepend-base <parse-position><base-value> <parse-results>) → <parse-results>
This function e�ectiv ely prep ends a base tok en to a particular parse-results. This

can b e useful when implemen ting extensible parsers: using this function in a suitable

lo op, it is p ossible to splice together t w o streams of input.

F or instance, if r is a parse-results represen ting parses o v er the input tok en

stream '((b . 2) (
 . 3)), then the result of the call(prepend-base #f '(a . 1) r)
is a new parse-results represen ting parses o v er the input stream '((a . 1) (b. 2) (
 . 3)).

The �rst argumen t to prep end-base, the parse-p osition, should b e either a parse-

p osition represen ting the lo cation of the base tok en b eing prep ended, or #f if the

input p osition of the base tok en is unkno wn.(prepend-semanti
-value <parse-position><key-obje
t> <semanti
-value><parse-results>) → <parse-results>
This function is similar to prep end-base, but prep ends an already-computed se-

man tic v alue to a parse-results, again primarily for use in implemen ting extensible

parsers. The resulting parse-results is assigned the giv en parse-p osition, and has

an en try in its result map asso ciating the giv en k ey-ob ject with the giv en seman tic-

v alue and input parse-results.(results->result <parse-results> <key-obje
t> <result-thunk>) → <parse-result>
This function is the cen tral function that driv es the parsing pro cess. It examines

the result map in the parse-results giv en to it, searc hing for an en try matc hing the

giv en k ey-ob ject. If suc h an en try is found, the parse-result structure asso ciated

with the k ey is returned; otherwise, the n ullary result-th unk is called, and the

resulting parse-result is b oth stored in to the result map and returned to the caller

of results->result.1.3 parse-error
P arse-error structures represen t collected error information from attempted parses.

They con tain t w o kinds of error rep ort, follo wing [3 ]: a collection of �exp ected tok en�

messages, and a collection of free-format message strings.(parse-error? <obje
t>) → <boolean>
This is a predicate whic h answ ers #t if and only if its argumen t is a parse-error

record.(parse-error-position <parse-error>) → <parse-position> or #f
Retriev es the parse-p osition in the input stream that this parse-error is describing.

A #f result indicates an unkno wn p osition.(parse-error-expe
ted <parse-error>) → (list-of <obje
t>)
Retriev es the set (represen ted as a list) of tok en class iden ti�ers that could ha v e

allo w ed the parse to con tin ue from this p oin t.
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(parse-error-messages <parse-error>) → (list-of <string>)
Retriev es the list of error messages asso ciated with this parse-error.(make-error-expe
ted <parse-position> <obje
t>) → <parse-error>
Constructs an �exp ected tok en� parse-error record from its argumen ts. Called b y

mak e-exp ected-result (section 1.1).(make-error-message <parse-position> <string>) → <parse-error>
Constructs an �general error message� parse-error record from its argumen ts. Called

b y mak e-message-result (section 1.1).(parse-error-empty? <parse-error>) → <boolean>
Returns #t if its argumen t con tains no exp ected tok ens, and no general error mes-

sages; otherwise returns #f. Used in ternally b y merge-parse-errors (section 1.3).(merge-parse-errors <parse-error> <parse-error>) → <parse-error>
Merges t w o parse-error records, follo wing [3 ]. If one record represen ts a p osition

earlier in the input stream than the other, then that record is returned; if they b oth

represen t the same p osition, the �exp ected tok en� sets are unioned and the general

message lists are app ended to form a new parse-error record at the same p osition.

The standard parsing com binators call this function as appropriate to propagate

error information through the parse.1.4 parse-position
A parse-p osition record represen ts a c haracter lo cation in an input stream.(make-parse-position <�lename> <linenumber> <
olumnnumber>) →<parse-position>
Constructs a parse-p osition record from its argumen ts. The giv en �lename ma y b e

#f if the �lename is unkno wn or not appropriate for the input stream the parse-

p osition is indexing in to.(parse-position? <obje
t>) → <boolean>
This is a predicate whic h answ ers #t if and only if its argumen t is a parse-p osition

record.(parse-position-�le <parse-position>) → <string> or #f
Retriev es the �lename asso ciated with a parse-p osition record. Returns #f if the

�lename is absen t or not appropriate for this input stream.(parse-position-line <parse-position>) → <number>
Retriev es the line n um b er this parse-p osition represen ts. Line n um b ers b egin at 1;

that is, all c haracters on the v ery �rst line in a �le will ha v e line n um b er 1.
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(parse-position-
olumn <parse-position>) → <number>
Retriev es the column n um b er within a line that this parse-p osition represen ts. Col-

umn n um b ers b egin at 0; that is, the v ery �rst c haracter of the v ery �rst line in a

�le will ha v e line n um b er 1 and column n um b er 0.(top-parse-position <string>) → <parse-position>
Constructs a parse-p osition represen ting the v ery b eginning of an input stream.

The argumen t is passed in to mak e-parse-p osition as the ��lename� parameter, and

so ma y b e either a string or #f.(update-parse-position <parse-position><
hara
ter>) → <parse-position>
Giv en a p osition, and the c haracter o ccurring at that p osition, returns the p osition

of the next c haracter in the input stream. Most c haracters simply incremen t the

column n um b er. Exceptions to this rule are: #\return, whic h resets the column

n um b er to zero; #\newline, whic h b oth resets the column n um b er to zero and

incremen ts the line n um b er; and #\tab, whic h incremen ts the column n um b er to

the nearest m ultiple of eigh t, just as a terminal with an eigh t-column tab stop

setting migh t do.(parse-position->string <parse-position>) → <string>
Con v erts a parse-p osition record in to an ema
s-compatible displa y format. If the

�lename in the parse-p osition is unkno wn, the string � <??>� is used in its place.

The result is of the form filename:linenumber:
olumnnumber
for example, main.
:33:7(parse-position>? <parse-position> <parse-position>) → <boolean>

Returns #t if the �rst parse-p osition is more adv anced in the input stream than the

second parse-p osition. Either or b oth p ositions ma y b e #f, represen ting unkno wn

p ositions; an unkno wn p osition is considered to b e less adv anced in the input stream

than an y kno wn p osition. Note that the �lename asso ciated with eac h parse-p osition

is completely ignored � it is the caller's resp onsibilit y to ensure the t w o p ositions

are asso ciated with the same input stream.2 Parsing Combinators
P arsing com binators are functions taking a parse-results structure and returning

a parse-result structure. Eac h com binator attempts to parse the input stream in

some manner, and the result of the com binator is either a successful parse with an

asso ciated seman tic v alue, or a failed parse with an asso cated error record.

This section describ es the pro cedures that pro duce the mid-lev el parsing com-

binators pro vided as part of the library .

The t yp e of a parser com binator, written in ML-lik e notation, w ould b eparse-results → parse-result
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(pa
krat-
he
k-base <kind-obje
t> <semanti
-value-a

eptor>) → <
om-binator>
Returns a com binator whic h, if the next base tok en has tok en class iden ti�er equal

to the �rst argumen t (�kind-ob ject�), calls the second argumen t (�seman tic-v alue-

acceptor�) with the seman tic v alue of the next base tok en. The result of this call

should b e another parser com binator, whic h is applied to the parse-results repre-

sen ting the remainder of the input stream.

The t yp e of the seman tic v alue acceptor, written in ML-lik e notation, w ould b esemanti
Value → parserCombinator
or, more fully expanded,semanti
Value → parse-results → parse-result
These t yp es recall the t yp es of functions that w ork with monads

1
.(pa
krat-
he
k <
ombinator> <semanti
-value-a

eptor>) → <
ombi-nator>

Returns a com binator whic h attempts to parse using the �rst argumen t, and if

the parse is successful, hands the resulting seman tic v alue to the seman tic-v alue-

acceptor (whic h has the same t yp e as the seman tic-v alue-acceptors passed to pac krat-

c hec k-base) and con tin ues parsing using the resulting com binator.(pa
krat-or <
ombinator> <
ombinator>) → <
ombinator>
Returns a com binator whic h attempts to parse using the �rst argumen t, only trying

the second argumen t if the �rst argumen t fails to parse the input. This is the basic

com binator used to implemen t a c hoice among sev eral alternativ e means of parsing

an input stream.(pa
krat-unless <string> <
ombinator> <
ombinator>) → <
ombina-tor>
The com binator returned from this function �rst tries the �rst com binator giv en. If

it fails, the second is tried; otherwise, an error message con taining the giv en string

is returned as the result. This can b e used to assert that a particular sequence of

tok ens do es not o ccur at the curren t p osition b efore con tin uing on. (This is the

�not-follo w ed-b y� matc her, from section 4.1.6 of [3].)3 The pa
krat-parser ma
ro
The pac krat-parser macro pro vides syn tactic sugar for building complex parser com-

binators from simpler com binators. The general form of the macro, in an EBNF-lik e

language, is:(pa
krat-parser <result-expr> <nonterminal-definition>*)
where 1and, of 
ourse, in languages like Haskell, it is the norm to implement parser 
ombinators andrelated 
ode in a monadi
 style.
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<nonterminal-definition> :==(<nonterminal-id> (<sequen
e> <body-expr>+)*)<sequen
e> :== (<part>*)<part> :== (! <part>*)| (/ <sequen
e>*)| <var> <- '<kind-obje
t>| <var> <- �| <var> <- <nonterminal-id>| '<kind-obje
t>| <nonterminal-id>
Eac h non terminal-de�nition expands in to a parser-com binator. The collection of de-

�ned non terminal parser-com binators expands to a (begin) con taining an in ternal

de�nition for eac h non terminal.

The result of the whole pac krat-parser form is the <result-expr> immediately

follo wing the pa
krat-parser k eyw ord. Since (begin) forms within (begin) forms

are �attened out in Sc heme, the <result-expr> can b e used to in tro duce hand-

written parser com binators whic h can call, and can b e called b y , the non terminal

de�nitions built in the rest of the parser de�nition.

Eac h non terminal de�nition expands in to:(define (<nonterminal-id> results)(results->result results 'nonterminal-id(lambda ()(<...> results))))
where <...> is the expanded alternation-of-sequences com binator formed from the

b o dy of the non terminal de�nition.

An alternation (either implicit in the main b o dy of a non terminal de�nition, or

in tro duced via a <part> of the form (/ <sequen
e> ...)) expands to(pa
krat-or <expansion-of-first-alternative>(pa
krat-or <expansion-of-se
ond-alternative>...))
This causes eac h alternativ e to b e tried in turn, in left-to-righ t order of o ccurrence.

Whereev er a <part> of the form � <var> <- ...� o ccurs, a v ariable binding

for <var> is made a v ailable in the <body-expr>s that mak e up eac h arm of a

non terminal de�nition. The v ariable will b e b ound to the seman tic v alue resulting

from parsing according to the parser de�nition to the righ t of the arro w (the � ...�

ab o v e).

The (! <part> ...) syn tax expands in to an in v o cation of pac krat-unless.

The � �� syn tax in � <var> <- �� causes <var> to b e b ound to the parse-p osition

at that p oin t in the input stream. This can b e used for annotating abstract syn tax

trees with lo cation information.<part>s of the form '<kind-obje
t> expand in to in v o cations of pac krat-c hec k-

base; those of the form <nonterminal-id> expand in to in v o cations of pac krat-

c hec k, with the pro cedure asso ciated with the named non terminal passed in as the

com binator argumen t.4 Porting the library to other S
heme implementa-tions
The library dep ends on R5RS Sc heme's m ultiple-v alues supp ort in only one place,

the in terface to the pro cedure base-generator->results. The macro pa
krat-parser
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is implemen ted using R5RS syntax-rules. The library also dep ends on these SR-

FIs:

• SRFI-1 (lists)

• SRFI-9 (records)

• SRFI-6 (basic string p orts) (only used in one place, for error rep orting, in thepa
krat-parser macro)5 Examples5.1 A base-generator for an input stream of 
hara
ters
This generator reads c haracters from a Sc heme p ort, main taining an input p osi-

tion and pro ducing base tok ens with eac h c haracter in b oth tok en class iden ti-

�er and seman tic v alue p osition. When using a parse-results record o v er an input

stream built from this generator, the functions parse-results-token-kind andparse-results-token-value will b oth return the same c haracter. T o use the gen-

erator, pass the result of the generator function to base-generator->results.(define (generator filename port)(let ((ateof #f)(pos (top-parse-position filename)))(lambda ()(if ateof(values pos #f)(let ((x (read-
har port)))(if (eof-obje
t? x)(begin(set! ateof #t)(values pos #f))(let ((old-pos pos))(set! pos (update-parse-position pos x))(values old-pos (
ons x x)))))))))5.2 A base-generator for a higher-level input stream of lex-emes/tokens
This generator sk etc hes the construction of more complicated lexeme or tok en-based

substrates for the pac krat parser com binators. It reads tok ens from a precomputed

list of tok en-class/seman tic-v alue pairs; in a more realistic situation, the list of

lexemes w ould b e computed on demand. Since w e're reading from a list, with

no real p osition information a v ailable, w e return #f as the �rst of the t w o v alues

exp ected from the generator, to indicate �unkno wn lo cation� at ev ery step of the

w a y . (define (generator tokens)(let ((stream tokens))(lambda ()(if (null? stream)(values #f #f)(let ((base-token (
ar stream)))(set! stream (
dr stream))(values #f base-token))))))
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5.3 A simple 
al
ulator
This example builds on the generator from section 5.2. It implemen ts a simple

calculator, supp orting addition, m ultiplication, and grouping op erators. The parser

exp ects an input stream of base-tok ens with tok en class iden ti�ers dra wn from the

set (num oparen 
paren + *).(define 
al
 (pa
krat-parser expr(expr ((a <- mulexp '+ b <- mulexp)(+ a b))((a <- mulexp) a))(mulexp ((a <- simple '* b <- simple)(* a b))((a <- simple) a))(simple ((a <- 'num) a)(('oparen a <- expr '
paren) a))))5.4 An example 
al
ulator session
This session uses the de�nitions of generator and 
al
 from sections 5.2 and 5.3.Wel
ome to MzS
heme version 209, Copyright (
) 2004 PLT S
heme, In
.> (require "pa
krat.ss")> (define (generator tokens) [...℄)> (define 
al
 [...℄)> (define g (generator'((num . 1) (+) (num . 2) (*) (num . 3))))> (define r (
al
 (base-generator->results g)))> (parse-result-su

essful? r)#t> (parse-result-semanti
-value r)7> (define g (generator'((oparen) (num . 1) (+) (num . 2) (
paren) (*) (num . 3))))> (define r (
al
 (base-generator->results g)))> (parse-result-su

essful? r)#t> (parse-result-semanti
-value r)9>Referen
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