CS 536 Announcements for Thursday, February 20, 2025

Last Time
e syntax-directed translation
e abstract syntax trees

e implementing ASTs ~d 'A‘"cf’ﬁ ﬁ_ mor\'@‘\aul
Today 0 0’(' l’\\

e Java CUP

e approaches to parsing

e bottom-up parsing

e CFG transformations
e removing useless non-terminals
e Chomsky normal form (CNF)

e CYK algorithm

Next Time
e Midterm 1, 6:30 — 8 pm (in-class)

Parser generators

Tools that take an SDT spec and build an AST
e YACC Ye4 Anv\'\(r C Cov\(»(\f-r - ccCatls & Qorwr ) C,

A
e Java CUP Cbhﬁr\\‘w-hr °£ U\seg..\ ?wsqrs-—cvcwkesc\ ?arsﬂ' " ’Sa\m\

Conceptually similar to JLex:
¢ Input: language rules + actions

e Output: Java code

parser > Java CUP > parser source )
specification symbols Sﬂ"‘ . \(‘»\'0\
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Java CUP

parser. java c
¢ S0 Staaner
e constructor takes argument of type Yylex

e parse method

e if input correct, returns Symbol whose value field contains translation of root
nonterm

¢ if inputincorrect, quits on first syntax error

e ‘\\ ex

e uses output of JLex
e depends on scanner and TokenVal classes

e sym.java defines the communication language = AQQ\"\QS “okea Aa e\
e uses definitions of AST classes (in ast.java) wsed \51 koth dvex
— p—
A Qave C(mf

Parts of Java CUP specification

N et 5M¢u:~ C1e1\

Grammar rules with actions:

expr ::= INTLIT
| ID

| expr PLUS expr

| expr TIMES expr

| LPAREN expr RPAREN

.
4

Terminal and nonterminal declarations:

terminal INTLIT;
terminal ID;
terminal PLUS;
terminal TIMES;
terminal LPAREN;
terminal RPAREN;

non terminal expr;

Precedence and associativity declarations: DTAQP (in -WP\
precedence left PLUS; \ .
precedence left TIMES; \“A\Camb ch&dﬁ\u—
L S \ow
O\SSQQ\G\‘\'\\I\N \
Y

Can 80

?“QCCAM NonAS L L_ESS) \\“3\
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Java CUP Example R . :
Assume: dQ‘(H\Q()\ In c\.y\.)o\vo\

e Java class ExpNode with subclasses IntLitNode, IdNode, PlusNode, TimesNode
e PlusNode and TimesNode each have two children

e TdNode has a String field (for the identifier)

e IntLitNode has an int field (for the integer value)

e INTLIT token is represented by TntLitTokenVal class and has field intval

e 1D token is represented by TdTokenVal class and has field idval

Step 1: add types to terminals and nonterminals 6@&{:\9) W \WW\“ ~3\€X
/ *
* Terminal declarations :
* / r\ne‘\-twe,@wcvaw‘%mvam

terminal INTLIT; aasdiomted wet h ke

terminal ID; ’Q-N\\\\__‘- .

terminal PLUN‘\’Q‘“V\:R&\ 1“4L\‘\To\<e,\lo~\ TINTLLT
terminal TIMES; =) X 0% s K V\ <TWOH)
terminal LPAREN; etria FA-‘; e i\ S

terminal RPAREN;

==

'——- Q“on Scanngs

P (badhAlex)
* Nonterminal declarations .
"/ T*(’e \‘ee}u\re& for o\ onderems

non terminal expr;ij_—
3 fon 4+ Ey:el\'aé.e ex oy

Secaen RoA. ‘\wo\

Step 2: add precedences and associativities

/*
* Precedence and associativity declarations
*/

precedence left PLUS;

precedence left TIMES;
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Java CUP Example (cont.)

Step 3: add actions to CFG rules

/*
* Grammar rules with actions
*/

. £ s
expr ::= INTLITS ¢ &f— ﬂee

{: s b o\asw,

| QRESULT = new Sl Node ( (:'w‘\'o'\\:‘ E)‘:;No&

T Lix TokeaVal

| iosd
' RESULT = new TdNade (e dV);

)
| expr:ei PLUS expr:e?.

{:
RE SULT= new s Nodo(ehy e2)
:}
| exprzci TIMES expre el
{:
QE suLT < neufimsh‘°5¢( edy Yy
)
| LPAREN exprpe, RPAREN
{:
RESWT=e!,

D}

GenesA 'Q"M .

NoNYerm %24 = (‘w\ei

2: /] actlon i:b“ colel

RESULT= . '5

e
‘ (“m\f.l

i‘g&ssw:\’-: -y
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Java CUP Example (cont.)
Input: 2 + 3 ?w el w/&canslation

%u'u\fb‘lwsﬂ.
;R

T LitNode e
W = é"‘e’l‘(” <My

Tl TokeaVo
\Wne e L)

o\"afm«\ D

ird'\’a\ E

Tox L§4T°\"e"\’°‘\
YT
0\‘0" Do :
Vol (2]

Bu(\-? H

SCanndS”
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Translating lists
Example /\Q‘g Y2 g NV /)

idList — idList COMMA ID | ID

Left-recursion or right-recursion?

e for top-down parsers M wse r\'%«t CeunrSion
\Ggf'"'eu""\‘b’\ \eads %o an ;c\‘g:'\‘\‘fe \009

o forJava CUP Ws&e \_e_&t cChitaon

L-y\ooﬁ«om-u\? Qot $&°

Example
CFG: idList — idList COMMA ID | ID

Goal: the translation of an idList isa LinkedList of Strings
Example
Input: x , v, z

Qhiea y \D
/ \ \ |\ L
\«)L|\"r\' ) L?n andd on 4o exib‘\"\“g\\"r\'
\ .
“3. Colme WA
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Example (cont.)

Whist = \list QMR 19

Java CUP specification for this syntax-directed translation \ \B
Terminal and nonterminal declarations:

Yetming\ TaValken Va) \D“,
“Xer ~ina Comm iy

non rerming] Liakedlin <) idbisty

Grammar rules and actions:

idList ::= idList® L COMMA D% ¢
a L. zdd Loy (C-i&\la\\;
REsaLT= Ly
S,
V Linkehbiot < Setan Longw Linkedbist (o> ()
Lo odd (¢, idVal)y

REswT= Ly
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Handling unary minus

/*

* precedences and associativities of operators

* / \ouvr My ey lowlst PWJQ\C@
precedence left PLUS, MINUS “9%0«1"'&9ken (nevar

p;:ee;i;ifg:e left TIMaSN]LIXéDE/ et oy scnne )
AoRa$$0
P ¢ _t/w,\dn’ N\M\b;%\\‘\‘b\\es{ ()\‘QLQAG\(L

/*

* grammar rules Q\‘QQQAQI\LL o(' a tnle

*/ i gnat oF che Lo tokea
exp := . . .

\f\ e ﬁnw\ u\l\\e‘gs
| MINUS exp:e

VO5\ A
{: RESULT = new UnaryMinusNode (e os\m) 593“'?0

1) %0 gcee WNMINGS Q‘W‘W LN

| exp:el PLUS exp:e2 a?b??@b
{: RESULT = new PlusNode(el, e2);

)

| exp:el MINUS exp:e2
{: RESULT = new MinusNode (el, e2);
)

EZQS(.N, wrm

Foulioizzd vetsions oF dimagans So Fanal
e CYK Qagrivhe (pangs 11-12) aver\dble
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Parsing: two approaches
Top-down / "goal driven" xXec
e start at start nonterminal / \ \
e grow parse tree downward until ex? C X ‘\'QI;('\
entire sequence is matched \

<erm O
'O
Bottom-up / "data driven" 0O ¢ \D
e start with terminals (sequence) l \
e generate ever larger subtrees until Yooen Xecm
get to single tree whose root is the
start nonterminal (MKQ,' QO\N‘L exet
ATEL (b Sl
AN
Rx Q™

Example:

CFG: expr = expr + term | term
term > term *ID | ID

Derive: ID + ID
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Cocke - Younger — Kasami (CYK) algorithm
¢ Works bottom-up . ' \
e Time complexity : O(n°) v\ = \enose\\ D‘(' n oLt (# o(*: ‘tokeN. W y}"'&w

e Requires grammar to be in Chomsky Normal Form

Chomsky Normal Form (CNF)
e all rules must be in one of two forms
e x>T (T\§ a *0)’«»\\«&\\
e x—>ab
e only rule allowed to derive epsilon is the start symbol s

Why CNF is helpful?
e nonterminals in pairs = Caa, thald c&‘ A Su\rﬂ‘w as & sq)o sea«

e nonterminals (except start) can't derive epsilon _aeaw\\ su&:sew\ \\% et \W

: L aken
\f\Qh‘T &v.) CO
L i
i
CYK : Dynamic Programming
x>T — Qﬂ't\s \e«-c & Rase e,
x> ababinay ivgbe nodg, oF Qase reL . S
S '3
/ ‘.‘\5 /
S\L U
/N >
/N Sy S / \
51 5;1. |ss T Sn S 5‘33 S‘,‘\’
| )
S 67. ”:_5 $"1 S, %1 Sy Sl—\
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Running CYK

Track every viable subtree from leaf to root.
All subspans for a sequence (string) with 6 terminals

6 | o | SZ—entre se(a;uence,
g @ 246 pa %6‘64\)0\0 W Cb\%hf\
8 AO-"\ A;ﬁﬁof\@\
11ED 36 | |
o ot |
in g™ 3 || g 2,4 3,5 4,6 4
2|52 |z |3 |45 |50
\ 2 [ 35 [ 494 [(55)] &6
) (A S '1 S 6 FLQVP‘?
Posivon os'
e Quespon
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CYK Example

—\©
(g %\'Q | S~,¢'~\.)°\ \S N Rop @
@\ \Do;()\.re‘.ll de<er mntd f>iy

W%Ix]

\—

®
— i 2—5 Qo

y=>1r

n-=>1D

Inéiz ’S

‘zécnm

i->ID

1> (
r->)

c->,
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Eliminating useless nonterminals

Avoid unnecessary work — remove useless rules
1. If a nonterminal cannot derive a sequence of terminal symbols, then it is useless

2. If a nonterminal cannot be derived from the start symbol, then it is useless

Nonterminals that cannot derive a sequence of terminal symhaols_

mark all terminal symbols

repeat

if all symbols on the RHS of a production are marked

mark the LHS nonterminal (euqu\ Vkm i‘t s\wa\.ﬂ; up\

until no more nonterminals can be marked

Example SI(: S—= X 3
s >x | e X x=2(
x =2 () \@ 2

T2k N Y eseless

Nonterminals that cannot be derived from the start symbol

mark the start symbol
repeat
if the LHS of a production is marked

mark all RHS nonterminals (vl\eN.ver .e\\l,\' sLow t.py

until no more nonterminals can be marked

Example
s =2 ab

a >+ | —-|c¢
b - digit | b digit

&5 _C s KON
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Chomsky Normal Form
Four steps
e eliminate epsilon productions
¢ eliminate unit productions
e fix productions with terminal on RHS (along with other symbols) {S; e \\qv e

¢ fix productions with > 2 nonterminals on RHS <S¢
oK 4¢ harl SX&rt S

o B (€ S0, ant Wl otag on RHS A S
Eliminate (most) epsilon productions \ »kr%\a'te “

If nonterminal a immediately derives epsilon

So & add geoducten

e make copies of all rules with a on RHS

e delete all combinations of a in the copies

So™S
Sa¢
Example 1
S ID(a gq‘b%\ QA\-bS...
—E_l §=20(N =2 §500)
a —2>n AN
n > ID n> (O
n 2> 1ID,n n > \0)“
Example 2 X-*?G\XG\YO\
x > aXaVYa

a \ 0\X o\\(

a >4 \ OVX\(O\
\ Xa\\((/\
| XY
) Xa¥
\ XYa
\ XY

n— 2
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Chomsky Normal Form (cont.)
Eliminate unit productions

Productions of the form a = b are called unit productions

If this is the only rule with a on the LHS
e place b anywhere a could have appeared
e remove the unit production a 2> b

Example
f > ID(a) £ 5 W (n)
f > 1D() ' 00)
s PN
n
n >1ID,n \ \D ) n

If there are multiple rules with a on the LHS,
e for each rule of the form b > 6,add a > 0o
e removea-—>b>b

Exaamljbx o= Vo X
| cb \ (%
| b | 2Y
b >2ZY N
| Yo |
c 2> 2Za \5"92.\{
\ .
CO Za
Week 5

nNote: 6n-\\ne

CM{NS

\S ‘hlohneek

o™ Youw % hadle

Wiy
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Chomsky Normal Form (cont.)
Fix RHS nonterminals

For productions with terminals and something else on the RHS
e forterminal T,addrulex > T

e replace T with _Lin those productions

Example (‘_7 \D
f > 1ID(n) Lo (
f >1ID() ) )
n > ID

C‘?)
n 2> ID,n

'?—3 (‘Lnﬁ‘

f= e
n- \O
n=S (Cn

For productions with > 2 nonterminals on the RHS
e replace all but the 15t nonterminal with a new nonterminal

e add rule with new nonterminal on LHS and replaced nonterminal sequence on RHS

e repeat (as necessary)

Example 5}«'7(\./
‘Q“‘?C’.V\P =) ‘Q—q‘-"’ =) v L%
walm 1_75:
LQSA"\ ':'of \to\,\‘, g.:,{\('
N) oln
Week 5
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