CS 536 Announcements for Thursday, February 13, 2025
Programming Assignment 2 — due Tuesday, February 18
Homework 2 — is available

Last Time
e why regular expressions aren't enough
e CFGs
e formal definition
e examples
e language defined by a CFG
parse trees
Makefiles
ambiguous grammars
grammars for expressions
e precedence
e associativity
e grammars for lists

Today
e syntax-directed translation
e abstract syntax trees

mpemening AT g0 of Midrere L mogesia
CFG review

prog > BEGIN stmts END
stmts 2> stmts SEMICOLON stmt

| stmt o
stmt > ID ASSIGN expr ? 6?:3,%&

expr > expr PLUS term
| term

term - term TIMES factor
| factor

factor > expon POW factor
| expon

expon-> INTLIT J
| LPAREN expr RPAREN \\.\%\\
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Overview of CFGs
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CFGs for language definition
o the CFGs we've discussed can generate/define languages of valid strings
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CFGs for language recognition
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CFGs for parsing
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Syntax-directed translation (6\)1'\

= translating from a sequence of tokens into a sequence of actions/other form,
based on underlying syntax Cou | .
suld e - AS“'V&\M@'

Tqpe et

To define a syntax-directed translation
Augment CFG with translation rules (A:\ VO 6 A, P\,\L QQ\" p?ko‘ t'—.m.)

o definet ati fLH -terminal functi f
efine translation of LHS non-terminal as a function o L-.-) LHs—> AHS
o Congtanty
o FCRaL\atroos QQ U\S t\on-fd'«v:(\h\s
¢ Voot & token (kormindy) o KNS

To translate a sequence of tokens using SDT )(’

. buld Pacse *xCee
e use translation rules to compute translation of ecw\\ ﬂot\-*efn{w\ l.\ w “reR
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e translation of sequence of tokens is e -Ww\s\at\\oc\ ds‘ ‘C\\e féfu- “‘"‘w'_g
Coot Won - t@mna) (18, Staft &y miol)

The type of the translation can be anything: AR MeSLG ) s\'t(w» Qe ) <¢ Q.Q., P

* Note: q,\goqe, \\, \\a\; X9 @Q}'s)@'«) -(;\\e -'(vm\c,\a‘\\‘ot\)
hov \'\ou A COMQQ\U' M"‘ba\\\, oes ‘\4

Week 4 Page 3



Example: grammar for language of binary numbers

CEG translation rules ST & Con‘w%

b >0 b.trans = 0 he decimal

bt 1 b.trans = 1 o \3"‘““‘] V\M‘od"
b b0 bi.trans = ba.trans * 2

b= b1 bs.trans = bo.trans * 2 + 1
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Example: grammar for language of variable declarations

CF Translation rules AN

W Conwwtidnortion
declList > ¢ ded Lt s = / \

W n .
| decldecllist,  decllia,Afans= ded.tram *  § decllin o <ing

decl type ID ; (\,e(,\.-hoM,':'- Divale 2

9
type 2> INT

| BOOL

Write a syntax-directed translation for the CFG given above so that the translation of a
sequence of tokens is a string containing the ID's that have been declared.
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Example: grammar for language of variable declarations

CFG Translation rules
' ul
declList > ¢ éeg\L-\ﬁ.-':rM =
\
ded g, efons = Aeo\ Afuns ¥ ! '-téeo( LtLt,L-‘ths
| decl declList !
‘ 2 Y
decl -> typelD; Ae,a\ Ao, = hl()c,.\opm " \D.vale © I )é'
type > INT ¥1pC Xfung = KTue
| BOOL ype. kv = £ alse

Modify the previous syntax-directed translation so that only declaratlons of type int are
added to the output string.
-
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SDT for parsing
Previous examples showed SDT process assigning different types to the translation
e translate tokenized stream to an integer value

e translate tokenized stream to a string

For parsing, we'll need to translate a tokenized stream to an abstract-syntax tree (AST)

Abstract syntax trees

AST = condensed form of parse tree
¢ 0 QL ax0ts ot Nt na) nod€y (ot \ewes)

o chains o geodustiomy ore olla psfd
. lisks oct S\antrened
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AST Example

CFG (542) %D
expr 2> expr PLUS term ?a.ry, <t
| term ex\pf'
term > term TIMES factor I
| factor for ]
factor > INTLIT /
| LPAREN expr RPAREN oot of
A%r [ < ‘ iNTLA\T
2Ty
/ \ ("o\ Cx\ ee fe\r ()
INT INT S(\(»UW‘“
sy @) Teeen \
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SDT review
SDT = translating from a sequence of tokens into a sequence of actions/other form,

based on underlying syntax

To define a syntax-directed translation /

e augment CFG with translation rules U’\S —= (‘L S
e define translation of LHS non-terminal as a function of:
|

e constants ’L ) \
e translations of RHS non-terminals C\\S:'(Va NS
e values of terminals (tokens) on RHS —rﬁ\CEI\‘ ° va\VQ,

To translate a sequence of tokens using SDT (conceptually)

e build parse tree
e use translation rules to compute translation of each non-terminal (bottom-up)
e translation of sequence of tokens = translation of parse tree's root non-terminal

For parsing, we'll need to translate tokenized stream to abstract-syntax tree (AST)
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Example/(| 42 ”s«‘ﬂ>e 5+6

[—expr —> expr +term

| term ~
term - term * factor P«r% fee AS/I

| factor /27‘\ 9(\- T
factor > INTLIT

| (expr) oc £ 4™ /N

/ Seuar ® 6
“f2f™m \ / N\
/ 1\ 5
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AST for parsing
We've been showing the translation in two steps:
Token Stogap, — ()aru <Ry —) /\b‘f hen &\mv Goer o
()a-se X2

In practice we'll do
xokon team — ST
Why have an AST? .
d - CoptRres Esoential SECuctnfe
— LT o wote With
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AST implementation ol u( O Rrond
¢ expC + tecen c Atuny =MV Vlus Node L exey )
exp P erPh serm Hfans )
Define a class for each kind of AST node
Create a new node object in some rules
e new node object is the value of LHS.trans
o fields of node object come from translations of RHS non-terminals
Given 141 At Aasy PlegNoke, §
Varte toQe ToeNpde \p,(-k:)
expc TerNode fidhe
/ A\ 4 1 B 3 3
exer X g
\ | - o\o«,s Iano&!)ﬁ_
o '?c«{w‘ ") X 'n vo\ve‘)
Fan¥ e 3

\
(NTA () Need clay, hierardy
& make subclases of ExeNode

A\ets PluNoke exvends ExpNode 2

<
e\oss TatNode ecteds Expnde €
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Translation rules to build ASTs for expressions

@)
M
®

expr > expr+term

| term

term > term * factor
| factor
factor > INTLIT

| (expr)

E xerple \+1

Week 4

Translation rules

expri.trans =né«w P'%Nan(evav-trwb)-(-@ﬂ ,%)
expr.trans = Y@, <ton
terms.trans = NCw '\"'mua&&(—wxmz.tws,’?«uwﬂu)

term.trans = ga\(ﬁo(‘:\’%s

factor.trans = nQ\» .Icv( Nah(ffd‘f LT, Va\ue')
factor.trans = €7PC: *xany

Page 12



ASTs for non-expressions
Example

void foo(int x, int y) {
rff (x == vy) {
return;
) \
while (x < y) {
cout << "hello";
x =x + 1;
}
Lfeturn;
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ASTs for lists

CFG <
NPt 2>
idList > idList COMMA ID ~ et Y
| ID
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The bigger picture
Scanner

e Language abstraction: regular expressions
e Output: token stream
e Tool: JLex

¢ Implementation: interpret DFA using table (for d),
recording most_recent_accepted_position & most_recent_token

Parser
¢ Language abstraction: CF()

e Output: AS’Y (\91 Wiy a&* a\,s-\fv(:o-K"&\Peuf&) '&TM\M\‘WD

e Tool: -Sa“’a C(AP <~ “QK« *\M
277 ¢— €kt Ume

¢ Implementation: | /|

N;S\%m K EB"_’\ D fens

(F6 5 | Sowe Ca Fw‘i",
o >L e ) = AST

Next Time
e Java CUP
e approaches to parsing
e bottom-up parsing
e CFG transformations
e CYK algorithm
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