CS 536 Announcements for Monday, February 12, 2024
Programming Assignment 2 — due Tuesday, February 20

Last Time
e why regular expressions aren't enough
e CFGs
o formal definition
e examples
e language defined by a CFG

Today

o Makefiles
parse trees
resolving ambiguity
expression grammars
list grammars

Next Time
e syntax-directed translation

Makefiles
Basic structure

<target>: <dependency list>

< d t tisfy t t)
| |d‘iamman o satisfy targe E"ﬁO\WPLL.U\N,b

Example \
Example.class: Example.java IO.class .
javac Example.java E’(NQ. \0\’0\ 10-0‘4&
IO.class: I0.java v

Javac I0.java <0 ‘Ow
: /)
Make creates an internal dependency graph \

o afile is rebuilt if one of its dependencies changes
Variables — for common configuration values to use throughout your makefile

Example
JC = /s/std/bin/javac

JFLAGS = -9 4&—budd Sor wyt wavh Aq,\mﬁer

Example.class: Example.java IO.class
S (JC) $(JFLAGS) Example.java

IO.class: IO.java
$(JC) S (JFLAGS) IO.java
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Phony targets
: o= N ohe "
e target with no dependencies = @ '“1
e use make to run commands:

Example /‘ ;O\‘C,Qa Cemove
clean: \»
rm —-f *.class

“RX ey .
'\uNO\ E‘K&mq\l, \f\;\\l\*ﬁ OMF\\@-‘?*\'
o Examgle oZecCleast owrBeeRletxt
Programming Assignment 2
Modify:
e base.jlex
e P2java
o Makefile
Makefile
k&
# testing - add more here to run your tester and compare

# 1its results to expected results

", Rea ™2 s comphle P2
test: -
java -cp $(CP) P2 (\)1 c\anwh' mc_\((_

diff allTokens.in allTokens.out —
\n

doee |2 o
b4 ﬂa\ﬂcC?\cf \

# clean up

ididid
clean:
rm -f *~ *_,class base.jlex.java
cleantest:
rm —-f allTokens.out
eccor Moy gm(\ww&
Running the tester o, o R =
1-12(53) % ke test \ ? >
royal- % make tes \0\ :
W L 16 Cen

Syjava -cp ./deps:. P2
3:1 ****ERROR**** ignoring illegal character: a
diff allTokens.in allTokens.out

ob 3K comprond
(wa},:< N .,'-70\.\'94 \ Co™ M\ O S;nor\ .

Can o\ ™M
mmake: **%% [Makefile:40: test] Error 1/ “‘3 dKQ.
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CFG review

o XeCminedy =
formal definition: CFG G = (N, ¥, P, 8] "> = -Fokens

Example! neste) potensg

CFG generates a string by applying M = i‘),i
productions until no non-terminals remain 2 _
25 ()%

=+ means "derives in 1 or more steps”
= L . ?s —) ( \
=74 )= () e O e o\,\z@

language defined by a CFG G

L(G) ={w | s =+ w} where 1‘:—7 (c}\ ::ﬁ((ﬁ_\\fj((i\\

s = start is the*start non-terminal of G, an
w = sequence consisting of (only) terminal symbols or ¢ a)(;-j ( ( 3\

L(G)= e, Oy (O, ((N),..3

Parse trees
= way to visualize a derivation

To derive a string (of terminal symbols): /
e set root of parse tree to start symbol K \

e repeat i’ \

e find a leaf non-terminal x / \ \
e find production of the form x > a ( \
e "apply" production: symbols in a become the children of x

e until there are no more leaf non-terminals |

Derived sequence determined from leaves, from left to right

SQ@M@_(\@, \\5‘, (( 3\
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Parse tree example
Productions
1) prog > BEGIN stmts END

2) stmts - stmts SEMICOLON stmt
3) | stmt

?ro 05

4) stmt > ID ASSIGN expr / \ \
5) expr > ID ?.)E(JIM Amiy EnD
6) | expr PLUSID
? expr | / l \
AWS petatien 15 £) s’rc‘ms 3 /S‘“{‘\'\
¥ (o extendd RV
Bll Srmt N = exec
Do~ IJWCFO"“‘ / l \ / | \
N evfe( x D
_ D \
Derivation order
Productions
1) prog - BEGIN stmts END /PC"")
2) stmts > stmts SEMICOLON stmt —
3) | stmt NEGIwW Stm, ENP
4) stmt - ID ASSIGN expr /| \S"
5) expr > ID oty S vyt
AN\

6) | exprPLUSID j‘
Leftmost derivation : \eﬁ-‘cwm hm—‘\Q,N'\QM\\

'S alwenyy % pondod

Rightmost derivation : ¢ {%\‘W\QH Non-~ ‘\'QN'\\V\“\
(o alwoqs X Qord ) -
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Expression Grammar Example

1) expr > INTLIT (79«\‘. cetate o OF (5 Sor
2) | exprPLUS expr |0K‘ ‘\"\““3‘\’\"9 ’374()(‘655\'5%
3) | expr TIMES expr nvolyia O‘\\\; _\,’* oSens
4) | LPAREN expr RPAREN L A . ) ¢ I
v d \xerds
Derive: 4+7*3 exe\\
exX ?C /7 '\
. l Sexes exgt X T
L% e ¢ /\
\ / \\- exgE & exeC w_&{‘
IN Y exor % CxeC \ \
() ) \ NS Lt
AL AN (CA) 7)
(1) (3

\

N v\\oio\ho»s oS G N NGS |

For grammar G and string w, G is ambiguous if there is

>1 \q,g—kml,f decwortion ox' W i xheve
OR - e o~\\

\) l ({Q\’(M AQ?;\’M\.O“ aS' w %\A\‘\lf»\ﬂ\"
OR

>1 RQUR TR Gor W )
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Grammars for expressions
Goal: write a grammar that correctly reflects precedences and associativities

axb ¥C &9 g x (b%c,\} Ly a*oxL é”(ow\o) e
Precedence a=b= C & o= (b'—c)
¢ use different non-terminal for each precedence level
e start by re-writing production for lowest precedence operator first

Example
1) expr = INTLIT «~ \W_. l
2) | expr PLUS expr / \Ow&‘sﬂ ha
3) | expr TIMES expr L‘ 47 )"3
4) | LPAREN expr RPAREN e,xor\
/ \
exolC
ex e = oxgt + expe 9 Y
Aecyn = et K rerm X
v X et

SIVELN S'\’"W \ \
gg\mQ S I\WNTLW ( N’\'x\“ QT"QV %of\xol‘

V Cexee R h INTL\T (N

\7) (3)
-T“j Yo moNL ¥ eual'd \owx
e)ip(‘
Xorm
/ \ N\
T XN
/ \ \g
.7 eony N t‘“\{v\m .
g P " (3)
WS add N\
Qﬂ‘cmb
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Grammars for expressions (cont.)
What about associativity? Consider 1 + 2 + 3 e(}uw X0 ( lﬁ:L\ X}y
€xec
/ v\

Xt £ €X
; \9 ? N
EXRE ¥ Oyt e‘(’f Bl

S
Definition: recursion in grammars \ QQ\ ASSoU o\
A grammar is recursive in non-terminal x if _¥ /
x =+ a x y for non-empty strings of symbols a and y - *

A grammar is left-recursive in non-terminal x

if x =+ x y for non-empty string of symbols y \ \v‘ <
A grammar is right-recursive in non-terminal x if r\ ") Aol
x =+ a x for non-empty string of symbols a

= A

. Y
In expression grammars

A A >
for left associativity, use left recursion ’)., ’) l‘\ E 2_

for right associativity, use right recursion

Example ‘ + 20X -5
expc = €%oC R ey/er exgc
trm 7\ \
Scoggar exet 4+ £QCM
Kot — Hetm ¥ ‘\y’%\ e;e/ "\ \
\ QMU‘CO\- \ ( we Q(M{%r
Savt™ D INTLYY teen  Qon IN‘(ﬂi\?
\ ( exee ) ! | ‘
SoAl L
N\ < (2)
o
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List grammars
Example a list with no separators, e.g., ABCDEFG
a\ir =\ TEM Veede AR :
PARI ¥ aebiyo-s
2 alit Aurmo”

/ N\
9‘\ WA c.\\\s-\

aliwt = \TEM o\t \TEM
\ FTEM Qlin o )\ aliw \TEM

Do Aﬁw&«‘w}‘c\' o\ist

Bem?, AdL d0esm actd™ / O\
FAEN vizh Vi &9 alish ‘T‘('-'\

| T2 ;\A\\*\ I e / '\ A

(A) / N\ is Sing m\\\'s\ \T‘EQ:;\
fem  o\br ITEM

@) TeM Sk
)

Another ambiguous example

stmt - IF cond THEN stmt
| IF cond THEN stmt ELSE stmt

|
, , s - = G {
Given this sequence in this grammar: if a then'if b then sl else s2

How would you derive it? =
DX R St

/NS /] m\t\ T

IF G Thgw St P o cyguevto  BSE '

/NN /1™~

I
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