Question 1.

Note: derivation and parse tree will use E, T, and F to mean expr, term, and factor, and i and n

to mean identifier and int-literal. The input string is then ‘i +n*(i+(n+mn)) ‘

Derivation:

Working string Production
E E—-E+T
E+T E —-T
T+ T T—F
F+T F —i

i+ T T—-T*F
i+ T*F T—F
i+F*F F—n
i+n*F F—(E)
i+n*(E) E—-E+T
i+n*(E+T) E—-T
i+n*(T+T) T —F
i+n*(F+T) F—i
i+n*(i+T) T—=F
i+n*(i+F) F—(E)
i+n*(i+(E)) E—-E+T
i+n*(i+(E+T)) E—-T
i+n*(i+(T+T)) T—F
i+n*(i+(FE+T)) F—n
i+n*(i+(n+T)) T—>F
i+n*(i+(n+F)) F-—n
i+n*(i+(n+n))

Parse tree:



Question 2.

(a) Possible solution:

Grammar rule Action

expro — expri + term expro.isconst <— (expry.isconst A term.isconst)
expr — term expr.isconst < term.isconst

termg — termy * factor termg < (termj.isconst A factor.isconst)
term — factor term.isconst < factor.isconst

factor — identifier factor.isconst < false

factor — int-literal factor.isconst < true

factor — ( expr) factor.isconst < expr.isconst

(b) Annotated parse tree:
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The isconst attribute is a synthesized attribute, so evaluation is strictly bottom-up (from the leaves

towards the root.)



Question 3.

(a) Possible solution:

Grammar rule Action

expro — expr1 + term  exprg.postfix < expri.psotfix + |, + term.postfix + |, + +.lexeme
expr — term expr.postfix < term.postfix

termg — termq * factor termg.postfix <— termy.postfix + ., + factor.postfix + _ + *.lexeme
term — factor term.postfix < factor.postfix

factor — identifier factor.postfix < identifier.lexeme

factor — int-literal factor.postfix < int-literal.lexeme

factor — ( expr) factor.postfix < ezpr.postfix

In attribute rules, the + operator means string concatenation, terminal symbols are assumed to
have a “lexeme” property, and |, is a string representing a single space character.

(b) Annotated parse tree:
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The postfix attribute is a synthesized attribute, so evaluation is strictly bottom-up (from the leaves

towards the root.)



Question 4(628).

(a) The attribute grammar defining the postfix attribute in Question 3 will work, just change
“postfix” to “exprid”. The postfix form of an expression has the property of being identical for
subtrees which perform identical computations.

(b) Annotated parse tree:
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As with the previous attribute grammars, the postfix attribute is a synthesized attribute, and can
be evaluated strictly bottom-up.



Question 4(428) / Question 5(628).

Note: parse will use E, T, and F to mean expr, term, and factor, and i and n to mean identifier
and int-literal. The input string is then ‘i +n*(i+(n+n)) ‘

Stack Input string Action

$ i+n*(i+(n+mn)) shift i

$i +n*(i+(n+n))$ reduce F — i
$F +n*(i+(n+n))$ reduce T — F
$T +n*(i+(n+n))$ reduce E — T
$E +n*(i+(n+n))$ shift +

$E+ n*(i+(n+n))S$ shift n

$E+n *(i+(n+mn))$ reduce T — F
$E+F *(i+(n+mn))$ reduce F — n
SE+T *(i+(n+mn))s$ shift *
SE+T* (i+(n+mn))$ shift (
SE+T*( i+(n+n))$ shift i
SE+T*(i +(n+mn))$ reduce F — i
$E+T*(F +(n+n))$ reduce T — F
SE+T*(T +(n+n))s$ reduce E — T
$SE+T*(E +(n+mn))$ shift +
$E+T*(E+ (n+mn))$ shift (
$SE+T*(E+ ( n+n))s shift n
$SE+T*(E+(n +n))$ reduce F — n
$SE+T*(E+ (F +n))$ reduce T — F
$SE+T*(E+ (T +n))$ reduce E — T
SE+T*(E+ (E +n))s shift +
$SE+T*(E+ (E+ n))$ shift n
$SE+T*(E+(E+n ))$ reduce F — n
$SE+T*(E+ (E+F ))$ reduce T — F
SE+T*(E+ (E+T ))$ reduce E - E + T
SE+T*(E+ (E ))$ shift )
SE+T*(E+ (E) ) $ reduce F — ( E)
$SE4+T*(E+F ) $ reduce T — F
SE+T*(E+T ) $ reduce E -+ E+ T
SE+T*(E ) $ shift )
$SE+T*(E) $ reduce F — ( E )
SE+T*F $ reduce T - T * F
$E+ T $ reduce E - E + T

$E



Question 5(428) / Question 6(628).

PROGRAM scopes; m
Jesth kid name type oheet
BEGIN \L,% 0 VAR x INTE G ER o}
VAR x, fac, count : INTEGER; L 50 VAR fal TNTE &N 4
VAR factors : ARRAY 20 of INTEG N VAR couwmk TNTEGER g
— 50 VAR fuckers ARRAY 3o OF TWMLEGER [0
fac := ¥ DIV 2; | q9 Lyl-tfjf‘ohhl ‘

count := O; 5
WH ac >|1 DO Qe Kind namt dype ofrseh
VAR rem :|INTEGER; | VAR <em  INTEGER 72

23
rem := X MOD fa¢; “ by ﬁm
IF 0T @
rem = N
VAR nextcount < INTEGER Aupth  Eivd name {ype otFsek
factors[count] := fa — 159 VAR nexteuut TMTRSRR 16
nextcoumt  := count +/1; “:L/- byres 'H""Jf
ceunt := nextcount; L
ELSE
VAR y_: INTEGER; m hsek
= facs A'-PH« Erad natnne Type
WRITE y; : 7 ARy INTECER 96

WRITE "\4is not a divisor!\n";
END; 4 bybes b

fa¢c := fac - 1;
END;
END.
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