CS 3723: MIDTERM Exam I

Name: S 0/(,(.1‘[045

Please read each question carefully and answer it in the space provided.
There are ten questions. Each question is worth 10 points.

1. Postscript is Turing-Complete. Use this knowledge to answer the following questions:

(a) What can be said about the class of functions that can be computed by a Postscript document
compared to those that can be computed by a Turing-Machine?

A oskecript docurmeat can be writfen that would (o»-v/ufc,
any Bunchion that coan be computed by a Turing /actire,

(b) If Church-Turing Thesis is correct, what can be said more generally about the class of functions
that can be computed?

A- postseript Jocun.e,qf- can be writttea That Mould conpule
any Lunctlos that caa be compuyted.

(c) Since the Halting Problem is undecidable, what can be said about how long it can take to render
(i-e., execute) arbitrary Postscript documents?

It may ftake anuabounded, possibh, ifirite ourmount
ot time and this canpot he ,och}c«fed 'n adnce.

2. (a) Besides Postscript, list four other computer languages that are Turing Complete.
nple include’. C, ¥ -~
Exa ,o/ S clud Y, qu/a/&lsﬂ /747651}/7,,/
(b) List three languages that are not Turing-Complete.
§ , ]
EKétn-,/g/(j include ! HT/1L, SGHL, POF $QL, ¢35

3. What do each of the following Scheme expressions evaluate to? Write the result value. And if the
result is a list, diagram the memory layout for the list.

(a) (cons ’a (coms ’b (D))

(a b) EE')

(b) (sqrt (+ (x 3 2) 10))

>

(c) (+ (cdr (cons 1 2)) T

(d) (cons (car (cdr (a1 2))) ’(+ 3 4))

(1 + 3 9  OOGTPEISE0

(e) ((lambda (x) (cons x x)) ’(a b ¢c))

(la b ¢) a bo
1 %—azﬂ:ﬁﬂﬂ




4. Write a recursive Scheme function count that takes as parameters a symbol s and a list of symbols I
and returns. The number of occurrences of s in I. Assume ! contains no nested sublists. Some example
uses of count are:

(count ’a (c a f e b ab e)) =2
(count ’axis °’(xylophone x axis)) =1
(count ’x ’(xylophone axel)) =0

(JeStre  count
( lambda (S.[>

(Cand
( (Al 2) 0)

((éCIV? (car ﬁ) 3) (*l' [ <COunf’ ) ((oorD))
(~€Ue (count 4 (C0“’1>)>)>>

5. For each of the following A-terms, indicate whether or not they are equivalent under a-renaming:

(a) xy #- yx
X

(b) Axy # Ayy
oL

(©) Ax.Ay.xy g Aa.Ab.ab
X

(d) Ax.(Ay.y)y oy Ax.(Az.z)y
oC

(e) (Ax.x)(Ayy) - (Ax.x)(Ax.x)
(> &



6. For each of the following A-terms: If the A-term is in its normal form, write “normal form.” If the
A-term does not have a normal form, write “no normal form.” Otherwise, show the step-by-step
B-reduction of the A-term to its normal form.

(a) x

/\Olma/ (:olm
{b) Ax.x
Normal form

(c) Ax.xy
norMal 100//7
d) (Ax.x)a _)ﬁ a

(@ ((Axx)(abe))(def) >

fa) < %) C) (Je €>
® (Axx)(Ay.y) ')A /\y Y

(8) (Ax.xx)(Ay.yy)
no normal  form

h) ((Ax.Ayyx)a)b 95 <)\y.y ﬂ) b %/) b o

(1) (Ax.Ay.xy)(Az.a)
Y Ay )y I Ay

() (Axx(xx))(Az.a)

5 (A2, a) (é)\z a) (Az. a)) '9/-5 a

7. (a) What classes of formal languages make up the Chomsky hierarchy? Order them from Jeast to most

general.
fej “u /ad coatex /-fC/ee CO Afex f —Scnsn‘wc féecu Vsme//v
(b) Which of these classes of languages is BNF used to describe? Cﬂan erable

Context ~€/ ee



8. Consider the following simplified grammar for A-terms:

<term> ::= x | <term><term> | Ax.<term>
And the wif Ax.xxx.
(a) Is there a parse tree that violates the higher precedence of application compared to abstraction?

If so, draw one.

yes/ < {’( ,/"l>

<+~C () / ~
(term) ( Fer /‘77

G e OR N /N
Koy & e St )
- X % X

(fe'm7 {term)
{

(b) Is there a parse tree that violates the left-associativity of application? If so, draw one.

ves. Ltern

/5 tern) N\
\
Av. /(fe/n) OR /\ (+em7 </w‘e )
X, (+em7 SGrerr) ( Yerrd
(+em7 ( te /A7 \ ’ ;
/ X l N
>< (fem) <+‘e/*~;7 s

X 7
(c) Is there a parse tree that is consistent with the higher precedence and left-associativity of appli-

cation? If so, draw one.

\/gs <’(’eff'77
AN
> x . (temy
N
(fwem7 termy
(*vl’:‘D \<tem7 )l(
&

(d) Is this grammar for A-terms ambiguous?

Yes.



9. (a) List the six phases of a compiler that are described in Mitchell.
1. Lexical Analyzer 4, Iatevmediale Code
2, Syntfax l4/\a/y7_e v Generafor
3. Séhétnf [c A/\a/)z er S, Code O/o f/‘ﬁl'zer

6. Code Generaly s

(b) Briefly explain what the Code Optimizer does.

Tt processes the intermediate /3/9/C5€ﬂ7[q by

hdns@o//‘v;nj it in vartoud ways (eﬂ,/ renow‘a)
unnecessary cogle) that Make the resultifa

pregian mere el Cicient without chq;:_y,‘,:? the
‘l)lﬂ? ran's Sematics.
10. AnsWer th&'f

ollowing questions about compilation and interpretation:

(a) What is a compiler?
Arwﬁmn that 7‘_’«.0:3/4#6) Soeme other o109 e

Written T 4 source Proseenriag language
into iastractions $or some hord ware riachin e

(b) What is an interpreter?
A‘ Plag ra”n -I'Lwd' ()(ec/m'/'ej qnoﬂ:er f/Ojlaﬂ
b}/ w_%#ﬁ& language thetl yrearar s wiritte
. 7 7 - 7
[I,\ b}/ iﬂ‘ecf/y Ioerpo/nhc, f‘\& 1’«;((5 Ie7wi/e/ é},
'("\L statemedts [a that [ rog1e,

(c) Will a program usually run fastest as compiled machine-code or by being interpreted?

Laﬂ/oi/eap machine code

(d) How does a JIT compiler differ from a traditional compiler such as gec?

I:'/' CO"‘lf;/éi /oal‘fb O‘P a’p/ogl’af')

|

Lﬁ.g.) /"7@%00”5) as /I&colcy/ while f'/zeﬁ
Plairam (s runm‘nj Under the ""4"“7%017(

of some virtual Machine,
5



