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Exam in Data and Program Structure (TDDA69)
Department of Computer and Information Science
Link6ping University
2013-06-01
Lecturers: Rezine A., Marak Leffer A.
Time: 08 — —12
Location: TER3
Directions:
1. No documents, books or calculators are allowed
2. Write your answers clearly
3. Do not answer more than one problem on each sheet of paper
4. Do not write on the back of the paper
5. You can answer in English or Swedish
6. Write your identifier on each sheet of paper
Examiner: Ahmed Rezine, 28 1938

You need about 30 points (out of maximum 62) to pass the exam.

Good Luck!




Problem A. Evaluation order and parameter passing (12 p)

1. (2p) Expressions can be evaluated in normal or applicative orders. Ex-
plain both orders. Do they always give the same result? If not, give an
example that differentiates them.

2. (2p) How are the parameter passing models call-by-value and call-by-
name related to these two evaluation orders?

3. (2p) What is the difference between call-by-name and call-by-need? ex-
plain why debugging can be more difficult in case of lazy evaluation as
opposed to the usual call-by-value parameter passing model.

4. (4p) What is the difference between streams and lists? Why is it
the case that streams cannot be implemented like other usual func-
tions? Explain the procedures cons-stream, stream-car, stream-
cdr, force and delay.

5. (2p) Write an expression that creates the stream of all natural numbers
452 s

Problem B. The environment model (16 p)
The eval procedure in appendix 1, in particular the way variables are bound
to their respective values, follows the environment model of evaluation.

1. (2p) Describe the elements of an environment diagram. What is a
frame? An environment? Where are variables’ values stored?

2. (6p) Assume we pass an expression and an environment env to eval.
Explain how the expression is evaluated using an environment diagram
(if relevant).

(a) a self evaluating expression: e.g., (eval 0 env)

(b) a variable name: e.g., (eval 'n env)

(c) a definition: e.g., (eval ’(define n 0) env)

(d) an assignment: e.g., (eval *(set! n 1) env)

(e) alambda expression: e.g., (eval ’(lambda (x) (4 x step)) env)

(f) an application: e.g., (eval ’(foo 17 23) env)



(define x 0)
(let ((x (+ x 10))
(y (- x 10)))
{+ = y))
(let= ((x (+ x 10))

(y (- x 10)))
(+ x y))

Figure 1: Semantics of let and let*

3. (2p) Explain the semantics of let and let* in Scheme. What is the
result of evaluating the code in Fig.1?

4. (4p) Assume we evaluate the expressions in Fig.2. What is the result
of the evaluating the last expression? Draw an environment diagram
capturing the most important structures and describe in which order
they are created and disposed of.

(define (g b n) (let ({(x 6)) (h (+ n x))))
(define (f x) (g (lambda (y) (+ x y)) 6))

(2 1)

Figure 2: static vs dynamic binding

5. (2p) What would be the value of the last expression if the interpreter
instead made use of dynamic binding when evaluating the expressions
of Fig.27

Problem C. Object oriented programming (4 p)

1. (3p) Describe the code in Fig.3 in terms of object oriented notions.
What Object oriented programming properties can be captured used
the environment model of evaluation?

2. (1p) Define the functions get-signal, set-signal! and add-action! in
order to allow for a more functional style syntax (described in Fig.5)
as opposed to the current one (Fig.4):
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(define (make-wire)
(let ((signal-value 0) (action-procedures ’()))
(define (set-my-signal! nev-value)
(if (mot (= signal-value new-value))
(begin (set! signal-value new-value)
(call-each action-procedures))
'done))
(define (accept-action-procedure! proc)
(set! action-procedures (mcons proc action-procedures))
(proc))
(define (dispatch m)
(cond ((eq? m ’get-signal) signal-value)
((eq? m ’'set-signal!) set-my-signall)
((eq? m ’'add-action!) accept-action-procedure!)
(else (error "Unknown operation -- WIRE®" m))))

dispatch))
Figure 3: captruting object oriented concepts
(define wire (make-wire)) (define wire (make-wire))
(wire ’get-signal) (get-signal wire)
a» 0 => 0
((wvire 'set-signal!) 1) (set-signal! wire 1)
=> done => done
((wire ’add-action!) action) (add-action! wire action)
wh ->
Figure 4: current syntax Figure 5: targeted syntax

Problem D. Briefly explain the following concepts. (6 p)

1. referential transparency
pattern matching
unification
continuations

garbage collection

S

. constraint propagation



Problem E: recursion (8 p)

1. (3p) In appendix 1, the recursion of the eval procedure is implicit
by using Scheme’s recursion. In the explicit control evaluator, this
recursion is made explicit. Explain how this recursion is implemented
in the second case, and how this is apparent in the explicit control
evaluator,

2. (3p) Scheme optimizes tail recursion when interpreted. For imple-
mentations of other languages this is only performed when the expres-
sions are compiled. What is tail recursion? Give an example of a
tail-recursive procedure, and another of a recursive but not-tail recur-
sive procedure. What can be gained by treating tail recursion as a
special case?

ev-pequence
(assign exp (op first-exp) (reg unev))

av-gequence
(test (op no-more-exps?) (reg unev))

(test (op last-expT?) (reg uvnev))

(branch (label ev-sequence-last=-exp))

(save unev)

(save env)

(assign comtinue (label ev-sequence-continue))
(goto (label eval-dispatch))

e¥-sequence=-continue
(restore env)
(restore unev)
(assign unev (op rest-exps) (reg unev))
(gote (label ev-sequence))

e¥-sequence-last-eoxp
(restore countinue)
(gote (label eval-dispateh))

Figure 6: version 1 ev-sequence

ation:

(define (iter n)
(cond ((= n 0)
(begin (display
((= (remainder n 1000000) 0)

(branch (label ev-sequence-end))

(assign exp (op first-exp) (reg unev))

(save unev)

(save env)

(assign continue (label ev-sequence-continue))
(goto (label eval-dispatch))

#v-sequence-continue
(restore env)
(restore unev)
(assign umev (op rest-exps) (reg unev))
(goto (label ev-sequsnce))

ev-gsequence-end

(restore contisue)
{goto (reg comtinue))

Figure 7: version 2 ev-sequence

3. (2p) We define a function iter that prints a value every millionth iter-

'ok) (newline)))

(begin (display mn) (newline) (iter (- n 1))))

(else (iter (- n 1)))))

We evaluate (iter 50000000), i.e., iter is called 50 millions times.



Is this possible to compute? What is stored in the stack in the tail
recursive, respectively non-tail recursive case? Although we created 50
million frames, there is still memory available. How is that possible?

Problem F. Language extension (16 p)
We would like to extend Scheme with the repeat procedure by modifying
the meta-circular evaluator of appendix 1. The syntax is as follows.

(repeat test exp; expz ... expn)

The evaluation order is as follows: first test is evaluated, if the value is true,
the expression exp; is evaluated. This is repeated until test evaluates to
false, or there are no more expressions to evaluate. The value done is then
returned.

The code for the metacircular evaluator is sketched in appendix 1. We define
the following abstraction functions:

(define (repeat? exp) (tagged-list? exp ’'repeat))
(define (repeat-test exp) (cadr exp))

(define (repeat-body exp) (cddr exp))

1. (3p) First implement repeat as a syntactic extension that translates
repeat to an if-expression which is then evaluated. We add to the
evaluator the following new case:

((repeat? exp) (eval (repeat->if exp) env))

Define repeat->if
2. (3p) We can also implement repeat as follows:

((repeat? exp) (ev-repeat exp env))

Define ev-repeat.

3. (3p) We translated an expression in F:1. This can be generalized to
macros expansion. Assume the macro procedures are stored, exactly
like usual procedures, in the environment and are tagged as macro
procedures. We can test whether a procedure is a macro procedure
using:



(macro-procedure? proc)

Write commented code that shows where and how you would add macro
expansion in the metacircular Scheme evaluator of appendix 1.

4. (7p) Implement the repeat procedure, according to model F:2, in the
explicit control evaluator of appendix 2. You can make use of your
own primitive procedures (just explain what they do). You should not
assume eval-repeat to be a primitive operation.

Appendix 1

(define (eval exp env)

(cond ((self-svaluating? exp) exp) (define (list-of-values exps env)

({variable? oxp)

(lookup-variable-valune exp env))

((quoted? exp)

(text-cf-quotation exp))

({assignment? exp)
{eval-assignment exp env))
({definition? exp)
(eval-definition exp env))
((1£7 exp)
(eval-if exp env))
((lapbaa? exp)

{make-procedore (lambda-parameters exp)
(lambda-body exp)
env))

({begin? exp)
(eval-sequence
(begin-asctions exp) env))
((cond? exp)
(eval (cond->if exp) env))
(Capplication? exp)
(apply
(eval (eperator exp) env)
(list-of-valunes (ocperands <xp) env)))
(else (error ... ))))

(detine (apply proc args)
{cond ((primitive-procedure? proc)

(apply-prisitive-procedure proc args))
({compound-procedure¥ proc)
(eval-gagquence
(procedure-bedy proe)
(extend-environsent
(procedure-parameters proc)
args
(procedure-snvironment prec))))
(else {error ... ))))

(if (no=-operands? exps)
Q0
(cons (eval (first-operand expe) env)
(list-of-values
(rest-operands exps)
env))})

(define (eval-if exp env)
(if (true? (eval (if-predicate exp) env))
(eval (if-consequeat exp) env)
(eval (if-alternative exp) env)))

(define (sval-sequence exps env)
(cond ((last-exp? exps)
(oval (first-exp exps) env))
(else (eval (first-exp exps) env)
(eval -sequence
(rest-exps exps)
env))))

(define (eval-assignment exp eav)
(set-variable-value!
(assignment-variable eoxp)
(eval (assignment-value exp) eav)
env)
*ok)

{(define (eval-definition exp env)
(defins=variable!
(definition-varisble exp)
(eval (definition-value exp) env)
env)
‘ok)

(define (make-procedurs parae body env)



Appendix 2

eval-dispatch
(test (op self-evaluating?) (reg exp))
(branch (label ev-self-eval))
(test (op variable?) (reg exp))
(branch (label ev-variable)) apply-dispatch
(test (op primitive-procedurs?) (reg proc))
(branch (label primitive-apply))
(test (op compound-procedure?) (reg proc))
(branch (label compound-spply))
{goto (label unkmown-procedure-type))

(test (op 417) (zeg exp))
(branch (label ev-if))

(test (op application?) (reg exp))
(branch (label ev-applicatien))
(goto (label unkpown-expression-type)) primitive-apply
ev-self-oval
(assign val (reg exp))
(goto (reg continue))
ev-variable
(assign wval
(op lookup-variable-valus)
(reg exp) (reg eav))
(goto (reg continue))
ev-quoted
(assign val (op text-of-guotation) (reg exp))
(gote (reg continue))
sv-lambda

compound-apply
(agsign unev
(op procedurs-parameters) (reg proc))
(assign env
(op procedure-environment) (reg proc))
(assign env (op extend-enviromment)
(reg unev) (reg argl) (reg eoav))
(assign unev (op procedure-body) (reg proc})
(goto (label ev-sequence))

ev-bsgin
(assign unev (op begin-actions) (reg exp))
({save continuse)
({gote (label ev-sequence))

Eé;to {reg continue))

ev-application

(save continue) ev-gequence

(save env)
(assign unev (op operands) (reg exp))
(save unev)

(assign exp (op first-exp) (reg unev))
(test (op last-exp?) (reg unev})
(branch (label ev-sequence-last-exp))

(assigs exp (op operator) (reg exp)) (save unev)
(assign continue (label ev-appl-did-operator))
(goto (label eval-dispatch))

sv-appl-did-operator
(restore unev)

(restore env)

(assigs argl (op empty-arglist))
{assign proc (reg wal))

(test (op no-operands?) (rsg umev))
(branch (label apply-dispatch))
{eave proc)

sv-appl-operand-loop
(save argl)

(assigs exp (op firsi-operand) (reg unev))
(test (op last-operand?) (reg unev)) sv-if
(branch (label ev-appl-last-arg)) (save wexp)
(save env) (save env)
(save unev) (save continuoe)
(assign continune (assign continue (label ev-if-decids))
(label ev-appl-accumnlate-arg)) (assign exp (op if-predicate) (reg exp))
(gote (label eval-dispateh)) (goto (label eval-dispatch))
sv-gppl-accunulate~srg ev=-1f-decide
(restore unev) (restors continue)
(restore env) (resiore env)
(restore argl) (restore exp)
(assign argl (op adjoin-arg) (test (op true?) (reg val))
(reg val) (reg argl)) {branchk (label ev-if=-consequent))
(assign unev (op rest-operands) (xeg unev)) ev-if-alternative
(goto (label ev-appl-cperand-loop)) (assign exp (op if-alternativas) (reg exp))
ev-appl=last-arg (gote (label eval-dispatch))
(assign continue ev=if-consequent
(label ev-appl-accum-last-arg)) (assign exp (op if-consequent) (reg exp))
(gote (label eval-dispateh)) (goto (label eval-dispatch))
ev-appl-accus~last-arg
(restore argl)
(essign argl (op adjeoin-arg)
(reg val) (reg argl))
(restere proc)
(gote (label apply-dispatch))

(assign contimue (label ev-segquence-continue))

(goto (label eval-dispatch))
ev-gequence-continue

(restore env)

(restore unev)

(assign unev (op rest-ezps) (reg unev))

(goto (label ev-sequencs))
ev-gequence-last-exp

(restore centigue)

{geto (label eval-dispatch))



