0704.315.02 – Programming Languages

Exam #1

Monday, October 22, 2001

Name:

Code-word: 

You have seventy (70) minutes to complete this exam.  Read it all through before you begin.  Save the question in Part V for last.  I will email the results to the class, using the code-word supplied above to identify you.

Part I – Short Coding [5 points each; 20 points total]

1. On the next (blank) page, answer any four (4) of the following five (5) questions

a) Write a Scheme procedure, cube, that takes one argument, a number, and returns its cube.  (I.e, 
[image: image1.wmf]3

()

fxx

=

)

  (define (cube n)

    (* n (square n)))

b) Write a Scheme procedure, avg, which takes two numeric arguments, and returns the average.

  (define (avg a b)

    (/ (+ a b) 2))

c) Write a Scheme procedure, abs, that takes one argument, a number, returns its absolute value:
(abs 9) ( 9
(abs -8) ( 8
(abs 0) ( 0

(define (abs n)
         (if (> n 0)

             n

             (* n -1)))



d) Write a Scheme procedure, max, which takes two numeric arguments, and returns the greater value.
(max 16 8) ( 16
(max –4 2) ( 2

  (define (max a b)
    (if (< a b)

        b

        a))


e) Write a Scheme procedure score->grade, that accepts a numeric score between 0 and 100 inclusive and returns a letter grade using the following scheme:

90-100  ( A
80-89    ( B

70-79 ( C

60-69 ( D

0-59 ( F

(define (score->grade score)

    (cond ((> score 100) "error")

          ((> score 89) "A")

          ((> score 79) "B")

          ((> score 69) "C")

          ((> score 59) "D")

          (else "F")))
Part II - Recursion [45 points total]
2. [10 points]  Consider the factorial function, defined by:

n! = n · (n-1) · (n-2) · … 3 · 2 · 1

Observing, that factorial can be defined recursively, that is, in terms of itself:

n! = n · ((n-1) · (n-2) · … 3 · 2 · 1)
    = n · (n-1)!

write a Scheme procedure to compute factorial recursively.  Use this template:


 (define (factorial n)
   (if (= n 1)
       1
       (* n (factorial (- n 1)) ))





3. [15 points] Consider a procedure make-list that takes two arguments, an integer (len) and an arbitrary value (element) and returns a list with the value repeated len times.  

(make-list 3 "Ho!") ( '("Ho!" "Ho!" "Ho!")
(make-list 5 1)     ( '(1 1 1 1 1)

(make-list 0 'boo)  ( '()

Write a recursive implementation for this procedure.  Use the following template:



(define (make-list len element)

  (if (= len 0)

      '()

      (cons element (make-list (- len 1) element)) ))


4. [20 points] Consider the following two working implementations of binary (two-argument) addition for whole numbers, written in terms of increment and decrement.  (At least one of these should look familiar to you from a recent homework assignment.)

            (define (add1 a b)

  (if (= a 0)

      b

      (increment (add1 (decrement a) b))))
(define (add2 a b)

  (if (= a 0)

      b

         (add2 (decrement a) (increment b))))

Use the replacement/expansion technique used in class to explain the difference in how the sum is computed in add1 and add2. 

     (add1 2 2)

( (increment (add1 1 2))

( (increment (increment (add1 0 2)))

( (increment (increment 2))

( (increment 3)

( 4

     (add2 2 2)

( (add2 1 3)

( (add2 0 4)

( 4

The computation with add1 "bows out", making a rotated "V" shape.  In contrast the computation with add2 is linear.  This is because with add1 the increments are not applied until after the recursion reaches its base case (= a 0).  With add2, the increment happens before the recursive call (to add2) is made.

Using the terms introduced in class, the computation with add1 is recursive, while the computation for add2 is iterative.




Part III - Higher-Order Procedures [20 points]
5. Consider the following procedure, which tries to find a value in the range [lower-bound, upper-bound] where applying a procedure ( f ) evaluates to a certain value.

(define (solve-for f value lower-bound upper-bound)

        (cond ((> lower-bound upper-bound) #f)


           ((= value (f lower-bound)) lower-bound)


           (else


             solve-for f value (+ 1 lower-bound) upper-bound))))

Here are some sample applications of solve-for:

(solve-for square 25 1 10) ( 5

(solve-for square 25 –10 –1) ( -5
(solve-for square 25 10 20) ( #f
(solve-for increment 10 0 10) ( 9



a. Evaluate the following: [2 points  each]
i. (solve-for double 100 1 100) ( 50
ii. (solve-for double 0 –10 10)  ( 0
iii. (solve-for double 10 10 1) ( #f 
                              [lower-bound > upper-bound]
iv. (solve-for (lambda (n) (/ n 2)) 5 0 100)  ( 10
v. (solve-for (lambda (n) (= n 0)) #t –100 100)  ( 0



b. Write a procedure, make-solver, that takes a single argument, f from solve-for, and returns a procedure that accepts the other three arguments: value, lower-bound and upper-bound. [10 points]


Here are some sample applications for make-solver:

(define solve-for-square (make-solver square))

(solve-for-square 25 1 10) ( 5
((solve-for increment) 10 0 10) ( 9

Fill in the following template for make-solver:


(define (make-solver f)
   (lambda (value lb ub)
      (solve-for f value lb ub))
      )


Part IV – Multiple Choice [1 point each; 5 points total]

For this section, here are some definitions:

(define decimate (let ((a 0.90))

                   (lambda (b) (* b a))))

(define (scale-by scale)

   (lambda (n) (* n scale)))


(define triple (scale-by 3))
   
6. The answers to each of the following each questions is one of the following:

i. 25

ii. 50

iii. '(30 60)

iv. 90

v. error


a. (decimate 100)                   ( 90 [iv]

b. (let ((a 0.5))
  (decimate 100))                ( 90 [iv]

c. (let ((moo (scale-by 5)))
   (moo 10))                     ( 50 [ii]


d. (map triple (list 10 20))        ( '(30 60) [iii]


e. (map (scale-by 10) '(3 6))       ( '(30 60) [iii]
Part V – Thinking question (<50 words) [10 points]

7. Alyssa P. Hacker doesn't see why if needs to be provided as a special form. “Why can't I just define it as an ordinary procedure in terms of cond?” she asks. Alyssa's friend Louis Reasoner claims this can indeed be done, and he defines a new version of if: 

(define (new-if predicate then-clause else-clause)
  (cond (predicate then-clause)
        (else else-clause)))

Louis demonstrates the program for Alyssa: 


(new-if (= 2 3) 0 5)
( 5

(new-if (= 1 1) 0 5)
( 0


Delighted, Alyssa uses new-if to rewrite the add2 program (see above):

(define (add2 a b)

  (new-if (= a 0)

          b

           (add2 (decrement a) (increment b))))

What happens when Alyssa attempts to use this new implementation of add2?

After redefining add2, (add2 2 1) will result in an infinite loop.  This is a direct result of new-if being a procedure instead of a special form.  If needs to be special because it doesn't evaluate its arguments (test, then-clause, else-clause) in the normal way.  Based on the result of test, it evaluates either then-clause or else-clause, but not both.  Procedures evaluate all of their arguments.  Let's use the replacement/expansion technique to see what happens when Alyssa tries (add2 2 1):

   (add2 2 1)
( (new-if #f 1 (add2 1 2))
( (new-if #f 1 (new-if #f 2 (add2 0 3)))
( (new-if #f 1 (new-if #f 2 (new-if #t 3 (add2 –1 4))))
( (new-if #f 1 (new-if #f 2 (new-if #t 3 (new-if #f 4 (add2 –2 5)))))
( (new-if #f 1 (new-if #f 2 (new-if #t 3 (new-if #f 4 (new-if …

The computation will keep on expanding forever, because you can't compress the new-if "body" until you've determined the value of all of its arguments.

C++, Scheme, and most of the languages you've programmed in so far, I suspect, apply eager evaluation to arguments of functions.  With the alternative, lazy evaluation, arguments are not evaluated until they are explicitly needed.  In such a language, new-if would have worked.

We will talk more about lazy and eager evaluation later in the course.
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