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MASSACHVSETTS INSTITVTE OF TECHNOLOGY
Department of Electrical Engineering and Computer Science
6.001—Structure and Interpretation of Computer Programs

Fall Semester, 2005

Quiz 11

Closed Book — two sheets of notes

Throughout this quiz, we have set aside space in which you should write your answers. Please try
to put all of your answers in the designated spaces, as we will look only in this spaces when grading.

Note that any procedures or code fragments that you write will be judged not only on correct

function, but also on clarit d programming practice.
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Section time: Tutor’s Name:
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1 16
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3 26

4 15
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Total | 100
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Part 1. (16 points)

Here is a “cute” way of writing a procedure of one argument, so that each time it is evaluated

with an argument, it returns the result of its previous evaluation (it returns false the first time it
is evaluated). :

(define (previous proc)
(let ((last #f))
(lambda (arg)
(let ((temp last))
(set! last (proc arg))
temp))))

For example, if we evaluate:
(define funny-square (previous (lambda (x) (* x x))))
then we get

(funny-square 5) ==> #f

(funny-square 10) ==> 25

Suppose we trace out with an environment model the evaluation of the two definitions, and the
first call to funny-square. Attached at the end of the quiz is a partially completed environment
diagram. You are to complete this diagram and then use the labels on the parts of the environment
diagram to answer the following questions.

Question 1: For each of the following frames, indicate the enclosing environment, choosing one of
GE, E1, E2, E3, E4, E5 or none or not shown.

Frame: | Enclosing Environment
GE
none.
E1l
GE
E2
E ( \ p o
E3
E 2
E4 E 3
E5 G g
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Question 2: For each of the following procedure objects, indicate the enclosing environment,
choosing one of GE, E1, E2, E3, E4, E5 or none or not shown.

Procedure: | Enclosing Environment

P1 GE
P2 C.:(;

re £

Question 3: For each of the following variable names, indicate the value to which it is bound at
the end of the evaluation of the expressions, choosing one of GE, E1, E2, E3, E4, E5 or P1,
P2, P3 or a symbol, a number or a boolean value.

Variable: Environment | Value
funny-square | GE P 3
previous GE P l
proc E1

P2
last E2

a5
arg E3 5
temp E4 F
X E5 5




6.001, Fall Semester, 2005—Quiz II 4

Part 2: (30 points)

We are going to explore a new data structure, called a binary tree, and implement it as an abstract
data type. This is a tree structure that has the property that each node has at most two branches,
a left and right branch. Each node also has a value associated with it. For the purposes of this
problem, we will assume those values are integers. Finally, a binary tree has the property that all
the values in the left branch of a node are less than the value at the node, and all the values in
the right branch of a node are greater than the value at the node. We also assume that no value
appears more than once in a binary tree.

We implement a node in the tree using a list:

;53 data abstraction

(define (make-node left right node-contents)
(1ist left right node-contents))

(define (empty-tree? tree)
(null? tree))

(define empty-tree ’())

Here is an example of a simple tree:

(define subtreel (make-node empty-tree empty-tree 6))
(define subtree2 (make-node empty-tree empty-tree 15))
(define treel (make-node subtreel subtree2 10))

A conceptual view of this tree, as well as the corresponding box-and-pointer diagram for this
structure is shown in the figure attached at the end of the quiz. Note that a binary tree need not
be balanced (i.e. nodes could have only a left or a right branch).

Question 4:

Write the corresponding selectors for this constructor, called left, right and node-contents

> Cled Me rﬁh*w&ﬁ C«A"L’)
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Now to add a new element into a binary tree, we will use the following code, which does not use
mutation, and returns a new version of a tree:

(define (insert v tree)
(cond ((empty-tree? tree) (make-node empty-tree empty-tree v))

((= v (node-contents tree)) tree)
((< v (node-contents tree))
ANSWER-5
)
(else
ANSWER-6)))

Question 5: What code should be used in place of ANSWER-5? X

(mabe-rode (st v GffF bee )
(ft 4"“"3

@ (n oo - et oen))

Note that ANSWER-6 will have a great deal of similarity with ANSWER-5, so we will assume that
the appropriate code has been provided for this part.

If we want to insert several elements into a tree, we can use:

(define (insert-all 1st tree)
(if (null? 1st)
tree
(insert-all (cdr 1st) (insert (car 1st) tree))))

To see if an element is in the tree, we can use

(define (find v tree)
(cond ((empty-tree? tree) #f)
((= v (node-contents tree)) #t)
((< v (node-contents tree))
(find v (left tree)))
(else (find v (right tree)))))
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A useful thing to do with a tree is flatten it, that is, return a list of the node-contents of the tree.
Question 6: Complete the definition of flatten
(define (flatten tree)

(if (empty-tree? tree)

10
ANSWER-6))

( (flutlin G Vo))
appa (Rt (hode ~ condedds Wrea) O}ZW@W'M;:%@

[$tten G & L)) (fodow, Coeghe ree))

#e  (Cows (node_—Cowlensk 'l-c.u) (appod. (Ha te (v%*n‘uﬁg
o v -
Now suppose we want to remove an element from a tree. An example is shown in the attached

figure, where an element is removed, and the resulting tree still preserves the ordering required.
Here is a template we can use:

(define (remove v tree)
(cond ((empty-tree? tree) empty-tree)
((= v (node-contents tree))
(cond ((empty-tree? (left tree)) (right tree))
((empty-tree? (right tree)) (left tree))
(else
(let ((new-node
(make-node (left tree)
empty-tree
(node-contents (right tree)))))
ANSWER-7))))
((< v (node-contents tree))
{make-node (remove v (left tree))
(right tree)
(node-contents tree)))
(else (make-node (left tree)
(remove v (right tree))
(node-contents tree)))))

To complete this code, we need to write ANSWER-8. The idea we want you to use is to make a
new subtree, in which we keep the same left branch of the current subtree, but we “pull up” the
value at the top of the right subtree to be the new value of this branch. We then need to insert the
remaining elements of the right subtree into the tree.

We can do this by using insert-all and flatten
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Question 7: Using this, complete the code for remove by supplying code for ANSWER-7.

A - (el [(Quft Nro)))
Cinock-otl Cogperd ($eatthen {c, lwog@r )

N — (\oJ.Q.)

Finally, we could instead do insertion “in-place” meaning by mutating the existing tree structure.

Question 8:

Complete the following code:

(define (insert! v tree)
(cond ((empty-tree? tree) (make-node empty-tree empty-tree v))
((= v (node-contents tree)) tree)
((< v (node-contents tree))

(if (empty-tree? (left tree))
(mutate~left! tree ANSWER-8-A)
ANSWER-8-B))

(else

(if (empty-tree? (right tree))
(mutate-right! tree ANSWER-8-C)
ANSWER-8-D))))

Note that the code for ANSWER-8-C will be very similar to ANSWER-8-A, and ANSWER-8-D
will be very similar to ANSWER-8-B, so we need only complete one set.

First, the procedure mutate-left! should take as argument two trees, and change the left branch
of the first tree to point to the second tree. Provide this procedure

ldat e Crucdodi~faft] Yo ) (%;M> vwelask -t ! potraan !
(1ef ~ces! Tre= ) - J-z )
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Next, the procedure mutate-right! should take as argument two trees, and change the right
branch of the first tree to point to the second tree. Provide this procedure

(JCLM ('\wi‘ﬂkl"ﬂ}m e “‘W)

(s i (LL doee) ww))

Complete ANSWER-8-A below.

(velt~noda eaply-tm2 euy-Yna V)

Complete ANSWER-8-B below.

Cinget o (et Vo))
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Part 3. (26 points)

We are going to count the number of times each word appears in a list of words, using a data
structure called a histogram. The basic element of our histogram is a count

(define (make-count word)
(list word 1))

(define get-word car)
(define how-many cadr)

(define (increment-count count)
(list (get-word count)
(+ 1 (how-many count))))

We will represent a histogram as a list of counts.

Given a word (which is represented by a symbol, not a string), and a histogram, we want to create
a new histogram with the number of times that word has been seen increased by one. Note that
there will be exactly one count for each word in the histogram.

(define (update-histogram-once word hist)
(cond ((null? hist)
ANSWER-9)
((eq? word (get-word (car hist)))
ANSWER-10)
(else
ANSWER-11)))

You are to complete this code. Note that this should be done without mutation. Also note that a
word may not yet be in the histogram, so your code will have to create a new count in that case.

Question 9

What code is needed for ANSWER-9?

(it (ot —cond™ word)

Question 10
What code is needed for ANSWER-10?

Ccons (Motwat- oo (or R3TY)
Ceds L)
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Question 11
What code is needed for ANSWER-117?

Ceors, (C:\?A,;hw) ?*%J’W—MCQ- wold CeAr l«i&'\“

Now, given a whole list of words, we want to update the entire histogram, using the above procedure:

(define (update-histogram words hist)
(if (null? words)
hist
ANSWER-12))

Question 12

Write the code for ANSWER-12. )

(«Qﬁ “hHscrom Cdr wnads
\7 (N\_jo-h _L\tgdtam—on& (“rumﬁ\ '\Zf))

Now suppose we want to sort the histogram into alphabetical (also known as lexicographic) order.
Here is a procedure that will do this;

(define (sort hist)
(if (null? hist)
0O
(let ((next (smallest hist)))
(cons next (sort (remove next hist))))))

(define (smallest hist)
(define (help current rest~hist)
(cond ((null? re t-hist) Te t)
((symbol<? wwﬂ‘t) car rest-hist)))
ANSWER-13
(else ANSWER-14)))
(help (car hist) (cdr hist)))
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(define (remove elt hist)
ANSWER-15)

Question 13

Assuming that symbol<? is a predicate that returns true if the first argument would appear before
the second one in a dictionary, complete the code for ANSWER-13.

(hah Covredt (s ert-barl)

Question 14

Assuming that symbol<? is a predicate that returns true if the first argument would appear before
the second one in a dictionary, complete the code for ANSWER-14.

(lep (o rect-hdy) Colr rep-bost)

Question 15
Complete the code for ANSWER-15.

(cdr L)
Conns (oo b (remsve o (dr LK}’%“
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Part 4: (15 points)

It would be nice if we could “undo” definitions, if we change our mind about a particular variable
value.

For example, consider the following behavior (where the value returned in shown at the right):

(define test (start 5)) ==> §
(value test) ==> §

(redefine test 10) ==> 10
(value test) ==> 10

(redefine test ’()) ==> 5
(redefine test ’()) ==> error

In other words, we initially define a variable value, using start. If we then redefine the variable
to a new value, it gets that value. If we redefine the variable with an empty list as the “new
value”, it reverts to the previous value, and will continue reverting until it runs out of previous
defined values.

To implement this, we are going to use a procedure with internal state:

(define (start val)
(let ((history ’())
(current val))
(lambda (action newval)
(cond ((eq? action ’value) ’no-change)
((eq? action ’change)

ANSWER-16)

((eq? action ’unchange)

ANSWER-17)

(else (error "I don’t know how to do this")))
current))

(define (value arg)
(arg ’value ()))

(define (redefine arg newval)
(if (null? newval)
(arg ’unchange ’())
(arg ’change newval)))



%
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Question 16:
Complete the code for ANSWER-16.

13

(k' cosadt rawuil)

Question 17:
Complete the code for ANSWER-17. .

(F (2 hirdny)

(\og.\d “erros )
Gﬂj“\ (,Rj' Ccd(nﬂ[‘ (w L:‘J""YD
(st Axbry Gl by

»)
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Part 5: (13 points)

We have seen in lecture that searching a tree structure is an important task in many applications.
For this part of the quiz, we are going to search in a tree for the first node that satisfies a predicate
done?. All we need to know about the tree abstraction, in addition to done?, is that it includes a
selector children, which when applied to a node in the tree returns a list of that node’s children.

Here is a template for searching in a tree:

(define (search start done? merge-fn)
(define (searchi queue)
(if (null? queue)
#f
(let ((current (car queue)))
(if (done? current)

current
(searchl (merge-fn (children current)

(cdr queue)))))))
(searchl (list start)))

This procedure uses a queue, represented by a list, to keep track of nodes yet to be searched. It
applies a procedure (done?) to determine when it has found the node for which it is looking. And
it uses a procedure (merge-fn) to combine children of the current node with nodes still in the queue
to be checked, to create a new queue.

For purposes of this part, you may assume that append is available, and that a sort procedure is
available: (sort L) sorts a list of nodes based on an ordering criterion relevant to the search.

Question 18: For a depth first search, what argument should be used for merge-fn?

Appa-t

Question 19: For a breadth first search, what argument should be used for merge~-fn?

CAC»( «-(\ Cﬁg}iﬁt b4 »4\\

Question 20: For a best first search, what argument should be used for merge-fn?

(4 G ) Geult (qpard x 7))
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