CSE 143, Winter 2009
Sample Midterm Exam #1

1. Stacks and Queues. Write a methodconpressDupli cat es that accepts a stack of integers as a
parameter and that replaces each sequence of aeglizith a pair of values: a count of the numler o
duplicates, followed by the actual duplicated numbiéor example, suppose a variable caflestores the
following sequence of values (duplicates underlned

bottom|[2, 2, 2, 2, 2, -5, -5, 3, 3, 3, 3, 4, 4, 1, 0, 17, 17] top

and we make the call obnpr essDupl i cat es(s) ;, after the cals should store the following values:
bottom[5, 2, 2, -5, 4, 3, 2, 4, 1, 1, 1, 0, 2, 17] top

This new stack indicates that the original had &uo@nces of 2 at the bottom of the stack follovegd2

occurrences of -5 followed by 4 occurrences ofriél 8o on. This process works best when there argym
duplicates in a row. For example, if the stackaad had stored:

bottom[10, 20, 10, 20, 20, 10] top
Then the resulting stack after the call ends updinger than the original:

bottom([1, 10, 1, 20, 1, 10, 2, 20, 1, 10] top
If the stack is empty, your method should not cleaitg You may use one queue as auxiliary storage t
solve this problem. You may not use any otherlaryidata structures to solve this problem, altffoyou
can have as many simple variables as you like. May not use recursion to solve this problem. fitbr

credit your code must run in @(time wheren is the number of elements of the original statkse the
Queue interface andt ack/Li nkedLi st classes discussed in lecture.

You have access to the following two methods ang ca#l them as needed to help you solve the problem

public static void s2q(Stack<Integer> s, Queue<lnteger> q) {
while (!s.isEnpty()) {
g. add(s. pop()); /1 Transfers the entire contents
} /1l of stack s to queue q

}

public static void g2s(Queue<linteger> g, Stack<lnteger> s) {
while (!'q.isEmpty()) {
s. push(q.renove()); /1l Transfers the entire contents
} /'l of queue q to stack s



2. Java Coallections Framework. Write a methodount | nAr eaCode that accepts two parametersivap
from names (strings) to phone numbers (strings) amdirea code (as a string), and returns how many
unique phone numbers in the map use that area damteexample, if a mapcontains these pairs:
{Marty=206-685-2181, Ri ck=520-206-6126, Beekt0=206-685-2181

Jenny=253-867-5309, Stuart=206-685-9138, DirecTV=800-494-4388,
Bob=206- 685- 9138, Benson=206- 616-1246, Hottli ne=900-520-2767}

The call ofcount | nAreaCode(m "206") should return 3, because there are 3 unique phombers
that use the 206 area code: Marty/Beekto's numbép@6- 685- 2181", Stuart/Bob's number ¢f206-
685- 9138", and Benson's number't206- 616- 1246" .

You may assume that the map passed isnnbt , that no key or value in it isul | , that every phone
number value string in the map will begin with a@lig# numeric area code, and that the area codwgstr
passed will be a nonul | numeric string exactly 3 characters in lengththé map is empty or contains no
phone numbers with the given area code, your methodld return 0.

You may create one collection of your choice aslauy storage to solve this problem. You can hasge
many simple variables as you like. You should motify the contents of the map passed to your ntetho
For full credit your code must run in less tham®(ime wheren is the number of pairs in the map.



3. Linked Nodes. Write the code that will turn the "before" pictdunto the "after" picture by modifying links
between the nodes shown and/or creating new nadesetled. There may be more than one way to write
the code, but you are NOT allowed to change angtiegi node'siat a field value. You also should not
create newLi st Node objects unless necessary to add new values tohtia, but you may create a single
Li st Node variable to refer to any existing node if you likéf a variable does not appear in the "after"
picture, it doesn't matter what value it has atterchanges are made.

To help maximize partial credit in case you makstakes, we suggest that you include optional consnen
with your code that describe the links you arengyio change, as shown in Section 7's solution.code
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Assume that you are using thiest Node class as defined in lecture and section:
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public cl ass ListNode {
public int data; /1 data stored in this node
public ListNode next; // a link to the next node in the |ist

public ListNode() { ... }
public ListNode(int data) { ... }
public ListNode(int data, ListNode next) { ... }



4. Linked Lists. Write a method sSort edBy to be added to thei nkedl nt Li st class that accepts an
integern as a parameter and that returmsie if the list of integers is sorted in nhondecreasinger when
examined "byn" andf al se otherwise. When examining a list "y you pick any element of the list and
consider the sublist formed by that element folldviy the element that comeslater, followed by the
element that comesdater, followed by the element that comesl&er, and so on. For example, suppose
that a variable list stores the following sequeniceumbers:

[1, 3, 2, 5, 8, 6, 12, 7, 20]

This list would normally not be considered to loetesd, which means the call bf st . i sSort edBy(1)
should returrf al se. But when examining elements by 2, we get twoesbsublists:

[1, 2, 8, 12, 20] and[3, 5, 6, 7]

The call ofl i st.isSortedBy(2) should returrt r ue. Notice that duplicates are allowed in the sulis
The call ofl i st. i sSortedBy(3) returnsf al se because one of the resulting sublists is not dorte

[1, 5, 12] (sorted),[3, 8, 7] (NOT sorted), and[ 2, 6, 20] (sorted)

By definition, an empty list and a list of oneralent are considered to be sorted. The method dheturn
true wheneven is greater than or equal to the length of the bsicause in that case all of the resulting
sublists would be of length 1. Your method shdbldw anl | | egal Ar gunent Except i on if passed am
that is less than or equal to O.

Assume that we are adding this method to lthekedl nt Li st class as seen in lecture and as shown
below. You may not call any other methods of thesg to solve this problem and your method cannot
change the contents of the list.

public class LinkedlntList {
private ListNode front;

methods



5. RecursiveTracing. For each call to the following method, indicetieat value is returned:

public int nmystery(int n) {
if (n<0) {
return -nystery(-n);
} elseif (n < 10) {
return (n + 1) % 10;
} else {
return 10 * nystery(n / 10) + (n + 1) % 10;
}

Call Value Returned

nystery(7)

nystery(42)

nyst ery( 385)

nystery(-790)

nystery(89294)




6. Recursive Programming. Write a recursive methodi gi t Mat ch that accepts two non-negative integers
as parameters and that returns the number of digitsmatch between them. Two digits match if they
equal and have the same position relative to tlteoérthe number (i.e., starting with the ones (ligiin
other words, the method should compare the lastsdif each number, the second-to-last digits @hea
number, the third-to-last digits of each numbed aa forth, counting how many pairs match. Fomexea,
for the call ofdi gi t Mat ch( 1072503891, 62530841), the method would compare as follows:

1072503891
.
62530841
The method should return 4 in this case becaudetlese pairs match (2-2, 5-5, 8-8, and 1-1). Bedoe
more examples:

Call Value Returned
di gi t Mat ch(38, 34)
di gi t Mat ch(5, 5552)
di gi t Mat ch(892, 892)
di gi t Mat ch(298892, 7892)
di gi t Mat ch(380, 0)
di gi t Mat ch(123456, 654321)
di gi t Mat ch(1234567, 67)
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Your method should throw an | egal Ar gunent Except i on if either of the two parameters is negative.
You are not allowed to construct any structurecedisj other tharst ri ngs (no arrayLi st, Scanner,
etc.) and you may not use any loops to solve tlublpm; you must use recursion.



