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CS 1723, Data Structures
Fall Semester, 1998
Final Examination

1. Give C codefor the functionstrlen that will returnthe lengthof its characterstring in-
put parameter. Your function must not use brackets []. (strlen is a C library function in
<string.h>).

2. (a) Regardthefollowing arrayasaheap.Draw a treediagramfor this heap,anddetermine
that theheappropertyfails at location2. Show step-by-stephow theheapifyfunction
will restoretheheapproperty. (This exampleusesarraysbasedat 1, aswe have done
with examplesin class.)

Array index: 1 2 3 4 5 6 7 8 9 10
Array element: 43 5 28 18 13 22 14 12 14 11

(b) Thefollowing arraysatisfiestheheapproperty. Show thefirst two stepsof theheapsort
algorithm. Thesestepsshouldplacetwo arrayelementsin their properlocationsand
shouldrestorethe heappropertyfor the remainingelements.Show the final resultof
thesefirst two steps.

Array index: 1 2 3 4 5 6 7 8 9 10 11 12
Array element: 57 31 45 27 24 36 16 14 12 8 19 21

3. Supposewehave a linkedlist of singlecharacters,usingthestruct:

struct lnode {
char data;
struct lnode *next;

};

(a) Write a functionlistlength thatwill find thelengthof this list by chasingdown it
andcountingthenodes.listlength shouldreturnthelength.Usetheprototype:

int listlength(struct lnode *list);

(b) Write a functionmakelist that will take an input characterstring andwill createa
linkedlist with eachcharacterof thestringin aseparatenodeof thelist. (Thenodescan
bein backwardsorder.) Thefunctionshouldreturnapointerto thestartof thelist.) You
shoulduseaprototype:

struct lnode *makelist(char *s);

4. Recall that when C processesa command line, like say: runner% cc -o prog
prog.c, C setsupvariablesargc andargv asif they wereinitializedasfollows:

int argc = 4;
char *argv[] = {"cc", "-o", "prog", "prog.c", NULL};

By any method,give a loop thatwill print eachstringin thearrayargv, oneto a line.



CS1723,FinalExam,April 7, 2001 Page2 of 3

5. Considerthe following portion of the binary treeprogramdiscussedin class. This tree is
keepinga single characterat eachnode. The addtree function will add nodesso that
alphabeticorderis thenaturalorderof thetree.

#include <stdio.h>
#include <ctype.h>
#include <string.h>
#include <stdlib.h>

struct tnode
�

char ch;
struct tnode *left;
struct tnode *right;�

;
void addtree(struct tnode *, char );
struct tnode *newnode(char );
void treeprint(struct tnode *);
struct tnode *lookup(struct tnode *, char );

void main(void)�
struct tnode *root;
struct tnode *p;
char c;
root = NULL;
while ((c = getchar()) != ’ � n’) �

if (root == NULL) root = newnode(c);
else addtree(root, c);�

treeprint(root);
printf(" � n");
p = lookup(root, ’x’);
if (p == NULL) printf("Not found � n");
else printf("Here it is: %c � n", p -> ch);�

runner% exam2_3
The quick brown fox jumps over the lazy dog.
.Tabcdefghijklmnopqrstuvwxyz
Here it is: x
runner% exam2_3
The quick brown pig jumps up in the air.
.Tabceghijkmnopqrstuw
Not found

(a) Supplycodefor a functiontreeprint thatprintsthenodesin alphabeticorder.

(b) Supplycodefor alookup functionthatwill look up thecharacterthatis its secondar-
gument.If it findsthecharacter, it returnsapointerto thenodecontainingthecharacter,
andotherwiseit returnsNULL. (lookup is similar in logic to theaddtree function,
but simplerbecausethereis noneedto addanode.)
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6. WriteCcodefor arecursivebinarysearchfunction.Thisfunctionwill lookupanelementx in
a sortedarraya. Thefunctionshouldusea divide-and-conquer strategy similar to quicksort.
(This functiondoesnot usea binarytree,but just repeatedlydividesthe input arrayin half.)
Thefunctionshouldhave thefollowing prototype:

int bin_search(int a[M], int p, int r, int x);

bin search shouldsearchfor theelementx in thearraya, in positionsa[p], ... , a[r].
The arraya is assumedto besortedinto increasingorder. The functionshouldusethe fol-
lowing strategy: checkthe arrayelementin themiddlebetweenelementswith index p and
r — call this middle index q. In casex == a[q], returnq. In casex < a[q], let
bin search work recursively on thepositionsfrom p to q-1 andin casex > a[q], let
bin search work recursively on thepositionsfrom q+1 to r. Yourcodemustalsodecide
how to terminatetherecursion.In casex is not in thearray, return-1.

Thisbin search functionmightbecalledfrom aC mainfunctionasfollows:

int a[M];
/* obtain values for a[0], . . . , a[M-1] */
/* sort a[0], . . . , a[M-1] into increasing order */
/* obtain a value x to search for in the array a */
index = bin_search(a, 0, M-1, x);
if (index == -1) printf("Element %d not present\n", x);
else printf("Element %d present at location %d\n", x, index);


