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CS 1723, Data Structures
Fall Semester, 1998
Final Examination

1. Give C codefor the functionst r | en thatwill returnthe lengthof its characteistringin-

put parameter Your function must not use brackets []. (st r| en is aC library functionin
<string. h>).

2. (a) Regardthefollowing arrayasaheap.Draw atreediagramfor this heap,anddetermine
thatthe heappropertyfails atlocation2. Shav step-by-stefow the heapifyfunction

will restorethe heapproperty (This exampleusesarraysbasedat 1, aswe have done
with exampledn class.)

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

(b) Thefollowing arraysatisfiegshe heapproperty Shav thefirst two stepsof the heapsort
algorithm. Thesestepsshouldplacetwo array elementsn their properlocationsand

shouldrestorethe heappropertyfor the remainingelements.Shaov the final resultof
thesefirst two steps.

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

3. Supposeve have alinkedlist of singlecharacterssingthestruct:

struct | node {
char dat a;
struct | node *next;
s
(a) Write afunctionl i st | engt h thatwill find thelengthof this list by chasingdown it
andcountingthenodesl i st engt h shouldreturnthelength. Usethe prototype:

int listlength(struct Inode *list);

(b) Write afunctionnakel i st thatwill take aninput characterstringandwill createa
linkedlist with eachcharactepf thestringin aseparat@odeof thelist. (Thenodescan

bein backwardsorder) Thefunctionshouldreturna pointerto thestartof thelist.) You
shouldusea prototype:

struct | node *makelist(char *s);

4. Recall that when C processesa commandline, like say: runner%cc -0 prog
pr og. ¢, C setsupvariablesar gc andar gv asif they wereinitialized asfollows:

int argc = 4;
char *argv[] = {"cc", "-0", "prog", "prog.c", NULL};

By ary method give aloop thatwill print eachstringin thearrayar gv, oneto aline.
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5. Considerthe following portion of the binary tree programdiscussedn class. This treeis
keepinga single characterat eachnode. The addt r ee function will add nodesso that
alphabetimrderis the naturalorderof thetree.

#i ncl ude <stdi o. h>
#i ncl ude <ctype. h>
#i ncl ude <string. h>
#i ncl ude <stdlib. h>

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

b

voi d addtree(struct tnode *, char );
struct tnode *newnode(char );

voi d treeprint(struct tnode *);

struct tnode *| ookup(struct tnode *, char );

voi d mai n(voi d)
{
struct tnode *root;
struct tnode *p;
char c;
root = NULL;
while ((c = getchar()) !'="\n") {
if (root == NULL) root = newnode(c);
el se addtree(root, c);
}
treeprint(root);
printf("\n");
p = |l ookup(root, 'x');
if (p == NULL) printf("Not found\n");
else printf("Here it is: %\n", p -> ch);

runner% exan2_3

The qui ck brown fox junps over the |azy dog.
. Tabcdef ghi j kl mopqgr st uvwxyz

Here it is: x

runner % exan2_3

The quick brown pig junmps up in the air.

. Tabceghi j knmopgr st uw

Not found

(a) Supplycodefor afunctiont r eepri nt thatprintsthenodesn alphabeticorder

(b) Supplycodefor al ookup functionthatwill look up thecharactethatis its secondar
gument.If it findsthecharacterit returnsa pointerto thenodecontainingthecharacter
andotherwiseit returnsNULL. (I ookup is similarin logic to theaddt r ee function,
but simplerbecauséhereis no needto addanode.)
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6. Write C codefor arecursve binarysearctunction. Thisfunctionwill look upanelemeni in
asortedarraya. Thefunctionshouldusea divide-and-conqguestrategy similarto quicksort.
(This functiondoesnot usea binarytree,but just repeatedhydividesthe input arrayin half.)
Thefunctionshouldhave thefollowing prototype:

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

bi n_sear ch shouldsearchor theelementx in thearraya, in positionsa[ p] ,...,a[r].
Thearraya is assumedo be sortedinto increasingorder The function shouldusethe fol-
lowing stratgy: checkthe arrayelementin the middle betweenrelementswith index p and
r — call this middleindex q. In casex == a[q], returng. In casex < a[(], let
bi n_sear ch work recursvely onthepositionsfrom p to g- 1 andin casex > a[ q], let
bi n_sear ch work recursively onthepositionsfrom g+1 to r . Your codemustalsodecide
how to terminatetherecursion.n casex is notin thearray return- 1.

Thisbi n_sear ch functionmightbe calledfrom a C mainfunctionasfollows:

int a[M;
/* obtain values for a[0], , a[m1] */
/* sort a[0], . . . , a[M1] into increasing order */

/* obtain a value x to search for in the array a */

index = bin_search(a, 0, M1, x);

if (index == -1) printf("El enent % not present\n", x);

else printf("El enent % present at |ocation %\n", x, index);



