Princeton University
COS 217: Introduction to Programming Systems
Spring 2003 Midterm Exam Answers

Question 1 Part (a)

struct enpl oyee

{
char nane[ 128];
i nt *access_codes
struct departnment *dept;
i

Question 1 Part (b)

struct depart nent

{
char nane[ 128];
struct enpl oyee **enpl oyees;
int size;

b

Question 1 Part (c)

#i f ndef DEPARTMENT_H
#def i ne DEPARTMENT_H

#i ncl ude “enpl oyee. h” [/* optional */

typedef struct departnent *Departnent;

Depart ment Department _new( void);
/* Return a new Department. */

voi d Departnent free(Departnment dept);
/* Free dept. */

voi d Depart nent _addEnpl oyee(Departnent dept, struct Enpl oyee *enp);
/* Add enp to dept. It is a checked runtine error for dept or enp
to be NULL. */

voi d Departnent _renoveEnpl oyee(Departnent dept, struct Enpl oyee *enp);
/* Remove enp fromdept. It is a checked runtine error for dept or
enp to be NULL. */

voi d Departnent _nap(Departnment dept,
void (*func)(struct Enpl oyee *enp, void *data),
void *data);

[* Call (*func)(enp, data) for each Enployee enp in dept. It is a
checked runtinme error for dept or func to be NULL. */

#endi f
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Question 1 Part (d)

#i ncl ude departnent.h”

voi d Departnent _nmap(Department dept,

/*

}

void (*func)(struct Enployee *enp, void *data),
voi d *dat a)

Call (*func)(enp, data) for each Enpl oyee enp in dept.
checked runtime error for dept or func to be NULL. */

int i;

assert (dept != NULL);
assert(func != NULL);

for (i =0; i < dept->size; i++)
{

struct enpl oyee *enp = dept->enpl oyees[i];
assert(enp !'= NULL);
(*func) (enp, data);

Question 2

=== mai n.c ===
int a=3;, /* file, external, process */
int b =4; /[/* file, external, process */

extern void f(int b);

int main()
{
int a; /* block, internal, tenporary */
for (a =0; a < 4; a++)
f(a);
}
=== f . c ===

#i ncl ude <stdi o. h>

extern int a;
static int b; /* file, internal, process */

void f(int b) /* block, internal, tenporary */

{
int ¢ =0; /* block, internal, tenporary */
static int d =0; /* block, internal, process */

printf("% % % %\n", a, b, c, d);
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a++;
b++;
c++;
d++;

}

Program output:

o0k w
WNEFLO

[cNeoNeoNe]

WNEFLO

Question 3 Part (a)

#def i ne MAX BLOCKS 1000

char *
char *

pcFirstBl ock = NULL;
pcFi rst FreeBl ock = NULL;

int iBlocksAllocatedCount = O;

void *

mal | oc16(voi d)

/* Allocate a block of 16 bytes of menory, and return the address of
that nenory bl ock. */

char *pc;

/*

if

/*

/*

If the menory pool has not been allocated, then allocate it. */

(pcFirstBlock == NULL)
pcFirstBl ock = (char*)mall oc(16 * MAX BLOCKS);

If the free list contains some nmenory bl ocks, then renove the
first one and return its address. */

(pcFirstFreeBl ock !'= NULL)
pc = pcFirstFreeBl ock;

pcFirstFreeBl ock = *(char**) pcFirst FreeBl ock;
return (void*)pc;

I f sonme bl ocks have never been allocated, then return the address
of the first one. */

(1Bl ocksAl | ocat edCount < MAX_BLOCKS)

pc = pcFirstBlock + (16 * iBl ocksAll ocat edCount);

i Bl ocksAl | ocat edCount ++;
return pc;

Return NULL to indicate failure to satisfy the client’s request
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for a nmenory bl ock. */

return NULL;
}

void freel6(void *ptr)
/* Free the block of 16 bytes of menmory whose address is ptr. */

{
char **ppcNewFi r st Fr eeBl ock;

assert(ptr !'= NULL);
/* Insert the given nmenmory block onto the front of the free list. */
ppcNewFi r st FreeBl ock = (char**)ptr;

*ppcNewki r st FreeBl ock = pcFirst FreeBl ock;
pcFirstFreeBl ock = (char*)ptr;

}
Question 3 Part (b)

Speed. Whereas malloc must search for a free block of the right size, malloc16 can
simply return a pointer from the front of its list.

Fragmentation. malloc allocates blocks of all sizes and can have holes of unused bytes.
malloc16 avoids this problem by allocating blocks of the same size and never breaking

them up.

Question 4 Part (a)

10/0
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Question 4 Part (b)

Q
0O |0 |0 0 0 0 0
0O |0 |0 1 0 1 0
0 |0 1 0 1 0 0
0 |0 1 1 1 1 1
0 1 0 0 0 0 0
0 1 0 1 0 0 0
0 1 1 0 1 1 0
0 1 1 1 0 0 0
1 0 |0 0 1 0 0
1 0 |0 1 1 0 0
1 0 1 0 1 0 0
1 0 1 1 1 0 0
1 1 0 0 0 0 0
1 1 0 1 1 1 1
1 1 1 0 0 0 0
1 1 1 1 0 0 0
Question 4 Part (¢)

(See separate document sprO3examlansq4c.pdf, scanned from hardcopy.)
Question 5 Part (a)

Preprocessing time
Compile time

Link time

Run-time programming
Run-time user
Run-time exception

Question 5 Part (b)

#i ncl ude <stdio. h>
#i ncl ude <string. h>
#i ncl ude <assert. h>
#i ncl ude <stdlib. h>

void PrintFile(void)

{
FILE *fp = NULL;
char fil enane[ 16];
char *buffer;
size_t uiFil enanelLengt h;

/* Use fgets instead of gets to elimnate the possibility
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of corrupting nenory beyond the end of the filenane array. */
if (fgets(filename, 16, stdin) == NULL)

/* Runtine user error */
fprintf(stderr, "Unable to read stdin\n");

exit(1l);
}
ui Fi l enaneLength = strlen(fil enane);
if (filenanme[uiFilenameLength - 1] = "'\n")

/* Runtine user error */
fprintf(stderr, "File nane too |long\n");
exit(1);

/* Renove the new ine character fromthe end of filenane. */
fil ename[ui Fil enaneLength - 1] = "\0';
if (strlen(filename) == 0)

/* Runtime user error */

fprintf(stderr, "Enpty fil enane\n");
exit(l);

= fopen(filenane, "r");
(fp == NULL)

/* Runtine user error */

fprintf(stderr, "Unable to open file: %\n", filenane);
exit(1l);

buf fer = (char*)mall oc(16);

/* Runtine progranmmng error */
assert(buffer !'= NULL);

/[* Use fgets instead of gets to elinminate the possibility
of corrupting nenory beyond the end of the buffer array. */

while (fgets(buffer, 16, fp) != NULL)
printf(buffer);

/* Should free buffer only once. */
free(buffer);

fcl ose(fp);
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