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1 Parentheses (Recursion)

An arithmetic expression may include one or multiple pairs of parentheses, for example

(3 + 5) * 4

(3 + (5 + 4) * 6) * 2

3 + (5 + 4) * (6 + 2)

(3 + (5 + 4)) * (6 + 2)

This question asks you to write a program that generates pairs of parentheses by following
these rules

• The number of left parentheses (() must be the same as number of right parentheses
()).

• From left to right, the number of right parentheses ()) must not exceed the number of
left parentheses (() that have already been seen.

Please fill the following code. The program’s ouputs for one, two, three pairs are

()

(())

()()

((()))

(()())

(())()

()(())

()()()

#include <stdio.h>1
#include <stdlib.h>2
void generate(char * parentheses , int num , int left , int right)3
{4

// parentheses: stores the parentheses.5
// Each element is either ( or )6
//7
// num: total number of pairs8
// left: how many left parentheses have been used9
// right: how many right parentheses have been used10
int ind = left + right;11
if (left == num) // use up all ’(’12

{13
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for (int i = 0; i < ind; i ++)14
{15

printf ("%c", parentheses[i]);16
}17

// use all remaining ’)’18
for (int i = ????; i ++) // <--- ANSWER A19

{20
printf (")");21

}22
printf ("\n");23
return;24

}25
// case 1: add ’(’. always possible because left < num26
parentheses[ind] = ’(’;27
generate(parentheses , num , ???); // <--- ANSWER B28
// case 2: check whether ’)’ can be added29
if (????) // <--- ANSWER C30

{31
parentheses[ind] = ’)’;32
generate(parentheses , num , ????); // <--- ANSWER D33

}34
}35

36
int main(int argc , char * * argv)37
{38

if (argc < 2)39
{40

return EXIT_FAILURE;41
}42

// num: how many pairs43
int num = (int) strtol(argv[1], NULL , 10);44
if (num < 1)45

{46
return EXIT_FAILURE;47

}48
char * parentheses = malloc(sizeof (* parentheses) * num * 2);49
generate(parentheses , num , 0, 0);50
free (parentheses );51
return EXIT_SUCCESS;52

}53

Answer:

A: = right; i < num
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B: left + 1, right

C: left > right

D: left, right + 1
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2 Integer Partition

A positive integer can be expressed as the sum of a sequence of positive integers, or itself.
Integer partition creates such sequences of integers. For example, 5 can be broken in to
the sum of 1 + 2 + 2 or 2 + 3. These two partitions use different numbers, and thus are
considered unique partitions. The order of the number in the partition is also important.
Thus, 1 + 2 + 2 and 2 + 1 + 2 are considered different partitions because 1 appears in
different positions. Below are some examples of integer partitions:

1 = 1 2 = 1 + 1 3 = 1 + 1 + 1 4 = 1 + 1+ 1 + 1

= 2 = 1 + 2 = 1 + 1 + 2

= 2 + 1 = 1 + 2 + 1

= 3 = 1 + 3

= 2 + 1 + 1

= 2 + 2

= 3 + 1

= 4

In general, number n can be partitioned in 2n−1 different ways. For example, 4 can be
partitioned in 24−1 = 8 different ways.
When partitioning 3, “1” is used 5 times and “2” is used twice.
When partitioning 4, “1” is used 12 times and “2” is used 5 times.
1 + 1 + 1 ... will count every occurrence of 1.

2.1 How many 1 is Used

How many times is 1 used when partitioning 7?

2.2 How many 2 is Used

How many times is 2 used when partitioning 6?

2.3 Odd Numbers Only

If only odd numbers (1, 3, 5, 7, 9, ...) are allowed, how many ways can number 8 be
partitioned?

2.4 Even Numbers Only

If only even numbers (2, 4, 6, 8, 10, ...) are allowed, how many ways can number 8 be
partitioned?
Answer:

A 144
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B 28

C 21

D 8
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3 Recursive Program

Consider the following program and write down the answers.

#include <stdlib.h>1
#include <stdio.h>2
#include <time.h>3

4
typedef struct5
{6

int cnt1;7
int cnt2;8
int cnt3;9

} Counters;10
11

int func(int n, Counters * count)12
{13

(count -> cnt1) += n;14
if (n == 0)15

{16
return 0;17

}18
(count -> cnt2) ++;19
int i;20
int sum = 0;21
for (i = 1; i < n; i ++)22

{23
(count -> cnt3) += i;24
func(n - i, count);25
sum += i;26

}27
return sum;28

}29
30

int main(int argc , char * argv [])31
{32

Counters count = // initialize attributes to zero33
{ .cnt1 = 0,34

.cnt2 = 0,35

.cnt3 = 036
};37

int result = func(5, & count );38
printf (" result = %d\n", result ); // <--- ANSWER A39
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printf (" Counters = %d, %d, %d\n",40
count.cnt1 ,41
count.cnt2 ,42
count.cnt3); // <--- ANSWERS B to D43

return EXIT_SUCCESS;44
}45

Answer:
10
31, 16, 26
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4 Bit Operations

Figure 1: Compress data by taking the leftmost two bits from each byte.

This problem asks you to compress an input file by taking two bits from each byte. If the
length of the input file is not a multiple of four, zeros are added at the end of the last byte
of the output.
Fill the following code

#include <stdio.h>1
#include <stdlib.h>2
#include <string.h>3

4
// take the leftmost two bits from each byte in orig5
// pack these bits to dest6
// size is the number of bytes in orig7
//8
// dest should have enough memory to store the result9
// convert does not allocate memory in heap10

11
void convert(const unsigned char * orig ,12

unsigned char * dest ,13
int size)14

{15
int bitCount = 0; // how many bits have been added16
int destCount = 0; // index for the destination array17
unsigned char bitMask = ???; // <--- ANSWER A18
unsigned char destByte = 0; // destination byte19
int cnt;20
for (cnt = 0; cnt < size; cnt ++)21

{22
// get the leftmost two bits23
unsigned char oneBit = ???; // <--- ANSWER B24

25
// shift right to the correct location26
unsigned char destBit = ??? // <--- ANSWER C27

28
// add the bit to the destination29
destByte = destByte | destBit;30
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31
// increment bitCount32
bitCount += 2;33

34
// fill one byte35
if (???) // <--- ANSWER D36

{37
dest[destCount] = destByte;38
destCount ++;39
destByte = 0;40

}41
}42

// If size is not a multliple of 8, handle the last byte43
if ((size % 4) != 0)44

{45
dest[destCount] = destByte;46
// no need to update destCount since it is the last47

}48
}49

50
int main(int argc , char * argv [])51
{52

// argv [1]: input file53
// argv [2]: output file54
if (argc < 3)55

{56
return EXIT_FAILURE;57

}58
FILE * fpin = fopen(argv[1], "r");59
if (fpin == NULL)60

{61
return EXIT_FAILURE;62

}63
FILE * fpout = fopen(argv[2], "w");64
if (fpout == NULL)65

{66
fclose (fpin);67
return EXIT_FAILURE;68

}69
70

// find the length of the input file71
fseek(fpin , 0, SEEK_END );72
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long length = ftell(fpin);73
// allocate memory for the input74
unsigned char * orig = malloc(sizeof(unsigned char) * length );75
// return the beginning of the file76
fseek(fpin , 0, SEEK_SET );77

78
// read the input from the file79
int rtv = fread(orig , sizeof(unsigned char), length , fpin);80
if (rtv != length)81

{82
printf (" fread fail , rtv = %d, length = %ld\n",83

rtv , length );84
}85

86
// calculate the output ’s length87
long outlength = length / 4;88
if (( length % 4) != 0)89

{90
outlength ++;91

}92
93

// allocate memory for the output94
unsigned char * dest = malloc(sizeof(unsigned char) * outlength );95

96
convert(orig , dest , length );97

98
// write the result to the output file99
rtv = fwrite(dest , sizeof(unsigned char), outlength , fpout);100

101
if (rtv != outlength)102

{103
printf (" fwrite fail , rtv = %d, outlength = %ld\n",104

rtv , outlength );105
}106

107
// close the files108
fclose (fpin)109
fclose (fpout );110
return EXIT_SUCCESS;111

}112
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For your reference:

#include <stdio.h>

size_t fread(void *ptr, size_t size, size_t nmemb, FILE *stream);

size_t fwrite(const void *ptr, size_t size, size_t nmemb,

FILE *stream);

DESCRIPTION

The function fread() reads nmemb items of data, each size bytes

long, from the stream pointed to by stream, storing them at the

location given by ptr.

The function fwrite() writes nmemb items of data, each size

bytes long, to the stream pointed to by stream, obtaining them

from the location given by ptr.

For nonlocking counterparts, see unlocked_stdio(3).

RETURN VALUE

On success, fread() and fwrite() return the number of items

read or written. This number equals the number of bytes

transferred only when size is 1. If an error occurs, or the

end of the file is reached, the return value is a short item

count (or zero).

Answer:
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5 IsContained

The following function checks whether every element in array arr2 is an element in array
arr1. Their lengths are length2 and length1 respectively. Both arrays are sorted in
ascending order before calling this function

// is every element in arr2 also in arr1?1
// return true if yes2
// return false if no3
//4
// === Example 1 ===5
// arr1 = {1, 2, 3, 4, 5}, length1 = 56
// arr2 = {1, 2, 3}, length = 37
// isContained returns true8
//9
// === Example 2 ===10
// arr1 = {1, 2, 3, 4, 5}, length1 = 511
// arr2 = {-1, 2, 3}, length = 312
// isContained returns false13
//14
// === Example 3 ===15
// arr1 = {1, 2, 3, 4, 5}, length1 = 516
// arr2 = {2, 3, 6}, length = 317
// isContained returns false18
//19
// === Example 4 ===20
// arr1 = {1, 2, 3, 4, 5}, length1 = 521
// arr2 = {2, 5}, length = 222
// isContained returns true23
//24
// === Example 5 ===25
// arr1 = {1, 2, 3}, length1 = 326
// arr2 = {1, 2, 3, 4, 5}, length = 527
// isContained returns false28

29
// Hint: the following answers are wrong:30
// compare val1 with length131
// compare val1 with length232
// compare val2 with length133
// compare val2 with length234

35
bool isContained(const int * arr1 , int length1 ,36

const int * arr2 , int length2)37
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{38
int ind1 = 0;39
int ind2 = 0;40
int val1;41
int val2;42
if (length1 < length2)43

{44
return false;45

}46
while ((ind1 < length1) && (ind2 < length2 ))47

{48
val1 = arr1[ind1];49
val2 = arr2[ind2];50
// hint: there is no else51
if (???) // <--- ANSWER A52

// hint: val1 != val2 is wrong53
// length1 < length2 is wrong; it has been checked54
{55

return false;56
}57

if (???) // <--- ANSWER B58
{59

ind1 ++;60
ind2 ++;61

}62
if (???) // <--- ANSWER C63

{64
ind1 ++;65

}66
}67

if (???) // <--- ANSWER D68
// hint: using val1 or val2 is wrong69
{70

// some elements in arr2 have not been checked yet71
return false;72

}73
return true;74

}75

Answer:

val1 > val2

val1 == val2

val1 < val2
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ind2 != length2
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