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Type char
char is a datatype for characters.
char express integers in certain region.
For each ASCII character, an integer is assigned (depending on the
implementation).
We can check that which integer is assigned to an alphabet with the
following program.

#include <stdio.h>

int main(void){

char char1[10];

printf("Input a character: ");

scanf("%s", char1);

printf("%d",char1[0]);

}

Let v[i] be the assigned for the alphabet i in your implementation.
Verify that v[i]-v[j]=i-j for i, j∈ {0, ..., 9}.
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Integer and character types
Type name Min Max

Character

char
0 255

-127 127

signed char -127 127

unsigned char 0 255

Integer

signed short int signed short short int short -32767 32767

unsigned short int unsigned short -32767 32767

singed int singed int -32767 32767

unsinged int unsigned 0 65535

singed long int signed long long int long -2147483647 2147483647

unsigned long int unsigned long 0 4294967295

: We will use these names in this lecture

If you want to specify the type of a integer constant, then you can
write as follows:

1U or 1u For 1 in unsigned int

1L or 1l For 1 in long

1LU or 1lu For 1 in unsigned long
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Quiz 8
Run the following and verify the expressible ranges of each type in your
system. Send the screenshot of the result via e-mail titled “Quiz 8”.

#include <stdio.h>

#include <limits.h>

int main(void)

{

puts("The range of each char type and int type in this implementation");

printf("char : %d-%d\n", CHAR_MIN , CHAR_MAX);

printf("signed char : %d-%d\n", SCHAR_MIN, SCHAR_MAX);

printf("unsigned char : %d-%d\n", 0 , UCHAR_MAX);

printf("short : %d-%d\n", SHRT_MIN , SHRT_MAX);

printf("int : %d-%d\n", INT_MIN , INT_MAX);

printf("long : %ld-%ld\n", LONG_MIN , LONG_MAX);

printf("unsigned short : %u-%u\n", 0 , USHRT_MAX);

printf("unsigned : %u-%u\n", 0 , UINT_MAX);

printf("unsigned long : %lu-%lu", 0 , ULONG_MAX);

return 0;

}
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sizeof for statement
sizeof operator can take a formula as an operand.

#include <stdio.h>

int main(void){

int na, nb;

double dx, dy;

printf("sizeof(int) = %u\n", (unsigned)sizeof(int));

printf("sizeof(double) = %u\n", (unsigned)sizeof(double));

printf("sizeof(na) = %u\n", (unsigned)sizeof(na));

printf("sizeof(dx) = %u\n", (unsigned)sizeof(dx));

printf("sizeof(na + nb) = %u\n", (unsigned)sizeof(na + nb));

printf("sizeof(na + dy) = %u\n", (unsigned)sizeof(na + dy));

printf("sizeof(dx + dy) = %u\n", (unsigned)sizeof(dx + dy));

return 0;

}
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CHAR BIT and sizeof
Using the following program, you can check how many bits are required for
char and how many bytes are required for each integer type.

#include <stdio.h>

#include <limits.h>

int main(void)

{

printf("CHAR_BIT = %u\n", CHAR_BIT);

printf("sizeof(char) = %u\n", (unsigned)sizeof(char));

printf("sizeof(short) = %u\n", (unsigned)sizeof(short));

printf("sizeof(int) = %u\n", (unsigned)sizeof(int));

printf("sizeof(long) = %u\n", (unsigned)sizeof(long));

return 0;

}

Takako Nemoto (JAIST) 26 November 6 / 12



Integers in implementations

Integers are represented in binary numbers.

For example, 1025(= 210 + 1) is 10000000001.

The way of representation for negative integers are depend on the
implementation. The uppermost bit is always 1.

▶ 2’s complementation:
For example, −35 (in decimal number) is represented in binary number
with 8 bits as 11011101. Note that 35 is 100011 in binary number.

100000000
− 00100011

11011101
▶ 1’s complementation: For each positive n, the representation of −n is

just invert each bit of the one of n. For example, −35 in 8 bits is
11011100.

▶ sign and magnitude representation: For each positive n, the
representation of −n is just invert the uppermost bit of the one of n.
For example, −35 in 8 bits is 10100011.
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Integers in implementations

Integers are represented in binary numbers.
For example, 1025(= 210 + 1) is 10000000001.
The way of representation for negative integers are depend on the
implementation. The uppermost bit is always 1.

16bits representation 2’s comp. 1’s comp sign & magnitude

1000000000000000 -32768 -32767 0
1000000000000001 -32767 -32766 -1

...
...

...
...

1111111111111110 -2 -1 -32766
1111111111111111 -1 -0 -32767

0000000000000000 0 0 0
0000000000000001 1 1 1

...
...

...
...

0111111111111110 32766 32766 32766
0111111111111111 32767 32767 32767
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Bitwise operators
AND

x y x&y

1 1 1

1 0 0

0 1 0

0 0 0

OR
x y x | y
1 1 1

1 0 1

0 1 1

0 0 0

exclusive OR
x y x̂ y

1 1 0

1 0 1

0 1 1

0 0 0

Complement
x ∼x

1 0

0 1

Examples

4 & 5 is 4 (=100 & 101)

4 && 5 is 1 (4 ̸= 0 and 5 ̸= 0)

Shift operators
a << b Shift a b bits left. Fill 0 for blank bits

a >> b Shift a b bits right. Fill 0 for blank bits

Examples

5 << 2 is 20(= 10100) 5 >> 2 is 1
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Remark: shift for negative integers

Shift for negative integers

For negative integers, the results of shift operators are depends on the
implementation.

Logical shift: Just shift. The uppermost bit might be changed. So
the result is a positive number

11011101 >> 2 → 00110111

(−35) (55)

Arithmetical shift: Keep the uppermost bit. So the result is a
negative number.

11011101 >> 2 → 10011011

(−35) (−101)

Check which shift is implemented in your system.
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Example (List 7-6)

#include <stdio.h>

int count_bits(unsigned x){

int bits = 0;

while (x){

if(x & 1U) bits++; /*1U is 1 in unsigned integer*/

x >>= 1;}

return bits;

}

int int_bits(void){

return count_bits(~0U);}

void print_bits(unsigned x){

int i;

for (i = int_bits() -1; i >= 0; i--){

putchar(((x >> i) & 1U) ? '1' : '0');}}

int main(void){

unsigned a, b;

printf("Input two non-negative integers.\n");

printf("a: "); scanf("%d", &a);

printf("b: "); scanf("%d", &b);

printf("\na = "); print_bits(a);

printf("\nb = "); print_bits(b);

printf("\na & b = "); print_bits(a & b);

printf("\na | b = "); print_bits(a | b);

printf("\n~a = "); print_bits(~a);

printf("\n~b = "); print_bits(~b);

putchar('\n');

return 0;}
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Today’s homework
2 Do Exercise 7-3 in the text book (p.193 in the latest edition).
3 Write a program to verify which representation of negative integers

are used in your system. Take a screenshot of the execution.
4 Read Ch. 8.

As usual, send the programs and the screenshot as attached files to me via
e-mail, with the title “Homework Lecture 8” by the next lecture.
Please make sure to include your name and student ID number.

Hint for 2

Consider the program to verify which shift (logical or arithmetical) is
implemented in your system.
#include <stdio.h>

#include <limits.h>

int main(void){

int x;

x = -1 >> 1;

printf("%d", x);

return 0;

}
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