ECE  2504 Homework Set #2

Introduction to Computer Engineering

Due date: 2/1/08 at 5 PM
This assignment is to be done individually

Complete the following problems. Show all work. 

1. Decode the following 7-bit ASCII codes: (5)
1010010
R 
1000101 
E
1001101 
M
1000101 
E
1001101 
M
1000010 
B

1000101 
E
1010010 
R
0100000

1010100 
T
1001000 
H
1000101
E 
0100000 


1000001 
A
1001100 
L
1001101 
M
1001111 
O
0101110
.

REMEMBER   THE   ALMO.
2. Find the decimal equivalent of the following two’s complement numbers: 1110101, 1000000, 01011011, 100000000, 111111111, 10111000 (10)
1110101 
MSB is 1 so it is a –ve number.

MSB (Most Significant Bit – the left most bit) 

1110101  → 2’s complement → 0001011 =  ( 1×23  +  1×21 + 1​​​​​​×20) = (11)10
So the decimal equivalent is   -11.
1000000
MSB is 1 so it is a –ve number.

 

1000000  → 2’s complement → 1000000 =  ( 1×26  ) = (64)10
So the decimal equivalent is   -64.

01011011

MSB is 0 so it is a +ve number.

 

01011011 =  ( 1×26 + 1×24 + 1×23 + 1×21 + 1×20  ) = (91)10
So the decimal equivalent is   91.

100000000
MSB is 1 so it is a –ve number.

 

100000000  → 2’s complement → 100000000 =  ( 1×28  ) = (256)10
So the decimal equivalent is   -256.

111111111

MSB is 1 so it is a –ve number.

 

111111111 → 2’s complement → 000000001 =  ( 1×20  ) = (1)10
So the decimal equivalent is   -1.

10111000

MSB is 1 so it is a –ve number.

 

10111000 → 2’s complement → 01001000 =  (  1×26 + 1×23  ) = (72)10
So the decimal equivalent is   -72.

3. Perform the addition of the following 8-bit two’s complement numbers and show the decimal result. Show all work.  (20)
11101101 + 01001010;  01001001 + 00101001;  01110010 + 11110010; 
11101110 + 11111110
11101101 + 01001010

11101101

+
01001010


00110111 = (1×25 +1×24 +1×22  +1×21 + 1×20  ) =(55)10

01001001 + 00101001

01001001

+
00101001

01110010 = (1×26 +1×25  +1×24 + 1×21  ) =(114)10

01110010 + 11110010
01110010

+
11110010


01100100 = (1×26  +1×25 + 1×22  ) =(100)10

11101110 + 11111110

11101110

+
11111110


11101100 → 2’s complement → 00010100 = ( 1×24 + 1×22  ) =(20)10

Since the MSB of the sum is 1, it is a –ve number. So the sum is  (-20)10.
4. Perform the subtraction of the following numbers represented in two’s complement form and show the decimal result: (25)
01100100-01101101; 11101001-10001111; 11000000-11000000; 11101111-10000000;

1000001-00000011
01100100-01101101

Subtrahend = 01101101 → 2’s complement → 10010011
01100100

+
10010011

11110111 → 2’s complement → 00001001 = ( 1×23 + 1×20  ) =(9)10

The MSB of the result of the addition operation is 1. So it is a –ve number. 
The result is (-9)10
11101001-10001111
Subtrahend = 10001111 → 2’s complement → 01110001
11101001

+
01110001

01011010 = (1×26  + 1×24 +1×23 + 1×21 ) =(90)10

11000000 – 11000000
Subtrahend = 11000000 → 2’s complement → 01000000
11000000

+
01000000

00000000 = 0
11101111-10000000
Subtrahend = 10000000 → 2’s complement → 10000000
11101111

+
10000000

01101111 = (1×26  + 1×25 + 1×23  + 1×22 +1×21 + 1×20 ) =(111)10

Notice ** - The given subtrahend is 10000000 which is a –ve number. After 2’s complement operation it becomes +ve but the representation is still the same i.e. 10000000. Therefore, in the subtraction operation, even the MSBs of two operands are 1, they actually have opposite sign. So there is no overflow.

1000001-00000011
Subtrahend = 00000011 → 2’s complement →  11111101
11000001

+
11111101

10111110 → 2’s complement → 01000010 =  (1×26  + 1×21 ) = (66)10
The MSB of the result of the addition operation is 1. So it is a –ve number. The result is (-66)10

Notice** - The first term of the subtraction is 7-bit long. So 1 is added in the beginning of the number to keep its sign and magnitude same while making it 8-bit long to be used in the subtraction with another 8-bit number.
5. Find the smallest negative value expressed in 2’s complement form that when added to itself, the sum causes an overflow to occur. For this problem, smallest negative number means a negative value closest to zero. (10)
In an n-bit 2’s complement number system, the smallest –ve number ( closest to 0) that when added to itself will cause an overflow  is as follows

 ½(maximum -ve number) - 1

=  ½ × (  1000000…..0  )2 - 1
                    n- bit

Here “maximum -ve number” means the –ve number which is furthest away from 0. 

Example –

If n = 3,  answer = ½ × (100)2 -1 = ½ × (-4) -1 = -3
If n = 4,  answer = ½ × (1000)2 -1 = ½ × (-8) - 1 = -5
If n = 8,  answer = ½ × (10000000)2 - 1 = ½ × (-128) – 1 = - 65 

6. Problems: 3-14, 3-15, 3-19
3.14 a) 5250 – 1321

Subtrahend = 1321 → 10’s complement → 10000 – 1321 = 8679

5250

+
8679
(1) 3929

There is a carry. So discard the carry. So the result is 3929.

3.14 b) 1753 – 8640

Subtrahend = 8640 → 10’s complement → 10000 – 8640 = 1360

1753

+
1360
3113

There is no carry. So the result is -ve and in complement form.

3113 → 10’s complement → 10000 -3113 = 6887

So the result is  -6887
3.14 c)  20 -100

Subtrahend = 100 → 10’s complement → 1000 – 100 = 900
    20

+
  900
  920

There is no carry. So the result is -ve and in complement form.

920 → 10’s complement → 1000 - 920 = 80

So the result is  -80.

3.14 d) 1200 – 250

Subtrahend = 250 → 10’s complement → 10000 – 250 = 9750
1200

+
9750
(1)
0950

There is a carry. So discard the carry. So the result is 950.

3.15 a) 11010 – 10000 =  011010 – 010000

Subtrahend = 010000 → 2’s complement → 110000

011010

+
110000
001010 = ( 1×24 +1×21 ) =(10)10
3.15 b) 11010 – 1101 = 011010 – 001101

Subtrahend = 001101 → 2’s complement → 110011

011010

+
110011
001101 = (1×23 +1×22 +1×20 ) =(13)10
3.15 c)  100 – 110000 = 0000100 – 0110000
Subtrahend = 0110000 → 2’s complement → 1010000

0000100

+
1010000
1010100 → 2’s complement →  0101100 = (1×25 +1×23 +1×22 ) = (44)10
MSB of the addition operation is 1. So it is a –ve number. So the result is – 44 in decimal.

3.15 d) 1010100 – 1010100 = 01010100 – 01010100
Subtrahend = 01010100 → 2’s complement → 10101100
01010100

+
10101100
00000000  = (0)10
3.19 
Mantissa

	S
	                 26 – bit


Exponent
	S
	                           8 – bit


S = sign bit
Largest
Mantissa =  + 0.11111……….1 = 1 – 2-26
Exponent = + 11111111 = + 255

Decimal Value = (1 – 2-26)× 2+255

Smallest
Mantissa =  + 0.10000……….0 = 2-1
Exponent =  - 11111111 =  - 255

Decimal Value = 2-1× 2-255 = 2-256
7. Convert the decimal value 328.071875 to a 32-bit floating point number in IEEE standard format.  (15)
328 = 256 + 64 + 8 = (101001000)2

+328.071875 = +(101001000.00010010011001100110011)2

          = +(1. 0100100000010010011001100110011)2 × 28
S = 0

E = 8 + 127 = 135 = (10000111)2
F = (01001000000100100110011)2 [only 23 bit from the fractional part is taken]
So number in IEEE standard is = 01000011101001000000100100110011

 = (0100)(0011)(1010)(0100)(0000)(1001)(0011)(0011)

 = 43A40933H
8. Convert  AD46B000H, which is in the 32-bit floating point number in IEEE standard format, to a decimal value.  (15)
AD46B000H = 10101101010001101011000000000000


          = (1) (01011010) (10001101011000000000000)



  S
  E


F

S = 1 ( -ve)

e = E – 127 = (01011010)2 – 127 = 90 – 127 = - 37

Number = - (1.10001101011)2 × 2-37
              = - 1.5522461 × 2 -37  =  - 1.1294077 × 10 -11  
