COMP 1402 Assignment 1
Part 1

A. Unsigned Integer Representations

1.
a)
i)


	3096 mod 2 = 0
	3096 / 2 = 1548

	1548 mod 2 = 0
	1548 / 2 = 774

	774 mod 2 = 0
	774 / 2 = 387

	387 mod 2 = 1
	387 / 2 = 193

	193 mod 2 = 1
	193 / 2 = 96

	96 mod 2 = 0
	96 / 2 = 48

	48 mod 2 = 0
	48 / 2 = 24

	24 mod 2 = 0
	24 / 2 = 12

	12 mod 2 = 0
	12 / 2 = 6

	6 mod 2 = 0
	6 / 2 = 3

	3 mod 2 = 1
	3 / 2 = 1

	1 mod 2 = 1
	1 / 2 = 0





(0000 1100 0001 1000)2 is the bit representation of (3096)10.


ii)
	13357 mod 2 = 1
	13357 / 2 = 6678

	6678 mod 2 = 0
	6678 / 2 = 3339

	3339 mod 2 = 1
	3339 / 2 = 1669

	1669 mod 2 = 1
	1669 / 2 = 834

	834 mod 2 = 0
	834 / 2 = 417

	417 mod 2 = 1
	417 / 2 = 208

	208 mod 2 = 0
	208 / 2 = 104

	104 mod 2 = 0
	104 / 2 = 52

	52 mod 2 = 0
	52 / 2 = 26

	26 mod 2 = 0
	26 / 2 = 13

	13 mod 2 = 1
	13 / 2 = 6

	6 mod 2 = 0
	6 / 2 = 3

	3 mod 2 = 1
	3 / 2 = 1

	1 mod 2 = 1
	1 / 2 = 0





(0011 0100 0010 1101)2 is the bit representation of (13357)10.

b) 
i)
(0000)2 = (0)10 = (0)16



(1100)2 = (23 + 22)10 = (12)10 = (C)16



(0001)2 = (20)10 = (1)10 = (1)16



(1000)2 = (23)10 = (8)10 = (8)16




(0C18)16 is the hexadecimal form of (3096)10.



ii)
(0011)2 = (21 + 20)10 = (3)10 = (3)16



(0100)2 = (22)10 = (4)10 = (4)16
(0010)2 = (21)10 = (2)10 = (2)16



(1101)2 = (23 + 22 + 20)10 = (13)10 = (D)16




(342D)16 is the hexadecimal form of (13357)10.
2.
a) 
i)
(4)16 = (22)10 = (0100)2



(3)16 = (21 + 20)10 = (0011)2



(2)16 = (21)10 = (0010)2




(1)16 = (20)10 = (0001)2




(0100 0011 0010 0001)2 is the binary form of (4321)16.


ii)
(D)16 = (13)10 = (23 + 22 + 20)10 = (1101)2



(C)16 = (12)10 = (23 + 22)10 = (1100)2



(B)16 = (11)10 = (23 + 21 + 20)10 = (1011)2



(A)16 = (10)10 = (23 + 21)10 = (1010)2




(1101 1100 1011 1010)2 is the binary form of (DCBA)16.


iii)
(F)16 = (15)10 = (23 + 22 + 21 + 20)10 = (1111)2



(F)16 = (15)10 = (23 + 22 + 21 + 20)10 = (1111)2
(F)16 = (15)10 = (23 + 22 + 21 + 20)10 = (1111)2
(F)16 = (15)10 = (23 + 22 + 21 + 20)10 = (1111)2




(1111 1111 1111 1111)2 is the binary form of (FFFF)16.
b) 
i)
(4321)16 = ( 4*163 + 3*162 + 2*161 + 1*160)10 = (1638 + 768 + 32 + 1)10 = (17185)10




(17185)10 is the decimal form of (4321)16.



ii)
(DCBA)16 = (13*163 + 12*162 + 11*161 + 10*160)10 = (53248 + 3072 + 176 + 10)10 = (56506)10




(56506)10 is the decimal form of (DCBA)16.



iii)
(FFFF)16 = (15*163 + 15*162 + 15*161 + 15*160)10 = (61440 + 3840 + 240 + 15)10 = (65535)10




(65535)10 is the decimal form of (FFFF)16.

B. Signed Integer Representations

3.
a)
i)
 (0 + 32767)10 = (32767)10 = (215 – 20)10 = (1000 0000 0000 0000)2 = (8000)16




(8000)16 is the bit pattern of (0)10 in excess-32767 notation.



ii)
 (-3097 + 32767)10 = (29670)10 = (214 + 213 + 212 + 29 + 28 + 27 + 26 + 25 + 22 + 21)10 = (0111 0011 1110 0110)2 = (73E6)16




(73E6)16 is the bit pattern of (-3097)10 in excess-32767 notation.



iii)
(-13157 + 32767)10 = (19610)10 = (214 + 211 + 210 + 27 + 24 + 23 +21)10 = (0100 1100 1001 1010)2 = (4C9A)16




(4C9A)16 is the bit pattern of (-13157)10 in excess-32767 notation.


b) 
i)
(0)10 = (0000 0000 0000 0000)2 => (0000 0000 0000 0001)2 = (0001)16




(0001)16 is the bit pattern of (0)10 in two’s complement notation.



ii)
(-3097)10 = -(211 + 210 + 24 + 23 + 20)10 = ~(0000 1100 0001 1001)2 = (1111 0011 1110 0110)2 => (1111 0011 1110 0111)2 = (F3E7)16




(F3E7)16 is the bit pattern of (-3097)10 in two’s complement notation.


iii)
(-13157)10 = -(213 + 212 + 29 + 28 + 26 + 25 + 22 + 20)10 = ~(0011 0011 0110 0101)2 => (1100 1100 1001 1010)2 => (1100 1100 1001 1011)2 = (CC9B)16




(CC9B)16 is the bit pattern of (-13157)10 in two’s complement notation.
4. 
a) 
i)
(6C2B)16 = (0110 1100 0010 1011)2 = (214 + 213 + 211 + 210 + 25 + 23 + 21 + 20)10 = (27691)10 => (27691 - 32767)10 = (-5076)10




(-5076)10 is the integer represented by (6C2B)16 in excess-32767 notation.


ii)
(C2A6) 16 = (1100 0010 1010 0110)2 = (215 + 214 + 29 + 27 + 25 + 22 + 21)10 = (49830)10 => (49830 - 32767)10 = (17063)10




(17063)10 is the integer represented by (C2A6)16 in excess-32767 notation.

b) 
i)
(6C2B)16 = (0110 1100 0010 1011)2 = (214 + 213 + 211 + 210 + 25 + 23 + 21 + 20)10 = (27691)10




(27691)10 is the integer represented by (6C2B)16 in two’s complement notation.



ii)
(C2A6)16 = (1100 0010 1010 0110)2 => (0011 1101 0101 1001)2 => (0011 1101 0101 1010)2 = (213 + 212 + 211 + 210 + 28 + 26 + 24 + 23 + 21)10 = (15706)10




(15706)10 is the integer represented by (C2A6)16 in two’s complement notation.

C. Integer Arithmetic

5. 
a) 
i)
(3C + 67)16 = (A3)16




(A3)16 is a correct answer because it is only 2 hexadecimal digits, therefore 8 bits.



ii)
(4B + C3)16 = (10E)16




(10E)16 is incorrect, because it has 3 hexadecimal digits, therefore more than 8 bits.



iii)
(C1 + AA)16 = (16B)16




(16B)16 is incorrect, because it has 3 hexadecimal digits, therefore more than 8 bits.



iv)
(92 + DC)16 = (16E)16




(16E)16 is incorrect, because it has 3 hexadecimal digits, therefore more than 8 bits.


b) 
i)
(3C + 67)16 = (0011 1100 + 0110 0111)2 = (1010 0011)2 = (A3)16 




(A3)16 is correct, because it only contains 8 bits.



ii)
(4B + C3)16 = (0100 1011 + 1100 0011)2 = (0000 1110)2 =  (0E)16 




(0E)16 is correct because it only contains 8 bits.



iii)
(C1 + AA)16 = (1100 0001 + 1010 1010)2 = (0110 1011)2  = (6B)16




(6B)16 is incorrect because of overflow, the result should be negative.



iv)
(92 + DC)16 =(1001 0010 + 1101 1100)2 = (0110 1110)2= (6E)16 




(6E)16 is incorrect because of overflow, the result should be negative.

6. 
a) 
i)
(21 - 4D)16 = (-(4D - 21))16 = (-2C)16




(-2C)16 is incorrect because an unsigned integer can’t be negative.


ii)
(AC - 5D)16 = (49)16




(49)16 is correct because it only contains 8 bits.



iii)
(CC - 3B)16 = (91)16




(91)16 is correct because it only contains 8 bits.



iv)
(7C - A7)16 = (-(A7 - 7C))16 = (-2B)16




(-2B)16 is incorrect because an unsigned integer can’t be negative.


b) 
i)
(21 - 4D)16 = (0010 0001 - 0100 1101)2 = (0010 0001 + 1011 0011)2 = (1101 0100)2 = (D4)16




(D4)16 is correct because it only has 8 bits.



ii)
(AC - 5D)16 = (1010 1100 - 0101 1101)2 = (1010 1100 + 1010 0011)2 = (0110 1111)2 = (6F)16




(6F)16 is incorrect because of overflow, the result should be negative.



iii)
(CC - 3B)16 = (1100 1100 - 0011 1011)2 = (1100 1100  + 1100 0101)2 = (1001 0001)2 = (91)16




(91)16 is correct because it only has 8 bits.



iv) 
(7C - A7)16 = (0111 1100 - 1010 0111)2 = (0111 1100 + 0101 1001)2 = (1101 0101)2 = (D5)16





(D5)16 is incorrect because of overflow, the result should be positive.
7. 
i)
(4EBC)16 = (0100 1110 1011 1100)2 = (0000 0000 0000 0000 0100 1110 1011 1100)2 = (00004EBC)16



(00004EBC)16 is the bit pattern in 4 bytes.


ii)
(CEA4)16 = (1100 1110 1010 0100)2 => (-0011 0001 0101 1100)2 = (-0000 0000 0000 0000 0011 0001 0101 1100)2 => (1111 1111 1111 1111 1100 1110 1010 0100)2 = (FFFF CEA4)16



(FFFF CEA4)16 is the bit pattern in 4 bytes.

D. Floating-Point Number Representation

8.
Largest number’s sign is positive, so sign bit = 0

Largest possible exponent in excess-3 = (111)2 = (4)10


Largest possible mantissa = 1111


(0 111 1111) = (1.1111)2 * 24= (1.9375)10 * 24 = (31)10


Therefore, the largest possible number is (31)10 and the bit pattern is (0 111 1111).
9.
Sign bit = 0

Smallest possible exponent = (000)2 = (-3)10

Smallest possible mantissa = 0001


(0 000 0001) = (1.0001)2 * 2-3 = (1.0625)10 * 2-3 = (0.1328125)10


The smallest positive number is (0.1328125)10 and the bit pattern is (0 000 0001).

10.
(-0.75)10 = -(0.11)2 = -(1.1)2 *2-1 = (1 010 1000)


(1 010 1001) = -(1.1001)2 * 2-1 = -(0.11001)2 = (-0.78125)10


(1 010 1010) = -(1.101)2 * 2-1 = -(0.1101)2 = (-0.8125)10


(1 010 1011) = -(1.1011)2 * 2-1 = -(0.11011)2 = (-0.84375)10

(-0.875)10 = -(0.111)2 = -(1.11)2 *2-1 = (1 010 1100)
11.
(8)10 = (1000)2 = (1)2 * 23 = (0 110 0000)


(0 110 0001) = (1.0001)2 * 23 = (1000.1)2 = (8.5)10


(0 110 0010) = (1.001)2 * 23 = (1001)2 = (9)10


(0 110 0011) = (1.0011)2 * 23 = (1001.1)2 = (9.5)10

(10)10 = (1010)2 = (1.01)2 * 23 = (0 110 0100)

12.
The smallest possible difference between two numbers depends on the exponent. The smaller the exponent is, the smaller the possible difference.
13.
(3.6)10 = (2 + 1 + 1/2 + 1/10)10 ≈ (2 + 1 + 1/2 + 1/8) = (11.101)2 = (1.1101)2 * 21 = (0 100 1101) = (3.625)10

Therefore, the round off error is 0.025.

