CHAPTER 3
Number Representation

Review Questions
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Repetitive division by 2 is used, entering the remainder (0 or 1) to the left of any
previous remainders.

. Multiply each binary digit by itsweight and combine the results.
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. Sign-and-magnitude, one's complement, and two's complement.
. The “maximum unsigned integer” is the largest number that can be stored in an

integer location. For a given bit allocation, n, the largest storable unsigned integer
would be 2" - 1.

. Bit alocation isthe number of bits used to represent an integer.
. Thedecimal 256 would require at least 9 bits for storage.
. Unsigned integers are used for counting, addressing, or anywhere negative num-

bers are not used.

The largest positive number storable in a bit allocation of 8 bits using sign-and-
magnitude representation is 127; therefore, overflow would occur.

The representation of positive numbers in sign-and-magnitude, one's complement,
and two's complement are al identical.

Negative numbersin all three representations will all start with '1' (the left-most bit
will be'1"). Therest of the numberswill vary depending on the representation.

Thereare 2 values for zero in both sign-and-magnitude (00000000 and 10000000)
and one's complement (00000000 and 11111111) representations. Two's comple-
ment representation has only 1 value for zero (00000000).

For a bit allocation of N bits: The range of humbers storable in sign-and-magni-
tude is from -(2N -1 1) to +(2N -1 1); the range of numbers storable in on€'s
complement is from -(2N -1l 1) to +(2N -1 1); the range of numbers storable in
two's complement is from -(2N ) l) to +(2N -1l 1).
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In each of these representations, a'l' in the leftmost bit position indicates a nega-
tive number.

Excess X is used primarily to store the exponential value of afraction. ‘X' repre-
sents the magic number being used: normally (2N 1) or (2N -1 - 1) where "N" is
the bit allocation.

Normalization is necessary to make calculations easier.

The mantissais the hit sequence to the right of the decimal point after normaliza-
tion.

The computer must store the sign of the number, the exponent used during normal-
ization, and the mantissa.

Multiple-Choice Questions
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Exercises

47.

00010111

01111001

00100010

101010110 (overflow)

e oo

48.

00000000 00101001
00000001 10011011
00000100 11010010
00000001 01010110

e o o

49,

00100000

11100101

00111000

10000001 (overflow)

e o o

50.

00000000 10001110
10000000 10110100
00000010 00110000
00001001 10011000

e oo

51.

01111010

10110000

11111111

10000001 (overflow)

o o o

52.

00000000 10100010
11111111 10010001
00001010 00000000
00101111 01011011
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53.

11110100

10011011

00111000

10001110 (overflow)
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00000000 01100110
b. 11111111 01001101

o
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00000010 00010110
11110010 01101000 (overflow)

107
148
6
80

123

99
-123
115
-63

11110111

. 01111100

11110111

. 01001110

10001000

. 00000011

10001000

. 00110001

10001001

. 00000100

10001001

. 00110010

Origina method: 10001001 New method: 10001000 + 00000001 = 10001001

. Origina method: 00000100 New method: 00000011 + 00000001 = 00000100
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SECTION 7

Original method: 10001100 New method: 10001011 + 00000001 = 10001100
Original method: 00110010 New method: 00110001 + 00000001 = 00110010

01110111 => 10001000 => 01110111
11111100 => 00000011 => 11111100
01110100 => 10001011 => 01110100
11001110 => 00110001 => 11001110

01110111 => 10001001 => 01110111
11111100 => 00000100 => 11111100
01110100 => 10001100 => 01110100
11001110 => 00110010 => 11001110

9743
9887
9874
90888

We can represent numbers from -99 (900) to +99 (099). We can determinethe sign
of the number by the leftmost digit. If the leftmost digit isa'9', the number is neg-
ative; if the leftmost digit isa'0', the number is positive. We do have 2 zeros. +0
(000) and -1 (999).

a
b.
C.
d.
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Already normalized

2°x 1111111

20x 1.01110011

20 x 1.0110100000110011000

101111111 10001000000000000000000
010000010 11111100000000000000000
001111011 01110011000000000000000
1 01111010 01101000000000000000000

1011111111111000100000000000000000000000000000000000000000000000
0100000000101111110000000000000000000000000000000000000000000000
0011111110110111001100000000000000000000000000000000000000000000
1011111110100110100000000000000000000000000000000000000000000000

11.101 or 21 x 1.1101
1100.00011 or 23 x 1.10000011

c. 100.001101 or 22 x 1.00001101
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d. 1100.0000101 or 23 x 1.1000000101

71.
a 1/8 + 1/16 or 3/16 (.001 + .0001 or .0011)
b. 1/2 + 1/8 + 1/64 or 41/64 (.1 + .001 + .000001 or .101001)
c. 1/4+1/8 +1/32 or 13/32 (.01 +.001 + .00001 or .01101)
d. /4 + 1/8 or 3/8 (.01 +.001 or .011)
72.
a 111.0011 or 22 x 1.110011
b. 1100.101001 or 2° x 1.100101001
c. 1011.01101 or 28 x 1.01101101
d. 0.011or22x 1.1
73.
a 010000001 11001100000000000000000
b. 0 10000010 10010100100000000000000
c. 110000010 01101101000000000000000
d. 101111101 10000000000000000000000
74.
a
0000 0001 0010 1010 0000 0000
+0001 0010 1010 1010 1111 1111
0001 0011 1101 0100 1111 1111
=> 0 00000000 00100111101010011111111
b.

0000 0000 0000 0000 0000 0001 0001
+ 1000 0010 0000 0000 0000 0000

0000 1000 0010 0000 0000 0001 0001

=> 000000001 00000100000000000010001
c. 1001 0001 0001 0001 0001 0001 0001
+ 0010 0001 0001 0001 0001 0001

1001 0011 0010 0010 0010 0010 0010
=> 000010010 01100100010001000100010

1111 0001 0001 0001 0001 0001 0001
+ 01110111 01110111 01110111

1111 1000 1000 1000 1000 1000 1000
=> 000011111 00010001000100010001000
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