COMP253
Quiz – Numeric Representation (int) --- Solutions 
1

[1 mark]

1. Originally, coding schemes were small, in that they represented very few characters.

What is the minimum word-size (# of bits) required to represent all characters in a coding scheme that describes only: uppercase English letters, numeric digits, and 5 punctuation symbols?
 
The number of symbols in the representation: 26 (uppercase English letters: A to Z) + 10 (numeric digits: 0 to 9) + 5 (punctuation symbols) = 41 symbols.
Word sizes,


2 bits: 22=4 symbols; 3 bits: 23=8 symbols; 4 bits: 24=16 symbols; 5 bits: 25=32 symbols; 6 bits: 26=64 symbols

therefore, a word size of 6 bits would be sufficient to represent all necessary symbols.
[2 marks]

2. Represent the following in binary (perform the base translations)
     10-bit word, all positive



     10-bit word, 2's complement

a)  21410 = __________________ 2


b)  -21410 = __________________ 2
a) The decimal value (21410) is positive, so it really doesn't matter if the binary is all-positive or 2's comp.

214 / 2 = 107 rem 0 :
0  (lsb)
107 / 2 = 53 rem 1 :
1
  53 / 2 = 26 rem 1 :
1

  26 / 2 = 13 rem 0 : 
0

  13 / 2 =   6 rem 1 : 
1

    6 / 2 =   3 rem 0 : 
0

    3 / 2 =   1 rem 1 : 
1

    1 / 2 =   0 rem 1 :
1 (msb)

               stop


21410 = 00 1101 01102


b) Using the positive representation of the value, the "flip & add 1" technique is used to show the negative form in 2's comp. binary.

21410 =
00 1101 01102

1. flip:  
11 0010 1001

2. + 1:  +                    1

11 0010 10102
-21410 = 11 0010 10102

[2 marks]

3. Calculate the following in binary!  (Show all numeric translations, and leave the result in binary.)

Using an 8-bit word, 2's complement:   –50 + 21 = _____
Using 8-bit words, 2's comp., represent -50 and +21, then perform the addition.

-5010 = 1100 11102
2110 = 0001 01012
   1100 1110

+ 0001 01012
   1110 00112  
= -2910 
[2 marks]

4. Using the technique shown in lecture, what is the range of a 16-bit word, 2's complement number? Indicate the range in both binary and decimal.  (Showing work is not necessary)
Largest positive:
0111 1111 1111 11112 
=  32,76710
Smallest positive:
0000 0000 0000 0001
=           1

Zero:

0000 0000 0000 0000
=           0

Smallest negative:
1111 1111 1111 1111
=          -1

Largest negative:
1000 0000 0000 0000
= -32,768

[3 marks]
5. While shopping at an old computer parts auction, you come across a device that has a hexadecimal display system.  Seeing it is plugged in and running, you decide to press the "RUN" button.  On the display is shown: 16D

On a pad next to the display is hand-written, "Results are displayed using a 9-bit word."

So what decimal value is being displayed?  

a)  assuming a 9-bit word, all positive

b)  assuming a 9-bit word, sign-magnitude (well, the machine is so old, it may use sign-mag.)

c)  assuming a 9-bit word, 2's complement

Firstly, the hexadecimal value indicated on the display directly describes the bits in the result,




16D16 = 0001 0110 11012
but since the word size is only 9 bits, the binary value is,

1 0110 11012
a) 9-bit word, all positive,

 decimal value = 365​10​
b) 9-bit word, sign magnitude,

the msb is the sign bit, and the rest are data bits representing a positive value,


sign bit = 1, so a negative value


data bits = 0110 11012 = 10910

decimal value: -10910
c) 9-bit word, 2's complement,

the entire value can be calculated directly, remembering that the msb holds a negative unit value
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 -256  +
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64    +  
32    +
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4      +
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decimal value:  -14710
