CSE 370 Fall 1999
Solution for Assgnment 1
10/04/99

1. Does not require a solution

2. Dtto

3.

a)

15C. 384 1 x 1672 + 5 x 1671 + 12 x 1670 + 3 x 167°(-1) + 8 x 167(-2)) 1

(
(1 x25 + 5x16 + 12 x 1 + 3 x 0.0625 + 8 x 0.00390625) i
(256 + 80 + 12 + 0.1875 + 0.03125) 1,

348. 21875,

b)

First, let’'s do the integer part:

3710 =2 X 1810 + 1
1840 =2 X 99 + O
910 2 4 + 1

X
41 100, (comon know edge, al though you could get this by continuing)

Thus, 37,0, = 100101,

Now, let’'s do the fractional part:
0. 2410 x 2 = 0. 4810 ==> 0
0. 4810 Xx 2 = 0. 9610 ==> 0
0. 9610 X 2 = 1. 9210 ==> 1
0.92;0 x 2 = 1.844y ==> 1
0.8410 x 2 = 1.6849 ==> 1
0.6810 Xx 2 = 1.36p ==> 1
0. 3610 x 2 = 0. 7210 ==> 0
0.7210 X 2 = 1.444y ==> 1
0. 4410 x 2 = 0. 8810 ==> 0
0. 8810 X 2 = 1. 7610 ==> 1

Now, read the bits fromtop to bottom so:
0.24,, = 0.0011110101,

We can now add the integer and the fractional results, so:
37.24,, = 100101.0011110101. ..,

4.

A few notes before we start. W only have four bits, so let’s conpute the range of
nunbers we can represent in each one of the cases:

e Unsigned: 0000, to 1111,, so range is 0 to 15
e Sign-Mag: Max nmagnitude is 111, = 7, so range is -7 to +7
e 1's conplenent: Max is 0111, = 7 since 1000 represents -7. So range is -7 to +7.



a)

c)

2's conmplenent: Max is 0111, = 7 since 1000 represents -8. So range is -8 to +7.

FP: Can’t represent -tive nunbers since we don’t have a sign bit, sonmnis 0. Max is
1111, which is 0.11, x 2711, = 0.11, x 23 = 110, = 6. So the range is 0 to 6.

BCD: W only have four bits, and that’'s only one decimal digit, so the range is 0 to
9.

1000
-1

overfl ow

Unsigned: 1000 is 8, 8 x -1 = -8, that’s overflow, so we have an X

Sign-Mag: 1000 is -0, -0 x -1 =0, that’'s 0000 in sign-mag, so we don’t have an X
1's conp: 1000 is -7, -7 x -1 7, that’s 0111 in 1's conp, so we don't have an X
2's conp: 1000 is -8, -8 x -1 =8, that's overflowin 2's comp, so we have an X

FP: 1000 is 0.10, x 2700, = 0.10,, 0.10, x -1 = -0.10,, that's overflow, so we have an
X

BCD: 1000 is 8 8 x -1 = -8, that's overflow, so we have an X

1000
1
0001
Unsigned: 1000 is 8 8 + 1 =9, that’'s 1001, so we don’t have an X
Sign-Mag: 1000 is -0, -0 + 1 =1, that’s 0001 in sign-nag, so we have an X
1's conp: 1000 is -7, -7 + 1 = -6, that’s 1001 in 1's conp, so we don't have an X
2's conp: 1000 is -8, -8 + 1 =-7, that’'s 1001 in 2's conp, so we don’t have an X
FP: 1000 is 0.10, x 27200, = 0.10,, 0.10, + 1 = 1.10, = 0.11, x 2"01,, that’'s 1101 in FP

so we don’t have an X
BCD: 1000 is 8 8 + 1 =9, that's 1001 in BCD, so we don’'t have an X

1000
X 2
1001
Unsi gned: 1000 is 8, 8 x 2 = 16, that's overflow, so we don’t have an X
Sign-Mag: 1000 is -0, -0 x 2 =0, that’'s 0000 or 1000 in sign-nmag, so we don’'t have an

X.
1's conmp: 1000 is -7, -7 X -14, that’s overflow, so we don't have an X
2’s comp: 1000 is -8, -8 x 2 = -16, that’s overflow, so we don’t have an X

FP: 1000 is 0.10, x 2700, 0.10,, 0.10, x 2 = 1.0, = 0.10, x 2201,, which is 1001, so we
have an X

BCD: 1000 is 8, 8 x 2 = 16, that's overflow, so we don't have an X
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overfl ow

e Unsigned: 1000 is 8, 8 +

2 10, that’s 1010, so we don’t have an X
e Sign-Mag: 1000 is -0, -0 +

+

+

= 2, that’s 0010 in sign-nag, so we don’'t have an X
-5, that’s 1010 in 1's conp, so we don’t have an X
e 2's conp: 1000 is -8, -8 = -6, that’'s 1010 in 2's conp, so we don’'t have an X
e« FP: 1000 is 0.10, x 27200, = 0.10,, 0.10, + 2 = 10.10, = 0.101, x 2710, that’'s

approximately 1010 in FP, so we don’t have an X. Note that we don’t have overflow

here. We are just loosing precision that's all. That's different from actually going

outside of the range that the number system can handle.

e 1's conp: 1000 is -7, -7

NN DN
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e BCD:1000is 8, 8 + 2 =10, that's overflow in BCD, so we have an X.
e)
1000
+ 1
1001
e Unsigned: 1000is 8, 8 + 1 =9, that's 1001, so we have an X.
 Sign-Mg: 1000is -0, -0 + 1 = 1, that's 0001 in sign-mag, So we don’t have an X.
e 1's conp:1000is-7,-7 +1 =-6, that's 1001 in 1's comp, SO we have an X.
e 2's conp:1000is -8, -8 +1 =-7, that's 1001 in 2's comp, SO we have an X.

e FP:1000is 0.10 2 X200 ,=0.10 ,,010 ,+1=1.10 ,=0.11 ,x2"01 ,,that's1101inFP,
sowe don’'t have an X.

e BCD:1000is 8, 8 + 1 =9, that's 1001 in BCD, so we have an X.

So, the table looks like this:

Unsi ghed Si gn- Mag 1's Conp 2's Conp FP BCD

a X X X X
b X
C X
d X
e X X X X
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a)

Unsi gnhed

101010

+ 010110

1000000

This is over f | ow, since we can't express this in 6 bits. Note that unlike in the 1's and
2's complement cases, where a carry is not necessarily overflow, in unsigned, a carry
ALWAYS indicates overflow.

Si gn- Magni t ude

101010 is a negative number whose magnitude is 01010
010110 is a positive number whose magnitude is 10110



Since 10110 is bigger than 01010, the sign of the result will be positive, and the
magni tude of the result will be 10110 - 01010.

10110
- 01010

So, Cis a positive nunber whose nagnitude is 01100, thus C = 001100
1's conpl enent

101010
+ 010110

1000001

We can now ignhore the carry, so C = 000001. There is no overfl ow because we added a
negative number with a positive one, and got a positive result, which is very nornal

2’ s conpl enent

101010
+ 010110

1000000

We can now ignhore the carry, so C = 000000. Again, there is no overflow for the same
reason as in the 1’'s conpl ement case.

b)

We convert from6-bit 2's conplenment to 7-bit 2's conplement by finding what the val ue of
the 6-bit bit streamand then convert that value into 7-bit 2's conpl enent notati ons.

Let’s start with A

A = 101010. This is a negative nunber because the nmsb (nost significant bit) is 1. The
magni tude of Ais therefore 010101, + 1 = 010110, (got this by inverting the bits of A and
then adding 1). Thus, the value of Ais -010110,.

To represent Ain 7-bit 2's conplenment, we need to represent 010110, in 7 bits, and then
negate it (which in 2's conplenment is inverting the bits, and adding 1). So:

Represent in 7 bits: 0010110
Invert: 1101001

Add 1: 1101010

Thus Ay = 1101010

Let’s do B.
B = 010110. This is a positive nunber because the nsb is 0. So the value of B is 010110,.



To represent Bin 7-bit 2's conplenment, we just need to represent 010110, in 7 bits, which
is 0010110.

Thus Bzi: = 0010110

Note that if you follow the following rule, you get the same results:

"To increase the nunber of bits in 2's conplenment, just pad the bit streamto the left by
i nserting copies of the msb fromthe original nunmber until you get the desired nunber of
bits."

This is called sign extension, and that’s the way that conmputers convert 2's conpl enent

nunbers fromsnaller to [ arger nunber of bits. For exanple, if you have a 32-bit integer
and you add it to a 64-bit integer, the 32-bit integer is first sign-extended using the
above nmechanismto 64-bits before the addition is done.

Now, we compute B-A

10010110
- 1101010

00101100

Thus, D = 0101100. Note that we had to pad Bto the left with an additional 1 so that the
subtracti on works. The problemif we don’t do this is that we get into a situation where
we need to borrow a one to do the subtraction, but we don’t have where to borrow it from
So, what we do is just add an extra 1, which we borrow. This is essentially the opposite
of "ignore the carry": we are adding the extra 1 to make the bit-w se subtracti on work

6.

W first need to get the two nunbers to the same exponent.
A = 0.1101, x 2 ~ 0100,

B = 0.1111, x 2 ~ 0111,

111.1, x 2 ~ 0100,

Si nce we now have nunbers with the same exponent, we can add:

0. 1101,
+ 111.1,

+ 1000. 0101,

Thus, the result is 1000.0101, x 2 ~ 0100, = 0.10000101, x 271000,
In the given floating point format, the result would be C = 10001000. Notice that we | ost
some preci sion.



