= REE R SR
FeArT e 2 L -
D IO T R 2
T KL




Operations
on
Bits



OsJECTIVES

After reading this chapter, the reader snould
be able to:

Apply arithmetic operations on bits when the integer is
represented in two’s complement.

Apply logical operations on hits.

Understand the applications of logical operations using masks.

Understand the shift operations on humbers and how a number
can be multiplied or divided by powers of two using shift
operations.




OgJeCTIVES

After reading this chapter, the reader should
be able to:

1A pply arithmetic operations on bits when the integer
IS represented in two’s complement.

Apply logical operations on hits.

'Understand the applications of logical operations
using masks.

1Understand the snift operations on numbers and how
a number can be multiplied or divided by powers of
two using shift operations.
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Operati onson hits

Y ou can perform arithmetic or logical operations on bits

Bit
Operations

Arithmetic I Logical I



ARITHMETIC
OPERATIONS




Adding bits

Most computers use the two’ s complement method of
Integer representation.

Adding numbersin two’s complement is like adding the
numbers in decimdl, if thereisacarry, it is added to the next
column

If there is acarry after addition of the leftmost digits, the
carry Is discarded

ol
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TwWeo's Corplolemant

Add 2 bits and propagate the carry
to the next column. If there Is a final
carry after the leftmost column
addition, discard It.




Examplerl

Add two numbers In two's complement
representation: (+17) + (+22) = (+39)

SEIUWIeNR

Carry

Result 001 001 1 1 = 39



EXample2

Add two numbers In two's complement
representation: (+24) + (-17) = (+7)

SEIUWIeNR

Result 000 0O 1 1 1 =D +7



EXAMPIES

Add two numbers In two's complement
representation: (-35) + (+20) = (-15)

SEIUWIeNR

Carry

Result 111 1 0 0 0 1 = -15



Example4

Add two numbers In two's complement
representation: (+127) + (+3) = (+130)

SEIUWIeNR

Resut 1 00 O 0O 0 1 0 =>-126(Error)
An overflow has occurred.



Overflow

he term overflow describes a condition in

which a number is not within the range defined
by the bit allocation

For exampled, therange is -281 to +281-1,
which is-128 to 127. The result of the addition
(130) is not In thisrange



? Note:

Range of numbers in two’'s
complement

representation




Two' s complement numbers visualization

-1 0

Positive

Numbers b

64

—128 127



? Note:

When you do arithmetic operations on
numbers in a computer, remember that

each number and the result should be
In the range defined by the bit allocation.




SJbtracti on in two's complement

To subtract in two’s complement, just negate
the number to be subtracted and add



Examples

Subtract 62 from 101 In two's complement:
(+101) - (+62) €=> (+101) + (-62)

SEIUWIeNR

Result 001 001 1 1 = 39
The leftmost carry Is discarded.



Arithmaic on floating-point number

The steps are as follows:

Check the signs

If the signs are the same, add the numbers and assign the sign to the
result

If the signs are different, compare the absolute values, subtract the
smaller from the larger, and use the sign of the larger for the result

Move the decimal points to make the exponents the same.
Add or subtract the mantissas

Normalize the result before storing in memory

Check for any overflow



Example s

Add two floats:
0 10000100 10110000000000000000000
0 10000010 01100000000000000000000

SEIUWIeNR

Theexponentsare 5 and 3. The numbers are:
+2°> x 1.1011 and +2° x 1.011

Make the exponents the same.
(+2° x 1.1011)+ (+2° x 0.01011) = +2°x 10.00001

After normalization +2° x 1.000001, which is stored as:
0 10000101 000001000000000000000000



L OGICAL
OPERATIONS




Unary and binary operations

Logical operation on bits can be unary (one input) or
binary (two Inputs)

Input——>» Una ry Output

a. Unary operator

Input ——»
Binary Output

Input—— )

b. Binary operator



Logical operations
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N OT operator

The unary NOT operator inverts its input.

NOT

1 NOT >0 0

Input




EXampler

Use the NOT operator on the bit pattern 10011000

SEIUWIeNR

Target 10011000 NOT

Result 01100111



AND operator

The result of the binary AND operation istrue only if
both Inputs are true.

AND ””” %

Output

.............................




EXAMPIES

Use the AND operator on bit patterns 10011000

and 00110101.
SeIUen
Target 10011000 AND
00110101

Result 00010000



| nherent rule of the AND operator

If abitin oneinput is0, you do not have to check the
corresponding bit in the other input = theresult is0

(0) AND (X) » (0)

(X) AND (0) » (0)




Or operator

The result of the binary OR operation isfalse only if
both inputs are false.

Input
1...00

OR Output

Input



EXxamplie’S

Use the OR operator on bit patterns 10011000 and
00110101

SEIUWIeNR

Target 10011000 OR
00110101

Result 10111101



| nherent rule of the OR operator

If abitin oneinput is 1, you do not have to check the
corresponding bit in the other input = theresult is 1

(1) OR (X) —» (1)

(X) OR (1) —» (1)



XOR operator

The result of the binary XOR operation is false only
If both input are the same.

Input

XOR * Output




Example 10

Use the XOR operator on bit patterns 10011000

and 00110101.
SeIUen
Target 10011000 XOR
00110101

Result 10101101



| nherent rule of the XOR operator

If abit inoneinput is 1, theresult isthe inverse of
the corresponding bit in the other input.

(1) XOR (X) ——)» NOT(X)

(X) XOR (1) ——)» NOT(X)



M ask

Target——)»
Binary

Operator Output

Mask— )

A mask is abit pattern that is applied to atarget
bit pattern to achieve a specific result.



Unsetting specific bits

Target
X X X X X X X X
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ (Forceto 0)
AND 000 0 0 X XX
Output



Exampliell

Use a mask to unset (clear) the 5 leftmost bits of a
pattern. Test the mask with the pattern 10100110.

SeIUWeR

The mask 1s 00000111.

Target 10100110 AND
Mask 00000111

Result 00000110



Example 12

lmagine a power plant that pumps water to a city
using eight pumps. The state of the pumps (on or
off) can be represented by an 8-bit pattern. For
example, the pattern 11000111 shows that pumps
1 to 3 (from the right), 7 and 8 are on while pumps
4, 5, and 6 are off. Now assume pump 7 shuts
down. How can a mask show this situation?

Solution on the next dide.



Soudon,

Usethemask 10111111 to AND with the target
pattern. Theonly O bit (bit 7) in the mask turns
off the seventh bit in the target.

Target 11000111 AND
Mask 10111111

Result 10000111



Satting specific bits

1 1 X X X
Output
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Examplels

Use amask to set the 5 leftmost bits of a pattern.

Test the mask with the pattern 10100110.

SeIUWeR

The mask 1s11111000.

Target 10100110 OR
Mask 11111000

Result 11111110



Example 14

Using the power plant example, how can you use
amask to to show that pump 6 is now turned on?

SO|Uiren

Use the mask 00100000.

Target 10000111 OR
Mask 00100000

Result 10100111



F lipping spedific bits

To change the value of specific bits from Osto 1s, and vice
versa

Note: X is the complement of X.

XOR X X X XXX XX
Output



Examplels

Use amask to flip the 5 leftmost bits of a pattern.
Test the mask with the pattern 10100110.

SelUen
Target 10100110 XOR
Mask 11111000

Result 01011110



SHIFT
OPERATIONS




S‘Iift operations

A bit pattern can be shifted to the right or to the
| eft.

The right-shift operation discards the rightmost
bit, snifts every bit to the right, and inserts O as
the leftmost bit.



Examplelo

Show how you can divide or multiply a number by
2 using shift operations.

SEIUWIeNR

|f a bit pattern represents an unsigned number,
a right-snift operation dividesthe number by
two. The pattern 00111011 represents 59.
When you shift the number to theright, you
get 00011101, which is 29. If you snift the
original number to the left, you get 01110110,

which is 118.



Exampliedy

Use acombination of logical and shift operations
to find the value (O or 1) of the fourth bit (from the
right).

SeIUWeR

Use the mask 00001000 to AND with the target to
keep the fourth bit and clear the rest of the bits.

Continued on the next dide



SolUen (conunued)

Target abcd efgh AND
Mask 00001000
Result 0000e 000

Shift the new pattern threetimesto theright

0000e000 =» 00000e00 =» 000000e0 =» 0000000e

Now it Iseasy to test the value of the new pattern as
an unsigned integer. If thevalueis 1, theoriginal bit
was 1; otherwisethe original bit wasO.



