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Processor




Compute
add x, y

ALU

carryi

SUmi




XN yn x3y3 x2y2 x1yi x0 yO

Zn z3 z2 z1 z0



-00 =01 =01 =10

carry




X0 | yO |Carry| z0
0 0 0 0
0 1 0 1
1 0 0 1




xO | yO |Carry| z0
0 0 0 0
0 1 0 1
1 0 0 1

Carry = X0 and yO

z0 = x0 xor yO



x0

AND

carry

XOR

z0




Moral of the Story:
Addition Is performed
Py logic operations
using natural binary
numbpers...

(unsigned arithmetic)



How can we represent signed

binary numbers when all we have
are bits (0/1)?

Whichever system
we use should work
with the binary adder
in the ALU...

@



4-bit Nybble

. Unsigned
Binary Hex Decimal
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 0 6
0111 / /
1000 3 3
1001 9 9
1010 A 10
1011 B 11
1100 C 12
1101 D 13
1110 E 14
1111 F 15



>ian Bt 4-bit Nybble

Binary Hex UDneSé?rngj
0,000 0 0
0001 1 1
0,010 2 2
0011 3 3
0/ 100 4 4
0/ 101 5 5
0110 6 6
0] 111 7 7
11000 3 3
11001 9 9
11010 A 10
11011 B 11
11100 C 12
11101 D 13
11110 E 14
11111 F 15
\_/



4-bit Nybble

Binary Hex UDn:é?rgz?

0 000 0 0

0 001 1 1 ..

0010 2 > P t

0011 3 3 OSIIVE

0 100 4 4

0 101 5 5 N b

0110 6 6 umpers
0111 7 7

1000 3 3

1001 9 9 )

1010 A 10 N t

1011 B 11 ega AA
1100 C 12

1101 D 13 N b

1110 E 14 umbpers
1111 F 15




Signed Magnitude
Number System



Sighed Magnitude Rule: To find
the opposite of a positive number,
just change its MSB to 1

0 101 1101
(+9) (-5)

and vice versa...



4-bit Nybble

. Unsigned Signed

Binary Hex Decimal Magnitude

0000 0 0 +0 )
0 001 1 1 +1

0010 2 2 +2

0011 3 3 +3

0 100 4 4 +4

0 101 5 5 +5

0110 6 6 +6

0111 / / +7 )
1 000 8 8 -0 )
1 001 9 9 -1

1010 A 10 -2

1011 B 11 -3

1100 C 12 -4

1101 D 13 -5

1110 E 14 -6

1111 F 15 -7 )




Does this System work
With the ALU Adder?

Unsigned Signed

sinary Hex Decimal Magnitud 3
0 000 0 0 +0
0 00 1 1 +1 + -3
0010 2 2 +2 -
0011 3 3 +3 _ 0
0 100 4 4 +4
0 101 5 5 +5
0110 6 6 +6 A
0111 7 7 +7
1000 3 3 -0 + -1
1001 0 9 1 _
1010 A 10 -2
1011 B 11 3 = 3
1100 C 12 -4
1101 D 13 5
1110 = 14 -6
1111 = 15 7




1's Complement
Number System



1's Complement Rule: To find the
opposite of a positive number,
just flip all bits

0 101 1010
(+9) (-5)

and vice versa...



4-bit Nybble

Binary Hox Unsigned 1's
Decimal Complement
0 000 0 0 +0
0 001 1 1 +1
0010 2 2 +2
0011 3 3 +3
0 100 4 4 +4
0 101 5 5 +5
0110 6 6 +6
0111 / / +7
1 000 8 8 -7
1 001 9 9 -6
1010 A 10 -5
1011 B 11 -4
1100 C 12 -3
1101 D 13 -2
1110 E 14 -1
1111 F 15 -0




Does this System work
With the ALU Adder?

| Unsigned ' 3
Binary Hex Decgigmal C°m;':me“t + -3
0 000 0 0 +0 -
0001 1 1 L]

0010 2 2 +2 =0
0 011 3 3 +3
0100 4 4 +4 4
0 101 5 5 2
0 110 6 6 +6 t
0111 7 7 T '
1 000 8 8 7 = 3
1001 9 9 =
1010 A 10 - 5

1011 B 11 -4
1100 C 12 -3 + -3
1101 D 13 - -
1110 E 14 -1
1111 ] 15 0 = 2



2's Complement
Number System



2's Complement Rule: To find the
opposite of a positive number,
just flip all bits, and add 1

1010 + 1

0 101 1011
(+5) (-2)

0 100 + 1

and vice versa...



4-bit Nybble

Binary Hox Unsigned 2's
Decimal Complement
0 000 0 0 +0
0 001 1 1 +1
0010 2 2 +2
0011 3 3 +3
0 100 4 4 +4
0 101 5 5 +5
0110 6 6 +6
0111 / / +7
1 000 8 8 -8
1 001 9 9 -7
1010 A 10 -6
1011 B 11 -5
1100 C 12 -4
1101 D 13 -3
1110 E 14 -2
1111 F 15 -1




Does this System work
With the ALU Adder?

| Unsigned ' 3
Binary Hex Decgigmal C°m§':me“t + -3
0 000 0 0 +0 -
0001 1 1 L]

0010 2 2 +2 =0
0 011 3 3 +3
0100 4 4 +4 4
0 101 5 5 2
0 110 6 6 +6 t
0111 7 7 £z '
1,000 8 8 8 = 3
1001 9 9 4
1010 A 10 -6 5

1011 B 11 -5
1100 C 12 -4 + -3
1101 D 13 - -
1110 E 14 -3
1111 - 15 -1 = 2



Interesting
Property

 What is the binary representation of -1 as a byte”
 What is the binary representation of -1 as a word?

 What is the binary representation of -1 as a dword?



int x = Ox7fFFFFff - 5;

for ( 1nt 1=0; 1<10; 1++ )
System.out.println( x++ );




Java ints are
sighed!



EXerclises



