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Binary Addition & Subtraction

Direct Addition

Number 2
Result 1 1 1 1 1 0 0 1 1 1

Direct Subtraction

Number 2
Result 0 0 0 0 1 0 0 1 1 1

Subtraction Via addition using Two’s complement [x-y | = x + (-y)

Number 2
Two's complement 9 0 0 0 1 0 0 0 0 0

Result 0 0O O 0 1 0 0 1 1 1



Carries
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0) 0 (0) 0 0 1 (1) 1 (1) 0



Overflow

Result
Operation Operand A | Operand B indicating overflow
20 20 <0

A+ B
A+ B <0 <0 >0
A-B >0 <0 <0
A-B <0 >0 >0
Try
16 + 16
-1+-1
(-16) — 10
16 — (-10)

* Add (add), add immediate (addi), and subtract (sub) cause exceptions on overflow.

* Add unsigned ( addu), add immediate unsigned (addiu), and subtract unsigned (subu) do
not cause exceptions on overflow.



Multiplication

Multiplicand 100044,
Multiplier ~ x 100144,
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0000 Multpicand
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Multiplication Process Flow

Multiplier0 = 1 1. Test

Multiplier0

Multiplier0 = 0

Y

1a. Add multiplicand to product and
place the result in Product register

Y Y
2. Shift the Multiplicand reqister left 1 bit

Y
3. Shift the Multiplier register right 1 bit

'

No: < 32 repetitions

32nd repetition?

Yes: 32 repetitions

Done



Refined version of the multiplication
hardware
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Example (2X3)

Initial values 0019 0000 0010 0000 0000
/| la: 1 = Prod = Prod + Mcand 0011 0000 0010 0000 0010
2: Shift left Multiplicand 0011 0000 0100 0000 0010
3: Shift right Multiplier 0000 0000 0100 0000 0010
2 la: 1 = Prod = Prod + Mcand 0001 0000 0100 0000 0110
2: Shift left Multiplicand 0001 0000 1000 0000 0110
3: Shift right Multiplier 0000 0000 1000 0000 0110
3 1: 0 = No operation 0000 0000 1000 0000 0110
2: Shift left Multiplicand 0000 0001 0000 0000 0110
3: Shift right Multiplier 0000 0001 0000 0000 0110
4 1: 0 = No operation 0000 0001 0000 0000 0110
2: Shift left Multiplicand 0000 0010 0000 0000 0110
3: Shift right Multiplier 0000 0010 0000 0000 0110




Faster Multiplication

Mplier31 « Mcand Mplier30 « Mcand Mpllor29 « Mcand Mpllcf28 « Mcand Mplier3 « Mcand Mplier2 « Mcand  Mplier1 « Mcand Mplier0 « Mcand
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Divisor 1000t ey, (10010104 gy
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Division
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Division Flow

\

1. Subtract the Divisor register from the
Remainder register and place the
result in the Remainder register

Remainder > 0

Y

Remainder <0

Y

2a. Shift the Quotient register to the left,
setting the new rightmost bit to 1

2b. Restore the original value by adding
the Divisor register to the Remainder
register and placing the sum in the
Remainder register. Also shift the
Quotient register to the left, setting the
new least significant bit to 0

\

\

3. Shift the Divisor register right 1 bit

No: < 33 repetitions

Yes: 33 repetitions



Example [Division]

Initial values 0010 0000 0000 0111
1: Rem = Rem — Div 0000 00100000 | (91100111
2b: Rem < 0 => +Div, sll Q,Q0 =0 0000 0010 0000 0000 0111
3: Shift Div right 0000 0001 0000 0000 0111
1: Rem = Rem - Div 0000 00010000 | (1110111
2b: Rem < 0 = +Div, sll Q, Q0 =0 0000 0001 0000 0000 0111
3: Shift Div right 0000 0000 1000 0000 0111
1: Rem = Rem - Div 0000 0000 1000 M111 1111
2b: Rem < 0 => +Div, sll Q, Q0 =0 0000 0000 1000 0000 0111
3: Shift Div right 0000 0000 0100 0000 0111
1: Rem = Rem - Div 0000 0000 0100 | (©000 0011
2a: Remz0=sllQ,Q0=1 0001 0000 0100 0000 0011
3: Shift Div right 0001 0000 0010 0000 0011
1: Rem = Rem - Div 0001 0000 0010 (©000 0001
2a: Rem20=sl1Q,Q0=1 0011 0000 0010 0000 0001
3: Shift Div right 0011 0000 0001 0000 0001
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Improved Version

Divisor

l 32 bits

32-bit ALU

A
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Shift right
Remainder Shift left
Write

64 bits
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