Construction of an Arithmetic/Logic Unit

The ALU performs all of the basic
operations of the machine. RISC
architectures attempt to make all of
the operations have similar

complexity
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Data Path Structure
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Logic Gates*

a b lc
0O 0|0
AND(a,b): returnc=a-b ﬁ.—c— 0o 110
1 0|0
1 1|1
n
OR(a,b): returnc=a+b ﬁ-c— a blch
0O 0|0
0 1|1
1 0|1
. - 1 1|1
NOT(a): return ¢ = ~a ﬁ.».c_
alch
0|1
MUX(d,a,b): returnc = d -1_ 0
(if d=0 then c dlc]
0| a
aelse b) _1_ b
*Bill's nickname in college?
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1Bit ALU: Logic Operations
op
a
| [result Bitwise Logic Operations
b AND $result,$a,$b
OR  $result,$a,$b
op
a
LOGIC-Ops {result
b |

LOGIC-OPs: MUX(op, AND(a,b), OR(a,b))
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1Bit Adder, CarryOut

3 inputs (a, b, Cin), 2 outputs (Sum, Cout)

a_ b cin[cout sum Cin
0 0 0O 0 |
0 0 1/0 1 a
0O 1 0|0 1
0 1 1|1 0 Addition  fSUm
1 0 0|0 1 b
1 0 11 0 ]
1 1 0|1 0
1 1 1]1 1 Cout
Cout = (b - Cin) + (a - Cin) + (a - b) + (a - b + Cin)

Cout: OR(AND(b,Cin), AND(a, Cin), AND(a,b))
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Logic for Carry Out

Cout = (b - Cin) + (a - Cin) + (a - b) + (a - b - Cin)

Cout: OR(AND(b,Cin), AND(a, Cin), AND(a,b))

Carrylin

Carry Out
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1Bit Adder, Sum

cout sum Cin

Addition [2um

Cout

Q.
=]
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—~rrrrorocoo
RPOORORRFRO

Sum = (a - b - Cin) + (a - b - Cin)
+ (a-b-Cin) + (a - b - Cin)
Sum: OR(AND(a, NOT(b), NOT(Cin)), AND(NOT(a),

b, NOT(Cin)), AND(NOT(a), NOT(b), Cin),
AND(a,b,Cin))
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1-Bit And/Or/Add ALU

Combine components
Set op=1 for and $result, $a,$b

Cin op
Set op=2 for or $result, $a,$b = _!_
— a
Set op=3 for add $result, $a,$b AND | o
r OR | | | 1] result

—
Addition | 2
b L

I

I
Cout
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32-Bit ALU

Compose 32 bit-slices L op
v [
1 Cin op 204/ Cin
— . ALUQ fHresultol,
_a | bOT>| cout
)
] AND —
al+»| Cin
ALUL |Hresultliy
OR 1 b1> cout
' v
—— a2+»| Cin
T ALU2  [presulr,
b2
c
Addition | 2 .i“‘
bll & L]
: AfS
Cout a3 Cin
ALU31 [Lesult3ll
b3 _cout
v
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One bit And/Or/Add/Sub ALU
* sub ==> add with negative “b” operand
* Negative “b” ==> complement and add 1

Binvert |CL Jip
a o
AND | O
I Binvert
0 ==> add
OR (1 |1==> sub
b CinO
0 ==> add
Addition - 1==> sub
Co|ut
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32-Bit ALU

Binvert, _ op

v
a0+»| Cin The Binvert control signal will always
ALUO (eS| ateh the carry in:
O cout add => Binvert=0 => Cin=0
l — sub => Binvert=1 => Cin=1
ald»| Cin so the two lines can be connected.

b1+

a2+ Cin

b2+

a3y—»| Cin

b3
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1-Bit AND-OR-Add-Sub ALU

Binvert Cin |0p
a N
AND 0O
1 or L1 result
M| M
U —
X (.
Addition
b | 0 c o - 2
arryOut
NOT [[1 y -
I

I
Cout
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