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| ecture overview

0 General Data Path Design
0 Design of a multifunction ALU
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——————————————}
Design of ALUs and Data Paths

0 Objective: Design a General Purpose Data
Path such as the datapath found in a typical
computer.

0 A Data Path Contains:
= Registers — general purpose, special purpose
= Execution Units capable of multiple functions
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e
ALU Operations

o Add (A+B)

0 Add with Carry (A+B+Cin) 0 NotA

o Subtract (A-B) O NotB

O  Subtract with Borrow (A-B-Cin) o A

O  [Subract reverse (B-A)] 0 B

O  [Subract reverse with Borrow (B-A-Cin)]

0 Negative A (-A) o  Multiply Step or Multiply
0  Negative B (-B) o Divide Step or Divide

O Increment A (A+l) 0 Mask

O Increment B (B+1)

] Decrement A (A_]_) O Conditional AND/OR (USGS
O Decrement B (B-1) Mask)

O Logical AND O Shift

O Logical OR

O Logical XOR O Zero

1/8/2007 - L3 Data Path Copyright 2006 - Joanne DeGroat, ECE, OSU 4
Design



——————————————}
A High Level Design

Sygtem r 1 The use typically made of these registers may be defined concisely as follows:
us
, Addition: AC—AC+ DR
H— Multiplier-quotient (Memory) data Subtraction: AC— AC—=DR
Accumulator AC b 4
register MQ register DR Multiplication: AC.MQ - DR X MQ
I Division: ACMQ -~ MQ + DR
AND: AC — AC A DR
bt OR: AC -~ AC v DR
aiariay e EXCLUSIVE-OR: AC— AC & DR
and S NOT: AC—AC

logic circuits | Flags l e | g
FIGURE 3.59

Structure of a basic fixed-point ALU.
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The AMD 2901 Bit S

iIce ALU

f4  f4 4 fx; 7 4 A4
Register R Register R Register R " Register R
T e 1 [ o | |
R(0:3) | | R4 | | R{8:11) | | R{12:15)
-] ] i = e
Arithmetic- Arithmetic- Arithmetic- Arithmetic-
Cout logic logic logic logic
circuits circuits circuits circuits
Control Control Control Control
circuits circuits circuits circuits
External control signals
FIGURE 3.60

A 16-bit bit-sliced ALU composed of four d-bit slices.

Data in (16 bits)

|

Data out (16 bits)

i

1/8/2007 - L3 Data Path

Design

Data

4

inD

b

|

RAM, RAM shifter RAM,
Qp ] Q shifter I Qs
4 4
A —+ !
RAM 163 4-bit l
addresses 4 ( R?M 9
R et Q register
A B
I =
R l 0
Multiplexer Multiplexer
i 1
Carry out Co 1] R 5
Carry { 4 :
" = 4-bit
hahead P 1 arithmetic-logic -
Sign R, circuit Caly i G
Overflow QVR
Zero z F
af
Instruction I ——v] Decoder Multiplexer
4
Data out Y
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The Architecture

2902
carry-lookahead
gencrator
Data in D ;i
l ALU sourees ALU destinations and shifts
L l Is=1hl; R 5 Ip=Igaly Y RAM(B) Q
D D D D 00 RAM(A)  Q 000 E = F
00! RAM(A)  RAM(B) 001 F = -
~——1RAM; RAM; RAMg RAM; RAMg RAM; RAMg RAM T 010 0 gw(m 010 RAM(A) F -
- ol 0 o1l F F e
R bl o % @ % i e ﬁ[r 100 0 RAM(A) 100 E Fs2 Q=2
Com ] Cout Cin = Cout Cin |_— C?ul in — rz..r Cin m 101 o RAM(A) o1 v B =
-z iz g —12 1o D Q 110 F 2XF 2% Q
7 290 —75 2001 —F 2901 g 2901 111 D 0 i F 2XF -
Fo+—Fy —Fy —Fo -1Fo
OVR ~— OVR —OVR —0OVR —OVR Iy = L3lyls ALU function
zZ i z " z - z v
000 R + 58 + _C_i,‘
] § =R =Gy
z : . ’ 010 R—8 - Cy
S | N L ol R \/ S (OR)
100 R A S (AND)
LAB—- 101 E /\ S (COMPLEMENT-AND)
17 110 R & 5 (EXCLUSIVE-OR)
[T 111 R @ § (EXCLUSIVE-NOR)
Data out Y
FIGURE 3.62

A 16-bit 4-slice array of 2901s employing carry lookahead.
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Arithmetic Logic Circuits

0 The Brute Force Approach

0 A more modern approach
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Arithmetic Logic Circuits

O The Brute Force o

Approach ? Y ? T AL o

: N to 1 Mux
O A more modern
approach
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Arithmetic Logic Circuits

O The Brute Force o

Approach ? Y ? ? AL o

: N to 1 Mux
A B A B
Log_ic Ar thm tic
0 A more modern
approach
Sj— 2 to 1 Mux
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A Generic Function Unit

O Desire a generic functional unit that can perform
many functions

0 A 4-to-1 mux will perform all basic logic
functions of 2 inputs
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Low level implementation

At the implementation 4:],
Level the design can be

With transmission gates

Very important for VLSI
Implementation i_D
<

Implementation has a total

Of 16 transistors.
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Low level implementation

O An implementation in
pass gates (CMOQOS)

O When the control
signal i1s a ‘1’ the value
will be transmitted

0 Otherwise it Is an open

switch
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A B A’ B” G(AB) AB A+B AxorB
0011 GO 0 0 0
0110 GL 0 1
100 1 G2 0 1 1
1100 G3 1 1 0
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- H
Lets look at Binary Addition

0 We can use this generic function

unit construct a generic ALU. A B Cin Sum Cout
o For Binary Addition considerthe 5o, : o
following: 010 10
= SUMi = Ai xor Bi xor Ci 1 8 2 é (1>
= Ci+l =Ai Bi + Ai Ci + Bi Ci H(l) 21
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An Alternative - Define two signals

0 Equations for P and K

- PIZAI XOr BI P K| A B Cin Sum Cout
0 1. 000 0 0

o Ki = A’ B’ 0o 1 001 1 0
1 0010 1 0
1 0 01 1 0 1
1 0 100 1 0
1 0 1 01 0 1

O Now can reform O 0 110 0 1
O 0 111 1 1

equations into
functions of P and K
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New functions

0 Using these definitions of P and K
o SUMiI = Pi xor Ci

o Ci+l = PI Ci + PP’ KP

m = PiCi + AB

0 You can use the generic functional blocks to
generate P and K and then select the correct
function for final output
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A bit slice of the ALU

0 Slice starts out with a generic unit -
which can prodL_Jce any function of a L
Inputs Al and BI to produce P s |

0 Need another to produce K E S

O And a 3" to generate the result o

O And also need a dedicated unit to
compute the carry out, the Ci+1 term

A, 0,70 ,0
|w|M|H|o

(@)

@

>

@D

=

=

o

=
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Generation of the carry out

O The carry chain is the
critical path for
arithmetic operations. <7

O A simple ripple carry _‘—C .

circuit is shown here —(__
for the slice

0 Actual implementation
depend on the
technology in which
Implemented.
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Carry chain implementation

0o CMOS — Manchester carry chain using
precharge pulldown logic works well.

0o ECL - Carry look-ahead circuitry works well
as ECL allows for large fan-in wired OR
gates.
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Multibit im

plementation

Ali |Bi
PO |
P Propagate
P2 | Block
P3 |
L,
Ai Bi
KO
KL kil
K2 | Block
K3
—
—
Cit] Carry ct
Chain
Pi (|:i
RO
R | Results
R2 | Generator
33
Ri

Ali |Bi
PO |
P Propagate
P2 | Block
P3 |
L,
Ai Bi
KO
KL kil
K2 | Block
K3
]
—
Cit] Carry ct
Chain
Pi (|2i
RO
R | Results
R2 | Generator
33
Ri
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Function codes

X . %%o% o0 'ggn:
Aplape 2 <BBRIERD L<LOn
00/11[G|0101010101010101
01/1 0[(G1{0011001100110011
10/01(G2(0000111100001111
1 110 0lcslo000000011111111

The G values for the various logic functions

By setting the value of the G inputs the output is the
Corresponding logic function of the data which comes in
On the select inputs.
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Binary Subtraction

O Much like addition but

h P K| A B Bin | Diff Bout
NOW ChooQose ——T T
— 1 0 001 1 1
= P= A xnor B A o
m K=ADB’ 0 0011 0 1
O 1, 100 1 0
0 Diff 0 1/101 0 O
_ 1 0 110 0O O
= D =A xor B xor Bin 1 0/111 1 1

o = A xnor B xnor Bin

0O Borrow Out
= Bout=P Bin +P’ K’
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e ———————————
The codes to have the ALU work

O
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Consider as we
go to the sliced
ALU

Logic function
done inthe P
generic unit

Math used all the
blocks

Function | P K R Cin
A 12 12
A and B |8 12
OR 14 12
A+B+ |6 1 6 Cin
Cin
A+B 6 1 6 0
Incr A 12 3 6 1
A-B 9 4 9 0 or Bin
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Multibit im

plementation
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