ECE 645: Lecture 3

Basic Addersand Counters

Required Reading

Behrooz Parhami,
Computer Arithmetic: Algorithms and Hardware Design

Chapter 5, Basic Addition and Counting
Sections 5.1-5.5, pp. 75-85.
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Half-adder
Alter native implementations (1)
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a) c=Xxy

s=x0y ’_Q(—\

(a) AND/XOR half-adder.
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S =Xy + Xy . @:

(b) NOR-gate half-adder.
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Half-adder
Alter native implementations (2)
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(¢) NAND-gate half-adder with complemented carry.
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Full-adder
Alter native implementations (1)

a) s=(x0y)Og,
COU(: Xy+ qﬂ (X D y)

(a) Built of half-adders.

Full-adder
Alter native implementations (2)

D) Cou= XY + XGo + ¥G,
s=x0 y g Cin = XyCIn + qun +7(yqn + Xy(:n
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(b) Built as an AND-OR circuit.
Full-adder
Alternative implementations (3)
c)
Mux
Cm

(c¢) Suitable for CMOS realization.




Full-adder
Alternative implementations (4)

Implementation used to generate fast carry logic
in Xilinx FPGAs
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{a) CMOS transmission gate:
circuit and symbol

(b) Two-input mux built of two
transmission gates

CMOS transmission gate and its use in a 2-to-1 mux.

Y3 X3 Y2 X2 Y1 X1 Yo X0
C4 3 C2 Cl CQ
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Cout FA FA FA Gin
s4 S3 82 Sl S0

(b) Four-bit ripple-carry adder.




Tripple-add = TFAXY—=Cou) + (K= 2)XTEp(Gin=Coup) + TEA(GIR—9)

Skt Sk-2
Critical path in a k-bit ripple-carry adder.
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Fig. 5.5

Latency of a k-bit ripple-carry adder
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Fig. 5.4 The layout of a 4-bit ripple-carry adder in CMOS
implementation [Puck94].
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Two’'s-complement adder with provisions for
detecting conditions and exceptions.

Overflow for signed numbers (1)

Indication of over flow

Positive Negative
+ Positive + Negative
= Negative = Positive

For mulas

OVEI’ﬂOWZ,S complement: X1 Y1 S(-l + X1 Vi1 S(-l =

=G 0¢

Overflow for signed numbers (2)

X1 Yie1 | Cex | G| Sea |OVerflow| ¢ Oc
0/ 0/0|0]oO 0 0
[olof1]o]1 1 1]
o/ 1[0 o012 0 0
o/ 1|1 |1]0 0 0
1/0/0 |01 0 0
1/0/1]1]0 0 0
[ 1]1]o]1]0 1 1]
111 1)1 0 0
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(a) Bit-serial adder.
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Addition of a constant (1)

X1 Xe2- - - % X variable
+ Y1 Ykz- - - ¥ Yo  constant
S1S2---98%
Xer Xz« - Y1 XnXnp - - - % variable
+ YirYez-+-%er 1 O . 0 constant
Se1S2: P Xn X - %

Addition of a constant (2)

X1 Xic-2 Xpez  Xner Xp Xpa v X
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St S Swz  Sw1 Xp Xn1 oo X
If
y; =0 Half-adder (HA)
y;=1 Modified half-adder (MHA)

M odified half-adder
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Incrementer

X1 X2 ... %X X1 Xo
o L | |
T HA ] HA |- | HA| | HA
Sc1 S2 -0 S S X
Decrementer
X1 X2 ... X Xy Xo
o L | |
TIMHA [ |MHA | " " | MHA| |MHA
Sc1 Sc2 S, Sy Xo
Data in
------ Count / Initialize
___ Clear
Clock =---q---=-==----= ==~ Enable
+1) (1) &
Counter Incrementer
overflow R (Decrementer)
x+1
x-1) Data out
Count register divided into three stages
Load Increment
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Fast three-stage up counter.




Possible solutionsto the
carry propagate problem

1. Detect the end of propagation rather than wait for
the worst-case time

2. Speed-up propagation via
. look-ahead
. carry skip
. carry select, etc

3. Limit carry propagation to within a small number dgbi

4. Eliminate carry propagation through the redundant
number representation

Bit# 15 14 13 12 1110 9 & 7 5 5 4 3 z 1 0

g
Camy chains and their lengths

Analysis of carry propagation
Probability of carry generation 54 Moe 11)
Probability of carry propagation =% Yoe 01 or 10)
Probability of carry anihilation = % =00 or 11)
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i to position j propagation anihilation




Expected length of the carry chain
that startsat positioni (1)

Expected length(i, k) =

jizi(lj f3) ) +(k—i>@k‘1‘i
/

Length Probability  Distance Probability

of the of the given tilltheend  of propagatio

carry chain  length of adder till the end of
adder

Expected length of the carry chain
that startsat positioni (2)

Expected length(i, k) =
2 _ 2—(k—i—1)

For i <<k

Expected length of the carry propagation is= 2
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