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Tepa = (n— 1)t. + max (t.,ts)
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About Carries

m At position | of the addition, consider the
relation between ¢, and c,. There are
three mutually exclusive cases. Each of
those cases rely on x; and y; only, and
hence, can be performed in parallel (for all

)
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Carry-Out Cases A

Case|x; vyi|x; +y;| cir1 | Comment
1 |0 0| O |0 [kill(stop) carry-in
2 10 1 1 ¢; | propagate carry-in
1 O 1 c; | propagate carry-in
311 1 2 1 generate carry-out

Case 1 (Kill): k; = 2yl = (z; + ;)
Case 2 (Propagate): p; = x; &
Case 3 (Generate): g, = x;1;
Then
Ciyl = i + Pici = Ty + (17 D yi)ci
Alternative (simpler) expression:

Ci+1 = Gi + QG

Since a; = k! we call it "alive" 5
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Carry Chains

Two types:

1-carry chain consisting of carry=1
O-carry chain consisting of carry=0

Yi

110 — 0 1 «— 1 «— 1 «— 1
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Generalization to Group of BIts

Cj+1 = 9G.a) * P(j.)C = Y(ja) * A(j,0)C

or, for i = 0

Ci+1 = Y(5,0) * P(5.0)€0 = Y(;5.0) * A(;0)€0

Recursive combining of subranges of variables:

Jif.d) = Y(fe) ¥ Pfe)de—1d) = (fe) ¥ Afe)d(e—1,d)

P(f.d) = DP(f.e)Ple—1.d)
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Example

m Obtain bit #13 of the sum of the
following 16-bit operands (c;, = 0)

X = 0110|0010|1100|0011
y =1011|1101|0001|1110

Pazi2) = L Parg = 1, k(? 2=1,030 =1
Paze =1 Kz.0) = K74y + P7.4Kz,0) =1

—
m—> k(12,0) =1

=== C13= Jr12,0) * P12,0/Cin = 0
—

S13 = X13@ Y13@ C13=0
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Fast Two-Operand Addition

m Conventional Number System (Carry Propagate Adders
— CPA)
Switched Carry-Ripple Adder
Carry-Skip Adder
Carry Lookahead Adder
Prefix Adder
Carry-Select Adder and Conditional-Sum Adder
Variable-Time Adder
m Redundant Number System (Totally Parallel Adders —
TPA); Adders with limited carry propagation

Carry-Save Adder
Signed Digit Adder

10
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Switched Carry-Ripple S L

(Manchester) Adder
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Conditional Adder
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(a) Obtaining conditional cutputs. (b) Combined conditi anal adder.

12



e YORK
Carry-Select Adder
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Conditional-Sum Adder
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Numerical Example
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X7 = 0011 Xpr = 0111
(c},57) = (0,1101) (%, S%) = (1,0000)
(e7,S7) = (0,1110) (ep,Sg) = (1,0001)

Combining we obtain

(e”, 8" = (0, 11100000)
(¢',S") = (0,11100001)

15
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Example: 16-bit Conditional- kS L

Sum Adder (m = 4)
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Example

m Conditional-sum for
eight bits with m = 2

YQRK
X o1r]or]ot] 11
Y 10|10 ] 11 11
SO 11 11100 10
A 0 o0 |1 1
St 00 00|01 11
A1 1 |11
SO 11 11 01 10
A0 1
s 00 00 01 11
el | 1
S 00 00 01 10
P 1
S 00 00 01 11
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