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Multiplexer (MUX) "

* Selects one of the N inputs to connect it to the output

* Needs log,N-bit control input
* 2:1 MUX

* How is it useful?
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DeMultiplexer (DeMUX)

* Selects one of the N outputs and send the data

* Needs log,N-bit control input

* 1input and 2" output lines
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* Binary Arithmetic Units
o Adder

o Subtractor
o Comparator
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Half Adder (HA)
*Inputs X Yi
o 2 1-bit numbers ¢ ¢
° Xy Yi
HA
* Qutput
o 1 1-bit number
> A.k.a., sum (s;) P ¢
i s,

o 1 1-bit number
o Ak.a., carry (c;)

* Functionality + oy,
o Add two numbers
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Half Adder (cont’d) i
L

Xi 0 0 1 1

HA + + 0 + 1 + 0 + 1

B Gis: 00 01 01 10
EEFEEEEE ¢ | v ¢ v _ )
0 0 0 0 |1, | . S; = Xi.Yi + Xi. Vi

X 12 3 X 2 13 Cl =xl.yl
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Half Adder (cont’d)
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Full Adder (FA)

*Inputs XV
o 2 1-bit numbers ¢ ¢
o XY
o 1 1-bit number
° Gy Or Ciyq FA

* Output c
o 1 1-bit number ’
o A.k.a., sum (s))
o 1 1-bit number
> A.k.a., carry (c) Ci-1

* Functionality |
o Add two numbers Vi
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Full Adder (cont’d)
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Full Adder (cont’d)

Si = Xi.Yi-Ci—1 + Xi.Yi . Ci—q
+ X Yi-Ci—1 tXi. Vi Ciq

Si = x; ®y; ©ciq

X. .
i 00 01 11 10
Ci-1 5 =
0 1
5
1 1 1

Xj
X. .
Yioo o 11 10
Ci_l 0 2 6
0 1 1
1 3 7
Ci—l{ 1 1 1
7
, I/S

Co = Xi-YitYi-Ci 1t X;.Ci—q
Co =xi.¥i+ (X; +¥i).¢; 1

¢ = xi.yi+ (x; By;).ci —q

Digital Logic Design: Adder
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Full Adder (cont’d)

S; = X;.Yi-Ciq1 + Xi.Y; .Ci—q
+X;.Yi-Ci—q + X;. Vi Ci_q

Si = x; ©y; ©ci—q o 1 >O_‘ )
Sl
Ci =X YitYi-Ci 1t Xi. Ciq { _}®
C.; —» >O—o—
X Vi G .‘ D}_
t oy !
FA T
C.
=

1
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Full Adder Vs. Half Adder

¥ P

FA HA
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Full Adder Vs. Half ()
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Adder(cont’d)
L -
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Binary Adder

* Add N-bit Numbers
* Add Two vectors

FA

. 1 00010 1 [dofd[fo

L1101 11101 1[1]1]oll1

. 10001 + 10001 + |1ofofoft
1 01110 1 polafffo




ad
I[¥
. u‘/ui.:»'fu/%‘/b
Binary Adder
* Add N-bit Numbers FA
* Add Two vectors
Bl.% 113 B,

"
>
@)
(98]
«——
- >
N
wol
[N
= = O
o ~ O]
o ol

@

N

]

sy

>

@)

\]

<«
<—>

oy,

o

- +
o O ]
L=

>
o

o
=

[—
| =
[ ©

ot o |
b

<~ FA
S,

I S— CO
Sl S0
Ripple Carry Adder
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Ripple-Carry-Adder (RCA)
|

C; C, C,
r FA = FA - FA st FA - C,
Cq S; S S So
x x c
n-bit ¢]y¢1 ;_2_____61_ J )I Fo i Jio
FA FA HA
=y ! y
——
!n Zn-1 = Z0
(end carry)

Digital Logic Design: Adder 18
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Delay Analysis

* Propagation delay through a typical logic gate

° tgate

* Calculate the delay of n-bit Ripple carry Adder
o P
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Delay Analysis: HA
P

HA i
~ ——

taga =3 toate

Cearry = 2 Loate
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Delay Analysis: FA
R,
| A
s

taga =3 tgate

tcarry =2 tgate

Digital Logic Design: Adder
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Delay Analysis: Ripple-Carry- %

Adder C

n-bit - Y c, 5 c X1 Y ©o X, Yo

FA HA
T P L
S 3 ) Zy Z0
° (end carry) tadd =3 lgate  taag =3 tgae
Co 2
S, 5=3+2 Learry = 2 Lgate Cearry = 2 toate
C, 4 =2+2
S; /=3+4
C 6 =2+4 tagg =3 toate (n-1) 2 Loate = (2n+1) toate
S3 9=3+6

tearry = 2 Loate +(n-1) 2 oate = 2n Loate




Delay Analysis: Ripple- Carry—

Adder (cont’d)
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 Each bit adder waits for its carry input
o Generate and propagate carry

* Carry propagation
* => long sequential wait chain

* => Ripple-carry-adder is slow

n-bit

cn—]

o

=z
n

(end carry)

tadd =3 tgate + (n'l) 2 tgate = (2n + 1) tgate

Carry = 2 foate +(n-1) 2 toate = 2n Loate

Digital Logic Design: Adder

23



-k

u‘/n’."/uﬁ,M
of & T

IUST

Faster Binary Adder

* Can we make ripple-carry-adder faster?
* Can we generate all terms in parallel?
* Can we say anything about Cout without having Cin?

xn—] B cn—Z c] x] yl cO X0 Yo
VYT T T by vy
FA FA HA
! —  y =y
Zn-1 Z; Z0

(end c: arry)

tadd =3 lgate *+(N-1) 2 tgare = (2N + 1) toare tearry = 2 tgate +(N-1) 2 tgate = 2N tgate
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Faster Binary Adder (cont’d) =
gi = Xi.Yi : Carry generate (G)

p; = (x; ®y;) : Carry propagate (P)

S0 2 S 7 34 |
FA FA HA
€t ] | |
2 1 Zi] Z{ z{)
(end garry)



Carry Look Ahead
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XY G

*Inputs
o 2 1-bit numbers
e Xi Yi
o 1 1-bit number
¢ Cin Or Cig

* Qutput
o 1 1-bit number
o A.k.a., sum (s;)
o 1 1-bit number
o A.k.a., carry propagate (p;)
o 1 1-bit number

o A.k.a., carry generate (g;)

gi = Xi-Yi
pi = (x; ®y;)

R

Pi - 8i
X Vi Ci_1
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Carry Look Ahead (cont'd)

si = pidci_1
!

Ci=9i*tDhi-Ci—1

Co =80 + PoCin
So=Po D ¢,
g;
C1 =811+ PG
=811 P18o i r i o
s1=p;1 D¢y ' : .
C; =8+ PG
=g, + P,(81 + P18o)
=82t P81+ P2P180
S; =p, Dy < <
Digital Logic Design: Adder 27
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Carry Look Ahead De\ay
t=t = by ’. o oo
tc= 2 tgate L1 Cj
ety | Tl ey fﬁ?
Pi 1 1 ! 1 ! | | |
8 1 1 | @ | ) (b)
So 1 X2 2 X, ¥ xl,, y|0 (I)
by { by —
CO 2 Adder Adder Adder
S 1
o0 2 s S s S AP
S, 1
e, | 2

= Ppi®Ci-1 ¢; = gi-+p; - €1




Carry Look Ahead: Delay ﬂ}

ugwaﬁté%
(cont’d) e
tgz tp = tgate T \ 2, P g, P, g
tc = 2 tgate ?\’ Cj
pi 1 1 4 b} ? J 1) ]
g_ 1 1 (a) (b)
i
SO 1 Xy Vs l xX; Yy xlo ylo |0
- I
C0 2 3 Adder Adder Adder
Sl 1 g pst g, |p S{ g, | P ¢
C, 2 3
CLA circuit
SZ 1 > <y | w\
S
C, 2 3 < —

Si = PlgCi-1 ¢ =9;.+pi.Ci—1

Digital Logic Design: Adder 29



Carry Look Ahead: Delay ﬂ}
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) o Onversty ofsctonce & 7
(cont’d)
X, V; <;
tg = tp - tgate £, D> g, P, £
tc = 2 tgate ?\’ Cj
pi 1 1 4 b} ? J 1) ]
gi 1 1 (a) (b)
SO 1 4 X, Y, l x;, ¥, xlo ylo |0
b N
C0 2 3 Adder Adder Adder
51 1 4 g |7 dv;g’z‘mé) g |7
Cl 2 3 - CLA ci it S
S, 1 4 ( oy Tt
C, 2 3 —

Si = PICi—1 ¢; = g;. +P; -1

Digital Logic Design: Adder 30



Carry Look Ahead: Delay
(cont’d)

ggj
s U#’.’M
ST
X; Vi C;
* Adder module £ P, g P&
* CLA module 2
° t.=2 toate }
&; P; Si (<P} <, Cy
(@ ()
* Total o — —
° tadd = tgate + 2 tgate + tgate = 4 Lgate l l l l l {
° tearry = lgate + 2 toate = 3 Lsate Adder

R
[ |-

Adder
SZ lgl lpl S¢

R

CLA circuit

Czl € | ol |

si = pi ©cj—q Ci =9i*tDPi-Ci-1
Digital Logic Design: Adder
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Carry Look Ahead: Delay

ugwaﬁeé%
, Iran University of Sci &T
(cont’d)
X Vi <
 Adder module S P g P, 2
° tg= 1t = lgate 11 —
* CLA module I L’J
© te=0-2 tye ?
=4 P S; Cc, c, c,
= (@) (b)
Co =80 + PoCin
SO = pO @ Cin X, ¥, ‘ x, ¥, X, Y, O
| | |
bl oy —
C1 =811+ P1C Adder Adder Adder
S, =p, Dc
1 pl 0 lgz lpzi lgl lp,} lgo lp(,&
c2 = gZ + p2C1 CLA circuit
S, =p, D,y ch < | <,

Digital Logic Design: Adder 32



Carry Look Ahead: Delay ﬁ»}

ugwaﬁbé—%
(CO nt)d ) iran .'|°L|s;-r st
tg - tp = tgate T \ £, P> g P, £
te=0-2 1t 1L I—L:)I
pl 1 1 g P; S; <> c <
g; 1 1 (€)) (b)
So 1 2 X, v l X, Yo Yo O
=1 . L R S S S
Adder Adder Adder
S 1 2 I I |
G 2 3 CE A 1 A S
SZ 1 4 CLA circuit
C, 2 3 | | ol

Digital Logic Design: Adder 33
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Carry Look Ahead: Summary

* CLA circuit can not be so big
o Calculating C becomes too long

o Cannot be evaluated in 2 gate delay

o => At most 4 bit

Co =80 T PoCin
So=Po D ¢y

C1 =811 P1Co
S1=p1 Dy

C; =82+ P20
S =p2®Dcy

C3 =83+ P3C;
S3=p3DCy

CLA — 4
X3 Y3 l X, Y, l x, ¥, xlo ylo IO
b by b —

Adder Adder

it |
C3 l c,

/

.

So

Adder Adder

[ |

CLA circuit

c1|

b e

= pieD cj—

Digital Logic Design: Adder

= Yi-+tPi-Ci_1
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Carry Look Ahead:
Long operands
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* How about long operands
* Example: add two 8-bit numbers




8-bit Carry Look Ahead:

Cascade

* First design
o Ripple carry among CLAs

CLA1

I7 ly7 IG 13’6 15 l l ly4 ¥©3 X3 Y3 X2 Y2 X1 Y1 Xo Yo Cn=0
X3 Y3 X, Vs X Yy X0 W X3 Y3 X, Vs l X Vi 0o Yo
| | 1 | |
R Fvy b P
Adder Adder Adder Adder Adder Adder Adder Adder
lg3lp3" 53 lgz lpzAt l 1 lpli lgll lpos lg3lp3 53 lg_; lpz , l Vi lp1s lg() lp()
CLA circdit CLA circyit

C3i c_,‘ 1 | C3 i) ' 1 |

1 v v v v v v M

C7 57 55 54 C3 S3 SZ Sl SO

Digital Logic Design: Adder
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8-bit Carry Look Ahead:

Multi-level C
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* Add two 8-bit numbers

CLA—4
Co =80 * PoCin
So=Po @ ¢y

C1 =811+ P1Co
S; = p1 D cq

C, =8t P
S; =P, Dcy

C3 =83 + P3G,
S3=p3Dc,

CLA — 4
Cs = 84 t P4yC3

S4 =p1 @ ¢y

Cs = 85 + PsCy
S5 = p1 D ¢

Cs = 86 T P6Cs
Se = Ps D ¢4

C; =87t PyCq
S7=p; D¢,

C3 =83+ P38y + P3P281 + P3P2P180 + P3P2P1P0Cin
Ca =84 T P4s83 + PsaP382 + P1P3P281 + P4P3P2P180
+ P4P3P2P1PoCin
P = pap3P2P1Po

G =g, + Psg3 + P4P382 + P2P3P281 + P4P3P2P180

C4=G+Pgj,

Cs = Go + Py iy,

Digital Logic Design: Adder 37



Multi-level C
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* CLA, takes the P,G’s from CLA, and C,, to generate C, (“seed C’s”)

o 2 gate delay
© Cq = G+P Cin

CLA,

X Yy Xo Yo
P
Adder Adder

l 1lp1i lgo lpos )

CLA circyit
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Multi-level CLA: More Detail

* Generate p;and g;

* Generate P, and G, P = p4p3P2P1Po
* Generate G G =84 + Pa83 + P4P382 + PaP3P281 + PaP3P2P180
° Generate S;: tg, Cs = Gp + Po Cin

° =G +Pgy,

Adder Adder Adder Adder Adder Adder Adder Adder

Generate p; and g;

Generate Py and Gg

Generate C;

Digital Logic Design: Adder 39



el
Thank You e
T——
|
32 zmo
—
Digital Logic Design: Adder 41



