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HDL RTL

LSI

Ripple carry adder Carry
lookahead adder Carry skip adder Carry select adder
Hybrid adder



2-1

Hybrid

2-2 Half adder Full adder

HA Half Adder FA Full Adder

HA A,B Sum Caryy

r O L O|lWn
, O o o|0O

|

%)
P P O O | X
O R B O

HA

HA

2-1 HA

FA Full Adder HA Carry In
Carry

2-2



X 1Y | S |Cout

Cin

Cout

FA

FA

2-2 FA

FA

FA

2-3



Cout

Cin

WN PO

2-3 MUX

Multi Plexer(MUX)

2-3 Ripple carry adder

Ripple Carry Adder

2-4  64bit

FA

FA

Ripple carry adder

FA



X[63] X[62] X[61] X[2] X[1] X[0]
Y[63] Y[62] Y[61] vi2] Y[1] Y[0]

FA3 60
c62 c6l c62 cl

FAGS | FAG2 | FAGL |q.._.... FA2 FAL FAO

c63 $63 $62 $63 $62 s s0

2-4 Ripple carry adder

Ripple carry adder 2-5
Carry
X[63] X[62] X[61] X[2] X[1] X[0]
Y[63] Y[62] Y[61] vi2] Y[1] Y[0]
FAG3 c62 | FAG2 ‘C51 FA61 ‘FAS 00 VI 62 _rFar | Cl FAO
c63 $63 $62 $63 $62 s s0
2-5
Ripple carry adder 2-1



T

ripple

2-5

2-4 Carry lookahead adder

Carry lookahead adder

= TFA(X’ y— Cout) + (k - 2) ><TFA(Cin - Cout) +TFA(Cin - S) 2-1

Carry
Carry
2-6
2-8
Yi+l X|+1 ‘YI )‘(I i-1 )‘(Il
Si+l Si Sifl
2-6 carry free
26 1
Carry 2-7



S S

i+1 i i-1

2-7 Two-stage carry free

2-7

2-8 Carry

i+1 i+1 i i i-1

S

i+1 i i-1

2-8 one stage with lookahead

Carry lookahed adder

carry

Carry



Carry

i 2-2
=X Y.
gl 1 1 2_2
p =X, ®Y,
g carry generator carry propagator carry
generator carry
carry propagator carry
carry
2-3
carry generation = 1/4
carry propagation = 1/2 2-3
carry annihilation = 1/4
g p m,S carry,C, 2-4
S =X, @Y ®&Ci
2-4
C.=09+p-C
i=nn-1Ln-2.--210 2-5

C.=0,+CiPny

=0n1+(9n2 +CroPr2) Py

=01t 92P1 +C P2 Py (2-5)
=0n1+ 09n2Pn1 T 9naPr2Pnit +CosPnsPnsPra

=001 09n2Pn1+ 9n3Pn2Prs+ 90 aPr2PraPry + CraPra PrsPro Poy

C,=C, C
4 Carry lookahead adder C



Ci =090, +Copy

C,=0,+9,p +CoRR,
C3=0,+0:P, + 9o PP, +Cy Py P1 P,

Cs =05+ 02P; + 91 P2 P; + 9o PP, P5 + Co Py PL P, Ps

2-6

2-6 Full carry lookahead
2-9

ps
o ) Cs4
—N——]
——1
Cs
pz ~—— | AN AN A
—N—\—
g2 _— NN
N N——\—]
]

=

Qo - ) C1

gl SPN———

(L

o

Co

2-9 4bit Full carry lookahed

4 bit Carry lookahead adder 2-10



Ca

Ss

S2

(¢ ¢ CCC

g

1
?

2-10 4bit carry lookahead adder

16 64bit adder

g p g p n n+3
block generate block propagate

2-7

g[n,n+3] = Ons T 9+n2 Pra T 901 Pri2 Pz + 94 Pryz P2 P

2-7
p[n,n+3] = Pni3Pni2 P Pr
16bit 2-7
C4:93+gzps+glp2p3+gop1p2p3+cop0p1p2p3 2-8

10



g[n,n+3]

Oni3 7 9 Fni2 Priz T Fnia Pri2 Pris 2-9

C,

93+ 92Ps+ 9P, P3 + 9o PP, Ps 2-10
Pln.n+3]

Pr+3Pri2 Pnia Pa 2-11

Po PL P2 Ps 2-12

n n+3  4bit
16bit carry generator carry propagator
2-13

ClG = 9[12,15] + 9[8,11] p[12,15] + 9[4,7] p[8,11] p[12,15] + 9[0,3] p[4,7] p[8,11] p[12,15] + Co p[o,s] p[4,7] p[8,11] p[12,15]

2-13

2-11  full carry lookahead  gp, .5 Pl bit

lookahead carry generator

11



J————— Prma
Pris —————
I N7 NS, NS W
N |
I N
—1
I N, W
| — i
g[n‘n+3]
I 7 7 W N
gn+3 —|_’_r\_r\_r\_r\_r
NN M
P pmp—
I N7 NS
- A~
I, N
I N7 W N
7 N N -
pn+2 —| Cn+3
N I N7 N7 N
I N
gn+2 [ B N 7 N N
_r\_r\_r\_r\ED—‘
|— A
|—
) Cn+2
NP
- ﬁ ) ’—L/
gn+l MNP
L]
I
pp ———
gn : > Cn+1

Cn

2-11 4bit carry lookahead generator

16bit carry generator carry propagator

64bit bit
carry generator carry propagator

64bit adder

C4 =05+ 09,05+ 0: P, P53 + o PP, P53 + Co Py Py P, Ps 2-14

C16



g[n n+3] = gn+3 + g +n+2 pn+3 + gn+l pn+2 pn+3 + gn pn+3 pn+2 pn+1

p n n+3 pn+3 pn+2 pn+l pn

2-15

Cle = g[12,15] + 9[8,11] p[12,15] + 9[4,7] p[B,ll] p[12,15] + g[o,s] p[4,7] p[8,11] p[12,15] + Co p[o,s] p[4,7] p[8,11] p[12,15]

2-16

16bit
g[n n+15] — g[n+12 n+15] + g[n+8 n+11] p[n+12 n+15] + g[n+4 n+7] p [n+12,n+15] p[n+8,n+11]
* O(n.n+3] Plns12,n415] Plnsg net] Plneans7] 2-17
Pnnsas] = Plnsazinias) Plncsns11] Plnsane7] Plnnea)

C
ClG 9[015 + Co p 0,15]
C32 g[l6 31] + g[o 15 p[16 31] + Co p 16,31] p [0,15]
C48 g [32,47] + g [16,31] p[32,47] + 9[0,15] p[32,47] p[16,31] + Co p[32,47] p[16,31] p[o,15]
Ces = Ypus s3] + Y[s2.47] Plas.sa] + Ipus.1] Plas,ea] Plsz.ar] T 9jo,1s] Ppas,ea] Praz,ar) Pras a1
+C n-4 p 48,63] p 32,47] p 16,31 p[0,15]
2-18

2-12 Carry lookahead generator

13



14

lﬁ{j@gg} B(Eij% légggg 16bit lookahead generator
X[12,15] X[8,11] X[4.7] X[03]
y Y[1215]  y V[811] y YA y V03] .
abit |, €12 | apit |, 8 | apit | C4 | abit l— i
adder adder | adder adder
| | | |
g[12,15] gl811] a[4.7] g[03]
o8 c32 e f[12,15] ol8.11] 5[4,7] 5[0,3]
4-hit lookahead carry generator —
g[0,15]
p[0,15]
| 0[48,63] 5[32,47] 0[16,31]
vp[48,63] £[32,47] Jl631 .
4-hit lookahead carry generator
g[0,63]
p[0,63]
2-12 6hit Carry lookahead generator
13
4bit 2bit  3bit
17bit 4
5bit 6bit
p ) pl p n L} 2-19
g=g+g p
2-19 o 2-13



(9".p")

9p)

@ p)

2-13

9, b
2-14  Breng-Kung

15



X X XXX X, X

1577147137712 117 " 10

A A AN

9X8 X7X6 X5X4 X3X2 X1X0

AT |5
// B
A ]
AT
o ul

Sd ) O

Ry

S15 S14 Sl3 S12 Sll S1O Sg S8 S7 SG SS S4 S3 SZ Sl SO

2-14 Breng-Kung

Kogge-Stone

2-5 Carry skip adder

Carry skip adder 2-15
Ripple carry adder +3
propagate
carry

16



p[n,n+3] = PnPni1Priz Pis 2-20

2-20 propagate
Carry skip adder

Co Ca Cs C12 Ci16

—» 0(1/2|3 » 4bit block » 4bit block » 4bit block

2-15 Ripple carry adder

A 4
o
[N
N
w

|—: 4bit block 4bit block 4bit block —»

I I I
pl47] pl8.11] p[12.19]
I I I

skip skip skip

2-16 Simple carry skip adder

Carry
Ripple carry adder 1-16 Carry
skip adder Obit carry Ripple carry
adder 1-3 OR
skip adder 12 15
OR 05 Ripple
carry adder 16 Carry skip adder 8.5
bit k bits carry skip
adder worst case carry propagation skip block
1bit ripple carry adder AT fea-sip-adder

17



T fixed_sip-adger = (0=1) +0.5+(k/b—2) +(b-1) 2-21
~2b+k/b-35
deixed—de—adder /db O
deixed—de—adder — 2_ L — 0 2_22
db b?
b=+vk/2
Adder 2-22
k
T iy s = 2JkI2+ ~35=22k -35 2-23
fixed —skip—adder m
2-23
32bit  carry skip adder b 4
AT fes-sip-adder =125 32bit ripple carry adder
2.6 propagation delay
propagation delay
carry adder delay
ripple stage
carry skip adder
2-17
(oI o JERRY WY carry path carry path 2
b0 bt—l bt—2

18



‘bt—l‘ ‘bt—Z‘ ‘bl‘ ‘bo‘
_[ Carry path 1
Carry path 2
_[ Carry path 3
2-17 Carry
carry path 2 carry path 1 1
ripple carry adder
b_, b, 1 carry path 1
carry path 3 b,
b, 1 b,=b_ =b
2-24
b b+1 .- M—l b—+1—1 b+1 b 2-24
2 2
b,=b_,=b
by + b,
bit
2{b+(b+1)+ e (%—1)}
. 2-25
t
—to+——=
( 7 2)
b=%+_+i 2-26

19



Tixed_sdip-adder = (b-)+05+(k/b-2)+(b-1

Tvar—ski p—adder

Toar—sip-adier = 2(0-1) +0.5+1 -2

= 2 + t 2.5
t 2
dTvar—skip—adder _ - 2k + 1 _ 0
dt t2 2
t=2Jk
-I—va\r—skip—addz 2& -25
fixed-size skip adder J2

COUt

carry skip adder 2-18

Adder

2-27

2-28

2-29

2-30

2-18 Caryy skip adder

20




9, p X1 X

bit carry skip adder
p 2unit 1

co — b3kl B bl b b e b b b

7 6 5 4 3 | 2 5
S S S S S
2-19 Carry skip adder
2-19 Cin
by
bit
b, Cin 1bit
b,
2 6
b,
bit
1+3+4+4+3+2+1 18 2-31
carry skip

21



COLI[

COLI[

carry skip

carry skip adder 2-20
Cin
Si S1 S1 S1 Si
S2
2-202 Carry skip adder
skip skip AND
Carry skip adder adder
skip
skip
Cin
Si S1 S1
S2
2-21 skip Carry skip adder
skip adder skip
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skip 1bit 2bit

2 Carry save adder
1 carry skip adder
Carry out —| |— Carry in
{8,1} {7,2} {6,3} {54} {4,5} {3,8}
Cout bs b4 bs b2 b1 bo — Cu
Ls 7 6 5 4 3 0
S S S S S 3
2-22 Carry skip adder
skip skip
Carryin=a Carry out
=B
y =minfa -1 B} 2-32
i 0<i<y -1
min@ -y +i+1a -1 2-33
b, Carry in = Carry out =
% 4,4 4
2 min 5-4+2+1 4-1

1-1

1-23

23



5 4 Block 3 Block 2 Block 1 Block 0

Cout Cin
(] {1 (]

|
|

]
[
[

2-23 Carry skip adder
1-1
BLOCK [Carry In |Carry out bit
0 3 8 2 13 4
1 4 5 3 2,33 8
2 5 4 4 2,321 8
3 6 3 3 321 6
4 7 2 2 2,1 3
5) 8 1 1 1 1
2-6 Carry select adder
Carry select adder Carry select adder
selector Carry select adder
selector

Carry select adder

24



carry select adder carry O
carry
carry select adder bit adder
/2 bit adder 3 1 selector 12bit
2 adder 0,1 k/2 bit
bit carry carry
0 select 2-24
k/2-bit adder  ¢— 0
— k/2-bit adder < @— Cin
[ k/2-bit adder 1
k/2
k/2+1 k/2+1 Ck2
1 0 /
MUX /"
v
High k/2 bit Low k/2 bit
2-24 k/2 k Carry select adder
Ripple carry adder k
bit adder C k ,T(k Carry
select adder Coiort» Tentent 2-34
Cuer =3C(k/2)+k/2+1
select ( ) 2_34
Twex =T(K/2)+1
/2 adder Ripple carry adder Carry

25



lookahead adder

Adder Adder
bit Adder (a+b)=k a
Adder b+1  multiplexer
carry select adder 2-24 carry
select adder carry /4 adder
/ bit adder
multiplexer  select Cv/z multiplexer  select
multiplexer C,,, 12 bit bit

select

k/4-bit adder ¢— 0 k/4-bit adder 0
k/4-bit adder €— 1 K/4-bit adder 1

k/74+1 k/74+1 Cour
3Kk/4-1
k/74 k/74

1 0 Csk/a-1
MUX /4—/ k/4-bit adder

k/4-bit adder Cin

I
T 0 k/4-bit adder 1
Mux /"
| ] Cr/a kr2
1 0 k/4+1 k/4+1
4_
MUX I §
MUX
Ck/2
v
Low k/4 bit
High k/2 bit i
Middle k/4 bit
2-25 k/4bit Carry select adder
Carry select adder carry lookahead adder pipeline
adder
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/ xbit adder
multiplexer

2-7 Hyblid adder

Hybrid
Carry lookahead generator
Carry select adder

Carry lookahead /carry select adder 2-26
Cin
carry lookahead generator <
3
Block
ap
0 0 0
4—
1 1 AR I
MUX Sf— MUX MUX fe——
l l l ,,

2-26 Hybrid carry lookahead/carry select adder

Ripple carry adder  Carry lookahead

carry lookahead adder ripple
carry carry Carry lookahead generator /Ripple carry
adder
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X[48,63] X[32,47] X[16,31] .
lmgﬁg] iYBZ’ e iY[16,31] 16bit carry lookahead adder

X[12,15] X[811] X[4,7] X[0.3]
y Y[1215] y Y[811] y YI47] vy Y03]
apit | C12 | apit | 8 | abit | C4 | abit |
adder adder adder adder
‘9[12,15] g[811] ‘9[4,7] ‘9[0,3]
c48 c32 cl6
¢ e f[12,15] iﬁ[&ll] 5[4,7] 5[0,3]
4-hit lookahead carry generator —

2-27 Hybrid carry lookahad/ripple carry adder

adder
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3-1

Adder

RCA

RCA Ripple carry adder

3-1
X,Y XY XY X,Y XY XY XY XY
FA ] FA ] FA e FA lqd FA Ll FA FA FA
Cout
S S S S S S S S
3-1 RCA
RCA Cin Cout
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FA

RCA 12 RCA(8) RCA(4)

< 8bit RCA |« 4bit RCA '« .
Cout C Cin
12bit Adder
3-2
3-2 Carry Ripple carry
3-1
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3-1

RCA CLG FCLG CLA CSK
Xin ¢ X X o o
Yin o X X o o
Cin o o o o o
Cout o o o o o
S o) X X o) o)

RCA Ripple carry adder

CLA Carry lookahead adder

CLG Carry lookahead generator

FCLG Full carry lookahead generator

CSK Carry skip adder

CSE Carry select adder

Ripple carry adder Carry skip adder Carry
select adder Carry lookahead adder  Hybrid

3-1-1 RCA

RCA (8) 3-1

31



8 Ripple carry adder
3-1 Input/Output

<«—— Ripple carry adder <+——
Cout Cin

i

S

3-3 Input/Output

3-1-2 CLA

Carry lookahead adder CLA
Full carry lookahead generator

FCLG(4)(1 2 3 4))

4 Carry lookahead generator
lookahead adder Ripple carry adder

CLA(4 FCLG(4 (123 4)) RCA4))

32

3-2

3-2

Carry

3-3



4 Carry lookahead adder

3-3
X[8-11] Y[8-11]
Full Carry lookahead ——
generator
X[8-11] Y[8-11]
S &
v
“— 4bit Ripple carry adder <
COLJI
3-4 Full carry lookahead generator Ripple carry adder
16bit  Carry lookahead adder 3-5

CLA(16 FCLG(16 (12345678910 11 12 13 14 15 16) CLG(4)
CLG(4) CLG(4) CLG(4) RCA(16)))
3-4
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CLG CLG CLG CLG <
Cin
PG C PG
FCLG -
C C
COUt \4 v A4 A\ 4 \4 \4 A\ 4
16 bit RCA >
i s
3-5 CLA
16 FCLG CLG
(12345678910111213141516) FCLG
Cout C FCLA

Cout

CLA(16 FCLG(16 (4 8 12 16) CLG(4) CLG(4) CLG(4) CLG(4))
CSE(4(RCA( ) RCA( )) CSE( RCA( ) RCA( ))
CSE(4 RCA(4) RCA(4)))
3-5

34



Cin Cout
FCLG C(4,8,12) —>
4bit RCA 4bit RCA 4bit RCA 4bit RCA
c4 4bit RCA cs 4bit RCA C12 4bit RCA
SEL A\SEL A\SEL
' | | !
S S S S
3-6 FCLG CSE
C CSE
3-1-3 CSK
CSK(12 (1 3) (35) (5 9) (9 11) (1 9)) 3-6
F [r[FlL [FIFIFIFL [FIFL [FIFL [F
Al AlA[ AlA|AAT AlA|" AlA[" A
Cout Cin
S S S S
S
3-7 CSK
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12 Ripple carry adder
default
FA 3-7

CSK(52 CLA(16 FCLG(16 (12345678910 11 12 13 14 15 16)
CLG(4) CLG(4) CLG(4) CLG(4) RCA(16))
CSE(12 RCA(12) RCA(12))
RCA(8)
CLA(16 FCLG(16 (1234567891011 12 131415 16)
CLG(4) CLG(4) CLG(4) CLG(4) RCA(16))

(12)(14)
3-7
< CLA(16) |« RCA(8) |« CSE(12) = CLA(16) |¢—
S
S
3-8 CSK
Ripple carry
SKIP

3-1-4 CSE

36



CSE(8 RCA(8) RCA(8))

Carry select adder

Cin

8bit RCA

8bit RCA

» SEL

Cin l

Cout S

3-9 CSE

RCA(16 RCA(8) CSE(8 RCA(8) RCA(8))

3-2

3-2-1

Cin

Adder

Hybrid adder

37
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SET A (RCA (8)) 3-10

SET
8 Ripple carry adder A
3-2-2
CON ((AB) (D E)) 3-11
LSB MSB
D
A
E L —» H
B
A 4
F >
Cc A
G .
3-10
3-10 4-3-1 A
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AB DE

CON ((A B) (DE))
CON ((C) (F G))
CON ((DG) (H))

CON ((E F G) (1)) 3-12
3-2-2
4-9
SK ((A B) (H)) 3-13
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» SKIP

LSB MSB

>
L |
v
|
v

B
A 4

F TP

C A
G >

3-11 Skip
AB D,E,F,.G H
CSK parallel
SK
4-8 select Adder
select

SET X((CON (A B) (DE))
(CON (C) (FG))
(CON (DG) (H))
(CON (EF G) (1))

SEL(X X)
3-14
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3-3

, Ripple carry adder Carry lookahaed
adder Carry skip adder Carry select adder Carry
save adder binary lookahead carry adder

ALU
Serial adder Carry
, Carry

3-4

keyword( )
CLA CLG CON CSE CSK RCA SEL SET sK

Identifier
digit 0123456789
non-digit abcdefghijklmnopqgrstuvdxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ

Constant
integer-constant

Puncturator( )
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Statement( )
statement :
labeled-statement
expression-statement

labeled-statement :
identifier : statement
case costant-expression : statement
default : statement
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4-1

4-2-1

64

TREE

64

Adder
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RCA8| | CLAS CSK7| |RCA3| |CSE4| |CSK7
4-1 TREE
4-2
CSK
RCA CSE CSK
RCA8| | CLAS CSK7| |RCA3| |CSE4| |CSK7
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LSB

4-2-2

HDL

4-3

Adder

Adder

Adder

Adder

Adder

Adder

MSB

Adder

Adder
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RCA(8)

library ieee;
use ieee.std_logic_1164.all;
entity RCAS8 is
port (
X1, X2, X3, X4, X5, X6, X7, X8: in std_logic;
Y1,Y2,Y3,Y4,Y4, Y6, Y7, Y8: in std_logic;
S1, S2, S3, S4: out std_logic;
Cin : in std_logic;
Cout: out std_logic

end RCAS;
architecture BEHAVIOR of RCAS8 is
signal c1, c2, c3, c4, c5, c6, c7 :std_logic;

begin
S1 <= X1 xor Y1 xor Cin;
¢l <= X1 and Y1 and Cin;

S2 <= X2 xor Y2 xor c1;
c2 <= X2 and Y2 and c1;

S3 <= X3 xor Y3 xor c2;
c3 <= X3 and X3 and c2;

S4 <= X4 xor X4 xor c3;
c4 <= X4 and X4 and c3;

S5 <= X5 xor Y5 xor c4;
c¢5 <= X and Y5 and c4;

S6 <= X6 xor Y6 xor c5;
c6 <= X6 and Y6 and c5;

46



S7 <= X7 xor Y7 xor c6;
c7 <= X7 and X7 and c6;

S8 <= X8 xor X8 xor c7;

Cout <= X8 and X8 and Cout;

end BEHAVIOR,;

4-1 VHDL

4-1 VHDL
Design Analyzer

HDL
4-4

a7






HDL

CPU
Carry
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