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General Announcements

© General Note: YOU ARE WELCOME AT THE “TIGBUR”
HOUR EVERY TUESDAY 17:00 AT CLASS 134 WOLFSON
BUILDING.
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Shifters - ports

Generally, all shifters have the following ports:
@ x[n-1:0] - input string
@ y[n-1:0] - output string
© saflogn—1:0] - “shift-amount”, controls the amount of bits
to be shifted

@ Jeft - input determines the direction of the shift to be left.
(for bi-directional shifters)

X[n-1:0]
safk-1:0]
Shifter
left
Y[n-1:0]
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Shifters - types

We saw 3 types of shifts and different circuits that implemented
them.

@ Cyclic shifts - " bits pushed from one side of the string,
appear on the opposite edge”. BARREL-SHIFTER(n) consists
of a series of CLS

@ Logical shifts - "bits that are pushed from the string
boundaries - are lost”. We saw L-SHIFT which can be
implemented by cascading LLS or LRS circuits.

© Arithmetical shifts - "same as logical, except for shifting
right, the MSB is duplicated”. The implementations of ARS
and ARITH-SHIFT are left for your home assignment.
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Shifters - Tips

@ Shifters can be used for fast division/multiplication, as well as
for masking.

@ As always, we assume free wiring in our course

© Bit reversal enables us to apply left shifts to obtain right shift
and vice versa.

@ Modular Design of a Shifter - We break the sa into its powers
of two. Specific circuits (CLS, LLS, ARS) implement these
power-of-2 shifts. Finally we cascade these modules to obtain
the overall shift.

@ You might have already noticed, that signals (inputs/outputs)
can be classified into data-signals and control-signals.
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L-SHIFT(8) example in Logisim

Pay attention to
@ Modular design - top-down approach
@ Hardwiring - wires help us implement shifts, for free!

© Usage of new wiring tools in Logisim: tunnels and splitters.
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L-SHIFT(8) example in Logisim

A L-SHIFT(n) is a combinational circuit defined as follows:

Input:
@ x[n-1:0]€¢{0,1}",
o sa[k—1:0]€{0,1}*, where k = [log, n], and
e (e{0,1}.
Output: y[n-1:0]€{0,1}".
Functionality: The output y satisfies
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L-SHIFT(8) example in Logisim - Top-Down approach

Let us design the top level, consisting of 3 sub-circuits
LBs(8,1),LBS(8,2),LBS(8,4).

b3 Logisim: L-SHIFT(8) of L-Shift(8)
File Edit Project Simulate Window Help

o oA | @ D D D Thisis aregular input gate, with data-bits attribute set to 8
s EHo
+t 1%

L-Shift(8) -
1 main

] BitSlice
{1 Les(s,1)
{1 1es(s,2)
{1 LBS(8,4)
{4 L-SHIFT(8)

— 1

*(E BN | Less2 ] (0] C
L (b Probe

£ Tunnel

L. & Pull Resistor
[ Clock

- 1- Constant

L. 4 Power

110 00fsa
1
H

>

Tool: Splitter

Facing East

Fan Out 2 This is a regular output
Bit Width In |2 gate with data-bits
Appearance  |Left-handed attribute set to 8

Bit 0 0 (Top)

Bit 1 1 (Bottom)

133% i <
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L-SHIFT(8) example in Logisim - sub module LBS(8,1)

Wise wiring - implements the shift.

D Logisim: LBS(B.1) of L-Shif(®)
File Edit Project Simulate Window Help
b rAl®BO>DD

As E0 X1 X6 X5 x4 X3 X2

Lshir(s)” ~

Bitslice
LBS(s,1)
LS(8,2)

Tunnels

o

[@]snitt

Tool: Splitter
Facng [Fast
Fanout 2
Bit Width In|2.

Left-hand...

Bit0 0 (Top)
Bit 1 1 (8ottom) v
133% SEk >
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L-SHIFT(8) example in Logisim - sub module LBS(8,2)

Again, smart hardwiring is the key

D Logisim: LBS(B.2) of L-Shif(®) ~ o0 x
File Edit Project Simulate Window Help
b rAl®BO>DD

As E0 X1 X6 X5 x4 X3 X2 X1 X0 g

e [l @ @ @ @ @ ®

Bitslice

0
U T Ri=left] ety ®] et
bit
slice {={shit] [®]shitt

< >

Tool: Splitter

Facng _[east

Fanout |2

Bit Width In|2 ©

Lef-han.. YO Y6

sto o (rop)

Bttt (Batom) v

133% SER >
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L-SHIFT(8) example in Logisim - sub module 1.BS(8,4)

And again, smart hardwiring is the key

D Logisim: LBS(84) o L-Shif®)
Fle Edit Project Smulate Window Help

®r Al®®>DD

As E0 X1 X6 X5 x4 X3 X2 X1 X0

Lshir(s)” ~
Bitslice
LBS(s,1)

1 185(8,2)

<

>
Tool: Splitter

Facng [Fast
Fanout 2
Bit Width In|2.

Left-hand...
Bit0 0 (Top)
Bit 1 1 (8ottom) v
133% ] < >
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L-SHIFT(8) example in Logisim - "bit slice"

This is the basic building block, the lowest design level in our

project.

I Logisim: BitSlice of L-Shift(g)

File Edit Project Simulate Window Help

+t 8

Fls 1E0

x

[B]» A|l® @ >D D

L-Shift(g)

main
g BitSlice

LBS(8,1)

-1} LBS(8,2)

~11 1BS(8,4)

-1} L-SHIFT(8)
Wiring
Gates
Flexers
Arithmetic
Memary
Input/Qutput
Base

(Circuit:

BitSli...

Circuit ...

BitSlice

Shared ...

Shared ...

East

Shared ...

SansSe...

Auntouched Hleft

[@] e

{®]snit
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Binary Addition

Binary addition warm-up:
@ We know how to represent natural numbers
@ We would like to know how to add them together
© Adding two binary-represented numbers is easy.

@ We saw 3 different implementations of binary adder
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Binary-Adder Logic Basics

Definition

ADDER(n) - a binary adder with input length n is a combinational
circuit specified as follows.

Input: A[n—1:0],B[n-1:0]€{0,1}", and C[0] € {0,1}.
Output: S[n-1:0]€{0,1}" and C[n] € {0,1}.
Functionality:
(S)+2"- C[n] = (A) +(B) + C[0]. (1)

Definition (Full-Adder)

FA - a Full-Adder is a combinational circuit with 3 inputs
x,y,z€{0,1} and 2 outputs ¢,s € {0,1} that satisfies:

2c+s=x+y+z.

Claim
S=x@0ydz

= (e )V (-2 (o 2)
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Implementation 1 - Ripple Carry Adder RCA(n)

Bln—1 Aln—1]  Bln—2] Ajn—2 Bl Al Bl0] A[0]
|| || || ||
— o]
FA,_1 FAp—o | | FA; FAg
c S c s C s [ S
[ ] \ \
ClnlSin—1 Cln—1] Sn-2 Cln—2 crl sn cny sl

@ Same addition algorithm used for adding numbers by hand.
@ Row of n Full-Adders connected in a chain.

Claim

For each 0 <i < n-1, the cone of Boolean functions corresponding
to C[i+1] and S[i] consists of 2i + 3 inputs corresponding to
A[i:0],B[i:0], and C[0].

Performance
@ c(RcA(n)) =n-c(FA) =O(n).
e d(rRcA(n)) =n-d(FA) =O(n).

| \
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Implementation 2 - Conditional Sum Adder CSA(n)

basis: A CSA(1) is simply a Full-Adder.
reduction step:

Bn—1:k] An—1:k| Bn—1:k] An—1:k| Blk—1:0] Ak—1:0]
/‘/n—k /‘/n—k /‘/n—k /‘/n—k k /‘/k clo]
1 0
csA(n — k) csA(n — k) csA(k)
Ciln] - Siln—1:k] Coln] - Soln —1: k]
n—k+1 n—k+1 k
| et
1

0
MUX(n —k+1)

+n7k+]
Sk—1:0

Cln]-Sn—1:k|

Performance

e c(csa(n)) = @( log, 3 )
e d(csa(n)) =©(logn).
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Implementation 3 - Compound Adder COMP-ADDER(n)

Definition

COMP-ADDER(n) - a Compound Adder with input length n is a
combinational circuit specified as follows.

Input: A[n—1:0],B[n-1:0]€{0,1}".
Output: S[n:0], T[n:0] e {0,1}™1,

Functionality:

Note that a Compound Adder does not have carry-in input. To
simplify notation, the carry-out bits are denoted by S[n] for the
sum and by T[n] for the incremented sum.
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Implementation 3 - Compound Adder COMP-ADDER(n)

basis: n=1, we simply use a Full-Adder and a Half-Adder.
reduction step:

Bln—1:k] An-1:k Blk—1:0 Ak-1:0]
n—k n—k k k
COMP-ADDER(n — k) COMP-ADDER(k)
n—k+1 n—k+1 k+1 k+1
Tkl |S"[n:kl T'[k : 0] §'k : 0]
T'[k] S'[k]
\ \ k k
1 0 ) 1 0 )
MUX(n —k+ 1) TK  |Mux(n—k+1)— 5"
Tlk—1:0 S[k—1:0]
%ﬂ*k“#l %nfkdrl
T[n: k| Sln : k]

Performance

@ c(COMP-ADDER(n)) = ©(nlogn).

e d(coMP-ADDER(n)) = ©(logn).
18/19




Problem on Adders and Shifters

('pa35) "o170% Dayn — 1 gbNw

C(n) *217%7 23yn7 2w 019N 1212
n=2Kwxs  X[n-1:0]€{0,1}" Y[n—1:01 €{0,13® D[k—1:0] € {0,1}* :udp
Z[2n—1:0] € {0,1}°"  :u%
:NPRITIPND
APOAT ,N0RDIT AW D U’?,?ﬂ T DY X1 000 DX d-2 ja01
d = (D[k — 1:0])
:N27 M0°27 DX Z-2 701

n—1

z2 (X[n-1:0]) + Z Y[i] - 2i+n-d

:o7p? 270 Z[2n — 1: 0] w29

(Z[2n—-1:0]) =z
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Problem on Adders and Shifters

ouopn Y C(4) 2vn 2w viona v o mxmo wxa (1 7) R

X[3:0] = 1010
Y[3:0] = 1111
D[1:0] = 10

:ORN72 72207 DX XN

(71 [6] (5] [4] [3] [2] (1] [0]
X R R ™R R 1 0 1 0
Y R R ™R R 1 1 1 1
D X X X X X X 1 0
Z
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Problem on Adders and Shifters

upn Py C(4) 2avn W vona v n? om0 wra (pr7) X

X[3:0] = 1010
Y[3:0] = 1111
D[1:0] = 10

:ORNA2 72207 DX R

[7] [6] [5] [4] [3] [2] [1] [0]
X1 m ™ I X 1 0 1 0
Yoo X X ™ 1 1 1 0
D X TR TR TR X R 1 0
z 0 1 0 0 0 1 1 0
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Problem on Adders and Shifters

ON7T .20 20 77 Y XD 101 XY 2 12w yRed 17 Overflow-i ,0mmon X, Y, D oovop My (1 8) a2
07M90AT DNNA R¥AI Z-W IR ,X? OX .OMDEH0 DU7p OV ANT 1IN — 12 OX 17w 77pn2 1207 7 YN
.N1°2°0 21 NTYA IR AW XY 00
(312377 NX 19%P7) 107 &2 \ 10> Overflow-i

jakioni

19/19



Problem on Adders and Shifters

YIRM NI .N1P20 20 07 HY XY 1001 XY 2 12w yRed 7 Overflow-i ,0mmon X, Y, D oovbp nay (‘Pa8) .2

XY DO DIDOAT DINMND R¥AI Z-W NI ,KX? OX .OVDRI0 2°H2P QY TANT 1IN — 19 R NI19W 77pn2 10 a1
.N1°2°0 21 NITYA NOIRPIT T0Ww2

(1217 NX Do) 190> &2 \ 1nv-Overflow 1

p=lon
2n Ny Z nopan DN 0T Y 307 1001 Z 1900w MR 1071 ,woR X2 Overflow-aw mxaa» »73

P9mopnn z-1 nR UNw DY, X 2002pa DR 101 AT 22awa .n1200n

n-1

Zmax = max | (X[n — 1:0]) + 24 Z Y[i]-2t )= max((X) + 2”‘d<Y))

i=0

D = 0¥ nxaman X = Y = 1™ :anra ooma Y,X 00uopi IR [pa 002t D aopab 9

:211_1_'_211(211_1):2211_211_)_211_1:22/1_1

707 X2 Overflow-1 1R ,Z NN 2w N1P29071 20 07 ¥ 037 101 POV T Zgy -0 TITOD
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Problem on Adders and Shifters

.0(n - log n) Anyi %57 9ma oy, wow o0 mn Pawe s LC(n) 9En Davnn nxowan (P115) 5
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Problem on Adders and Shifters

.0(n - logn) "0 5o% o ow ,woRa 50 W Papn smwn .C(n) "2 2awnn nxownn (P115) 3

il i

L

2N

) D103 A {5

LSk

\ COMP-ADDER
( l\r\)r

N/
Z[Lh_l:n:}
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Problem on Adders and Shifters

R DR NI "2 §PY02 adMIon 0% € (4) Pavnn w nk wxomo wra (P15) X
(327 12 DR 71 93 792 MWW 238ni DX PNy
D[1:0]=11  Y[3:0]=1111  X[3:0]=1010  vop nmzomn

.XME\"‘U]“@“ Dﬂ°§<ﬁ\»110]

' 11110000 00001010
. i . el

COMP-ADDER. /..
()

W

00101000 ZEQJ\«'L:O]
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