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M
otiv

ation
for

O
ur

W
ork

C
ut

S
ize

R
eduction

T
he

num
ber

of
cut

nets
in

a
partitioned

circuit
can

often
be

reduced
by

replicating
som

e
logic

cells
in

tw
o

or
m

ore
com

ponents.

A
rea

C
onsideration

D
ue

to
area

constraint
on

a
com

ponent,
excessive

am
ount

of
replication

should
be

avoided.

A
D

esirab
le

S
olution

O
ptim

ize
the

cutsize
w

ith
the

leastpossible
area

overhead
resulted

from
replication.
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F
unctional

R
eplication

vs.
Traditional

R
eplication

�

Logic
cells

can
have

m
ultiple

outputs
(e.g.

those
in

F
P

G
A

).

�

E
ach

celloutputcan
depend

on
a

differentsubsetofcellinputs.

�

TraditionalR
eplication

–
P

reserve
allinputsignals

for
both

cellcopies
w

hen
replicating

a
cell.

�

F
unctionalR

eplication

–
P

reserve
for

each
cellcopy

only
the

inputsignals
for

its
required

outputs
w

hen
replicating

a
cell.

�

A
d

vanta
g

es
of

functional
replication

–
M

ore
flexible

–
B

igger
reduction

in
cutsize
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F
unctional

R
eplication

vs.
Traditional

R
eplication

E
xam

ple

z1
z2

z2
z2

x1
x4

x5
x3

x2

z1

x1
x2

x3
x4

x5

z2

x1
x2

x3
x4

x5

z2
z1

W
ith T

raditional R
eplication

W
ithout R

eplication

W
ith F

unctional R
eplication

z1=
 f1(x1, x2, x3, x4)

z2=
 f2(x3, x4, x5)

F
unctional

replication
considers

the
dependenc

y
ofdifferentcelloutputs

on
the

cellinputs.
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C
om

parison
w

ith
P

revious
W

ork
on

F
unctional

R
eplication

P
re

vious
W

ork

�

T
he

only
previous

w
ork:

K
uznar,B

rglez,Z
ajc

in
D

A
C

’94

�

U
se

a
F

iduccia-M
atthe

yses
type

heuristic

�

S
hortcom

ings

–
M

ay
functionally

replicate
som

e
cells

unnessarily

–
F

inalcutsize
is

notguaranteed
to

be
optim

al

O
ur

W
ork

�

B
ased

on
m

ax-flo
w

m
in-cut

com
putation

�

A
dvantages

–
A

cellis
functionally

replicated
only

ifitis
necessary

for
attaining

the
m

inim
um

cutsize

–
F

inalcutsize
is

alw
ays

optim
al
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R
elated

W
ork

�

Liu,
K

uo,
C

heng,
H

u
in

T
C

A
D

’95
(“A

replication
cutfor

tw
o-w

ay
partitioning”)

–
U

se
traditional

replication

–
C

utsize������
���	 � found

is
optim

alunder
traditionalreplication

–
N

o
controlon

am
ountofreplication

�

M
ak,

W
ong

in
IC

C
A

D
’96

(“M
inim

um
replication

m
in-cutpartitioning”)

–
U

se
traditional

replication

–
C

utsize������
���	 � found

is
optim

alunder
traditionalreplication

–
O

ptim
ize

am
ountofreplication

�

C
urrent

W
ork

–
U

se
functional

replication

–
C

ut
size

� �
 ��

��	 �

found
is

optim
al

under
functional

replication,
m

oreover,

���
 ��

��	 � �
������
���	 �

–
O

ptim
ize

replication
area

overhead
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M
ethod

A
2-phase

netw
ork-flo

w
approach.

P
hase

1

�

T
he

circuitis
firstrepresented

using
a

function
graph

�

.

e1=
 f"(c2, d1)

e2=
 f’’’(d1)

c1=
 f(a1, b1)

c2=
 f’(b1, d1)

c
a

a1
c1c2

b
b1

d
d1

e
e2 e1

a
1

c
1

d
1

c
2

e
1e
2

b
1

1

1

1

1 1

1

E
ach

node
represents

a
function

and
the

edges
show

the
depen-

dency
ofthe

functions.
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�
A

flo
w

netw
ork

�

is
then

constructed
based

on
the

function
graph.

a
1

c
1

d
1

c
2

e
1e
2

b
11

b’

1
a’

1
c’

2
c’

d’1

1
e’2 e’

c
1

1
c’

(
)

,
c

2
2

c’
,

(
)

b
1

1
b’

,
(

)
a

1
1

a’
,

(
)

d
1

d’1
,

(
)

e
1

1
e’

,
(

)
e

2
2 e’

,
(

)
,

,
,

,
,

,
A

rcs
w

ith 
capacity

are not show
n

1

1

1

1 1

1

t*
s*

1

1

1

1 1

Y
Y

1
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T
heorem

:
A

ny
m

inim
um

cut
of

the
flow

netw
ork

�

induces
a

m
in-cut

replication
partition

ofthe
circuit.

H
ow

ever,to
m

inim
iz

e
the

area
overhead

to
attain

the
m

inim
um

cutsize,
a

P
hase

2
is

required.

Fact:
A

cell�

is
replicated

in
the

induced
partition

iff
the

cut
divides

� �� � ������
���
����
��   
�!
"

in

�

.
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P
hase

2
�

T
he

netw
ork

�

is
m

odified
into

a
netw

ork

�#$%&

so
that

the
m

in-
cutpartition

requiring
the

sm
allestarea

overhead
w

illstand
outfrom

other
m

in-cutreplication
partitions.

–
N

etw
ork �#$%&

contains
a

penalty
arc

set
for

each
cell�

so
that

a
penalty

equals
to

the
area

of
cell�

is
incurred

if
a

cut
divides

� �� � � �� �
���
�� �
�    
�!
"

(i.e.,ifcell�

is
replicated).

x
1

x
2

x
3

x’1

x’2
x’3

1 x
1x
2
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T
heorem

:
A

m
inim

um
cutofnetw

ork�#$%&

induces
a

m
in-cutreplication

partition
ofthe

circuitthatuses
the

sm
allestarea

overhead.
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A
rea-C

onstrained
P

artitioning
�

O
ur

algorithm
can

be
used

to
im

prove
the

solution
produced

by
any

area-constrained
functionalreplication

partitioning
heuristic.

–
S

uppose
a

heuristic
partitioned

the
functions

ofa
circuitinto

three
sets:')(

��*
(

�,+
(

w
ith+

(

being
the

setofreplicated
functions.

–
B

y
collapsing

all
nodes

in

'-(
to

the
source

.0/

and
all

nodes
in

*
(

to
the

sink1 /

in
netw

ork
�

,
w

e
can

com
pute

a
new

partition
satisfying

'-(
2
'

and*
(

2 *
using

our
algorithm

.

–
T

he
optim

ality
ofour

algorithm
guarantees

that
i.

T
he

new
cut

siz
e

w
illbe

sm
aller

ii.
T

he
area

overhead
incurred

w
illbe

m
inim

iz
ed
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E
xperim

ental
R

esults

�

A
sim

ulated-annealing
based

heuristic
w

as
first

used
to

com
pute

a
good

partition
w

ith
replication.

�

O
ur

algorithm
w

as
applied

to
further

optim
ize

the
partition.

�

Large
reduction

in
area

overhead
w

as
obtained.
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E
xperim

ental
R

esults
(C

ont’d)

S
.A

.
O

ptim
ized

O
verhead

C
ircuit

cut
overhead

cut
overhead

reduction
c3540

14
9.5%

12
8.5%

10.5%
c5315

6
9.8%

6
6.9%

29.6%
c6288

13
9.5%

12
4.1%

56.8%
c7552

3
9.8%

3
8.4%

14.3%
s5378

19
9.7%

19
7.9%

18.6%
s9234

35
9.9%

35
7.7%

22.2%
s15850

40
10.0%

40
7.7%

23.0%
s38417

98
10.0%

69
6.3%

37.0%
s38584

101
10.0%

80
4.5%

55.0%
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