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e perimental e ign, circ it e ivalence
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perimental De ign, a e ne in cience an man fac

t ring, an the conte t in hich it ma ma be applie to
the performance eval ation of core algorithm in C D, ha
been o tline in hi paper generali e the notion of
the i omorphi m e ivalence cla of a reference netli t
an intro ce a metho to mntheiee ivalencecla e
of circ it m tant that are 1 tinct, b t till clo el relate
to the reference netli t i omorphi m cla
ection characteri e thi relation hip
graph canonical form an it ignat re.
thi ignat re e ne thee ivalence cla

b)

ing a k partite
he invariance of
e o tline the

m tant e ivalence cla nthe i metho in ection ,an
concl e ith a repre entative ample of e perimental re

It in ection arlier ork, relate to thi topic can be
fon in , , ,an

n electrical netli t, ith or itho tc cle, i all rep
re ente a a irecte h pergraph, , igre (a). e
intro ce an or ere irecte partite graph repre enta

tion of the netli t, ig re (b), a follo
he e tep generate an ac clic graph.
e rt ecompo e the circ it into it trongl con
necte component ( CC ). n ig re (a), thet o non
trivial CC are ha e .
he graph i then ren ere ac clic b eleting a fe
fee back e ge a po ible or e ample, the
fee backe ge in ig re (a)are ( ),
( ), ( ). ote that, a fee back e ge
cane itonl bet een acombinational cellan a ip op
ince e are ealing ith nchrono circ it onl .
ach elete fee backe gei repre ente b afee back
( ) at it o rce an a fee back () atit
ink po ition ( iamon hape in ig re (b)).
hi proce rei ell kno n.
1l an are a igne a .
Il cell are a igne a level ing topological ort.
ach net inherit the name an level of the riving cell.

aleigh, C ,
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he initial leveli e form i f rther
mo i e a follo
ach or neti a igne a here i
the minim m level of cell thatiti riving. or e ample,
i ig re (b) rive cell at a minim m level of
hence, i a igne a .
ach neti a igne a net pa here
an are the ma im m an minim m level of
cell iti a acent to.
ach net of net pan , 1 broken into egment b
intro cing ingle inp t, ingle o tp tfee thro gh .
n ig re (b), e ee one fee thro gh on the net
ee thro gh at level i name a - .
ith fan in

inall , each net i replace b a net no e
of , b t variable fano t.
netno eat CC i becalle a or
ifit rive a cell at another CC ( ). et i aC
in ig re (b).
e capt re the
local cl tering b n ing the

at each level. hi i
oneb a imple D earch. CC atlevel conit of cell
no e atlevel an net no e atlevel . n ig re (b),
each net an cell no ei marke ith the CC n mber that
it belong to.
he iring ignat re
capt re man attrib te of the ph ical tr ct re of the
netli t. e characteri e each cell no e ( ig re (a)) in the
canonical form a a t ple of the form

(a) reference netli t, (b) reference canonical form,
(c) in tance of a m tant (canonical form), ( ) m tant
netli t.



(a) (b) (c)
Characteri tic ignat re (a) cell no e, (b) net
no e, (c) compre e form.

ere, name i the name of the cell no e type enote the
t pe of the cell no e an can be one of C, , e

pen ing on hether it i combinational gate, a e ential
gate (a ip op) or a fee thro gh re pectivel the pair
(input,output) enote the n mber of inp t an o tp t

pin of the cell e e , CC an SCC are the level, CC an
CC the cell belong to.
imilarl , e characteri e each net no e (( ig re (b))
a a t ple of the form

ere, type i of the form - here I,i, ,0,C, ,

hich corre pon to net no e of t pe , , , ,
netno e rivenb C t pecell, netno e rivenb D
t pecell , net no e riven b t pe cell re pectivel

s corre pon ing to hether the net no ei a C
or not.

e compre , itho t an lo of information, the e
taile ignat re in ig re (a),(b) b orting the cell net
no e bae on theirt pe an level an report a level ie

itrib tion.  he compre e form of the
in ho nin ig re (c).

t each level | enote the total n mber of net
no e of t pe here I,i, ,o, , ( e nition of
the e mbol area before) or ma beoft peC. et of
t peCaref rther b ivi e bae onthen mberofinp t
pin an o tp t pin of the cell riving it. ence,

enote the total n mber of net no e at level that are
riven b cellno e ith inp tan o tp tpin .
he entitie an in ig re (c) enote the

n mber of CC forme ith cell no e an net no e re
pectivel at level .
ing the characteri tic ignat re, e can erive an m
ber of fano t bo n hich are e ential for the proper ter
mination of the m tation proce . Di ¢ ion of the fano t
bo n are omitte (ee for etail ).
he characteri tic ignat re
ofacirc iti ni e( ni e n era given fee back verte
et) . tin ce ane ivalencecla thati e ne a the
collection of all circ it that have the ame ignat re a the

c rrent circ it (calle the ). ach circ it
in thi e ivalencecla i calle a of the

n the ne t ection e e cribe the metho for
generating the in thi

e 1ivalence cla

nthe i proce reconit oft obaic tep
an . he proce i initiate b a
in the canonical form. t amo nt to ran om
removal of ire or ire at each level
tation con i t of re toring all the connection a a

ran om proce 0 ever, an ch connection m t con
form to the , hich
ictate the allo able connection bet een a net an a cell
no eba e ontheirin ivi alt pe. itionall , the con
nection m t maintain the fano t bo n erive from the
ignat re he e are e ential for

he m tant

b erving the fano t bo n an the con itional inci
ence relation hip are nece ar b t cient con i
tion for maintaining the ignat re in a e ential circ it.
D e to the nat re of the e ential circ it (pre ence of
loop etc.), one nee to ob erve the follo ing t o con

traint that are ni eto e ential circ it

he fee
back verte et ( ) pre ent in the reference circ itm t
be pre erve . ma bee ivalentl tate a

, , ince therei aone to one corre
pon ence bet een afee backe gean afee back verte .
ach no e, incl ing each fee back verte ,onac cle

m t have a path to at lea t one of the circ it.
i e ential for maintaining the ignat re. itho t
the , the leveli ation of the cell change , hence, the
ignat re cannot be maintaine . Con ition i relate to
the alit of the m tant generate itho t  there i
apo ibilit of havingi olate  oating part in the m tant
that cannot be ob erve at an of the of the circ it.
or e ample, for the m tant in ig re ( ), if the ¢ cle in
i not have a path to the , the
entire circ itr in ol be oatingan ol not

erve an p rpo e.

he e ence of maintaining the i to create a path,

in the ac clic canonical form, from an to the

that i e ignate to be connecte to t en re
that in the c clic graph the e ge bet een an ill
remain a fee back e ge. rther, ince each rive a
ingle ip op, it i en re that no a itional fee back
loop ill be intro ce in the ¢ clic graph. Detail of the

maintenance proce rei involve an are omitte ( ee
for etail ). nthefollo ing, e e cribeafe concept
that are ef 1for thi p rpo e.
eed ac to ens -type to ems . e a ociate a
ith each fee back verte (or,e ivalentl , ith
each fee back () ince the onl fano t from an
i to a fee back verte ). ach , ,1 e a
fee back token or an connection from a cell no e
(net no e ) to anet no e (cellno e ), ()
inherit all the token of (). he m tation proce
m ten re that the , , that i going to be con
necte to  (in the c clic graph) receive the token (to
ati f con ition ). itionall , m treach at lea t
one (to atif con ition ).

Component to ens C-type to ens . Component token

are i e b the component (C ) n er certain
con ition. fa C in receive fee back token
, at lea t one of hich ha not et propagate

to an ,the C i e a C token ceae toeit
hen all of reach ome (po ibl thro gh

ome other path). Component token pla a pivotal role
in carr ing the fee back token to a from an CC that
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(f) Level determination of Pls (g) ch. i completion

tation proce

oe not have an in it.
or ard to en net set. for ar token net et at level
i e ne a the et of net no e (at level )
that contain all the alive token (token that are et to
propagate to a ), both C an t pe,i e ptolevel
n other or , to pick p all the token , it ce to
look p the no e in the for ar token net et.
eed ac to en net set. fee back token net et at
level i e ne a the n mber of net no e that
m t carr all the token .
he connection a ignment
,canbebroa 1 cla i e into tep .
ere, net
i trib tion of
inp t pin of cell

at each level

no e atlevel area igne abo n e
e ge that are to be connecte to
no e at level

Both an
C t pe token are combine on cell no e, b ect to the
bo n on the for ar token net et.
Cell riving are
connecte to token carr ing net no e, an , are con

necte to ch that each

i e.

get back the token it

n re that each cell net in

ha an n irecte path to ever other cell net in
emaining
of the e ge o rce at the net no e are nk atin
p t pin of cellno e, b ect to the con itional inci ence

relation hip .

ote that no connectioni allo e bet eencell net no e
belonging to i erent CC an or CC. heonl e ception

are the C hich rivecell in i erent CC .

eill trate the m tant nthe i
proce thro gha implee amplein ig re ig re (b)i
a pert rbe ver ion of the channel at level ho nin

ig re (a). ote that at thi level e havet o local CC ,
con i ting of the fee thro gh an thenetno e

an con it of all other cell an net no e .

ig re (c) ill trate the fano t a ignment to each net
no e n ercertainbon . n igre ( ), thefor ar to
ken net eti forme . ote that token ( t pe)an
(C t pe) are alive here. he pper bo n on the for ar
token net et at thi leveli . B ran om choice, e a
ign both an to the ingle no e , thereb forming
a for ar token net et of ie ig re (e) an (f) per

(h) Conn. @ ch. i+1

(i) Conn. @ ch. i+2 () Conn. @ ch. i+3

in channel

form connection to en re thelevel of combinational gate
(C )an ,a ictate b the con itional inci ence re
lation hip . ote that, after the tep in ig re (f),

ha been recon tr cte ifnot, e o I haveto o thatin
the ne t tep. Il the remaining connection are complete
in ig re (g) (in the proce |, get forme ). (n ig
re () (g), connection at each tage are ho n b bol
e ge)

Connection in ig re (h) are one in the or er a marke

on the e ge . ote that, the name m i e a
ne fee back token  at thi tage.

n ig re (i), the fee back loop i complete . he
m receive both the token an , corre pon ing
to a an m ence it can be connecte to
either of a or m . B ran om choice, e connecte
it tom .

inall , in ig re (), the fee back loop corre pon ing to
token (i e b a ) i complete an all the token

) are propagate to a component o tp t. ince
all the token i e in thi CC have been propagate o t
of it, the m tation proce i coni ere tobe cce f L

n thi ection epro cee perimentalre 1t to ho the
ef Ine of the m tant cla e a benchmark for te ting
C D algorithm . e report re It itht oe ivalence
cla e of the benchmark s1 23 the i omorphi m cla
an the m tation cla (more e ten ive re 1t are
reporte in ). here are circ it in each cla he e
m tant , in a ition to pre erving the ignat re, al o pre
erve then mberof trongl connecte component ( CC ).
re erving the n mber of CC i not g arantee b the
m tation proce , altho gh it attempt to o o. n thee
e periment , e ltere the generate m tant to have m

tant ith the amen mberof CC a thereference circ it.
he «cce rate a abo t
e gethe alit of them tationcla e b compar

ing the performance of vario ph ical
n ( ) the i omorphi m cla an ( ) the m tation cla
he tool e e inthi e periment are ( ) D to
generate circ it chematic an anal e then mber of ire
cro ing () to report the minc t of a balance
bipartition ( ) tola o tthecirc it ing tan
ar cell place an ro te metho olog an report la o t
area an  ire length () to place an ro te in an

e ign algorithm



architect re an report the ro ting ire length. e

It are ho nin ig re hich ho thefre enc i
trib tion of the co t f nction for the re pective algorithm.
able ho the relevant tati tic of the e i trib tion ,
, the mean ( ), the tan ar eviation ( ), the percent
age variation of the e parameter in the m tation cla  ith
re pect to the i omorphi m cla , an re 1t of tati tical

te t to etermine ho i erent thet o i trib tion
are.

ere ereport i trib tion of then m

ber of ire cro ing, a optimie b D . tioev

i ent that the t o 1i trib tion are ver imilar. t ma
be note that nlike the i omorphic circ it , the circ it

in the m tation cla are all i erent, b t thecla o er
the ame level of i ¢ It to the tool (D ,in thi ca e€)
a the cla of i omorphic circ it o 1. able ho

that the mean for thet ocla e var b anin igni cant
te t al o reveal , ith a con ence, that
i trib tion arein i ting i hable
ere e report the area for the la o t
tool in gain the i trib tion for i omorphi m
an m tation cla are ver imilar an therei in igni
cant percentage variation in their mean val e a ho nin

thet o

able . he tet core a that thet o i trib tion
are i ting i hable, hich i not rpriing ince thet o
cla e are i erent. o ever, the m tation cla o er

appro imatel the ame egree of i ¢ It to the C D
tool a the i omorphi m cla
ere ereport thero te ire length for
the place an ro te tool . he 1itrib
tion are imilar ithin igni cant variation in mean. he
te t core of implie that altho gh the i trib tion
are 1 erent, the i erencei mall
ere e report the i e of the minc t for
a balance bipartition. i all ,thet o i trib tion ap
pear imilar. herei ome variation in the mean b t the
variation in tan ar eviation i maller. core of
reveal that thet o 1i trib tion are i erentb t till
ite clo e.
heere It ho that the m tation cla behave ver
imilarl to thei omorphi mcla n erfo r i erentph
ical e ign algorithm optimi ing fo r i erent co t f nc
tion . hi ha been po ible thro gh an acc rate repre en
tation of the netli t in the canonical form,an b e entl
in the ignat re.
a f rther e periment, ivalence

e generate an e

cla  of circ it b ran oml chooing m tant an
generating i omorphic in tance of each. or ire cro
ing optimi ation b D , thi ne cla pro ce a i

trib tion thati in i ting i hable from the original m tant

cla a ell a thereferencei omorphi mcla . hi ho
the clo ene of the m tant .
n thi paper e have pre ente a ef 1 metho of gener

ating circ it e ivalence cla e that pre erve man netli t
propertie of the reference circ it. o r i erent ph ical
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Compari on of the performance of vario ph i
cal e ign algorithm on thei omorphi m an m tation
cla e.

e ign tool pro ce imilarre It for the m tant a the
o 1 for thei omorphi m cla ,in pite of the m tant be
ing all i erentcirc it . ence,the canbe e for eign
of e periment a e cribe in for benchmarking C D
algorithm for ph ical e ign.

t re ork incl e etting p elaborate e peri
ment for the performance eval ation of the ph i
cal eign tool . or p ate on e periment, ee
ttp .c .ncsu.edu e periments oE_ rc i es



