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Thc ncw slocoP-tr ,r*.- ":;"":: 
svstcm for thc accuatc p*fot-

nmcc malysis of MOSVLSI circuits is bcing prcscntcd' Thc algoriihru

in SLOCOP-II solvc thc scrious ptoblcm of "falsc Paths" ihat occu in all

cxisthg timhg vcriffcrs, by tahing into accout thc logic fuctionallity of

thc circuits at hand. To allov thig for custom MOSVLSI dcsign3' ncw cvcnt

dctcrmiration algorithru bascd on bhuy dccision trcc (BDT) havc bccn

dcvclopcd and aro prcrcntcd in this papcr' Thc algodthru to avoid thc

irdicalion of "fohc longcrt dclay paths" cm takc a long calculation timc'

Thcrcfqrc two nc* tcchniqucs havc bccn dcvclopcd: 1) by prcproccssilg thc

constrailcd cvcnt graph, compilcd codc can bc gcncratcd thet c& cxccutc

ordcrs of magaituJc fagtcr md 2) by crploiting thc hicratchy-*ailablc il
circuits. Thcs'c algorithru havc bccn implcmcntcd in ihc SLOCOP'tr timbg

vcrlfcatlon syslcur. ltcsults atrd compototivo dpu timir on ptrnnrlarircrl

modulcs in ihc CATHEDRAL-II library uc prcscntcd in thc papo'

Algorithms that assist in solving thc falsc path problems havc bccn

proposcd in [8,11,12]. Thcsc ncw algorithms rcquirc modcling thc logic

functionality and thc evcnt graphs for thc subcircuits. This can be ac-

complishcd by using charactcircd library cclls [11'12] or by using rule-

bascd pattern matching tcchniqucs [6]. However, thcsc approachcs arc
limitcd to cithcr thc cell librarics, or to the circuit pattcrns descibcd
in thc rulc-basc and are not applicablc to gcneral MOSVLSI circuiis'
without each timc extcnding thc rulc basc and/or thc librery to new

circuit patierns and dcsign stylcs. Ttaditional tining vcificrs [3,2,5]
arc not directly rcstrictcd to spccific circuit patterns or dcsign stylcs

but do not allow to modcl thc logic functionalitics and input-output
cvcnt depcndcncics as requircd by thc ncw algoriihms [8,11'12] for falsc
path avoidancc. Ncw cvcnt and propagation condition dctcrminetion
algorithms for gcncral MOSSVLSI circuits arc presented in this papcr.

Unfortunately, thc appiication of thcse algorithms on MOSVLSI
circuits is vcry time consuming. In ordcr to acccleratc thc cvaluetion

of thc longcst dclay paths, thc conccpt of codc gcncation has bccn

introduccd [5]. The calculation of thc dclay is dcfcrrcd to whcn ihe
codc is bcing evaluatcd. This can bc donc by implcmcnting thc dclay
evaluation by means ofEbstract deia-typcs ffl'

Another way ofincreasing thc spccd is to introduce hierarchy. This
avoids the problcm oflong prcprocessing times that occur whcn han-

dling large circuiis with the codc gcncration mcthod.
In scction 2 thc SLOCOP timing vcriffcetion environmcnt is intro-

duccd. In section 3 thc cvent graph with logical signal propagation

constraints will bc cxplained, iogcther with thc mcthods ihat arc uscd

to extract thc propagetion conditions fiom thc logic functions. Scction
4 dcscribcs the algorithms to dctcrmine thc longcst scnsitizablc path.
Thcrcaftcr scction 5 dcscribcs thc algorithms that trensform an cvent

graph with logical constraints into e compacted cvcnt graph without
logicel constraints. In scction 6 thc use of hi*archy is explained' Thc
practical rcsults arc discusscd in scction 7.

2 The SLOCOP-II system
Thc timing veriffcation cnvironmcnt thet has bccn rcalised consists of
two systcms: one thet dcals with thc vcrification in an hierarchical way
and one that opcrates on flattcncd circuits. Both systcms arc shown

in ffgurcs 2 and 3. Thc diference bctwcen the systems is mainly due

to difrcrcnt input mcchenisms. Oncc thc input has cntercd thc systcm,

thc functionality is largcly thc same.

o Thc non-hicrerchical systcm takcs in a filc that has bccn prcpro-
ccsscd by thc DLIILOG [10] preproccssing and clcctrical vaiffce-
tion program. This filc contains thc flattcncd circuit informetion
and the rcsult of a prcprocessing stcp. Thc prcprocessing splits
up thc circuit in DC connccted components (DCN's) and deter-
mincs thc logic functionality of cach of thesc subnetwotks cs a

function of thcir inputs. This logic functionality is uscd to dc-

tcrminc thc rclations bctwccn transitions (cvcnts) on thc inputs
of thc DCN's and thc trensitions on thc outputs. Thc neccssary

conditions on thc other inputs for these trensitions to occur arc

also dctcrmined, The ncccssary dclay for a givcn input transition
to rcach thc output can thcn bc calculatcd and thc rcsult is an

cvcnt graph (scc scction 3) ihat can be enelyscd in scvcral ways:

L lntroduction.
Thc fact that intcgratcd circuit dcsigns must be vcriffcd for thcir cor-

rcctncss bcforc thcy arc produced is gencrally acccptcd' Simulation on

all lcvcls is still uscd io a largc cxtcnt for this vcriffcation' Howevcr'

analytic mcthods such as timing vcrificetion tools [1] for thc veriffcation

of thc dclay charactcristics arc morc and morc uscd' Timing anelylcrs

d.ctcrminc thc critical delay paths, timc slocks and violations against

sct-up and hold timcs. This is done in a way that is indepcrdent ofspc-

cific iogical valucs of thc signals' Timing veriffcrs spccifically adapicd

for MOS circuits havc bccn publishcd [2,3,5]' Altcrnativc methods have

bcen proposcd in ordcr to incrcasc thc accur&cy of thc dciays 14'6]'

Howcver, cxisiing timing vcrifiers [3,2,5] do not iakc logical propaga-

tions conditions into account and computc the longcst delay paths wiih

PERjf lihc elgorithms. This may cause problcms, as can bc seen in fig-

urc 1, Thc longcsi path in thc circuit on thc left can not bc scnsitiscd:

thc '1' on both circuit inputs make thc '0' on thc nultiplexa input

impossible and thus thc output is not scnsiblc io transitions on the

boid input. Thc rcel longcst path is given on thc right' This situation

Figure 1: A circuit with an unsensitirable path

occurs in timc optimiacd circuits, such m the ceny bypass ALU l9l in

the CATHEDRAL-II library [13] whcrc thc delav is ovccstimatcd by

a fector of 2,
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Figurc 2: The SLOCOP-II system

- TVG: timing vicw generation' Timing vicws are event graphs

in which no falsc paths rcmain and whctc somc non essential

evcnts have becn climinatcd to increase thc cfrcicncy.

- LSP: thc longcst sensitisablc path is scuchcd.

- PERT: a simplc but fast PERT analysis is pcrformcd.

o The hicrarchical system is connected with various structurc gcn-

erators (schematic cditors, modulc generator, symbollc layout cd'
itor ... ) through standardiscd SPI (struciure procedural intcr-
facc) routincs 1141. It has two kinds ofinputs:

- thc circuit composition, with each of thc componcnts givcn
as a black box and thc intcrconncction of thcsc boxcs.

- thc timing vicws of the back boxcs that contain thcir cvcnt
graphs,

With thcsc inputs wc can consttuct ihe cvcnt graph and perform

the samc analyscs as we did in thc noa hi*archical systcm.

3.1 Deffnitions
We nccd the following dcfiniiions:

o Evcnts: thcsc arc logical tronsiiions at circuit nodes, thcy can bc
either UP or DOWN. Evcnts are connectcd through edgcs, which
are wcighted with the dclay bctwccn thcm. This is thc only in-
formation uscd in traditional timing vcriffas [3,2,b]. For ihc false
path algorithms it is also neccssary to storc thc propagation con-
ditions with thc cdges. In ffgurc 4 thesc propagation conditional
erc A=1 and B=1 for thc one cdgc that is shown.

o DCN: (DC conncctcd nctwork) a network wc wani to vaify is
split up in DCN's, thcse arc parts of the networt thet arc con-
ncctcd through the sourcc-drain nodcs, with the cxception ofVdd
and Gnd nodcs. Thcir inputs are gate nodcs, thc transistors or
cxternal inputs of ihc circuit undcr consideration. Their outputs
arc nodcs that arc conncctcd to gatc nodcs of transistors that arc
not in the DCN. With ihesc nodes vc can associetc a logic pull-up
and pull-down function that wc obtain fron DIALOG [10],

o BDT; a Binary Decision Trec that rcprcscnts a logic funciion [1?].
Thc vcrticcs of thc trcc have the following propcrtics:

- Nodc: a ficld ihai contains a rcfclencc to a circuit nodc,

- Valuc: a ffcld with the logic value e {0,1, X} of the vctex,
Only lcof vcrticcs havc valucs diffcrclt fruru tXt.
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input: 1-> 0
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Figurc 4: Illustration ofthc cvcnt graph
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Figure 3: Thc hicrarchical SLOCOP-II systcm

3 Event and tion condition
determination E.z

To illustrate thc mcihod of event gencration wc show a small example
in ffgure 4. Thc gate that is shown will, after analysis, havc 6 cdgcs in
thc event greph. Dclays and propagetion conditions will be essociatcd

with them in a similar way es with the one shown in thc figurc,

Figure 5: The binary decision tree for
(Nor(aNDABc))

- Iligh: a ffeld that conteins a pointcr io thc vcrtcx wc go to
ifthc nodc to which the Nodc field refcrs is sct to'1'.

- Low: a ficld that contains e pointcr to the vertcx wc go to
ifthc nodc to which thc Nodc ficld rcfcrs is sct to '0',

Thc cdgcs in this trce atc ihe High and Low poiniers of cach
vertcx. An cxamplc of such a trec is givcn in figurc 5, whcrc thc
trcc for thc pull-up function of ihc threc input NAND gatc of
figure 4 is givcn.

Analysis of the BDTts
Motivation Most existing mcthods fo: timing vcrification do

not usc a logic modcl so thcy do not havc problcms with thc dctcrmi-
nation ofpropagation conditions associatcd with ccrtain events. To the
authorst knowlcdgc, no gcneral mcthod docs yet exisi io detcrminc thc
event depcndcncy and propagation conditions. In ccll bascd dcsign the
logic functionality can be included in the library. This was done in [6].
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Howcvcr, with custom dcsign we nccd a gcncral mcthod for the
dctcrmination of cvcnts and thcir associated propagation conditions.
We can obtain the iogic functionality of ihe cilcuit via DIALOG [10].
Thc logic function of a subcircuit is thcn translatcd into a BDT and
enelyscd.

A new end gcncral algorithm to derive the events and thc propega-
tion conditions on thc non-switching inputs as in ff.gure 4 is prescnted

in thc following paragraph,

Algorithm Wc shall first introduce thc algorithm intuivcly, and
thcn prcscnt it in a morc formal way, Consider the BDT node c in
figurc 6. Ifwc want to find thc cvcnts causcd by thc switching ofthis
nodc, wc stsrt with a bcgin value, ssy '0'. Thc trec is scarchcd via
Low until an output is rcachcd, and whilc doing so thc path we follow
in the trcc is rccordcd, sce figurc 6.a. Rccording thc poth amounts
to recording thc propagation conditions for thc output value that is
rcachcd. Wc thcn tracc beck until wc arc at input c and go thc othcr
way, in this case via '1'. This rcprcscnts an input transition on input c.
The tree is thcn scarchcd egain, undcr thc constraint that whcncvcr a
nodc that has been recorded in thc path ofthc first traversal is rcached,
the same dircction as rccorded (Low or lligh) must bc followed. In
figurc 6.b thc cesc that wc arrivc at an oppositc output is shown. An
cvent et thc output causcd by an cvent at thc input has thus been
dotoctod, In this caso wo add tho ovonte Bnd th6 prop&getion conditione
to thc cvcnt greph, whilc in thc casc offfgurc 6.c no changc in thc output
occurs and no cvcnt is rccordcd,

Figurc 6: An intuitivc explanation

To analysc thc logic functions rcprcscntcd in e BDT wc usc a trcc
travcrsal algorithm based on depth first scarch. There arc two basic
perts:

1. First wc look for a starting valuc and the input vcctor associaicd
with it. A pscudo code dcscription of this proccdurc is givcn
bclow,
void run-trcc(trce)
{
if (trec-valuc != 'X)/* the vatcx is a Icaf */

{
output=ttec*value
ff nd-transition(output,top-trcc)

)
else{/*thc vertcx is in thc middlc of the tree*/

rccord-valuc(L)
run-trcc(trcc-High)
rccord-valuc(0)
run-trce(trcc-Low)
record-value(X)

)
l
Thc proccdurc record-oalae(logiccl oclucl rccords ihe way in which

wc procccd through thc graPh.

2, Thc procedurc fnd-lrantilion(talue,tree)lhal appcars in thc pre-

vious algorithm is uscd in finding transitions that can occur with
thc rccordcd input vcctor, givcn thc output valuc arrivcd at' It
procccds in the following waY:

o Consccutivcly mark cach inpui that is not recordcd with
valuc 'X' es switching.

o Start proccssing thc trcc again. Each timc a vcricx for which
a value has becn rccordcd in the input vcctor is encountcrcd,
continuc the travcrsal in the given dircction. That is, pro-
cecd through the Low cdgc if a '0' has bccn rccordcd and
vicc vcrsa, Ilowcvcr, in the case en input that is markcd
switching is rcached, follov thc opposiic path. That is, pro-
cccd through thc Low edgc if a 'L' has becn recordcd. If
a vcrtcx for which no valuc has becn rccordcd in the inpui
vcctor occurs, both availablc paths havc to be investigatcd,
In doing so thc followcd dircction has, at Icost tcmporarily,
to bc rccordcd in thc input vcctor,

o Evcniually, a leaf vcrtcx is rcachcd. If ihc logic valuc of this
vcrtcx is oppositc to thet rcsordcd in'output', we can con-
clude that thcre is an cvcnt thet sterts at thc markcd input
and ceuscs a transition at the output. An cdge can thcn
bc eddcd to thc cvcnt graph bctwecn thcsc nodcs, togcthcr
with thcir input vector.

Once we have all thc edgcs and thcir propagation condiiions the dclay
associatcd with each edgc is dctcmined. This is done using RC-modcls
proposed by Pennficld, Rubinstcin and Horowits [16] or by circuit sim-
ulation if hi6hcr Bccuracy is nccded.

Example For thc BDT shown in figurc 5, corrcsponding io thc
NAND gate offigurc 4, ihis works as follows:

o Assumc wc scarch for evcnts on thc output caused by thc switch-
ing up ofinput A.

o When A is Low, thc output is '1'. We thus havc an cvcnt if thc
output goes to'0'whcn A switchcs.

o Sincc A is the switching input, wc backtnck until wc arrivc at A
aad go thc othcr way, that is through High,

o The only way to arrivc et '0t on thc output is to go via B,High
and C.High.

o Thus thc oaly way that a rising transition on A can causc &n
evcnt on thc output is with conditions B='1'and C='1, and it
has to bc a falling cvcnt.

4 The lonEest sensitizable path
'We now havc a weightcd dircctcd graph represcnting thc timing bc-
haviour of the circuit.

During thc search for thc longcst sensitigablc path according to
the mcthod presentcd in [8], bcforc adding a ncw cdgc to thc path it is
nccessary to chcck thet thc propagation conditions arc compatiblc with
thc propagation conditions of ell the othc cdgcs already in thc path,
Those conditions must not only bc chcckcd localiy, but thcy must be
propagatcd through thc logical modcl of thc circuit to all ihc related
nodcs.

Thc problcm is thus equivalent to scarching ihc longcst path in a
conditionel graph. A dcpth ffrst scarch is uscd, with following propcr-
tics r

1. Thc scarch is guidcd by a low cost heuristic, namcly PERT

2. Thc scerch spacc is rcduccd by pruning : ifihc longcst pcrt-path
through a node is shortcr than thc longcst scnsitireble path al-
rcady found, thcn thc subgraph ofthat nodc must not bc scarched
becausc thc longcst sensitirablc path through that nodc can ncvcr
bc longer than thc path elready found.

With rcspcct io thc CPU-times of this longcst sensitioablc path
algorithm, thc following remerks can bc mede :

o Whcn thc longest PERT-paih is not a falsc paih, thc algorithm
is almost es fast as PERT.
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o For smoll circuits wherc thc numbcr of paths to chcck is small,
thc CPU-timcs arc of coursc also managcable,

o But for largc, "rcal lifc" circuits with many false paths, ihc CpU_
timcs cxplodc end it iakcs too long bcfore thc longcst path is
found. For a 24-bii ALU with bypass circuitry, it takc; morc
then onc CPU-hour to scarch ihc longcst scnsitirablc peth lS].

5 Code seneration
An evcnt graph with propagation constraints as shown with ihc

dottcd lines in figure ? can not be uscd as such for codc gencration
as prescntcd in LEADOUT [5], bccausc a scquential algorithm, similar
to existing algorithms [8] would havc to bc gcncrated including back_
tracking and iterations, It is morc desirablc that code can bc gencrated
that can bc evaluatcd in onc pus such as is thc casc with cvcnt graphs
vithout propagation constraints.

A ffrst attcmpt to solve thc problcm could consist of an explicit
path enumcration tcchnique [1], followcd by a removal of false paths.

In this casc thc amount of codc to be gcneratcd corrcaponds to thc cx-

pandcd numbcr of cvcnts in thc cnumcration' Thc disadvantagc of this
approach is that thc cxpandcd numbcr of cvcnts can grow cxponcntially
in tcrms of thc numbct of cycnts and causelities.

A first improvcmcnt is possiblc by sharing non-conflicting initial
path scgmcnts and climinating thc subgraphs that arc not sensititablc.
This rcsults in a graph without propagation constraints, of which codc

can bc gcncrated, Howcvcr in thc casc ofrcconvcrgcnt false paths such

as in optimircd ALU structurcs [9] the rcsuliing evcnt graph will still
grow cxponcntially in terms of thc numbcr of cvcnts and causalities.

In thc aforcmcntioncd approach all cvcnts downward from thc root
arc cxpandcd in ordcr to obtain an evcnt graPh without propagation
constraints. We implcmentcd &n algorithm that trics to build a com-

pactcd eoent grcph withovt propagation condraink, whcrc compatiblc
subgraphs arc mcrgcd a8ain. Thc fact that certain cvcnt scqucnces in
thc (unconstraincd) cxpendcd event graph can be sharcd is uscd to rc-
ducc thc amount of generatcd codc. It should be noticcd howcver that
thcrc arc sevcral weys of compacting the resulting unconstrained event

graph. Thcrcforc the hcuristics dcscribcd arc applied. For the cxemplc
in ffgurc 7 thc rcsult ofthc compactcd cvcnt graph is show in ffgurc 8.
This rcsults in cvcnt graphs without constreints, whcre the emount of
evcnts is only doublcd. This allows to gencrate codc with an cfficicncy
comperablc to ihe PERT algorithm thai docs not considcr logic com-

patibilities. Thc compaction algorithm is based on a depth ffrst scarch

cvcnt graph with logical propagation constraints. Thc rcsults arc prc-
scntcd in table 1.. Notc ihat thc gcncration ofan unconstrained cvcnt
graph bccomcs very timc consuming whcn largcr cxemplcs are used.

Howcver, thc cvaluetion of thc gencratcd codc remains very fast.

6 Hierarchy

6.1 Motivation
By looking at the occurrcnccs of falsc paihs in thc circuit, it can be
obscrved that most false paths occur duc to onc of thc following two
lcasons :

o false paths duc to local logicel incompatibilitics.

o circuits whcrc the dcsigncr intcnded to cteatc felsc paths by
adding bypass circuitry for spccding up thc global circuit.

Examplcs oflocal logical incompatibilitics can bc found in the fulladdcr
circuit of ffgurc 9. Figurc L0 givcs thc cvcnt graph and thc logical con-

ditions ofthc cerry gcncration part ofthis fulleddcr ccll. On ihis graph
can bc sccn that the logical conditions of somc paths arc incompatiblc
and these paths arc falsc paths. E.g, thc paih from 17 i through 14 J

to 8 | is false due to thc incompaiible conditions on input L9,
If all thcsc local logical incompatibilitics could be eliminated, there

would rcmain lcss falsc paths and this would specdup thc LSP-algorithm.
This can be done by using thc hierarchy ofihe circuit.

Figurc 7: An evcnt graph with logical constraints on signal propagation.

Figurc 8: Compactcd evcnt graph without cxplicit logicel constraints

Thc new hicarchical [15] mcihod can be summarised as follows:

o Generqte the timing deut tor qll the bqsic eells and for the bgpau
circritriu together with lhc bypaued celk,

. Compose there timing deut to become cn evcnl graph for lhc
wholc circttit,

o Run the LSP-algorithn on thit evcnt graph to fnd the longesl
rcnsilizsble path in the circtit.

6.2 Timing view seneration
Thc timing vicw gcncretion mcthod consist of 2 ncw graph manipula-
tion techniques : thc climinetion of local logical incompatibilities and

a graph rcduction by cvcnt climination.

Elinination of local logical incompatibilitiea As shown in
figure 2 the circuit dcscription end thc logical functions in thc circuit
arc dcrivcd by DIALOG [10]. Also thc cvcnt graph [5] of thc circuit is
set up. An cvcnt concsponds eithcr to a felling or a rising transition on

an elcctrical nodc in thc circuit. Each cdgc in thc graph, thc causality
rclationship between two cvcnts, has a corrcsponding delay, calculatcd
with a Horowitr typc of RC-modcls[16] or a simulation, and a corre-

sponding sct oflogical propagation conditions for signal propagation.
Thc total graph is a combincd logical end cvcnt graph.

Falsc paths can occut in the graph and havc to be eliminatcd. Out
of thc old cvent graph, a ncw event graph without false paths has to
be gcncratcd. This can be donc in scvcral ways [18,19]:

Path enumeration r All thc paths are cnumeratcd end ihc paths
with logical incompetibiliiics are dclcted' This method is vey
casy and would work, but is not eficicnt bcceusc thc mcmory
rcquircncnts arc too largc.

Figure 9: A fulladder circuit



Path enumeration with optimal compaction I Takc as much cvcnts

as possiblc together so ihat a minimal greph :esults, This meihod

is not uscfull bccause it would take to much CPU-timc to find thc
optimal solution.

The SLOCOP-method : A meihod in bctween the two prcvious

mcthods is devcloped. A dcpth first scarch is applicd with check-

ing for logical incompatibilitics as in thc LSP elgorithm. During
the forward search, the path is crcated and chccked for sensiti-
zability, Whilc backtracking, if a scnsitigablc path is fotnd, thc

followirg algorithm is used for compaction : Tuo etcnts in the

graph arc taken logelhcr if they rcler lo the tsme circuit node,

hauc the tame tranaition, dnd hate lhe sqme tubgtaph.

Algorithm :

1. Initialile : cv = rootevcnt;
2. whilc (3 NOT INVESTIGATED out-edge of ev) {

/* FORWARD +/

Tbkc edgc and mark it INVESTIGATED;
if (cdgc compatiblc with current path) {

Push currcnt statc on stackl
Add cdgc to current pathl
cv = out-cvcnt of cdgci

)
)

3. /* BACKWARD */
if (cv -* rootevent) exit;
lty [u uuruLirtc cv wilr uilrer evcrlsl
Pop prcvious stetc from stackl
go to 2,

This rcsults in a graph without logical incompatibiliiics wherc somc
evcnts have been duplicatcd. The evcnt graph in figure 1.0 of thc ful-
leddcr circuit in figurc 9 becomcs aftcr climination of the logical in-
compatibilitics the graph in ffgurc 11.
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Figure 11: The cvcnt graph with logical incompatibilitics climinatcd

Bccausc the cvcnts arc climinatcd in a post proccssing stcp, the
CPU-timc :cquircd by ihc mcthod must bc vcry low and a very simplc
elgorithm has to be uscd, The following simple critcrion for climination
is uscd : climinatc an crenl if the nrmber ol creoted edget it tmallen
than lhe ntmber ol rcplaccd edgct. In othcr words, climinatc on cvcnt
if thc sum of thc in-cdgcs and out-cdgcs of thc cvcnt is largcr than thcir
product.
6.3 The hierarchical composition

Thc timing vicws can bc hicrarchicaliy composed and an cvent graph
for thc highcr lcvcl ccll is gcncrated. This cvcnt graph has lcss (or none)
false paths bccause all thc local logical incompatibilitics arc climinatcd
during thc timing vicw gcncration,

Thc LSP-algoriihm can run on this cvcnt greph and the rcquircd
CPU-timcs will bc much lowcr than running it dircctly on thc wholc flat
circuit bccausc all thc local logical incompatibilitics arc climinatcd. In
nany circuits there will be no false paths any morc in thc hicrarchically
composcd cvcnt graph.

Results of this epproech are prescntcd in teblc 2.

7 Conclusion
Ia this paper a ncu and geteralliming veriffcation cnvironmcnt SLOCOP-
II for MOSVLSI circuits has bccn prcsented that ellows to avoid indi-
cation of folre polhr thet is a well known problcm in all currcntly ex-
isting timing vcrificrs. This has requircd to takc into account thc logic
propagation conditions on individual cvents in subcircuits, for which
new algorithms havc bccn workcd out and implemcntcd. Eficicncy
in longest path scorchcs in SLOCOP-I is obtaincd by using compilcd
codc gcnaation and ihc cxploitation ofthc hicrarchy, The SLOCOP-II
program is illustratcd with the timing verification rcsults on a numbct
of CATHEDRAL-II modulcs.
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Figure 10: The evcni graph ofthc carry gencration part ofthe fulladde
circuit

cpu timc s)

intcract,
LSPstcp l stcp 2

falscf
8 bit comp.
8 bit countcr
7 bit corry-sci.
4 bit alu
12 bii alu
14 bit alu
18 bit elu
24 bit alu

0.3
8.3
4.9

14.L
16.0

347.5
5109.6

L8272.4
73587.3

0.1

0.3
0.3
0.4
0.3
1.0

1.8

2.2

0.3
0.3
0.2
0.1
0.2

15.8
1258.2
1903.2
4235.7

Graph reduction by event elimi+ation -A's described in the

pr"v@is has incrcascd duc to thc elimina-

lion of logical incompetibilitics. In this section' a method is dcscribed

to compcnsatc this cfrect by cvent climination in a post proccssing stcp'

If an cvcnt is climinated, all ihe in-edgcs and ali the out-cdges of

thet evcnt arc replaced by cdges from all the in-evcnts of the eliminatcd

cvcnt to all thc out-cvcnts of thc eliminatcd event. The resulting dclay

ofa crcatcd edgc is thc sum ofthc dclays ofthc two leplaccd cdgcs and

thc rcsulting logicel propagation conditions arc the conjunction of thc

two rcpleccd cdges.
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Table L: Codc gcncration



circuit intcract. Ilicrarchical longcst
pathLSP (s) ptcp analysis

alul2
alu14
alu16
alul8
alu20
alt22
alu24

0.6
'160

1070

1574
2276
3280

4020

6.0s

6.0s

6.0s

6.0s

6.0s

6.0s

0.5s
0.6s
0.7s
0.8s
0.9s
0,9s

65.4ns
55.9ns
58.3ns
58.3ns
61.2ns
61.2ns
63,7ns

Tablc 2: Hicrarchical veriffcation
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