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Abstract
In this pa,per a n,oael soht,tiorz .for the efficiency Ttroblems encountered in static ti.ming uerifi-
cati,on'is presen,ted. Tlte L,5'P algoritlnn is su,bn-titted to a criti,cal analysis. A new hierarchy
based apqtroaclt, i,s prcsentetl an,rL its udurnztages and limitations are highlighted. Finally,
Eon'Le results on, rertl, I'i.l'e circui,Ls nre ytresentecl.

1 Introduction
As integrated cilcuit clesigirs evolve torvarcl highel perfor-rnance and complexity, there is an
increasing neecl fol fast a,ncl a,ccurate timing anal;,sis [1]. The presence of many false paths
in VLSI circuits calls lbr conrplcx a,lgolithms to detect the longest true paths in a circuit.
Although the viable pzrth concept [2] a,ncl other dynamic false path approaches [3, 4] are
theoretically mole a,ccur.a,i,e, expelimental eviclence 12,,3, 4, 5,,6].suggests that static false
path analysis is genera,lllr 2,s a,cculate in rea,l cilcuits. Therefore the basis of the research
presented in this paper is the LSP algolithm intloclucecl in [7].

The main per'lorrra,nce ptoblern of this a,lgolit,hm is explained in section 2. In section 3

an hierarchical apploa,ch is plesentecl which ovelconres these problems. This solution is
quite diffelent florr-r l.he one pr,rbiishecl in [6], rvhich is potentially limited for certain classes

of circuits, e.g. rnultiplir:r's. To the authors' knorvleclge no algolithm for the exploitation
of hierarchy in the lalse pal,h problem has been publishecl by other research groups. The
results of the ne\v ;r,pploaclL a,ncl its a,pplicability are cliscussed in section 4. Finally, some
results on real ljf'e citcLrits a,ncl some conclr-rsions are given.
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2 Motivatron
For the purpose of l,irning ver.ifica,t,ion the cilcuit is transformed in an acyclic event graph
Vxtinwhich:

1. V is the set ol ver'1,ices o r,r'hicir replesent transitions on circuit nodes. These transi-
tions ca,n be either Llp ol clou'n.

2. t is the set of eclges e betrveen veltices u. They are lveighted with the delay d and
conta,in the logic corrclitions on ci,.-cuit nocles that are necessary for the traversal of e.

For a better unclelsta,ncling the LSP algorithm usecl in static timing verification is briefly
sketched belorv.

1. In a veltex of the gL'a,ph, choose l,he best eclge to aclcl to the path, based on a quantity
callecl esper(ntce u,hich is the maxirna,l length the global path could attain if this edge

is aclclecl to t,hr: pat,lr.

2. If the chosen r:clge is conrpatible rvith the pa.th rvhich was collected up to this point,
add the eclge t,o the path. Cio to I u,ith the sta,rting vertex being the end vertex of
the newl;, aclclecl eclge. Il tJre ecige is r.rot compatible with the recorded path, go to 3.

3. Try the ol,hel cdges lea,ving t,he veltex in clecleasing older of esperance until a com-
patible eclgc is k:rrrrcl, a,rrcl a,clcl jt, t,o t;Lre path. Go to 1 with the starting vertexbeing
the encl velter o[ thc, ne\vl)/ aclclecl eclge.

4. If an output is lr:ac1rr:cl, stop.

5. If in a given ver'{,ex no eclge can be louncl, r'emove the last edge added to the path
and go to 3 u'ith the starting veltex of the removed edge.

The perforlna,nce problerl ol this algor:ithrn is causecl by step 5. This step causes the
algorithm to inspect all possible pa,ths, in clecreasing order of maximal attainable length,
until a path is lbuncl Lhal, is completely statically sensitizable. This backtracking makes
the complexitl' e6 the algoriihn'r linea,l in the numbel of false paths that are longer than the
longest sensitiza,ble path. 'I'herelbre the rvolst ca,se behavior of the algorithm is exponential
with the size o[ thr': everrl, glaph. An era,nrple of this behavior is shown in figure l where
o and o inclicate conflicl,ing plopagation conclil,ions along edges from A to E. If each edge

has iengih 1, thr: LSI'algoL'il,hrn rvill first examine ihe 36 o paths which cannot reach E
before consiclering one ol' thc o paths.

It must be notecl 1,hat il there are no fa,lse paths in the graph, the algorithm performs
linearly with the stze ol the gr:aph.

A solution to this periorma,nce bottleneck is to have the algoritlim analyse a graph with
as few false pal,irs a,s possible. An in loco lemorra,l of the false paths would be unpractical
for the saflle complcxit,r, reasorrs a,s mentionecl above. Therefore the analysis must be
performed on a graph ivhich ha,s as Ier,r, a,s possible false paths by construction.
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FigLrre 1: Complexiiy in the LSP-algolithm

It is possible to rtsr: hiet'a,r'ch1r 1e obtain such a glaph: if a leaf cell of a circuit is
completely free ol'['alse pal;lrs, 1,hc.:r'r lalse pzrths at highel level can only be created through
hierarchica,l a,sserlrbl5'. '1'1,,' rrurnbr-:r' ol'1alse patl'rs ivill thus lie greatly reduced.

Consicler' fot' exa,tll;le t,lrr: ,l bit car:r'), bypa,ss aclclel section of figure 2. It consists of 4
full adders a,ncl a, na,ncl-mtLltiplexol bl'peus cell. The full addels each contain 24 false paths
and the bypass section contzr,in 6 falsr: pa,ths. In a 4 bit carry bypass section they introduce
346 false paths. Starting fr'orn leaf cells with no fa,lse paths we only have 78 false paths to
deal with in the zl bit sr:ction.

b0 a0 b1 a1 b2 a2 b3 a3

c.ln

couE

sO s1 c) s3

liigtrre 2: A 4 bil, catry bypass section

In the next sect,ion 1,he constrrrcl,ion ol'{,he timing moclel without false paths is discussed.
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3 Model generation
The genelation of a tinrirrg moclel that is fu'ee of false paths can be done in several ways:

o Path Dnumera,tion: all paths ale enrlmelated, the false ones are rejected. This is the
simplest meLhocl btrt has prohibitive mernoly requirements.

o Path Enurleration rvith Optimal Compaction: this has been presented in [8]. The
graph that is ploclucecl is minimal bni the cpu-time required to do so is also pro-
hibitive.

o LSP basecl compnct,ion: a pa,th is clea,tecl ancl checked for sensitizability in a forward
step. In a, ba,cliu'arcl s1,c1: tl-re graph is compa,cted taking together events that refer to
the same rtoclc, ha,r'c thc sa,ntc l,La.nsition ancl have the same subgraph.

All of the above mcl,hocis lr:srilt in a graph rvithout faise paths in which events may be dupli-
cated fbl the preseri,a,t,ion ol 1,hc logic behavior'. A srnall example of such a translbrmation
is shown in figLn'e 3.

The algolithrn 1;hat ofl'els thr: best solution, TVG, is plesented below. It works in a
similar way as tltr.: rr-:clurrclil)c); 1'slnsval algolil,hm presented in [9], but acts on the event
graph only ancl clo<:s rrot clrange tlre beha,vior of the cilcuit in any way.
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Figure 3: a. gi'aph u,ith logic irrconrpal,ibilities, b. graph lvith same logic behavior without
logic incornpatibi 1i ti cs

A dumml, event,, roctt is conncctecl to all inputs by eclges that have neither delay nor
propagation conclitions. A pat,ir is a collection of pairs of edges and events. Node refers to
the circuit nocle connr:ctecl n'it,h a.n errent.

rvc0{
Copy Lhe root Lo ttc:tu-rool,.

Start with:
euent - rool,,
new -eu ent : neLo -t" oo t,

nath : {1
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1. Forwarcl Step:
V outgoing eclges ol euet'tt

\f (edge is compa,tible rvith 1:atlt)
add euent and eclge to patlz
copy edge ancl appencl the

copy to net-u-euent
nera-euerft - copy of the

encl event of edge

the incorning eclge to neu-euen-t
is tlre copy ol eclge

else

if (all eclges of euen't a,re exa,minecl

lleuent is on a,n outpui)
go to 2.

2. Backward:
Combine(r'reu-euen,t u,ith l,he nocle jt lefels to)
if (all edges ar:e visitecl)

return(net utoot)
pop (new-euetrt,ecl,t1e) Ilorn 1;he pa.tlr

if (the starting erreuL ol r:rl"ge

has no unvisitecl outgoing eclges)

go to 1.

else go to 2.

)

The procedure Combine is introclucecl so that a,n as reduced as possible event graph results
from the acldition o{ nezo-euerul 1,o the ns11' gra,ph.

Combine(n ew -eu en t .rz o d" e) {
let euentJist be ihe list of events

at node of same transition as rtet-u-euent.

if. (neut-euenf has outgoing eclges)

if. (Seuent e euerztJisl such tirat:

{the set of outgoing eclges of euent}
: {tlre set of outgolng eclges of neru-euent})
add the incor-ning eclges ol

new-euen,t to those ol euerd
delete ner-u -euett,t ;r.ncl its outgoing eclges

else

U
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if (netu-euent is o1r an orrtput,)
if. (euet'r.t-l,i,st l: NU[,L)

add the incoming eclgr:s ol neu-euen't
to those of euent-l,ist

delete neu-euert't
else add rzer-u-euent to node

else delete neru-euen't ancl its incoming eclge

)

In the next sectiorL l,he result of a,pplying this algorithm in the false path analysis is
presented.

4 Experimental Results:L

First two cases i,r,hich pinpoinl, the usefulness of the intloduction of the hierarchy in the
LSP analysis a,re cliscussecl. Next the application on some benchmarks and a discussion of
the applicabilitv is gii'err,

4.L 24 bit carry bypass alu

The circuit consists ol' ll6 inst,a,nces oJ 5 leal cells: a bypass, a carly even, a carry odd,
a general lunction blocl< evr:n a,ncl oclcl cell. The genelation of timing views for these cells
from transistol lei,el clescliptions ta,lies 18s [10], simulations included. The LSP analysis of
the graph of the full ALU talies 22804r (> 6 hls.).
A close look at the glal;h revea,ls that a,ll fa,lse paths ale generated in the bypassed 4 bit
sections of the ca,r'r'l, cha,in, 'Ihelefore a ne\v timing view is generated of those 4 carry cells
and a bypa,ss cell, in 1.25s.

The introduction of' l,his ncn' Ievel ol hielalch), recluces the number of instances to 100, and
the LSP analysis l,inre to 2.6s. The longest paths lemain the same.

Gain on the LSP :rnalysis: 2280,1/(l .25 + 2.6) : 359i.

4.2 16*16 booth multiplier
This is a stanclalcl cell clesigLr, in l,he \4IDTtrC 2.tIpm liblaly with worst case parameters.
A particulalitS' is tha1, tLre la,sl, loq' in the ca,r'r')/ saye acicler matrix is a 32 bit carry bypass
adder. The rnultiplir:r consists of 52rl jnsta.nces of i3 ieaf cells, whose timing views were
generated in iess l,ha,r oue cpu r.nirrute. The LSP analysis of this multiplier did not termi-
nate, the PDR:I a,na,l.1'sjs took 5s. The lesulting path rvas 380ns long. In a multiplier many
are false paths presr:n1,. Usrralll', thc Jongest real pzith is approxirnately of the same length
as the longest f'alse p;rllr. Hor'r,r:ver', r'r'ith the bypass sections at the bottom of the carry
save matrix the longer lalse paths become much largel than the longest real path and thus

lAll the times n.ren[iorrecl ale cpu [irles on a DecStaiion 3100
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the LSP algolithn is sr'r.arrpecl, tr,s explainecl in section 2. An extra level of hierarchy is
introducecl ancl a, tirling vir:r,r, lbl the ca,r'ry bypass sections is generated. The LSP analysis
with this new level ol hir:r'alch5r (z[zl$ ilstalces) lasts 6s a'd yields a path of 260ns.

4.3 ISCAS-85 benchmarks

Several of the cilcLrits of l.he ISCAS-85 benchmalk suite [11] were analyzed. The results
are presentecl in table l. -llhe cilcuits C7552 a,ncl C6288 which were not easily analyzed
in [5,6] were a,na,l5,zetlln vel), sma'll cpu times, clespite the fact that no additional hierarchy
was introducecl. In our irlplementation the C7552 circuit contains 248399 false paths.
Generating a tirning vierl' for l,his cilcuit too]r 31rnn 51s.

4.4 Applicability
From the trvo exa,rllrlcs abovc it is clear that, the hierarcirical timing view approach can
yield very la,r'ge inrplovc:nrr,:rrtri in tlrc 1:ellbrma,nce of the LSP algorithm. It is also clear
that the usel mnst be tiu'a,re of the false path ploblern in order to make the largest gain:
it is of no use to ma,l<e timing vieu's of largel portions of the circuit than those where the
false paths occLu) as jt u'ill probably tal<e longel to clo so. Thelefore the user should know
rather well rvherr: rr-:ler':r,rrt; ltalse lraths occrlr.

In genela,l, a,s Lhr: lLsoL' is trsr.ra,ll1' l,he clc-:signel of lhe circuit, this is not too much of a
problem.

5 Conclusion
Some aclclitional lcsLrit,s o[ 1,he hieralclrical arra,l)rsis on real life examples are presented in
table 1. The t1,pr: colr.rrrrn inclicates if the clesigns rvere macle with standard cells (MIETEC
3u, worst case pa,l'a,netels, hr:nce the ia,rge clelays) ol with the Cathedral [12, 13] system.
5xp1 is a rvell kiros'n logic svnl,hesis benchmar'k. 5xp1-area is optimized for optimal area,

C7552, C6288 ancl 5x;r1-orig a,r'e onlv rna,ppecl to the iibraly.
From these lesrrlts it, is clea,r'tha,t our ucw apploach to hierarchy in timing verifica-

tion, talgetecl fou'alcls 1,lr<: LSI) algoLit,lrrn, lcacls t,o :r,cculate analysis of real life circuits in
acceptable cprr 1,irr.rt,:s.
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