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Abctract
This papcr dcscribcr thc SPI Intcrfacc ar u irtcrfocc ui-

fying thc intcgration of clcctronic CAD toob. Thc aoal of tho
intcrfaco ir to ptovidc a diect commtaicction and ini,cre.a;oc
fcedbacl bctwccn thc primuy dcrign tooh (rchcmaticr cditorr,
rymbolic layout cditorr, modulc gcncratou otc.) md intclligcnt
vcriffcotion toolc (clcctricol dcbuggirg, timiag vcrifcation, rin-
ulalion ctc.).

Thc SPI Intcrfacc ir not a frmowork but complcncnlory to
cristing ftmcworkt. It is thc spcciication of a Structuc Pro-
ccdual Intcrfacc togcthcr with lomc utilitics to gtmdudicc thc
.ommunicdaion among C.LD Tools and to .uppott thcir inlcgro-
tion.

SPI oifcrs a novcl intcrfacc that rupports, ir m ccsy ud
clffnioni way, iho intcgrntion of in-hourr er wdl rr forcign CAD
Tools. SPI will bc madc availablc md pronotcd in thc Euopcan
Elcctronic CAD Comuity.

1 Introduction
During thc global dcsign proccss of VLSI chips or VLSI nodulcs,
thc veriffcetion of thc corrcctncsc of thc circuits tekes a considerablc
amount of thc dcsign time. Onc bottlcneck in thc cftcient application
ofthia vcrification is thc intcractivity bctwcen thc vcrification toolg and
thc dcrigner. Thc current dcsign practicc is that CAD tools arc running
onc at a Jimc and l\dl communication fu da Jtlcr. This is cxtrcmcly
timc conluming in a vcrification phue whcrc the fecdbrck bctwccn de-
rign dcffnition and dcsign vcriffcotion is currcntly taking mott of thc
designcrs time. Another disadvantage ofthc currcnt CAD tools is that
thcy often rcquire difcrcnt formats for represcnting design information,
which nccessitatcs the usc of crott-refcrcnce litir End makcs it harder
for thc designcr to rcletc information from a vcriff.cetion tool to thc
original dcsign information (such m schcmatics).

To allow for a much fastcr fccdback bctwccn verification iools and
thc dcsigncr, thc SPI Intcrfacc is dcvclopcd. The ovcrall mcthodology
and dcsign philorophy of thc SPI concept is dcscribcd in more dctail
in [Ram 8?], [Cla 87] and [Sch 89].

Thc SPI Interfacc transfers ptimarly ttructtrc information, Thc
structurc is produccd by primery dcsign dcffnition tools (callcd struc-
lutc produccrt) cvcn if that structurc is not its main output (c.g.
schcmatics cditor, layout cditor, module genctetion program). Thc
sttucturc is consumcd by design vcrification tools (callcd structurc con-
nncrt) to pcrform analysis on this date (c.g. veriffcetion tools, simu-
lators). The structure in ihc SPI Intafacc is reprcscntcd by nctlid*

In section 2 of this pspcr the intcgration of Elcctronic CAD Tools
will bc discusscd. Thc SPI Intcrfecc will bc comparcd with othc fremc-
vorkE in general. Scction 3 givcs a feeling of whet thc objcctive of SPI
is. In section 4 an introduction to thc spcciffcation and thc data modcl
of thc Structurc Proccdural Intcrfacc is givcn. Also an introduction to
the SPI utiliiics will bc givcn. Section 5 dercibcs an cxilting intcgra-
tion.

'Rcscarch pdformcd within th€ scopc of thc ESPRIT tOsE projcci: ',Knowl-
cdgc Bascd Dcsign Assi:tont for Modular VLSI Dcsign". Partncrsr IMEC Lcuvcn
Bclgium, INESC Lisbon Portugal, Philips Eindhovcn Thc Ncthcrlands, Silvar-Lisco
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2 Integration of Electronic CAD Tools

In the arce of CAD and Tool Intcgration in commercial applications
and rcscarch of clcctronic design, a lot of efort is ongoing on DataBasc
Managemcnt Systcms (data modclling, vcrsion-handling, maintcnence,
ctc.) [Ram 87]. This could bc considcrcd lo bc horizontal inlegration,
this is an indirccl inleraction among CAD Tools, sce thc horirontal
doublc arrows in Figurc 1, Onc cEn gcc that e tool only inlcrach wilh
a uscr and a databasc. Intcraction &mong tools nust be petfotmcd
along thls datebEsc dclaying thc interaction with thc dcslgncr.

Figurc 1: Horirontal and Vcttical Intcgration of CAD Tools.

Instcad of this horirontal intcgration ihc SPI Interfacc [Coc 89] con-
ccnttatcr on thc dircct intcraction among CAD Tools. This could bc
pointcd to ar thc ucdical intcgration, lcc thc v€rtical doublc arrowr in
Figurc 1, Dircct communicetion end intcractive fccdback is pcrfo:med
by thc possibility of highlighting, rcIcction aad. bachannotation. Thc
SPI Intcrfacc is not intcndcd to bc e DBMS to intcgratc horirontelly,
but to be complemcntary to cxisting f:amcworks and databascs.

Thc SPI Intcrfacc poscs vcly fcw con3traints on exirting CAD tools
to intcgratc togcthcr. Each CAD tool can be dcvclopcd iadcpcndcntly
and within itr own cnvironmcnt (urcr intcrfacc and databuc) but thc
urc ofsomc uniform datrbare (and DBMS) is desirable. For this rcs
son of indcpendcncy, together with thc fact that difcrent languagcs
and difcrcnt machines can bG uscd, thc SPI Intcrfacc ir raid to bc
opcn. Thcrefore making I coupling with SPI is not vcry complicatcd.
Thc efort to couplc (or to intcgrate) a structure consumer to SPI is
ebout 1 wcck, and 3 wccks for a structurc produccr. It is important
to notice that this integration work can bc donc a/tcr thc design and
implcmcntation of a CAD tool.

Thc main aspccts of the SPI Intcrfacc supporting thc task of intc-
gration arc;

o gtandardisation; Thc standard protocol providcd by the Struc-
turc Proccdursl Intcrfacc ellows that thc proccsscs can communi-
catc with csch other. It also makcs possiblc thc implcmentation
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of t"antparcnt utiliiics which can bc sharcd among all thc CAD
Tools.

. direct communication and intcractivc fcedback: transfcr of
netliats, highlight, sclcction and backannotation, which providc a

latt ilctign cyclc and a tight intcgration.

o netlist merging: Difcrcnt structure produccrs, togcthe: dcfin-
ing a hierarchical dcsign, producc 1 netlist to thc structurc con-
3Umer.

o intcrprocerr communication: Allows CAD tools to run in
difcrcnt procerscs and environmcnts and on difrcrcnt computcts.

3 The objective of the SPI Interface
Thc objcctivc of the SPI Intcrfacc is bricfly illurtratcd in Figurc 2

Figure 2: An cxamplc oftool integration with SPI.

A schcmatics cditor conlains a dcrign called ALU with invertorr and
othcr getcs. Thc invcrtor has beeu implcmcntcd as a sct of rcctanglcs
in a layout cditor. Both are visiblc in difrcrcnt windows, using diferent
editors, A vcriffcation tool has bccn startcd in a third window without
stopping thc schcmetics and symbolic layout editor, It issucs En crror
mcssagc for onc of thc transistors of ihc invertor in ALU and highlights
this invcrtor in both cditors (scc dashcd lines). The schcmatics cditor
is for cxample an in-house cditor intcgratcd in somc databasc environ-
ment, At the other side, thc layout cditor is a forcign tool with its own
databasc and user interface. Wiih SPI it is possiblc to communicatc
interactively from thc vcriffcation tool to thcse two editors, Thcsc two
cditors arc cellcd by a ttantparcrl utility (the nctlistmcrgcr) such that
thc two cditors producc onc nctlist to thc vcrification tool, Ifthcrc wu
to dircct connuaication, thc two nctlists should have bccn ncrgcd in
somc wey togcthcr with thc gcneration and usc of cross-rcfcrcnccs. If
thcrc ws to intcractitc fced6oc&, thc intcrprctetion of the crror ghould
havc becn vcry painful bccausc thcn onc hed to intcrprct it using thc
cross-rcfcrcnccs and thc two dif,crcnt formats of nctlists,

4 SPI: Structure Procedural Interface
Thc SPI Intcrfacc is a Structurc Proccdural Intcrfacc togethcr with
somc utilitics to standardisc and to support:

c lhc trcufcr of structurc fom structure produccrs ,o structurc
consumcrS.

o lhc trantler of structurc rclatcd information, callcd ettributes, in
a bklircctional wey bctwccn structulc produccrs and consumcrs
using attributc- and backannotation operations.

o lhe inlcnactitc communicolion between structurc produccrs end
consumcrs using highlight end sclcct opcraiions.

Esscntially thc SPI Intcrface consists of two main conccpts:

. Thc (PdPo) spcciffcation of the Structurc Proccdural Intcrfacc
(including thc data modcl), The spccification is thc dcfinition of
thc standard protocol for transfening information bctwccn CAD
tools.

o The utilitics includc hicrarchy and bus cxpansion, intcrproccss
communication, merging ofnctlists from difcrcnt producers into
onc netlist, tracing, browscr and file dumping and rcrtoring; this
is thc only coftuane of thc SPI Intefacc,

In this scction thc SPI date modcl, spccificaiion end utilitics will
bc discusscd.

4.1 The SPI Data Model
Thc major foundaiion for CAD Tool Intcgratior is communication' To
facilitetc successful communication a common data model is rcquircd.
Togcther with this date model a procedwal intcrface caa bc defincd.
The data on which the interfecc and thc data modcl opcraic on, arc
zclldrtr. Thercfota ttttcluc produccrs and consumcrs arc sometimcs
cellcd netlirl produccrs and consumcts.

Thc SPI data modcl is illustrated in Figurc 3. A nctlist consists
of celb. A ccll can havc ports, which definc itg cxtcrnal intcrfacc. A
cell can contain instanccr of othcr cclls and nctr. Whcn CcIl NAND ir
instantiatcd in Ccll FF, thc ports ofCcll NAND arc also instantiatcd in
Ccll FF; thcsc instantiatcd ports arc callcd instancc ports, scc Figurc 3.
A nctl connects ccro or morc instancc ports and rcro or morc ccll ports.
Thc fact thet an instancc port is connectcd to a nct is cgllcd an internal
conncction. Thc fact that a ccll port is conncctcd to a nct is callcd an
cxtcrnal conncction.
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Figure 3: Thc SPI ncilist data model: an exanplc.

Ccll, ports, nctr, inrtances and instancc ports can havc ettributcs,
that consist of namcc and valucr.

Thc tcrminology uscd to dcscribe netlists hcre rcflccts e similar
dcfinition from EDIF [Edi 87]. Thc data modcl is conpatible with
thc ECIP [Eci 88a][Eci 88b] data modcl. An ECIP-stylc conccptual
diagram ofthc SPI deta modcl is givcn in Figurc 4. SPI uses thc EDIF
tcrminology, scc thc nemcs in upper-casc. All thc othcr namcs and
notations are thc ECIP convcntions.

4.2 The Speciffcation of SPI
Thc spccification of thc Structure Proccdural Intcrfacc [Coc 89] is wrii-
tcn using C syntu and contains thc following soxls of proccdurc*

o control: for sctting up thc datastructurc, initialirotion of the
structurc produccr(s)

o request structurc information: to gct structurc information from
thc produccr

o rcqucst rtructurc rclotcd infornation ( cliribuicr): to gct attributcs
from thc produccr

! Ono could aLo hmdlo lsrrcr in tho SPI Inlcrfac., but thL will not bc oxplaincil
in thir pcpor.
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Figurc 4: The SPI nctlist conccptual modcl.

o backannotation of structurc rclatcd iuformation: to crcatc or
modify structurc ettributcs in thc structurc produccr from a
structutc consumcr.

o highlight structurc objccts: to highlighi objccts in graphical rcp-
resentation (e.g. schcmatics cditor) or in tcxtual form (e.g. tcx-
tuel cditor)

o rcqucst gelection ofa structurc object by thc uscr: selection ofan
object by the ura by pointing to it (c,g. with a mouac), or bV
refcrcncing it by namc (c.g. typc namc at kcyboatd)

o ask for uscrnamcs of structurc objects: to pass thc uscrnamc of
an objcct.

In the spcciffcation, only long integert End. charqcter i/rting arc
uscd. Thcrcfore each languagc which has thcsc two typcs can bc uscd
to implcmcnt thcsc spccifications; CAD tools writtcn in difcrcni len-
guagcs can thcrcfotc bc intcgratcd togcihcr. Currcntly language bind-
ings do cxist for C, Pascal, Lisp and Fortran,

An cxemple of a specification of a proccdure for thc rcqucst of
structurc informetion is

long SPlgetcell (nuc)
char *nua ;

patamcters: chs *nuc Thc namc of a ccll of which the
netlist consumcr would likc
to know the objcct handle.

Thc objcct handlc of thc ccll with thBt namc' or !cto.

of CAD tools. Thc most important utilitics arc

o hicrarchy ud bus expander: Thc hicrerchy cxpandcr is a
utility ihat providcs a flatlcncd circuit to e spccific structurc
consumer from hierarchical structurc produccrs using informa-
tion obtaincd via SPI calls, Th,e dcpth of cxpansion can bc con-
trolled. Thc bus cxpandcr is similar to thc hierarchy cxpander.
It is a utility that gencratcs a circuit without busscs (thet is, all
thc busses erc cxpandcd) to a rpeciffc structurc consumcr.

o netligt m€rger: Thc nctlists of different structure produccrs,
togcther dcfining a hiaarchical design, will bc prcscntcd to thc
consumers as one nctlist.

o interproeers communication; Due to this utiliiy the CAD
tools can run in difrcrcnt proccsscs and on difcrcnt mqchincs in
a transparcnt way.

Oihc utilitics likc tracing (to dcbug ones ussge ofihe SPI Interface),
browser (to browsc through design hicarchy during highlight and
sclcct calle), fle dumping and rcrtoring arc also part of thc set of
utilitics, a sct which can bc cxtendcd arbitrarily.

5 Description of an existing integration
Figurc 5 dirplayr a rcal ccrrion ofthc SLOOOP-II Timing Vcriffcation
of e VLSI modulc takcn from thc CATHEDRAL-II module library us-
ing ihe SPI Intcrfacc. Thrcc cditors (a modulc gcn€tator, a layout and
a schcmatics cditor) arc startcd in thrcc difcrcnt procclscs within thcir
own environment. The thrcc cditors togcthcr defines a hie:archical dc-
sign of a modulc (in this example an ALU). Thcn thc timing veriffcr
starts the vcrification by first selecting the .[LU in thc cditor dcfining
thc toplcvel ofthc ALU by using thc browscr-utility. Aftcr sclcction the
wholc nctlist is rcad in; thc hicrarchy cxpandcr end thc nctlist mergcr
arc activatcd. Thc timing vcrificr pcrforms a longcst path analysis on
this netlist &nd highlights thc longcst path in thc thrcc cditors using
thc browscr-utility. In the last stcp a timing view of the ALU is gcncr-
atcd and somc hicrarchical information is backannotatcd to thc original
dcffnition of thc ALU.

Thc Esprit-1058 Project, which partly concentrated on thc dcvcl-
opmcnt of thc SPI Intcrfece, intcgratcs togcthcr 5 structurc produccrs
and ? structure consumers.

6 Conclusion
In ihis papc, the SPI Intcrfacc for intcractive CAD tool intcgretion has
bccn prcscntcd. Thc SPI Interfacc is in no sensc a framcworh, design
manegcmcnt syrtcm or a DBMS, bui cen complcmcnt cxisting frame-
works in that it providcr a dircct communicolion bctwccn structurc
producers and structurc consumets in an intcroctiuc way. In this way
thc dcsign cyclc is shortencd and vcriffcation tools can communicstc
morc closcly with thc dcsigner.

Thc rcason for thc dcvclopmcnt of thc SPI Intcrface is to unify thc
intcgration of CAD tools. Thercforc, to promotc thc use of thc stan-
dard protocol, cforts will be made in,order to make SPI and its uiilities
availablc to thc Europcan Elcctronic CAD Community. Morc informa-
tion is availeblc fron thc euihors upon rcqucst.
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rctutns:

usagc: The netlist produccr rcturns thc objcct handlc of thc
ccU with thc requcstcd namcr or teto
if it docs not know such a cell.

It is importent to noticc that thc structurc Produccrs havc to iz-
plcmcnl lhesc proccdurcs such that thc implemcntaiion fulfil thc spec-

iffcation. Thc sfructurc consumcts cca only coll this ploccdurcs. Ona

cBn comparc thig with thc conccpt ol procedural abdtaclion where thc
structutc produccrs arc the implcmcntors of thc (abrtractrion by) spcc-

ification. A key adventage of thc absttaction by spccification is that
thc implcmcntetion is irrclevant, and onc can changc to enothcr im-
plcmcntation (rcad structurc ploduccr) without afccting any program

(rcad structurc consumcr) that uscs thc abrtraction flisko 86]'

Renark: Thc (uscr)namcs of objects and thc attributcs (and valucs)
are also standardiscd in thc SPI Project [Scv 89][Coc 89].

4.A The Utilities
The utilities arc thc only softwarc ofthe SPI Intcrface and mekcs ofthc
SPI Intcrface a good vehiclc for thc integraiion of CAD tools. Duc to
thc stgndard protocol, defincd by the spcciffcation, thc utilitics arc im'
plcmcnted in such a way that thcy are ircnrpcrcnt for the implemcntors
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