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Abstract

Thir paper dercribcr the SPI Intcdacc ar a_practic4 *{ opcn intufacc to
integratJ cl'ectronic CAD tooh. The goal of thc intorface ir to providc a di'
rect-communicationand dntcructiae feiilbaclbctwcen tho primary dcrign toolr
(sc,hemati$ efitors, rymbglic layouj -editors, 

module generators etc.) and in'
iclligent veriff cation toolr (electrical dcbugging, timing veriff cation, rimulation
etc.).

tl" Spf Interface is the rpecification of a Structrue Procedural Interface
together with some utilities do standa,rdise the commtnication tmong CLD
Toolr and to rupport thev integrction.

The data modet of sPI ir compatiblc with thc DCIP [Eci 8Sa][Eci !8!] rlata
model. The EDIF [Edi 8?]terminologyir ured. Bindingr do grirt for c, Parcal,

Lirp and Fortran, implcmentations do exist on a va,ricty of Unir wortrtationr.
-The 

utilitier ane ioftwarc toolr and libnrtcc. The roftware tools are a fllc
rlumfing and a ffle rertoring program. The roftwa,re librcriesindudc hierarchy
rn.l iuri*panrion, a browsif inierprocesr communication, mcrging of netlists

from different producers into one netlist and tracing.
Because SPi offers an interface that rupportr, in an eery and efficient way,

the integration of in-house as well as foreign CAD Tools, SPI will be made

availablJand promoted in the European Electronic cAD Community.

1 Introduction
Dqring the global design process of VLSI chips or VLSI modules, the veriffcation
of the cor"..tr,"r, of tf,e circuite takes a considerable aurount of the design time.

One bottleneck in the efficient application of this verification is the interactivity
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between the verification tools and the designer. The current derign practice ir
that CAD tools are running one of a time and that communication ie oia filee anil
crou-refercnce lieh. Thir is extremcly timc conruning in a veriffcation pharc wherc
the fcedback between design definition and derign veriffcation ig currently ta,lcing
most of the designers time. Anothcr disadvantage of the current CAD toolg ir
that they often require difierent formatr for rcprerenting dcsign information, which
necessitates the use of cross-refercnce lists and makec it harder for the dcrigncr to
relate information from a verffication tool to the original information.

To allow for a much faster feedback between verification tools and the designer,
the SPI Interface is developed. The overall methodology and design philosophy of
the SPI concept is dcccribed in more dctail in [R"!,m 87] and [Cla 87].

In the area of CAD and Tool,Integtation ia commercial applicationr and rereacch
of electronic design, a lot of efiort is ongoing on DataBare Management Syltemr
(data modelling, version-handling, maintcnance, etc.) lRam 87]. Thia could be
conridered to be horizontal inlegrction, thir ir an indircct intercction among CAD
Toolc, see the horizontal double a,rrows in Figrrre 1. One can acc that a tool only
intencfu with a user a,rlrd a databare. Interaction arnong tools must be performed
along this database delaying the interaction with the designer.

Figure 1: Ilorizontal and Vertical Integration of CAD Tools.

Instead of this horizontal integration the SPI Interface [Coc 89] concentratcs on
the ilirect interaction among CAD Tools. This could be pointed to as the rterlicol
integrotion, see the vertical double arrows in Figure 1. Direct cornrrrunication a.nd

interactive feedback is performed by the possibility to highlight, rcIect and, bock'
annotote (see subsection 3.2). The SPI Interface is not intended to be a DBMS
to integrate horizontally, but to be complementary to existing frameworlcs and
databases. Each CAD tool may have its own database but the use of come uniform
database (and DBMS) is desirable.

The objective of the SPI Interface is briefly illustrated in Figure 2. A schematics
editor contains a design called ltU with invertors and othcr gates. The invertor
has been implemented es a set of recta,ngles in a layout editor. Both are visible in
difierent windows, using difierent editors. A verification tool has been stasted in a
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Figurc 2: An example of tool integration with SPI.

third window. It iscues an error mcssagc for one of the trangistorc of the invertor in
AIU a,nd highlights thig invertor in both editorc (ree darhed linea). The schematicr
editor is for example an in-houge editor integrated in somc database environment.
At the other sidef the layout editor is a foreign tool with its own database. With
SPI it is possible to comrnunicate interactively from the veriffcation tool to these

two editors. These two editors can communicate with each other such that they
produce oze netlist to the verification tool. If thcre was no ilirect commtnication,
th" t*o netlists ghould have been merged in some way togcther with the generation
and use of croas-referenceg. If there wat no intercctive feeilbach, the intcrpretation
of the error ghould have been very painful becaure then one had to interpret it
using the crosg-referenceg and the two different netliltr.

lo th" section 2 of this papcr the Global System Architectnre of the SPI Interface
will be discussed. Section 3 is an introduction to the specification of thc Structure
Procedural Interface. In section 4 the integration of electronic CAD tools with the

SPI Interface will be shown with an example and within the scope of the E-1068

project.

2 Global System Architecture
Figure 3 gives the major information flow (comnunication) ia thc archilecture of
th; SPI Interface. The notational conventions used are indicated in the figure.

.An implementation of the system can be done over one or more Processes running
on one or more machines. The functionality of the individual modules and the

interfaces, depicted in Figure 3, will be explained in the following subsections.

2.! UTM: Unix Tool Manager

The Unix Tool Manager is the main proccss controlling the global CAD activity. It
is a very simple *a"t"got. It is no mote than the possibility to execute additional
commands nod." a Unix-ghell. One can control the structure producers: e.g. to
reset a process from a waiting state to an active state. Also from the shell one can
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Figure 3: Global System Architecture.

sta,rt or delete the cellbroker or cxecute cellbroker comrnands. All the structure
producers and consumers af,e started or ended in their own environnent.

2,2 Application Programs
The application programs a,re the programs (the CAD Tools) which are to be inte-
grated.- The SPi Intirface is built on the distinction between structute producers
and structure consumers. A prograrn can belong to the two clasges. An exa,mple is a
preprocessor prograrn that takes structure and transforms it into another structure.
With the SPI Interface the producers can run in parallel. The consumers must run
rcquentiolly unless a synchronising protocol is congtructed among the consumers.

2.2.1 StructureProducers

The structure producer programs consist of application programs that have a direct
graphical interaction with the user. These programs are for the most part editor-
Ut" 

"na 
communicate in a graphical way (e.g. Schematics Editors). Sometimes

a structure producer can be a textual editor with textual interaction (e.g. Struc-



ture Description Language E&tort). The gtructure produce_r Plogra,mr generatc
ctructusal data that a gtructure concumer can read in via SPI calls.

2.2.2 Structure Gonsumers

The structure consuner programs af,e the programs that use structural data to
perform new transformatione on this data; for era'rnple a (timing) verification tool.

2.8 HEX: I{ierarchy Expander
The hiera,rchy expander ie a utility that provider a flatteneil circuit to a rpeciffc
gtructurc consumet from hierarc.hical gtructure produccrr uring information ob'
tained via SPI callr; With the ure of the cellattribute capention-lewl the depth of
expansion ca,n be controlled.

2.4 BEX: Bus Expander
The bus expandcr is similas to the HEX module. It is a utility that generateg a

circuit without busses (that ia, all the busses are expandcd) to a rpecific rtructtue
congluner.

2.5 Cellbroker
The cellbrolcer is a simple database that maintains and controlc information about
all cells defined in the difierent producer(s).

2.6 Switcher
The switcher can determine from the cellbroker where a certain cell is located and

create a link from the consumcr to the correct producer. It will also match and

mergc cells, instances a,nd porte based on their (user)na,rrres.

2.T Browser
This module is a software tool to browse through the design hierarchy during high-

light and select actiong.

2.8 UI: User Interface
Each CAD Tool may define its own user interface.

2.9 The Primeeditor Interface
With the so-called. primeeditor interface a user can tell the cellbroker that a certain

ce[1 must be ta,lcen-from a certain producerl e.g. when two producers define the

same cell, a user must be able to indicate the producer that contains lhe primory



ilotor. To allow the user to specify this, the cell command has becn implemented.
The cell command allows the user to set and list the prime producer for one or
more cells.

2.10 The Cb- Interface
With this interface onc can tell the cellbrokcr to add or delete a rtructnre producer
or to add or delcte a ccll.

S SPI: Structure Procedural Interface
The SPI Interface is a Structure Procedural Interface together with some utilities
to standardise and to support:

r the trontfer of structure frcm structure producers to structure consutners.

r the trantfer of structure relatcd information, called attributes, in a biilirec'
tional way between structure produccrr and conturners ueing attribute' and
baclca,nnotation op erationa

o the intenctiae communicclion between structure producerg a,nd conlumert
using highlight and select operations.

Essentially the SPI Interface consists of two main concepts:

o The (poper) specification of the Structure Procedural Interface (including the
data model).

o The Utilities including hierarchy and bus expanrion, interprocesl commruri'
cation, mcrging of netlists from different producerg into onc netlict, tracing,
browccrz *d fiI" dunping and restoring; this is thc only rcftwore of the SPI
Interface. The utilitics arc designed and implemented cuch that they are

tranqtaront for the structure producers and consuners.

The SPI deta model and the specification of the Structure Procedural Interface
will be described in this section.

8.1 The SPI Data Model
The major foundation for CAD Tool Integration is commanication. To facilitate
,o"""rrdd communication a common ilata moilel is required. Together with this
data model a proceilurol interfoce can be deffned. The data on which the interface
and the data model operate on, a,re netlidt, Therefore atructure producers and

consumcrs are sometimes called netlid producers and consu^mers.

The SPI data model is illustrated in Figure 4. A netlist consists of cells. A cell

ca,n have ports, whic,h deffne its external interface. A cell can contain ingtances of

LThe primary ilata corresponds to the information that the dcsigner wants to cnter as thc rpcc'
ification of thc design.

sThc browser ig under dcvclopment.
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Figure 4: The SPI netligt data model: an example.

other cells and nets. When Ccll NAND is inctantiatcd in Cell FF, thc portr of Cell
NAND are algo inctantiated in Cell FF; there inrtantiatcd portr arc called inrtancc
portr, ree Figure 4. A nett connects zcro or morc intta,ncc portt and rero ol more
cell porta. TLe fact that an instance port is connccted to a net ic callcd an internal
connection. The fact that a cell port is connected to a net is called a,n external
corurection.

Cell, ports, nets, instances and insta^nce ports ca,n have attributes, which consist
of names and values.

The terminology used to describe netlists here refectg a similar definition from
EDIF [Edi 8?]. The data model is compatible with the ECIP [Eci 8Sa][Eci 88b]

data model. An ECIP-style conceptual diagra,m of the SPI data model is given in
Figure 5a. Note that the terminology used in EDIF and ECIP differs. SPI uses

ls-cgry-of

ls-located-ln

I s-part-of

I s-connected-to

Figure 5: The SPI netlist conceptual model.

sOne could also handle buteec in thc SPI Interface, but this will not be explained in this papcr
{Thc upper-casc notations are SPI notations, thc lower casc ECIP.
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the EDIF terminologS
notations are the ECIP

see the nannes between brackets. All the other names and
conventions.

9.2 The Specification of the Structure Procedural Interface
The speeification of the Structure Proccdural Interfacc [Coc 89] ir written uring C
syntax arrd contains the following sortc of proceilateu

o control: for setting up the datastructure, initialisation of the ttructure pro-
ducer(s)

r request structure information: to get structurc informationfrom the producer

o request structure related information (ottribatet): to get attributec from the
producer

o bacftannotation of structure related information: to create or modify structure
attributes in the structure producer from a structure consumer.

o highlight structure objects: to highlight objects in graphical:eprescntatlon
(e.g. s..h"matics editoi) or in textual form (e.g. textual editor)

r request selection of a structure object by the.user: selection of an object by
thi user by pointing to it (e.g. with a mouse), or by referencing it by narne

(e.g. type natnc at kcyboard)

r ask for usernames of structure objects: to pass the username of an object.

In the specification, only long integerr and charqcter tioring are uaed. Thercfore
each languigc which has thece two typcs (".g. C, Lirp, Patcal, Fortran) can imple'
ment thJse ipecifications; CAD tools wriiten in difierent languagel ca,n therefore

be integrated together.
An ixample of a specification of a procedure for the request of structure infor-

mation is

long SPlgetCell (nanc)
char *narnc;

pa,rameters:
The na,rre of a cell of which the netlist con-
sumer would like to know the object ha,ndle.

char *nmc

returns: The object handle of the cell with that name, or zero.

usage: The netlist producer returns the object handle of the cell with the
requested natner or zero if it does not know such a cell.

Eemarh: The (user)names of objects and the attributes (and values) are also stan-

dardised in the SPI Project [Sev 89][Coc 89].
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4 Integration with SPI
The SPI Interface is supporting the task of integration. Figure 6 gives a^n example.
The main aspects of SPI Interface helping the task of integration are
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Figure 6: A possible session on different machines.

o standardisation: The sta,ndard procedural interface allows that the pro-
cesses understa,nd (can communicate with) each other. It alro makeg posrible
the implementation of utilities which can be sha,red among all the CAD Toolg.

o interproeess communication: Allows editors to run on different Apollo
workstations, cellbroker on a Sequent-machine, a verification tool on a VAX-
Ultrix-machine.

o netlistmerging: The three editors, together defining a hierarchical design,
produce 1 netlist to the consumer.

o direct communication and interactive feedback: transfer of netlists,
highlight, selection a,nd backannotation.

4.! \il'hat do CAD Tools need to do to integrate with SPI?

Each CAD Tool can be developed independently and within its own environment
(user interface and database). For this rcason, together with the fact that difierent
languages and difierent machincs can be used, the SPI Interface is said to be open,

Therefore making a coupling with SPI is not very complicated, lVhat t ttsuctuc
producer and consumer have to do is desmibed in the next 2 subsectiong. It is
important to notice that this integration work can be done after l}rre design and
implementation of a CAD Tool.



4.1.1 The structure produeers

A producer fcr

o to implement all the SPI Procedures as specified in [Coc 89]

r to tell the eellbrokc" (by calling cb- interface toutiner) which cells it hcc in
its own database.

The communication and usage of the SPI Utility (interprocers comrrunication) ie
established by simplc linhing with the utility libra'ry.

4.t,2 The structure consumers

A consumet can

r call SPI Procedures.

The communication and usage of the SPI Uti[ties (interprocess communication,
netlistmerging, hierarchy o" Lor expandcr, btowser, tracing) ale established by
simple linking with the utility libraries.

Eemark: The file dumping and restoring utilities are stand alone utilities which

need not to be linked withlhe CAD Tools. Utility librarieg only have to be linkeil
because they are lronrparonl software utilities (due to the ctanda,rdiaation).

4.2 How does the result of the integration of CAD Tools
aPpear?

Assume that a design of the ALU cell has been made in MGE (a Module Generation

Environment) usinl instanceg of the cells GFB t CAIRT BYPASS. These cells are

designed in both Cass (a Sc.hcmatics Editor) and Ca,meleon (a -Symbolic 
Layout

.odtompaction System). Suppose that the designer wants to do interactive timing
verification using the cells as viewed in Figure 7.

ALU

GFB

(Cameleon)

CARRYBYPASS

(Gass)

Figure 7: A view of the design of a^n ALU.

Description of a (artificial) session:



,ryt

1. Talce Figure 6 as the worlcing environment. Thc uger rta,rtr thc 3 editorc on
B differcit Apollo worhctations and the cellbrokcr on the Sequcot-madrine.
The editors will tell the cellbrolcer wbich celb they have. In thfu case the

cellbroker will lcnown that MGE contains a,n ALU, Casreleon anil C$s a GFB

and a CARIT BI"ISS.

Z. To use only the cells as viewed in Figrrre ? the user tells the cellbroker which
cells a,re the primary cells. Here, the uger indicate that the GFB cell has its
primary data in cameleon and the CARRI B1?lss cell in cass.

3. Now, the uger can gta,rt the timing verification tool on the vAX.

4. The tool wantg to know whic.b cell har to be verificd. Thcreforc the relect

procedqre is called. With thc browrer the celection ir possible in dl the

"dito"t. 
In this case the selection will be done in MGE.

b. After selection of the ALU in MGE the tool reads in the netlist. Because

the timing verifier must have a flattened netlist vithout busses, it vill use

the hierar-chy and bus expander. With the knowledgc of the cellbroker, thc
switcher, in co-operation with the expander, can mcrgc thc netlist of the 3

cells in tle B ediLrs (nu, cFB, cARnY BTPAss) into one flattened netlist.

G. The tool computes the longest path in the ALU and highlighta this-path with
the highlight'p"o"edu"cr. iVitt tt e browger the uger ca,n browcc through all
the edltorg arid cells to higtrlight the hiera,rchical path of hic choice.

Z. Then the tool and/or user will change the dimension attributes of one or

more transistors in ihe longest path to speed up this path. The new attribute
values will be baclcasrnotaled in the right editor a,nd cell by the use of the

expander, the switcher and the knowledge of the cellbroker.

8. Then the user might restart the iteration (in point 5.) to reach a global

optimum.

4,8 Integration in the Esprit-1058 Project

In the E-1058 the integration of CAD Tools has been achieved with the SPI Inter-

face. Figure 8 shows ihe structure producers (above the SPI-lin") Sttd consumers

(down tile SPI-line) of the E-1058 project that have been integrated.

o The structure Producers are

- Cass, a Schematics Editor

- MGE, a Module Generation Environment

- Cameleon-l, a Symbolic Layout and Compaction System

- Hilarics-2, a Structure Description Language

- SPICEtoSPI, a sPICE Netlist to sPI Netlist thanslator

o The structure consumers are
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Cass l\4GE Cameleon SPICEtoSPI

editors SPI

ilarics

tools

Dialog Vera Cinnamor Cswan Slocop-ll Logmos SPIToSPICE

Figure 8: A very simplc oveivicw of the integration of the CAD-tools in E-1085.

- Dialog, a Knowledge Bascd Verification System

- Vera, a Knowlcdgc Bared Verification System

- Cinnamon, a Circuit Simulator

- Cswan, a (Pa,rallcl) Circuit Simulator

- Slocop-E, a New Timing Verification Tool

- frogmos, a Registor Ila^ngfer Simulator

- SPftoSPICE, a SPICE Netlist producer for SPlCE-simulations

For the above CAD Tools the efort to couple a structure consumer to SPI is
about I week, and 3 weeks for a structure producer. The implementorc of thege

tools are satisfied with the dmple and. eary SPI Interfacei imple a,nd ecry because

SPI onty handles structures (netlists). Therefore the SPI Interface ia a procticol
interface,

5 Concluslon
In this paper, a practical and open Interface for interactive CAD tool integration has

been presented. In addition to facilities provided by design managcment systems

una OpIVIS, SPI provides a ilirect communicalioz between structure producers and

structure consumers. In this way the design cycle is shortened and verification tools

can comsrunicate more closely with the designer. An exa,mple is a timing verifier
that can directly indicate the longest path in the schematics or symb-olic layout by
immediate highiighting without stopping either the timing verifier or the schematics

or symbolic layout editor.
tl" SpI Interface is openbecause as few as possiblc constraints have been put on

the tools themselves to be able to integrate already existing tools. Once a CAD Tool

is integrated, a lot of other CAD Tools becomes available. It is also practical due



to itg implicity and ecre of arc and because its scope is limited to com"munication
of netlist structures only.

The reason for the development of the SPI Interface is to standa,rdise the intc'
gration of CAD tools. Thereiore, to promote the use of the standard, efiorts will
be made in order to make SPI and its utilitics available to the Europea,n Electronic
CAD Community.
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