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Abstract 

For the design of complex electronic CAD systems, several frameworks have been 
proposed and implemented offering a different set of basic services, and therefore, 
supporting specific and dedicated design activities. In this paper the results of a 
case-study are summarized where two almost complementary frameworks have 
been coupled in order combine their advantages: (1) the JESSI-COMMON
Framework with special emphasis on design management, and (2) FMCAD 
(representing a widespread design environment of the electronic CAD domain) 
that is tuned on close tool integration and efficient data handling. As a result of this 
case-study the basic requirements for an efficient inter-framework-communication 
are described to indicate some trends for future framework developments. 

1 Introduction 

Within the electronic CAD domain there exist several frameworks with a different set of 
serivces resulting in a specific support of dedicated design activities. For many applications a 
combination of these isolated environments could improve design efficiency. Therefore, the 
current work focuses on the coupling of two different, almost complementary frameworks: the 
JESSI-COMMON-Framework (JCF) release 3.0* [17] and a widespread design environment 
of the electronic CAD world that will be called FMCAD in this paper. 

As mentioned above, each framework has its own strengths. The JCF framework is a very 
powerful environment for supporting design management, configuration management and 
concurrent engineering. Therefore, JCF does not focus on a certain domain, but supports a set 
of services which are required in many different domains. In contrast to that, the function of 
FMCAD is concentrated on close tool integration and efficient interaction for specific prob-

* This research is supported by the ESPRIT project 7364. * SNI provides a commercial version of JCF under the name SIFRAME. 
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lem-oriented electronic CAD environments. In this case, the guidance and support of a 
designer are only rudirnentarily provided. 

The ultimate goal is to combine the main advantages of both approaches to form an extendable 
and powerful environment for the development of electronic systems and to derive fundamen
tal requirements for an efficient inter-framework-communication. Subsequently, the main dif
ferences of the isolated systems and the aiming advantages of a combined approach are 
discussed. 

2 Presentation of the JESSI-COMMON-Framework and FMCAD 

In this chapter the JESSI-COMMON-Framework (JCF) and the FMCAD framework are pre
sented to give a brief overview of the main structuring (e.g. architecture). Additional informa
tion can be found in [6], [8], [9] and [16]. 

2.1 JESSI-COMMON-Framework 

JCF release 3.0 was chosen for the for framework coupling case-study because this release was 
available at the beginning of this work. Essential parts of the JCF information architecture can 
be found in [9], the main basic concepts are summarized in this subsection. 

JCF applies a strict distinction between resources, which can be used for different projects, and 
actual project data. At the resources definition, the JCF administrator defines users and teams 
that are allowed to use the framework. Furthermore, design flows [11] are precisely defined. 
For this purpose it is described which tools are part of the design flow, how these tools can be 
used, and which data are passed between the tools. Note that these resource data are stored as 
meta data in the framework, and are completely under control of the framework. This is real
ized in contrast to FMCAD which does not manage any resource data. 

The kernel of the JCF project organization is formed by a product structure that is modelled 
via a Cell hierarchy (more precise: via ComposedOfrelations between Cell Versions). Each 
Cell Version has a flow and a team attached to it. The philosophy is that only members of the 
team are allowed to work on such a Cell Version, and that they must follow the attached flow. 
A particular Cell can have several Cell Versions, with possibly different teams or flows 
attached. 

When a user wants to work on a Cell Version, he must first reserve it in his Workspace. It is 
then isolated for his own use, and no other user can do any work with it. As soon as the work 
on the Cell Version is finished, the user publishes it. The Cell Version is then removed from the 
Workspace, and can be used by the other users of the team. 

JCF stores all its data in the underlying object-oriented OMS database. As soon as data are 
needed, they are checked-out from OMS, and when work is finished, data are checked-in 
again. The fact that a real database is used for data storage is a significant difference to the 
FMCAD approach, where data are just stored in the UNIX file system. For more information, 
we refer to the JCF documentation (e.g. [6] and [12]). 
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2.2 FMCAD 

FMCAD stores design data in libraries. A library consists of a directory in the Unix file system 
and a library catalog file. The catalog file stores the logical (meta) data objects. The design 
data files are stored in the Unix directory. The basic logical data objects in a FMCAD library 
are eeils, views, eeilviews, eellview versions and configurations. 

A cell is the basic design object. It forms an individual building block of a chip or system. It is 
a logical, rather than a physical design object. Each cell has one or more cellviews. 
A view is one type of representation, such as schematic or layout. A view has a name and is of 
one specific viewtype. The viewtype associates the view with a certain FMCAD tool, for exam
ple the layout editor. A view is also a logical design object. A cellview is a virtual data file cre
ated in association with a cell and a view. It is a logical, rather than a physical design object. A 
cellview version is the data file of a cellview at a particular time. Versions are created by check
out/check-in operations. A cellview can have more than one version. The version models the 
link to the design file in the file system. The checked-out version is the version which a user is 
working on. Only one version of a cellview can be checked out at a time. A configuration is a 
collection of eellview versions that are related. For each cellview at maximum one version can 
be part of the configuration. 

2.3 Basic Results 

The combined JCF-FMCAD framework approach should sum up the advantages of both 
approaches to form a new and more powerful environment for chip design. Of course, it is not 
possible to combine only advantages without reducing the high flexibility of FMCAD, but as 
described in this paper an efficient design support can be enabled. A very essential task of the 
framework coupling is the mapping of the different data models. In order to support the indi
vidual characteristics of the frameworks, the master-slave approach was selected. Based on the 
very powerful management features of JCF, it was decided that JCF is the master framework. 
A more detailed description of the data mapping is given in [9]. 

In the following, the main achievements including the basic problems of the combined JCF
FMCAD framework approach are evaluated and summarized. A short overview is provided in 
Table 1 and a detailed description of the results is stated by the following bullet points: 

• Multi-User Design and Concurrency Control 

One achievement was to use the multi-user capabilities of JCF 3.0 also in the JCF
FMCAD environment. Based on the JCF workspace concept, individual design elements 
can be reserved and isolated from the access of other users. While in FMCAD, parallel 
work on different versions of the same cellview is not possible, the JCF-FMCAD envi
ronment provides this feature. 

• Design Management and Data Consistency 

Compared with FMCAD, the combined framework provides a more flexible design 
management system. For instance, JCF-FMCAD offers the versioning of both cells and 
design objects. In addition, the representation of hierarchy information by meta data 
allows a more powerful consistency check. 
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• Handling of Design Hierarchies 
This was one of the most difficult tasks during the JCF-FMCAD integration. Compared 
with FMCAD some flexibility in handling design hierarchies was lost, since the existing 
JCF-FMCAD prototype requires that all hierarchical manipulations must be done manu
ally via the JCF desktop. Another limitation is caused by non-isomorphic hierarchies 
that are not yet supported by JCF release 3.0 but will be supported by future releases. 

• User-interface 
In the JCF-FMCAD prototype system, the designer has to work with both the FMCAD 
and JCF user-interface. In spite the fact that JCF is conform with the major user-interface 
standards (using X-Windows and Motif), the user has to cope with an additional user
interface. 

• Flow Management and Derivation Relations 
In contrast to standard FMCAD, JCF-FMCAD provides flow management capabilities, 
but in a slightly restricted way, due to the available handling of non-isomorhic hierar
chies in the current JCF release 3.0. Especially to support the archiving and retrieving of 
design data, derivation relations and what-belongs-to-what information are very essen
tial features that are supported by the JCF-FMCAD framework system. 

• Performance 
This aspect is of lower importance since the main aspect of this inter-framework cou
pling is functionality. The performance of meta data operations in the JCF-FMCAD 
environment is sufficiently high. 

Criteria JCF3.0 FMCAD 

Multi-User Design + -
Concurrency Control + 0 

Design Management + 0 

Data Consistency + -
Design Hierarchies - + 

User Interface + + 

Design Flow Management + -
Derivation Relation + 0 

Performance 0 + 

Table 1: Criteria Table 

JCF-FMCAD 

+ 

+ 

+ 

+ 

0 

0 

+ 

+ 

0 

+ 51 good support 
o 51 medium support 
- 51 weak support 
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3 Requirements for an Inter-Framework Communication 
Based on the performed case-study, a major task of future developments for inter-framework
communication is to close the gap between isolated and stand-alone frameworks. Existing 
framework isles have been claimed for industrial standards and are very important for long
term company decisions. The following requirements are derived from the described experi
ences that are based on a fundamental mid-term study and several consultations with major 
chip developers. As a result, Table 2 summarizes the main requirements that can be regarded 
as general requirements and should be taken into account for future developments of open 
frameworks. 

Requirements Priority Advantage 

efficient data access high enhanced performance 

support of standards (e.g. CFI) high easy integration and customization 

support of user-interface customization medium provide a common look & feel 

modularity high adequate and flexible customization 

support of project management high reduced costs by efficient use of resources 

design management functionality high flexible modelling 

shared libraries medium data consistency 

support of integration high fast and tight tool integration 

support of ITC high efficient use of standard capabilities 

Table 2: Requirements for Inter-Framework Communication 

The coupling of different frameworks requires the mapping of different data models. Further
more, the exchange of meta and design data is necessary to communicate between the frame
work sites. An efficient data access influences both the performance and acceptance of the 
coupled system. The priority of this requirement is very high because the end user has to be 
convinced to use the system. Limitations exist in case of closed interfaces or import/export 
functions that are based on me-formats. Future framework releases have to take into account 
that the mentioned aspect is of high priority. 

The coupling of very different systems is hardly manageable if existing standards are ignored 
or missing. CFI standards should be supported as soon as they are available to guarantee easy 
and efficient integration of environments. 

Due to the fact that each user prefers a customized environment to enhanced his own work 
profile, a modern user-interface should be very flexible and easy to configure. Of course, this 
requirement is of medium importance. 
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Regarding the different existing environments in IC companies, each major company mixes 
in-house developed tools with commercial tools or frameworks. In many cases, the optimal 
solution is not to integrate the whole tool set, but some specific modules, since a full integra
tion requires too much time and effort. Furthermore, a module concept provides interfaces to 
customize and configure a framework that fulfils exactly the requirements of the company. If 
standards (e.g. CFI) are missing other preliminary interfaces have to be offered. The final 
transfer should be supported by migration tools. 

The deep integration of design tools is a very complex task. But the management of a complex 
project is much more important than a deep integration. Wrong decisions on this level will 
waste time and money and may cause the stop of a project. Efficient project management facil
ities which support the project manager through all phases of the development are completely 
missing. Additionally, new concepts have to be developed to close the gap between existing 
systems in the areas of Operation Research and the existing ECAD frameworks. 

Several different levels of designer support can be distinguished (e.g. knowledge based sys
tems or design flows). The acceptance of the system by the designer, who is a specialist in 
using a subset of the design tools, will be influenced by the flexibility of the design manage
ment. The design management must be flexible to avoid strictly forced design flows were pos
sible, and it must be applicable to control the project state and ensure a specific quality level. 
On the one hand a bypassing of flows should be impossible, and on the other hand the flow 
should offer more flexibility than pure logical AND connections. 

The use of libraries is a central concept in chip developments. It is very difficult to keep the 
library consistent and continue work during the design while changes are taking place. Con
current engineering should be offered for the designer's work as well as for system administra
tors to ensure consistency at all levels. 

It is important to notice that there will be different levels of integration for external tools. Only 
a minor set will be deeply integrated and the majority of tools can be adapted by a loosely cou
pling. Nevertheless, integration facilities must be available, very efficient, supported by stand
ard tools and conform to existing standards. Many commercial systems support this facility by 
a powerful extension language. 

Concerning the modularity of software and software products, inter-tool-communication (ITC) 
is a future-oriented feature to offer very flexible and powerful mechanisms for tool coupling. 
This coupling is necessary for tools which communicate among others inside the same frame
work and also between different frameworks. This service should be offered as a basic tool for 
integration and communication. 

4 Conclusion and Future Work 

With the described JCF-FMCAD framework prototype it could be demonstrated that a combi
nation of frameworks with different basic architectures and individual design services can pro
vide enhanced functionality. The study provides basic results which can be used to enhance the 
state-of-the-art in inter-framework-communication and push future framework development. 
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In some cases, the coupling offers not the advantages of both isolated frameworks but this fact 
is mainly influenced by the existing software releases, i.e., limitations in available interfaces. 
The coupling of frameworks depends on the experience of the integrator and is not supported 
by existing tools, therefore, the data model mapping remains a key aspect for successful inte
gration. 
The new JCF release 4.0 will offer more open interfaces and enhanced functionality. The inte
gration of tools and the coupling of other framework isles should be easier and more efficient 
than in the existing system. A planned completely new integration and coupling will show, if 
the demanded requirements are fulfilled. Furthermore, the level of support for inter-frame
work-communication (e.g. ,work in progress' or ,archive') has to be defined with respect to 
technical and praxis-oriented requirements for the next generation of design environments. 
This objective can be regarded as the next step towards a new prototype. 
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