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Abstract

The Odyssey CAD Framework is a comprehensive framework intended to provide services for
tool integration, data management, task management, and design process management. This
report introduces dynamically defined flows: tool independent flows that are built up on demand,
by designers. Dynamically defined flows support many framework services and several design
approaches, without some of the disadvantages of other flow-based approaches, such as the hard-
wiring of flows to specific tools. The report also describes extensions to the Hercules Task Man-
ager to implement dynamically defined flows and to improve its functionality and usability. The
application of the Odyssey CAD Framework to analog circuit placement and routing tasks, via

encapsulation of the KOAN / ANAGRAM II tool suite, is also described.
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Introduction 1

1 Introduction

A CAD Framework is supposed to provide several services to its users. These services include tool
integration, data management, task (or flow) management, and methodology (or design process) manage-
ment [1]. Camnegie Mellon University is developing a comprehensive, domain-independent framework
called Odyssey, intended to provide all of these services. This report describes the extension of Odyssey’s
task management capabilities based on the concept of dynamically defined flows, and the application of
Odyssey to the analog circuit design domain. We begin by presenting an overview of the Odyssey CAD
Framework. This is followed by an examination of flow-based design management and an overview of the
analog design tools encapsulated into Odyssey. The chapter is concluded by an outline of the remainder of

this report.

1.1 Overview of the Odyssey CAD Framework

The Odyssey CAD Framework [2] is based on a novel partitioning of framework services. This parti-
tioning congsists of four layers of abstraction, as shown in Fig. 1. The lowest level, called the component
level, consists of raw CAD tools and their input and output data - typically stored in files or databases. A
designer working at this level is operating without any help from the framework and must therefore be

familiar with the syntactic details of tool execution.
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Fig. 1 - Abstraction level “pyramid” for the Odyssey CAD Framework

1.1.1 The Resource Level and Cyclops

The level of abstraction immediately above the component level is the resource level. Resources can
be thought of as storing the semantics of the component level tools and data. The resource level removes
the obligation for the user to know the syntax of tool command lines and file formats by classifying and
encapsulating the raw tools and data. For example, Meta Software’s HSPICE [3] can be classified as a cir-
cuit simulator and can be provided with an encapsulation which supports a well-defined interface. This
interface hides syntactic details from the user and can be made consistent across all circuit simulators.
Similarly, data resources, such as circuit netlists, can also be classified and encapsulated. Rather than being
given a common “interface” they are stored using a common data representation. It is possible for this data
representation to incorporate existing standard data representations, such as those proposed by the CAD
Framework Initiative [4]; however, when only one particular tool or tool-suite deals with that resource
type, then it is easiest to make its representation the common representation.

When a tool encapsulation is run, it handles the conversion of the input data from the defined data rep-
resentation to the correct format for the tool, the execution of the tool using that input data, and the conver-

sion of the output data to the required representation for the output resource type (or types). Of course, if
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the tool input or output data representation is the same as the defined representation, then no conversion is
necessary.
In the Odyssey CAD Framework, resource level services are provided by the Cyclops Resource Man-

ager [5].

1.1.2 The Task Level and Hercules

The next level of abstraction is the fask level, implemented in the Hercules Task Manager [6]. A CAD
task is defined as a tool-independent design function, for example, “simulate a circuit”. At this level,
resources (both tools and data) are modeled as design entities and an information model called the task
schema is used to specify the dependencies between these entities. (The task schema is described in detail
in Chapter 2.) Tasks are derived directly from the task schema as required by the designer. This “derivation
as required” forms the basis for dyrnamically defined flows, which are introduced in Chapter 2.

Hercules is responsible for mapping tasks and their entities to resources, tracking their usage in the
design history, sequencing task execution, and controlling distributed access to tasks for multiple designers
[2]. To perform these functions, Hercules stores a small amount of meta-data (data-about-data) with each
design entity. This meta-data includes “pointers” to resources at the Cyclops level, the entity’s design deri-
vation history, and, to aid users in identifying each entity, its owner, a creation timestamp, and a user sup-
plied comment.

The bulk of this report concentrates on work at this level of abstraction.

1.1.3 The Design Process Level and Minerva

The Minerva Design Process Manager [7] further raises the level of abstraction at which the designer
works. At the design process level, the designer can work in terms of the problems to be solved, for exam-
ple, “synthesize an operational amplifier which meets these specifications”, or “verify the performance of
this ALU”. A designer working at this level can concentrate on the creative and exploratory aspects of
design.

Minerva is responsible for managing the whole design task - it keeps track of the hierachy of design
representations, allows the designer to decompose problems when necessary, and allows the use of differ-
ent methodologies during one design process. Minerva can also assist the designer in conceptual design, in
which the designer is trying to analyze and predict the results of alternative design decisions. Decisions

made are turned into plans (partially ordered sequences of CAD tasks) which can be adjusted to match the
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resources available in the framework and then passed to Hercules for execution.

1.1.4 Odyssey Architecture

The interaction between the various components of Odyssey and the framework users is shown in
Fig. 2. Also shown is Clio - an advice and prediction system [8] - which can be accessed through Minerva
or directly by the user. It is also possible for the user to interact directly with the tools themselves, or work
through the Cyclops Resource Manager. Doing this, however, does not allow the user access to the frame-

work facilities available at the Hercules and Minerva levels.

User User User User

Cyclops Resource Hercules Task | = Minerva Design Clio Advice and
Manager > Manager Process Prediction

Subsystem
i Executive System Manager sy

e

Tools and Data

Fig. 2 - Architecture of the Odyssey CAD Framework

At present, the Minerva Design Process Manager is still under development, and only Cyclops and
Hercules have been merged together as part of Odyssey. Further references to “Odyssey” in this report
mean only the executive system portion of Odyssey, that is, the Cyclops Resource Manager and the Her-

cules Task Manager.

1.2 Flow-based Design Management

The concept of a design flow is increasingly being used to aid in the provision of framework services
such as design methodology management, flow automation and design consistency maintenance. In gen-
eral, a flow is used to describe a sequence of operations needed to perform some design task. Most
approaches to design flow management, however, have a restricted view of a flow. Flows are often static,
specifying a fixed sequence of design activities that the designer is required to follow step by step
(described in [9] as a “flow straight-jacket”). Flows are also usually hardwired to specific tools
[9],[101,[11], and hence require modification whenever tool changes are made or new tools are added to the

system. We believe that it is disadvantageous to specify the exact tool sequences which should be followed



Introduction 5

by the designer in a creative design process. The designer should be given the freedom to move about the
flow as necessary in order to accomplish his or her design goals. In this report, the concept of a dynami-
cally defined flow is introduced. A dynamically defined flow is constructed from the task schema and gives
the designer greater freedom in choosing how to go about the design, even within the bounds of a fixed

methodology.

1.3 Analog Circuit Design Tools

The analog circuit design tools that have been encapsulated into Odyssey are KOAN and ANA-
GRAM 11 [12], tools developed at Camegie Mellon University to perform device-level analog placement
and routing. There are two major reasons why these tools were chosen for encapsulation into Odyssey.
First, Odyssey had not previously been applied to tools in the analog circuit design domain (other than cir-
cuit simulators) and had not been used when working with layouts. Applying Odyssey to new tools and
design domains is useful in revealing deficiencies in our approach to task management. Second, the tools
were good candidates for encapsulation into a framework since running them manually can be difficult:
many command line options must be remembered and numerous files have to be managed. Scripts can be
used to reduce the complexity; however, these also reduce functionality, for example, manual intervention

(which can be necessary to adjust layouts) would no longer be possible.

1.4 Report Organization

The remainder of this report is organized as follows. Chapter 2 presents an overview of the concept of
the task schema and the extensions that have been made to it. Dynamically defined flows, based on the
extended task schema definition, are then introduced. It is subsequently shown how they can form the basis
for several different framework services, and how they support many different design approaches. Chapter
3 describes how dynamically defined flows have been implemented in the latest version of the Hercules
Task Manager. Other modifications to Hercules to improve its usability and robustness are also outlined.
The application of the Odyssey CAD Framework to the analog circuit design domain is presented in Chap-
ter 4. Several tools which have been encapsulated into the framework are described, a task schema to sup-
port them is developed, and an example of how Hercules can be used to execute an analog placement and
routing task is also given. The report is concluded with a summary and a description of further work to be

undertaken.
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2 Design Management using
Dynamically Defined Flows

The concept of a design flow, which describes the activities needed to achieve design goals, is an
increasingly popular foundation on which to build a CAD framework. In this chapter, we examine previous
flow based methods, and then, based on the definition of the task schema, we introduce dynamically
defined flows. We then show how these flows overcome some of the disadvantages of other flow based
approaches (mentioned in Section 1.2) and how they can be used to support various framework services as

well as multiple design approaches.

2.1 Previous Work

Increasingly, flow-based design management capabilities are being incorporated into CAD frame-
works. In this section we look at previous approaches to design management based on flows. A typical
approach is that taken in the JESSI Common Framework project [13]. JESSI uses the term flow to mean a
predefined sequence of activities, where an activity represents a particular feature of a tool (taking specific
input data and producing specific output data). Flows define the temporal interrelation between activities
and can be specified with either linear or branched connections. Design work is then carried out by associ-
ating flows with cells in a design.

Similar approaches are taken in the flowmaps used by Philips [10] and Delft University of Technology
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[11], task templates developed at U.C. Berkeley [14], Camegie Mellon University’s older task trees [6] and
the more generic task graphs presented in this report.

One of the framework services which can be provided by a flow-based approach is that of design-data
management. Work at Philips [10] was the first to suggest that a design derivation history based on flows
may be sufficient for organizing design data without the need for additional constructs. By storing flow
definitions and design meta-data in a common database, van den Hamer and Treffers were able to easily
process queries such as “find the simulations that were performed for this netlist”. Chiueh and Katz [14]
use activity threads in a similar manner to assist designers in traversing the design history and identifying
needed data. Casotto [15] uses the term frace to refer to an historical record of a sequence of tool invoca-
tions and data transformations that have been performed during design. A trace may be considered one
example of design meta-data -~ information about design data - that was described in [16].

Flow-based approaches are also used for sequencing CAD tasks, that is, flow automation. Some
approaches restrict designers to following a set sequence of tasks step by step, leading to the “flow straight-
jacket” described in [9]. Casotto [15] avoids this problem entirely by merely capturing a trace of designer
activity and allowing existing traces to be used as prototypes for new activities. The problem with this
approach is that it provides no means of enforcing a particular design methodology (though one may be
defined), nor does it provide a means for organizing and indexing traces in a more generalized fashion than
with regard to specific design data files. The most recent work at Delft University of Technology [17] also
allows the non-intrusive capture of designer activities. The captured information can be used to build up
flow configuration data, which may be used to “guide” or “force” the designer through the design process.
This approach requires tools to perform all data accesses through the framework’s DMI (Data Management
Interface) so that data usage can be tracked.

As Rumsey and Farquhar [9] suggest, designers should have the option of accessing design activities
from either a tool-, data- or flow-oriented viewpoint, with only the last restricting the user to execute tools
in a fixed sequence. Choosing the tool- or data-oriented views would allow the designer to escape from any
set methodology.

As will be seen below, it is possible to maintain the advantages of a flow-based approach while over-
coming the disadvantages described above, through the use of what we call a dynamically defined flow.

Such flows are a natural outcome of the concept of a task schema, which is described in the next section.






