
Abstract
Many CAD frameworks now use the notion of a design flow to
help provide methodology management services. Most flow-
based approaches are limited, however, in that they involve a
fixed sequence of operations specified in advance, restrict
designers to using only those flows, and “hardwire” specific
tools to flows. To overcome this, we introduce the concept of
“dynamically defined flows” as tool-independent flows that are
built up, on demand, by designers. Dynamically defined flows can
be used to provide a semantically rich means for browsing the
design history database as well as to provide support for multiple
design approaches, such as goal-based, tool-based, data-based
and plan-based design.

1  Introduction
As CAD Frameworks evolve from managing only tools and

data to managing the design process itself, the concept of a
design flow has become an increasingly popular foundation on
which to build such a framework. In general, a design flow
describes a sequence of operations required to achieve design
goals. Most approaches to design flow management, however,
have a restricted view of a flow. Flows are often static, specify-
ing a fixed sequence of design activities that the designer is
often required to follow step by step (described in [1] as a “flow
straight-jacket”). Flows are also usually hardwired to specific
tools, and hence require modification whenever tool changes
are made or new tools are added to the system. In our view, it is
disadvantageous to specify the exact tool sequences that should
be followed 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 paper, we introduce the concept of a dynamically
defined flow which is constructed from a schema representing
the dependencies between tools and data. We show how this
approach gives the designer greater freedom in choosing how to
go about the design, even within the bounds of a fixed method-
ology.

A second point that we wish to emphasize with this paper,

Design Management Using Dynamically Defined Flows†

Peter R. Sutton*, Jay B. Brockman** and Stephen W. Director*

is the inherent power of a flow-based approach to design man-
agement for organizing design data. This power arises from the
fact that all design objects are created through the execution of
flows and that each design object may be uniquely identified
according to the sequence of tool/data transformations used in
creating that object. A consequence of this is that if flows are
properly defined, queries into the derivation history of design
objects obviate the need for additional version management
schemes. Further, we will show that by associating a small
amount of meta-data with each design object, indicating the
immediate tool and data used in creating that object, the com-
plete derivation history of a design may be stored.

The paper is organized as follows. Section 2 presents an
overview of previous work in design flow management.
Dynamically defined flows are then defined and described in
Section 3. Section 4 outlines how dynamically defined flows
have been implemented in the Hercules Task Manager, part of
the Odyssey CAD Framework [2].

2  Previous Work
Over the past few years, numerous papers have appeared

that address design management through flows. The definition
and representation of flows as used in the JESSI Common
Framework project [3] is fairly typical of these. 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 associating flows with cells in a design. Similar
constructs may be found in the flowmaps used by Philips [4]
and the Technical University of Delft [5], task templates by
U.C. Berkeley [6], our older task trees [7] and the more generic
task graphs introduced in this work. Casotto [8] has defined the
term trace to refer to a historical record of a sequence of tool
invocations 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 [5].

One of the main issues in flow-based design management is
deciding which data to assign to flows. The Philips “Data Flow
Based Architecture for CAD Frameworks” [4] was the first
work 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
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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 [6] use
activity threads in a similar manner to assist designers in identi-
fying needed data. For example, if a designer implemented a
logic circuit using standard cells and then wished to re-imple-
ment the same circuit using a PLA, he or she could reposition a
“cursor” to the appropriate point in the standard cell activity
trace and create a new activity branch using a “create PLA”
task.

A second issue in flow-based design management is decid-
ing which activity to perform next. The most restrictive option
is to confine designers to operate within predefined flows –
which may lead to the “flow straight-jacket” described in [1].
While the approaches described in [4], [5], and [6] utilize pre-
defined flows, in these systems users ultimately have control
over deciding which flows are to be executed when, and thus
may dynamically determine the sequencing of design activities.
Casotto [8] avoids the problem of flow restriction entirely by
merely capturing a trace of designer activity and allowing exist-
ing traces to be used as prototypes for new activities. The prob-
lem with this approach is that it provides no means for
enforcing a particular design methodology (though one may be
defined), nor does it provide a means for organizing and index-
ing traces in a more generalized fashion than with regard to spe-
cific design data files. As Rumsey and Farquhar [1] suggest,
designers should have the option of accessing design activities
from either a  tool-, data- or flow-oriented viewpoint, with only
the latter restricting the user to execute tools in a set sequence.
In this case though, choosing the tool- or data-oriented views
allows the designer to escape from any fixed methodology.

We now propose the notion of dynamically defined flows to
maintain the advantages of a flow-based approach while giving
the designer maximal control over the design process.

3  Dynamically Defined Flows
Before being able to build up dynamically defined flows,

some knowledge of the kind of tasks that can be performed and
how they can be strung together is required. A task schema may
be used to represent this information. In this section, we present
an overview of the concept of a task schema and then introduce
dynamically defined flows. We then show how they can be used
to support various framework services as well as multiple
design approaches.

3.1 Task Schema Overview
A task schema (originally introduced in [7], and extended

here) is a graph that specifies the dependencies between design
entities (both tools and data). The dependency relationships
described in a task schema serve two purposes. First, they state
the construction rules by which tasks (tool independent design
functions) can be built. Second, they specify the data schema
for a database that stores the design derivation history. Tasks
may be primitive – performing a single function, such as
“extract a netlist from a layout”, or complex – e.g., “extract a

netlist from a layout and simulate its performance.”
A task schema can be expressed graphically as shown in

Fig. 1.. Design entities (represented by rectangles) are con-
nected to other entities by directed arcs labelled with f or d. An
f indicates a functional dependency, e.g., a Circuit Perfor-
mance is functionally dependent on a Circuit Simulator. A d
indicates a data dependency. An entity can have at most one
functional dependency and an unlimited number of data depen-
dencies.

In cases where there is more than one way of generating a
design entity, subtyping can be used to separate the different
construction methods. For example, in Fig. 1., Auto-Layout
and Edited Layout are two subtypes of entity type Layout that
have different construction methods. This figure also shows that
loops in the task schema are possible: an Edited Layout
depends on a Layout. Loops like this are broken by considering
the data dependency as optional (shown by a dashed arc).

Because tools and data are both treated as entities, it is pos-
sible to support tools that are created during the design process.
An example of such a tool is the switch-level simulator COS-
MOS [10] which is compiled for a given netlist and can then be
executed on different stimuli. Fig. 2. shows how a task schema
can represent such a process.

Design decomposition can also be represented by extending
the original definition of a task schema to allow an entity
(called a composed entity) to have only data dependencies and
no functional dependency. (For example, in Fig. 1., a Netlist is
shown to depend only on the Device Models and Circuit enti-
ties.) From our earlier experience with the task schema, we
have found it useful to allow designers to group together two or
more entities that are commonly used together, such as circuit
descriptions and device models. This concept is also useful for
grouping entities which can be simultaneously produced by a
single task.

Although composed entities have no explicit functional
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dependency, they do have implicit composition and decomposi-
tion functions associated with them. Composition functions can
be used, for example, to check for consistency between entities
(e.g., can these device models be used with this circuit?).
Decomposition functions can be used, for example, to split an
entity instance’s data into component parts1. More complicated
notions of design decomposition (such as a hierarchy of cells
within a design) can be handled at a higher level of abstraction.
In the Odyssey CAD Framework [2], this is the Design Process
Level – implemented in the Minerva Design Process Manager
[11].

3.2 Definition and Representation
A dynamically defined flow is a sequence of primitive tasks

(forming a complex task) which is generated, on demand, by
the user of the design system. Traditionally, flows have been
represented by a bipartite flow diagram such as that shown in
Fig. 3.(a). We have chosen an alternative representation called a
task graph, that emphasizes the similar manner in which tools
and data may be handled in a dynamically-defined flow2. An
example of a task graph is shown in Fig. 3.(b). 

A task graph is a directed acyclic graph, with each node in
the graph corresponding to an entity in the task schema, and
each edge corresponding to a dependency. A dynamically
defined flow (represented by a task graph) is a temporary struc-
ture that can be built up by the designer as desired (subject to
the rules in the task schema). Expand operations can be used to
incorporate further primitive tasks into a flow. For example, two
possible expansions of the flow in Fig. 3.(b) are shown in Fig.
4.. Note that the circuit in Fig. 4.(b) was specialized to an
Extracted Circuit before expansion. (Specialization is the
selection of an entity subtype so that an expand operation can be
performed.) When the flow is built up as the designer desires,

the entities can be instantiated (an instance selected for each
leaf node) and the task executed. Alternatively, the designer
could run each task as a primitive task, using the result of that to
build a new flow and so on.

More complex flow structures are also possible. Fig. 5.
shows a flow, based on the task schema of Fig. 1., involving the
reuse of an entity in several subtasks and the production of mul-
tiple outputs, including multiple outputs from the same sub-
task. This flow could be constructed by starting at any one of
the entities present and performing expand operations until the
flow was built up. (Previous use of the task schema to construct
flows3 was restrictive in how entities were to be used. Construc-
tion was allowed from the goal entity only, entities could not be
reused, and tasks could not produce multiple outputs [7].)

3.3 Design Management Support
Dynamically defined flows and the task schema provide

support for various framework services. These services are out-
lined below.

Support for design methodology management is provided
in the task schema itself. The schema describes the tasks that
can be executed and how design entities can be used to form
these tasks. While we cannot restrict a designer to a fixed
sequence of tasks, we believe that this is advantageous: the
designer should be able to perform any allowable task in any
order.

Dynamically defined flows easily allow for automatic task

1. In practice, we have found that this is rarely necessary. The design data is often 
stored separately anyway, with the composite entity storing pointers to the com-
ponent parts.

2. Our representation of a flow is analogous to the Lisp representation of a func-
tion, whereas a traditional flowmap is analogous to the C or Pascal representa-
tion. For example, we may write Fig. 3.(a) as:
placement ← placer(circuit_editor(circuit), placement_constraints)
whereas Fig. 3.(b) may be written as:
placement ← (placer, (circuit_editor, circuit), placement_constraints).
We are treating the tool as just another parameter.
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Fig. 3. Two possible representations of a dynamically defined flow
(based on the task schema in Fig. 1.), (a) a traditional bipartite flow
diagram, and (b) a task graph.

Circuit
Editor

Circuit

Circuit

Placement

Placer

Placement
constraints

3. The flows were called task trees and were true trees, looking like those in Fig. 4.. 
We have abandoned the name “task tree” as the flow structure is no longer 
restricted to being a tree.
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sequencing (flow automation) because tool and data dependen-
cies are specified in the task schema. It is also possible to sup-
port parallel task execution, wherein disjoint branches in the
flow can be executed in parallel, possibly on different machines
(see Fig. 6.).

As stated earlier, the task schema aids design data man-
agement by forming the data schema for a design meta-data
(design history) database. Further details of this are given in
[12]. As will be illustrated in section 4.2, this flow structure can
also be used as the form or template for queries into the data-
base.

Tools which can perform multiple functions are often han-
dled by defining separate activities for each tool behavior.
Using our approach, if the multiple behaviors correspond to dif-
fering entity types (e.g., one tool that can function both as a lay-
out editor and a circuit extractor), the tool (or its encapsulation)
can be instantiated for each of those entity types. For behaviors
corresponding to the same entity type (e.g., automatic layout
using different algorithms – specified by arguments to the tool),
multiple encapsulations can be used to specify the differing
arguments. Another approach is to define the options or argu-
ments themselves as an entity type. An example is the entity
Router Options in Fig. 1.. It is also possible to share encapsu-
lation code among several tools. For example, we have encap-
sulated three statistical circuit optimization tools that take
exactly the same input arguments and produce the same type of
output using this technique.

Finally, tools themselves may serve as data input to other
tools. For example, an optimization procedure may have a cir-
cuit simulator passed to it as an argument.

Design consistency maintenance (i.e., automatic retracing
of a flow to update derived design data), is readily supported
through the storage of the design history. Queries into the
design history can quickly determine whether such retracing
need occur. For example, a query such as “find the netlist that
was extracted from this layout” could determine whether such
an extraction had yet been performed, or whether the extracted
netlist was out-of-date with respect to the layout.

Another aspect of design consistency maintenance is ensur-
ing that different views of a design are in correspondence.
Designers often think of a design in terms of different views
such as a logic view, a transistor level view, or a physical view,
as shown in Fig. 7. View management is typically seen as the
responsibility of a data management system in a framework,
separate from methodology management. If views of a design
are associated with entities in a task schema, however, flows

can be used to represent the transformations between views. For
example, given the task schema in Fig. 1, the flow in Fig. 8 (a)
will synthesize the physical view of a circuit from the transistor
view, while the flow in Fig. 8 (b) will verify that the physical
view is consistent with the transistor view.

As can be seen, dynamically defined flows enable the pro-
vision of many framework services. Not only can they be used
to support these services, they also make methodology mainte-
nance easier by avoiding the requirement for the maintenance
of a set of flows (only the task schema need be maintained), and
by simplifying the incorporation of new tools. They allow
designers greater freedom by not restricting them to work on a
static flow, and, as will be seen in the following section, they
also allow greater freedom in how a design is approached.

3.4 Multiple Design Approaches
Dynamically defined flows allow designers to be very flex-

ible in their approach to solving a design problem. Any one of
four different approaches may be selected. In the goal-based
approach, designers identify a task by first selecting the goal
entity of the task from the task schema. The tool-based
approach allows users to initially select either the tool-entity or
the tool-instance that they wish to work with. In the data-based
approach users initially select an existing piece of data that they

Fig. 6. Separate branches can be executed in parallel.
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wish to work with. The plan- or flow-based approach allows
designers to choose from a set or library of flows that they (or
another user) have built up previously. This approach would
normally be used when repeating a common design activity.

Allowing the designer to approach the problem in any way
they choose provides the greatest possible designer flexibility.

4  Implementation
The concepts described above have been implemented in

the modified version of the Hercules Task Management System
[7], part of the Odyssey CAD Framework [2].

4.1 Execution of a Simple Task
Importantly, as in [1], and as described in 3.4 above, Her-

cules allows users to be very flexible in their approach to a
design task, being able to approach the task from multiple view-
points4. In [1], this is done using different user interfaces for
each approach. Hercules, however, uses the same user interface
for each approach.

A visualization of a task graph forms the basis of the Her-
cules user interface, as shown in Fig. 9.. Suppose, for example,
that the designer wishes to obtain a circuit performance from an
existing netlist. To start the task, the designer may select a pre-
defined flow from the flow-catalog, a design entity type from
the entity-catalog, a tool from the tool-catalog, or a piece of
data from the data-catalog. In this example, suppose that the
user elects to start by choosing an entity from the entity-catalog.
If the task schema is the one shown in Fig. 1., then the entity-
catalog will list all of the entities in Fig. 1.. The user can select
either the goal type of the task (Circuit Performance), the
entity corresponding to the tool to be used (Circuit Simulator),
or, the entity corresponding to the netlist to be simulated
(Netlist). An icon representing this entity then appears on the
screen. Using a pop-up menu associated with the icon, the user
can then build up the flow simply and easily using expand oper-
ations (see Fig. 9.(a)) described earlier (§3.2). (Expand opera-
tions would not be necessary if the user had chosen a predefined
flow.) Once the flow is built up, the user can select and fill in
instances for the leaf nodes of the flow by using the browser
associated with each leaf node entity (see Fig. 9.(b)). Once
instances have been selected for the leaf nodes, the non-leaf
nodes become executable and may then be run.

Flows of any complexity can be created. Flows can be
expanded in either direction and can be of any depth. A sub-
flow may be run at any stage – as long as its dependencies are
satisfied – independently of the remainder of the flow. Instance
browsing (and selecting) also need not wait until the complete
flow has been generated; it may be done at any time that an icon
for the given entity exists on the screen. Also, the selection
made in the database browser need not be unique: it is possible
to select more than one instance, or a set of instances – causing
the task to be run for each data instance specified. (The relevant

encapsulation may cause the tool to be run for each instance
selected or it may pass all of the data to a single call of the tool.)

As can be seen from the Netlist browser in Fig. 9.(b), meta-
data such as user-id and creation time-stamp are recorded. The
user is also able to annotate entity instances – providing both a
name and a more detailed textual description if desired. This
annotation can be used to help document the design steps taken.
An instance’s most important meta-data is its design history
which records the entity instances used to create that instance.
This design history can be queried, using the flow itself as a
query template. It also allows previously executed tasks to be
recalled, possibly modified, and executed. Details of this are
given in the following section.

4.2 Using the Design History
The task graph can be used to formulate and return the

result of queries into the design history database. Simple que-
ries about an entity instance can be formed using the browser
associated with each entity (see Fig. 9.(b)). More complex
queries involving backward-chaining and forward-chaining
through the design history can also be formed. 

Backward-chaining queries into the design history database
are used to find an instance’s derivation history. For example,
after selecting a unique instance of an entity, a designer may
select “History” from the icon’s pop-up menu to reveal the
instances used to create it (see Fig. 10.). The other meta-data
(user, time-stamp, comment) can be examined by browsing on
the revealed instances.

Forward-chaining queries are used to find the entity
instances which depend upon a given instance, or instances,
e.g., finding all of the circuit performances derived from a given4. The original version of the Hercules Task Manager supported only the goal 

based approach.
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netlist. This is achieved by constructing a task graph, specifying
the known instances, and then browsing on the parent entity
using the “Use dependencies” option in the browser (see Fig.
9.(b)).

As every design object created has its design history
instance stored in the design history database5, it is possible to
use this history to keep track of different versions of design
objects. Versioning is closely associated with editing tasks
which, in a task schema, are characterized by having a data
dependency whose source and target are of the same entity type.
(For example, in Fig. 1. an Edited Circuit depends (optionally)
upon a Circuit.) Versioning of a design is traditionally repre-
sented by a version tree (see Fig. 11.(a)). Our representation – a
flow trace – is a semantically richer superset of a version tree,
not only showing the relationship between the data, but also
showing the tools that were used in creating that data (see Fig.
11.(b)). A flow trace has the same form as a task graph and can
be built up using the forward- and backward-chaining
approaches described above.

5  Conclusions
We have introduced the concept of dynamically defined

flows – tool independent flows (represented by a task graph)
that are built up, on demand, by a designer subject to the rules
contained in a task schema. Dynamically defined flows provide
support for various framework services (including design meth-
odology management and automatic task execution) in a tool
independent manner. Design data management support is also
provided: the task graph itself can be used to formulate and
return the results of queries into the design history database.
Dynamically defined flows also provide support for multiple
design approaches – designers can choose a goal-based, tool-
based, data-based or plan-based approach to solving their
design problem.

The concepts presented here have been implemented in the
latest version of the Hercules CAD Task Manager, part of the
Odyssey CAD Framework. 
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