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Abstract - OpenDesign is an open user-configurable project environment that supports distributed collaborative design and execution o n the Internet. The environment is created by configuring
a generic client for a specific project. This is i n contrast to an
implementation of a project-specific client-server architecture.
This paper introduces the OpenDesign environment i n the
context of a design process and project-specific tasks. A n OpenDesign task is defined as execution of one or more C A D point
tools, whereas a task flow is a dependency graph of tasks and/or
other task flows. Challenges arise when, within a single project,
(1) tasks must be executed on remote hosts under different file systems, (2) data must be accessed, moved, modified, and archived
with consistency, (3) tasks and task flows are assigned to more
than one designer, and (4) designers are physically dispersed.
In collaboration with peer institutions, a number of demo design
projects demonstrate the features and the opportunities with the
OpenDesign environment.
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1 INTRODUCTION
The Internet is rapidly opening new opportunities not
only in ways of how designers access tools and data but
also how new design projects are defined and executed.
While universities addressing the Internet design environments may lead in technical publications [l,2, 3, 41,
the special DAC99 issue of EE Times [5] lists 14 articles,
contributed by industry leaders in EDA, that foretell of
‘%hequiet revolution in the way the electronic products
are designed - and best is yet to come.” These predictions are on target: see [6] for an example of a web-site
providing the pay-per-use service since March 2000.
The GUIs of the three clients in Figure 1 are representative of the current generation of Internet-based tools,
and also provide the context for this paper:
JauaCADD client has been developed at MSU
[2]. It features a simple-to-use front end to submit
various design representations (verilog, VHDL, ...) to
a number of commercial tools (simulator, logic synthesizer, place & route tool, ...). The interface is simpler t o learn and use when compared to interfaces of
original tools. This client has been used successfully
in a number of VLSI design classes at MSU.
*Authors have in part been supported b y contracts f r o m
DARPA/ARO (P-3316-EL/DAAH04-94-G-2080and DAAG5597-1-0345).
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WebTop client is a hierarchical schematics editor
developed at MIT. It evolved into CollabTop where
two or more participants can collaboratively edit a
schematics and use the file to drive other tools [4].
Tool Wire client represents a commercial product
[6]. The free demo version of the tool paces the user
to click through a sequence of tasks, using the four
icons shown in the upper-left corner: (1) upload file
(in VHDL), (2) analyze file, (3) synthesize an FPGA
device (as per ‘choice’ window), (4) generate a report.
In the strict sense, only the JauaCADD is a point tool.
Both WebTop and Tool Wire allow the user t o manually
follow-up with another task without leaving the environment. In both cases, the choices have been predefined
by the client’s developer, not the client’s user. Furthermore, none of the clients support automated chaining
of tasks nor a collaborative environment t o share and
archive data at a common site - an important factor
when a number of designers may be participating in a
joint project.
The major goal of OpenDesign is to allow users t o
configure their environment:
by choosing the best or the most affordable tools
for each design tasks - without having to install them
on local host;
by choosing the most effective sequences of tasks
to be executed, not only for manual one-task-at-atime execution but also for scheduling any number of
tasks for automated execution;
by choosing the hierarchy of data structures and
revision control most appropriate for the project-athand - and having it readily accessible on the Web;
by creating and storing preferences on the modes
of collaboration among the members of a project
team.
Our approach t o devising the OpenDesign environment reflects its goal as listed above. Rather than implementing a dedicated client/server environment where
software developers make most of the choices of how the
environment is t o be used by designers, we rely on a
generic client interfaced to a generic server and let the
designers/users implement the environment themselves
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(a) JavaCADD client: accessing Mentor layout

(b) WebTop client: accessing PowerPlay analysis

(c) ToolWire client: accessing FPGA synthesis
(a) JavaCADD client has been developed at MSU [2].
It is basically a simple-to-use front end to submit various design representations (VHDL, verilog, edif, ...) to
a number of commercial tools (simulator, logic synthesizer, place & route tool, ...).

(b) WebTop client is a hierarchical schematics editor
developed a t MIT. It evolved into CollabTop where two
or more participants can collaboratively edit a schematics and save the file t o drive other tools [4].
( c ) Tool Wire client represents a commercial product
that has been accessible on the Web since March 2000
[6]. T h e free demo version of the tool paces the user
to click through a sequence of tasks, using the four
icons shown in the upper-left corner: ( 1 ) upload file (in
VHDL), (2) analyze file, (3) synthesize an FPGA device
(as per 'choice' window), (4)generate a report.

I
Fig. 1.

State of-the-art point tool clients on the Internet.

2 OPENDESIGN:
NOMINAL
CONCEPTS

by writing a simple configuration file and a set of encapsulation scripts. As long as each point tool also can
be invoked remotely with a command-line script rather
than the nominal GUI, our demos show that a number
of project-specific environments can be readily created
by re-configuration of the the generic client. The key
elements of the generic client-server/peer-to-peer OmniFlow/OmniDesk architecture we now use were initiated
during a class project and are described in [7, 81.
A number of complementary project environments are
being created with OmniFlow/OmniDesk: OpenDesign
as described in this paper as well as OpenExperiment
and Openwriter [9]. All environments have similarities in what we designate as nominal view, with data
subdirectories explicitly linked to most if not all tasks.
The nominal view is also convenient when exploring the
project requirements in the start-up phase. However,
during the course of most projects, version control becomes an important issue, a subject of on-going research.
The next sections highlight the concepts and the implementation of the OpenDesign environment, and conclude with a brief outline of collaborative demos with
peer institutions.

A task-data graph captures the tasks and data dependencies in a design. It is a directed bipartite graph such
as shown in Figure 2a. For simplicity, we show an example where chaining all task dependencies creates ii
single path. The path may be broken into a number of
segments; there are two segments in the example. Thte
first segment consists of three simple tasks: optimize
netlist, translate netlist, partition netlist. The second
segment consists of two iterative tasks: foreach partition
translate, foreach partition place & route. Note however,
the data dependencies. Some tasks depend on primary
input data only, some tasks depend on data generated
by the preceding task only, but in general, tasks ma.y
depend on data generate by any task preceding the one
being executed.
The task-data graph in Figure 2a is representative of
a typical design flow. As such, it defines the objectiviss
of a small multi-team project. Challenges that are faced
by the team are: (1) resources t o execute most tasks are
available only on remote hosts under different file systems, (2) data must be accessed, moved, modified, and
568

(a) A task-data graph for a typical system design.

Note: D l , D2, D6, D13 are primary input files

(b) An example of OmniFlow/OmniDesk client/server configuration.

tasks chained

Variable Sroot ,@BO-scmos

Fig. 2.

A task-data graph example and its OpenDesign environment implementation.
that may invoke a pre-configured task flow such as shown
in Figure 2b. The facility to organize and configure a
set of design objectives into a number of task flows is
one of the important generic features of this client. For
example, Alice’s Flow involves three tasks that are to
be executed in the following sequence:

archived with consistency, (3) tasks and task flows are
assigned to more than one designer, and (4) designers
are physically dispersed. At this point, project coordinator can use the client-server architecture of OmniFlow/OmniDesk and to collaboratively configure OmniFlow clients that best meet the objectives of the project.
The basic concepts of the OmniFlow/OmniDesk
architecture are shown in Figure 2b: applicationtransparent universal and asynchronous group server
(AGS), tool servers readily accessible from AGS, AGSbased project directories, each created initially by the
project coordinator.The project directory (projectDir on
the server) has a number of subdirectories that are
project-specific and are devised by the team in the
course of the project. Only project coordinator has
read/write (r/w) permissions to Admin and Resources.
Team members can read Resources as well as any Users
subdirectory. Each team member has r/w permission in
their own subdirectory.
The client received by each team member is enabled
once the user enters userID, password, and projectDir.
Once enabled, the client configures to a default view

optimize
netlist

->

translate
netlist

->

partition
netlist

Clicking on each of the task buttons invokes a tool
that may reside on a local host or a remote host. Files
produced by one tool may or may not be used as inputs
to the tool that is t o be executed later. After completion
of a task, user may click on the next button in the sequence shown. Alternatively, the interface allows user to
configure on any of the task connectors that can be toggled between -- and -> such that a complete task
chain gets invoked on the click of the first button in the
chain. This is the state of Alice’s Flow shown in Figure 2b; the sunken state of the third button (technology
mapping) indicates that the task is being executed.
The files read and written by specific tasks can be
filtered for display in the respective file boxes: one box
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Related to client in Fig. 2: an open project directory after completion of all tasks.
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