EDCS Annual Report

April 1, 1998 through March 31, 1999

CMU: A Technology Investigation Supporting

Software Architecture and Analysis for Evolution

Cooperative Agreement F30602-97-2-0031

1 Accomplishments

This section presents a comparison of actual accomplishments with the goals and objectives established for the period.  Additionally, it lists accomplishments that go above and beyond the stated goals and objectives.

The basis of comparison is the set of milestones that were generated to satisfy the request made by the Contract Monitoring Agent (Captain Mark Gerken, Rome Air Development Center) on May 15, 1997.  Additional milestones were added based on the “Revised Statement of Work and Budget” submitted November 20, 1998 by David Garlan.  The milestones are listed, followed by the set of accomplishments that satisfy each.  Where a milestone was not satisfied, an appropriate explanation is substituted in lieue of accomplishments.  The milestones are listed in chronological order by year and quarter.

This section of the annual report satifies the requirements for section 1, subsections a) and b) as outlined in Part IV, Article 15, Part C of Cooperative Agreement F30602-97-2-0031.

1.1 2nd Quarter 1998

1.1.1 Progress Against Milestones

Milestone
Satisfying Accomplishments

Initial distributable version of the Armani constraint checker
The Armani design rule checker was made available for limited distribution during this quarter. 

It is currently being used as the basis for analysis of dyanamic reconfigurations of the C2 systems at UC Irvine.   

The Armani constraint checker was also used  to develop a tool for analyzing properties of fault-tolerant real time systems.  This work was done in the context of the INSERT project at the SEI (Lechozky, Feiler, et al). 

Armani is available from the web at:

http://suit.able.cs.cmu.edu/ArmaniWeb
and will soon be available as part of the ADL Toolkit and as a plug-in Acme tool that can be used from within the AcmeStudio environment.

Demonstrate prototype version of UniCon 2.
The UniCon 2 toolsuite was developed to the point where it is ready for distribution. It was successfully transitioned to Lockheed Martin for Demo Days 98.  The graphical editor now has full editing capability: existing descriptions can be graphically manipulated and then saved back to text.  It is available for download at:

http://www.cs.cmu.edu/~UniCon

Enhancements of current tools for generating code from archtiecture for major kinds of architectural glue.
In UniCon 2, executable systems can now be fully generated from the architectural  descriptions for every connector abstraction that we have converted from the original UniCon tool suite.  These  include local and remote procedure calls, global data access, pipes, programming language bundler, and an ODBC database connector.

Continue to apply Wright to DoD-critical architectures, including the DMSO HLA (High Level Architecture for Distributed Simulation) and other emerging DoD standards for component integration.
We continued to apply Wright to the Defense Modeling and Simulation Office (DMSO) High Level Architecture (HLA) for distributed simulation. Specifically, we extended our model of part of the architecture that concerns distributed time management. 

Our formal modeling of HLA time management in Wright and contributions to the HLA specification have led to our coauthoring a revision of HLA specification document. We have also worked with DMSO in their efforts to develop HLA as an IEEE standard. 

Finish soundness proofs of Nitpick and Revere techniques.
See 4th quarter 1998. 

1.1.2 Other Accomplishments

The following is a summary of other major accomplishments during this quarter.  

Acme/Armani:

· Continued to develop an Armani language reference manual, and prototype tools.

· Refined Armani's formal, set-theoretic semantics for architectural constraints.

· Continued to upgrate our architectural design tools to work with the most recent release of Acme. 

· Versions of Acme developer's toolkits, a preliminary version of Armani, and Acme tools including an Acme graphical editor (AcmeStudio) were transitioned to Lockheed Martin for Demo Days 98.

UniCon/UniCon 2:

· Completed UniCon 2 graphical editor.  

· Completed compiler, adding support for every connector abstraction converted from the original UniCon tool suite.  

· Completed Acme importer/exporter for UniCon 2.

Architectural Mismatch/Flexible Packaging:

· Work continued on Rob DeLine's thesis, specifically with respect to repairing packaging mismatches in architectural designs. 

Analysis:

· Ladybug (the follow-up to Nitpick ) now fully implements bounded generation.  Work continued an an example based on the HLA. Laydbug was demonstrated at the July EDCS DemoDays conference. The underlying work was also presented to a group within NIST in July.

· Progress continued on Revere.  Accomplishments included the implementation of new RV logic that handles honesty and responsibility checks.  

· Progress on Ajax continued.  This included the implementation of a constraint solver which as at the heart of Java byte code analysis technique and the implemenation of a query language that will be basis of the user interface to Ajax. 

In addition to new research and development, on-going support was provided to users and evaluators of Armani, Aesop, Acme and related tools, Lackwit, Revere, and the UniCon toolset. 

1.2 3rd Quarter 1998

1.2.1 Progress Against Milestones

Milestone
Satisfying Accomplishments

Demonstrate initial Aesop/Armani extensions for rapid style development.
Work continued on the next generation Armani and Acme based tools for style-based architectural design.  This research is a follow-on to early work around Aesop (currently frozen).

Rapid style development is supported by the following features:

Armani Language and Environment:

Several Armani styles and corresponding customized design environments based on the Visio-based Armani front-end were developed for several design domains.  A version of the Armani environment that includes these styles can be downloaded from:

http://suit.able.cs.cmu.edu/ArmaniWeb

AcmeStudio: A Design Environment for Acme:

AcmeStudio includes support for diagram styles which provide a way to define the visualization conventions used in a particular architectural style. Includes support for choice of visualization based on type and property values.  AcmeStudio also supports other style-based customization.

Work was also begun to support Armani-based analysis of constraints from within AcmeStudio.  Both Armani and AcmeStudio were incorporated into the EDCS Demo Days (1998).

Demonstrate advanced performance analysis tool.
As part of July Demo days, we demonstrated an Acme-based performance analysis tool (integrated with AcmeStudio) based on queuing-network theory and developed an architectural style (in Armani/Acme) that extended the basic performance model.

Release of AcmeStudio, a PC-based front-end for creating and analyzing architectures.
AcmeStudio, an Acme based editor and environment was released.  AcmeStudio supports visual editing of Acme descriptions, including support for defining new Acme families as well editing systems in existing families.  

AcmeStudio was released to Lockheed-Martin for incorporation into July Demo Days (1998), and continued to be used within Lockheed Martin.  AcmeStudio was also actively used by several EDCS groups whose architectural analysis tools support export to Acme.  

Since July 1998, AcmeStudio has been downloaded from the web by over 150 users.  AcmeStudio is available through the web from:

http://www.cs.cmu.edu/~acme

Continue to apply Wright to DoD-critical architectures, includeing the DMSO HLA (Hight Level Architecture for Distributed Simulation) and other emerging DoD standards for component integration.
See previous quarter, 2nd quarter 1998.

1.2.2 Other Accomplishments

The following is a summary of other major accomplishments during this quarter.

Acme/Armani:

· Continued development and refinement of Armani language and environment. Began significant beta-testing efforts and application of Armani to several different design domains.

Analysis:

· Work was done on Ajax analysis tool for Java to increase its coverage of the Java bytecode language.Work was also done on applying the type-based analysis of Ajax to the problem of Java bytecode verification for safe execution.

· We completed an initial version of Ladybug, the replacement for Nitpick. This was given limited release to a handful of researchers plus use in two CMU courses. The released tool is written in Java and can thus run on abroad set of platforms and preforms its checks up to a thousand times faster than Nitpick on real world specifications. A broader public release is expected this spring.

· Continued progress on theory generation and the application of the Revere tool on authentication protocols.

UniCon:

· The next generation of UniCon, UniCon 2 was released in its final version before Gregory Zelesnik left the Composable Systems group. A public release version of UniCon 2 that includes better support for a number of features as well as full Acme import/export support is now available.

We also continued to support users and evaluators of the Acme-based design environment (AcmeStudio), the Acme developer's libraries (Java and C++ AcmeLib), Armani, Lackwit and Revere.

1.3 4th Quarter 1998

1.3.1 Progress Against Milestones

Milestone
Satisfying Accomplishments

Work with ISI and subcontractors to develop integration protocols for tool integration in the ADL Toolkit and apply to our own tools
As part of ADL Toolkit, effort John Ockerbloom has collected information on ADLs and related tools, and have published much of this on the ADL Toolkit Web page at:
http://www.cs.cmu.edu/~able/adltk/ 

He also initiated an ADL Toolkit mailing list and participated in an ADL Toolkit working group meeting in December. 

Working with Dave Wile (ISI) and David Garlan (CMU), he began developing a proposal for a flexible communication infrastructure that can be used to make the diverse set of ADL tools developed within the EDCS community work together.  A preliminary version of this proposal can be found at the Adl Toolkit web site.  

Web-downloadable versions of Aesop, UniCon, Wright, and Acme tools that are suitable for integration into the initial version of the ADL Toolkit, together with supporting documentation
Aesop, Wright and UniCon include initial support for Acme exporter/import.

In order for these notations/tools to be supported within the ADL Toolkit, additional work needs to be done, including updating the Acme-based translators and bundling the tools according to the (not yet fully defined) requirements of the ADL Toolkit.

Techniques and a prototype tool for relating different representations (views) of an architectural description
We developed an initial proposal for “maps” in Acme.  Maps allows a designer to define a set of relations between elements of systems in two different Acme families.  

The mechanism is flexible and generic, keeping with the design goals of the Acme language.  

The mapping mechanism can be used to define a wide variety of different types of relationships including the mapping of software components to hardware, functional correspondances between different views of a system, analagous elements in two design alternatives, or the relationship between an  initial design of a system and the design after it has evolved over the system’s lifecycle.

Demonstrate prototype notation and tool for avoiding architectural mismatch.
DeLine's thesis is near completion. He designed a method and tools to separate a component's functionality from its interaction with other components. He performed several case studies to test the feasability and scalability of the approach. The studies include many popular forms of component interaction: ActiveX controls, Windows applications, Netscape plugins, ODBC database access, CGI scripts, pipes/filters and TCP/IP sockets.

Release new version of Nitpick.
Nitpick is available from:

http://www.cs.cmu.edu/~nitpick

Release Revere for public use.
Revere is available from:

http://www.cs.cmu.edu/~revere

Report on the application of Wright to the HLA.
Published a conference paper on the use of Wright in the formal specification of the HLA:

Allen, R., Garlan, D., Ivers, J., Alan, R. 
Formal Modeling and Analysis of Component Integration Frameworks. 
Accepted for publication at Sixth International Symposium on the Foundations of Software Engineering (FSE 6).  November 1998.

Finish soundness proofs of Nitpick and Revere techniques.
As part of the work on Ladybug (the next generation version of Nitpick), we proved the soundness of the integration of the different techniques, notably isomorph elimination and bounded generation, for selective enumeration. 

Demonstrate prototype version of UniCon 2.
See 2nd quarter, 1998.

1.3.2 Other Accomplishments

Acme/Armani:

· Work continues on Acme-based environment (AcmeStudio) at CMU. This work includes adding mechanisms to support the integration of externally developed tools. The integration framework has been tested by integrating the Armani typechecking tool into AcmeStudio.

· A Beta version of the Armani language and environment was released and is now available via request to bmonroe@cs.cmu.edu. A complete version of the language reference manual is also available through this site.

· Continued development and refinement of Armani language and environment. Began significant beta-testing efforts. Preliminary integration of Armani with the AcmeStudio architectural design environment.

· AcmeStudio (an Acme environment and editor) and environment with preliminary support for Armani is now publically available throught the Acme web site (http://www.cs.cmu.edu/~acme).

Analysis:

· Robert O'Callahan worked on the Ajax analysis tool for Java to increase its coverage of the Java bytecode language and to improve scalability. He also built some more tools using the framework, to explore new applications of the technology.

· Craig Damon made significant progress towards the completion of Ph.D. thesis related to Ladybug, particularly in the areas of formalization of the techniques and proving them sound.

· Darrell Kindered wrote a nearly complete draft of his Ph.D. thesis related to Revere.

· The Ajax tool handles the entire Java bytecode language and can analyze small to medium sized Java programs.

We also continued to support users and evaluators of our Acme-based design environment (AcmeStudio), the Acme developer's libraries (Java and C++ AcmeLib), Armani, Lackwit and Revere. 

1.4 1st Quarter 1999

1.4.1 Progress Against Milestones

Milestone
Satisfying Accomplishments

Work with industrial partners to transition tools and infrastructure of new ADL Toolkit.
As part of the Acme project at CMU, we have supported the development of the a MetaH translator with a group at at the SEI (Barbacci, et al), as well as other efforts to support interoperability through Acme. 

Work on developing more extensive infrastructure for integration environments is ongoing, with the expectation of transitioning an initial between now and October 1999. 

A tool for generating web-viewable views of archtiecture descriptions that are visually customizble to match conventions of different architectural styles
Work was begun on a tool to replace the Acme-based web generator released during the last reporting year.  The old tool is still available for download through the Acme web site (http//www.cs.cmu.edu/~acme).  The new tool is based on an XML version of Acme, using the XSL style-sheet mechanism for generate HTML for this description.  A Java-applet for display architectural diagrams was also developed that can be used to embed stylized diagrams in the generated HTML.  

This tool has not yet been released to the public.

1.4.2 Other Accomplishments

Acme/Armani:

· Work on AcmeStudio and related tools continued. A prototype tool integration mechanism based on COM was prototyped. Work continued on supporting Armani features within AcmeStudio. We continued to support users using AcmeStudio and the Acme and Armani toolkits.

· The Armani environment and language were applied to eight case studies. A customized Armani environment was developed for each and the results documented as part Robert Monroe's thesis work.

ADL Tookit:

· John Ockerbloom continued to investigate specific mechanisms and libraries we can use to make diverse ADL tools work together. Based on this investigation, he has begun to define the API for a library to support tool integration via a an extensible set of communication mechanisms.  Information on the work is available through the web at http://www.cs.cmu.edu/~able/adltk.

Analysis:

· We improved the Ajax analysis system for Java programs,extending its scalability and fixing bugs. We are also building new tools on top of the system, in particular a new tool for finding potential run-time errors due to "downcasts" in Java programs. We also developed a tool for identifying dead code.

· We proved the soundness of the integration of the different techniques, notably isomorph elimination and bounded generation, for selective enumeration. This work was done in the context of developing the Ladybug tool.

· We developed the Revere tool further, with new support for a variant of the standard CAPSL protocol specification language, and proof tracking, in preparation for final public release.

· We began working on the problem of the compositional verification of electronic commerce protocols using theorem provers. The goal of the project is to build an environment for analyzing complex security protocols by breaking them down into components and verifying the components separately from each other. The formal model employed is I/O automata. In the first stage of the project we formalized components of an example secure auction protocol and verified their properties in theorem provers PVS and Isabelle.

· We can now analyze reasonably large Java programs in Ajax, such as Ajax itself and the javac compiler, and prove that many of the downcasts in the code are safe. We are also able to find more dead code in these programs than other existing tools can find.
· Darrell Kindred completed and successfully defended his thesis, "Theory Generation for Security Protocols".

We also continued to support users and evaluators of the Acme-based design environment (AcmeStudio), the Acme developer's libraries (Java and C++ AcmeLib), Armani, Lackwit and Revere.
2 Cost Overruns

Stolzfus?

3 Chronological List of Publications

This section of the annual report satisfies the requirements for section 2, subsection d) as outlined in Part IV, Article 15, Part C of Cooperative Agreement F30602-97-2-0031.

Allen, R., Garlan, D., Ivers, J., Alan, R. 
Formal Modeling and Analysis of Component Integration Frameworks. 
Accepted for publication at Sixth International Symposium on the Foundations of Software Engineering (FSE 6).  November 1998.

Vaziri, M., Lynch, N., Wing, J.M. 
Proving the Correctness of a Controller Algorithm for the RAID Level 5 System. 
Proceedings of the International Symposium on Fault-Tolerant 
Computing. 
June 1998.  Also published as CMU-CS-98-117, March 1998.

Garlan, D., Wang, Zhenyu. 
A Case Study in Software Architecture Interchange. 
Submitted for publication May, 1998. 

Wing, J.M, Ockerbloom, J. 
Respectful Type Converters 
IEEE Transactions on Software Engineering. 
Also published as CMU-CS-98-130.

Allen, R. and Garlan, D. and Douence, R.
Specifying Dynamism in Software Architectures
Proceedings of the Workshop on Foundations of
Component-Based Software Engineering

DeLine, R.
Avoiding packaging mismatch with Flexible Packaging 
To appear in Proceedings of the International Conference on Software Engineering,
Los Angeles, California, 1999.

DeLine, R.
A Catalog of Techniques for Resolving Packaging Mismatch. 
To appear in Proceedings of the Syposium on Software Reusability
Los Angeles, California, 1999  

Allen, R. and Douence, R.and Garlan, D.
Specifying and Analyzing Dynamic Software Architectures
Proceedings of the 1998 Conference on Fundamental
Approaches to Software Engineering (FASE'98)},

Berry, A., Garlan, D.
Making Architectural Analysis Reasonable
Proceedings of the First Working IFIP Conference 
on Software Architecture (WICSA1) (Feb 1999)

Monroe, R.T.
Capturing Software Architecture Design 
Expertise With Armani. Technical Report CMU-CS-98-163, 
Carnegie Mellon University School of Computer Science, 
October 1998

Dingel, J., Garlan, D., Jha, Somesh, Notkin, D. 
Reasoning about Implicit Invocation
Accepted for publication at Sixth International Symposium on the Foundation of
Software Engineering (FSE 6). November 1998. 

Robert O'Callahan
A New Type System for Java Bytecode Subroutines
Proceedings of the 24th ACM Conference on Principles of Programming
Languages, January 1999.

 H.S. Chadha, J.W. Baugh Jr., and J.M. Wing
Formal Specification of Concurrent Systems
Advances in Engineering Software (read by civil and mechanical engineers)
vol 30, no. 3, March 1999, pp. 211-224.

Berry, A. and Garlan, D
Making Architectural Analysis Reasonable
Proceedings of the First Working IFIP Conference on Software Architecture (WICSA1)
February 1999

Sousa, J.P. and Garlan, D.
Formal Modeling of the Enterprise JavaBeans Component Integration Framework
Proceedings of FM'99
Toulouse, France
November 1999

Robert T. Monroe
"Modeling and Analyzing Software Architectures",
Tutorial for the 1999 International Conference on Software Engineering,
Los Angeles, CA, May 18, 1999.
4 List of Professional Personnel

This section of the annual report satifies the requirements for section 2, subsection e) as outlined in Part IV, Article 15, Part C of Cooperative Agreement F30602-97-2-0031.

4.1 Faculty

Mary Shaw,
 Alan J. Perlis Professor of Computer Science, Associate Dean for Professional Programs

Jeannette Wing, Professor of Computer Science

David Garlan, Associate Professor of Computer Science

4.2 Graduate Students

Shawn Butler 

Craig Damon 

Robert DeLine 

Darrell Kindred

Robert Monroe 

Robert O'Callahan 

Siddhartha Puri 

Bridget Spitznagel 

Zhenyu Wang 

Jianing Hu 

Hao-Chi Wong

4.3 Visitors and PostDocs

John Ockerbloom, Postdoctoral Fellow

4.4 Staff

Andrew Kompanek, Senior Research Programmer

Gregory Zelesnik, Principal Research Programmer (left CMU mid 1998)

James Ivers, Project Scientist (left CMU for SEI) 

4.5 Advanced Degrees (accomplishments)

Darrell Kindred completed and successfully defended his thesis, "Theory Generation for Security Protocols".

Robert Monroe successfully proposed his thesis, …

5 Interactions (related activities)

This section of the annual report satisfies the requirements for section 2, subsection f) as outlined in Part IV, Article 15, Part C of Cooperative Agreement F30602-97-2-0031.

5.1 Presentations

This section describes papers presented at meetings, conferences and seminars, as well as invited talks and other presentations.

David Garlan: 
International Conference on Software Engineering 
Kyoto, Japan 
April 21-24, 1998 
  
David Garlan (invited talk): 
An Engineering Basis for Software Architecture 
MIT 
May 15, 1998 

David Garlan: 
Workshop on the Role Of Software Architecture 
in Testing and Analysis 
ROSATEA-98 
June 30, 1998 
  
Jeannette Wing: 
NSF CISE Advisory Board 
Washington DC 
April 28-30, 1998 

Jeannette Wing: 
OOPSLA Program Committee 
Seattle, WA 
June 7-8, 1998 

Jeannette Wing: 
DARPA, visit with David Tennenhouse 
Washington DC 
June 11, 1998 

Jeannette Wing: 
Model Checking and Security Protocols 
Workshop associated with Logic 
in Computer Science. 
co-chair with Nevin Heintze. 
Bloomington, Indiana 
June 25, 1998   


Jeannette Wing
Talk: Formal Methods: Past, Present, and Future
Fourth Software Reuse Symposium: 
From Architectures to Products
Ft. Meade, MD
August 19, 1998.

Jeannette Wing
NSF Software Workshop
Baltimore, MD
October 15-16, 1998.

Jeannette Wing
DARPA Formal Methods PI Meeting
Palo Alto, October 29-30, 1998.

Jeannette Wing
ONR and NSF Workshop in Computer Security, Fault Tolerance, and Software Assurance: 
From Needs to Solutions
Williamsburg, VA
November 10-12, 1998.

Jeannette Wing
Talk: ``Formal Methods: Past, Present, and Future,'' 
DISTINGUISHED LECTURE SERIES
DePaul University,
October 2, 1998.

Jeannette Wing
Talk: ``Formal Methods: Past, Present, and Future,''
1998 Asian Computing Science Conference
1998, KEYNOTE SPEAKER.
Manila, The Philippines
December 10

Robert O'Callahan
Talk: "The Design and Implementation of Program Analysis Services"
MIT

Robert O'Callahan
"A New Type System for Java Bytecode Subroutines" 
MIT

David Garlan
Talk: Architecture Research 
IBM Watson Research Labs
December 1998

David Garlan
Program Comittee
WICSA: First Working Conference on Software Architecture
Formal Methods'99
David Garlan
Program Co-Chair
1999 International Conference on Software Engineering (ICSE)
David Garlan
EDCS PI Meeting
San Diego, CA
October 1998

David Garlan
International Software ArchitectureWorkshop (ISAW)
Orlando, FL
November 1998

David Garlan
Foundations In Software Engineering (FSE'99)
Orlando, FL
November 1998

David Garlan, John Ockerbloom
EDCS PI ADL Toolkit Meeting
SRI (Menlo Park CA)
December 12, 1998

David Garlan
Research Talk
HP Labs and HP Enterprise Business Systems

David Garlan
Atttended NIST Workshop on Software Architecture Standardization
Gaithersburg, MD.

David Garlan
Attended the First Working IFIP Conference on Software Architecture
San Antonio, TX

Rob O'Callahan
Talk: "The Design and Implementation of Program Analysis Services" 
IBM Watson Research Lab

Jeannette Wing
Attended DARPA Information and Science Technology Study (ISAT) Group Meeting
January 1999.

5.2 Consultative and Advisory Functions

This section describes interactions with other institutions in a collaborative, consultative or advisory capacity.

Daniel Jackson (MIT)
Some components of the Ajax system were reused by Daniel Jackson and his students at MIT in their WOMBLE project. They also used the Lackwit system that were built previously in some of their work on reverse engineering aeronautics software.

Daniel Jackson (MIT)
Robert O'Callahan met with Daniel Jackson and his students at MIT for more discussions about using Ajax technology in their WOMBLE project.

HLA
Craig Damon and others applied Ladybug to two portions of the HLA specification, discovering flaws in both areas. The resultant TR will be published this spring.

Judith Dahman, Richard Weatherly (HLA)

We continued collaboration with DMSO on the effort the formalize the HLA standard. During first quarter of 1999, we extended the formal model to investigate "Bridge Federate" anomalies.

5.2.1 Collaboration with Integrators

Global Transportation Network
Worked with Dick Creps at Lockheed Martin to continue to transition CMU EDCS technology.

We transitioned UniCon 2, AcmeStudio, and Armani to Lockheed Martin for incorporation into their demonstration for EDCS Demo Days '98.

David Wile (USC ISI)
We continued to collaborate with Dave Wile at USC ISI on application   of Acme to our ADLs and tools. 

Mario Barbacci (SEI) 

We worked with Mario Barbacci and colleagues at the SEI to help them develop a tool to map MetaH into Acme. This work is described in:

Mario R. Barbacci and C. B. Weinstock and J. M. Wing 
Programming at the Processor-Memory-Switch Level 
Proceedings of the Tenth International Conference on Software Engineering 
March 1998 

Lockheed-Martin (Creps)
We continued to collaborate with Lockheed Martin, transitioning new versions of our design tools to them for incorporation in demos and pilot projects.

David Wile (USC ISI)
We continued to collaborate with Dave Wile at USC ISI on application of Acme to our ADLs and tools. 

Peter Feiler (SEI)
Ongoing collaboration with Peter Feiller and Jun Li at SEI using Armani to model real-time preformance and fault-tolerance architectural properties. Also supporting their use of the AcmeStudio design environment in this context.

David Notkin (University of Washington)
We have released a version of Ajax to David Notkin's group at the University of Washington.

5.2.2 Collaboration with Other Projects in the Architecture Cluster

None to report.

5.2.3 Collaboration with Projects in the High Assurance Cluster

None to report.

5.2.4 Collaboration with Projects in the Design Management Cluster

None to report.

5.2.5 Collaboration with Projects in the Dynamic Languages Cluster

Paul Hudak (Yale)

Met with Paul Hudak to discuss his proposals for higher-order, polymorphic extensions to ACME.
5.2.6 Other Advisory Functions

6 New Discoveries, Inventions and Ideas

This section of the annual report satisfies the requirements for section 2, subsection g) as outlined in Part IV, Article 15, Part C of Cooperative Agreement F30602-97-2-0031.
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