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Progress - for period 10/1/95-12/31/95 

I. Modelling and verification tools 

• Lynch, Segala, Vaandrager and Weinberg have developed the "hybrid I/O automaton" model, 
a mathematical model based on labelled transition systems, designed for modelling and rea- 
soning about hybrid (continuous/discrete) systems. The model includes trajectories and 
continuous interaction between components. The model includes composition and hiding 
operations, plus a notion of simulation mapping to support reasoning using levels of abstrac- 
tion. Finally, it includes a notion of "receptiveness", which captures the idea that a hybrid 
automaton allows time to pass without bound. 

This model has been presented, in preliminary form, at the 1995 DIMACS Workshop on 
Hybrid Systems. Lynch et al have written a preliminary paper, for inclusion in the workshop 
proceedings. They are currently working on a fuller version of the work, for tech report and 
journal publication. 

For additional information, see URL http: //theory. lcs. mit. edu/tds/hybrid-model. html. 

• Pogosyants and Segala worked on adaptations of random walk theory for reasoning about 
randomized distibuted algorithms. This is still in progress. 

See URL http://theory.lcs.mit.edu/tds/AH.html. 

• Petrov and Pogosyants carried out a machine verification, using the Larch Prover, of a complex 
concurrent timestamp system of Dolev and Shavit. This serves as a demonstration that our 
methods work well for complex examples. This is leading to the development of additional 
computer tools for carrying out such proofs. 

See URL http://theory.lcs.mit.edu/~petrov/CTSS.html. 
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• Other projects on computer-aided verification are described in: 

URL http://theory.lcs.mit.edu/tds/cav.htmlfor details. 

• Garland has begun the design of a Larch interface language for I/O automata. This language, 
together with associated tools, will facilitate reasoning about I/O automata using the Larch 
P rover. 

See URL http://larchj.lcs.mit.edu:8001/larch/index.html. 

II. Algorithms and impossibility results 

• Lynch, Shavit, Shvartsman, and Touitou, a Ph.D. student, showed that many important 
classes of the highly concurrent data structures used for counting and load balancing exhibit 
nearly linearizable behavior for a broad range of parameters and they have completely char- 
acterized the linearizability conditions in terms of a parameter describes a local property of a 
low level component and that does not depend on the size of the data structure. The paper 
will appear in PODC96. 

See URL http://theory.lcs.mit.edu/~alex/count2.html. 

• Lynch and Rajsbaum prepared a paper explaining the mysterious Borowsky-Gafni simulation 
algorithm. 

See URL http://theory.lcs.mit.edu/tds/borowsky.html. 

• Shavit, Touitou and Herlihy are currently designing a highly concurrent priority queue based 
on the elimination tree data structures. Shavit and Delia Libera are also developing a reactive 
version of the diffracting tree structure, that unlike existing tree implementations will exhibit 
an overhead that is a function of the load on the data structure. 

• De Prisco and Lynch are working on highly fault tolerant distributed consensus algorithms, 
focusing on asynchronous systems. 

See URL http://theory.lcs.mit.edu/~robdep/research.html. 

• Shvartsman is continuing the synthesis of the latest results in the area parallel computation 
in the presence of failures and delays (this work was previously done jointly with Kanellakis). 
A monograph is in preparation. 

See URL http://theory.lcs.mit.edu/~alex/eftp.html. 

III. Applications 

A. Distributed system building blocks 



• Fekete, Gupta, Luchangco, Lynch and Shvartsman developed a notion of "eventually serializ- 
able object," and demonstrated its usefulness for describing practical network name services. 
They also developed a general implementation, based on ideas of Ladin, Liskov and Shrira. 

See URL http://theory.lcs.mit.edu/~victor_l/eventually-serializable.html. 

• Following Herlihy and Wing's well accepted notion of linearizability for specifying concurrent 
data structures, Lynch, Shavit, Shvartsman, and Touitou are developing a formal definition 
of e-linearizablity, a variant of linearizablity that captures the notion of being "almost" lin- 
earizable, by allowing a certain fraction of concurrent operations to be out-of-order, thus 
facilitating data structure implementations with better scalability and load balancing prop- 
erties. 

• Members of the group began work on several other building blocks and their implementations, 
including consensus objects (implemented by Lamport's Paxos algorithm), RAID disks, and 
group membership services. 

• In applied work (partially done at MIT), Shvartsman summarized the emerging area of digital 
television system frameworks based on his consultancy to the industry. 

See URL http://theory.lcs.mit.edu/~alex/itv.html. 

• Leeb and Lynch prepared a paper modeling a steam boiler system based on a benchmark 
problem for a case study in formal methods for industrial applications. Preliminary results 
have been presented at the Dagstuhl Meeting in June 1995. This paper presents a different 
and improved model based on the discussions in Dagstuhl. The major improvement is that 
the new approach guarantees safety in the presents of faults. 

See URL http://theory.lcs.mit.edu/tds/boiler.html. 

B. Transit 

• Weinberg and Lynch have a nearly-complete version of an analysis, using invariants and 
simulations, of a simple vehicle deceleration maneuver. This will appear in H.B. Weinberg's 
M.S. thesis. 

See URL http://theory.lcs.mit.edu/~hbw/decel.html. 

Lynch, Weinberg and Delisle presented some preliminary ideas on modelling and analyzing 
separate vehicle protection (VP) subsystems, in the DIMACS-95 Workshop. They are cur- 
rently writing a paper for the workshop proceedings. 

See URL http://theory.lcs.mit.edu/~hbw/prot.html. 
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• Lynch has written a preliminary report on the analysis of a simple acceleration maneuver, 
using levels of abstraction. 

See URL http://theory.lcs.mit.edu/tds/three-level.html. 

• Lynch presented a survey of our group's work so far on modelling and analyzing transit 
systems, also at the DIMACS-95 Workshop. She has written a paper for the workshop 
proceedings. 

See URL http://theory.lcs.mit.edu/tds/transit-survey.html. 

C. Communication 

• Smith produced a good outline of a correctness proof for TCP, and began a correctness proof 
for an optimization, T-TCP. 

See URL http://theory.lcs.mit.edu/~mass/comm.html. 

D. Probabilistic Systems 

• Pogosyants and Segala have produced preliminary proofs for many of the properties of the 
(randomized) Aspnes-Herlihy consensus protocol. 

See URL http://theory.lcs.mit.edu/tds/AH.html. 

These proofs are based on Segala's general semantic model for probabilistic systems. See 

URL http://theory.lcs.mit.edu/tds/probability.html. 

Changes in Key Personnel 

• Three new graduate students joined in September. 

• Anya Pogosyants, one of the PhD students working on this project, was killed on December 
15 in a car crash on an icy road in Vermont. 

• Alex Shvartsman's major collaborator, Prof. Paris Kanellakis of Brown University, was killed 
in the Colombian plane crash, later in December. 

• Dr. Steve Garland has joined the project as a collaborator to help construct computer tools 
for simulating and verifying distributed algorithms. 



(      » 

i 

Travel and Relevant Meetings 

• Lynch and Weinberg met with system developers at Raytheon to discuss the modelling/verification 
of a Raytheon vehicle protection system. 

• Lynch and Weinberg attended the DIMACS workshop on hybrid systems in October. Three 
papers from our group were presented. 
See URL's http://theory.lcs.mit.edu/tds/transit-survey.html, 
http://theory.lcs.mit.edu/tds/LSVW.html, and 
http://theory.lcs.mit.edu/~hbw/protftp.html. 
They learned about the control theorists' view of the hybrid systems area. 

• Several members of Prof. Shankar Sastry's PATH group at Berkeley visited us in October for 
discussions of the PATH system and its modelling/verification. 

• Lynch travelled to Bellcore in December to meet with designers of a network administra- 
tion system. They discussed definition of building blocks (in particular, group membership 
services, replicated data services and communication services) needed for the Bellcore system. 

• Alex Shvartsman participated in the SPIE Conference on Integration Issues in Large Scale 
Media Delivery Systems, where he gave a talk on integration frameworks for digital video 
networks. 

Budget Information 

Current funding is sufficient for the current fiscal year. The next fiscal year's funding requirement 
at current, anticipated levels is $190,500. 
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