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Particular Achievements in Research:

Since I got my PhD degree my research work has been mainly focused on: generally, proving the advantages
of asynchronous design techniques for constructing digital VLSI systems, and more specifically, demonstrating
the crucial role of formal models of concurrency, such as Petri nets, in designing asynchronous systems that
are reliable (free from hazards) and efficient (in terms of speed, power consumption and size). These twenty
years of research, on my own and in collaboration with colleagues and co-authors from Newcastle University
(D. Kinniment, A. Koelmans, L. Lloyd, I. Mitrani, A. Semenov, et al.), St. Petersburg EEI (V. Markhovsky,
A. Petrov, L. Rosenblum, V. Varshavsky, et al.) and other universities and industry worldwide (J. Cortadella,
M. Kishinevsky, M. Kondratyev, L. Lavagno, E. Pastor, A. Taubin, W. Vogler, et al.) have led to significant
results in reaching these two goals. These results are subdivided into the following four main categories:

Formal Models of Asynchronous Behaviour:

(1) During the 80s, on the basis of the formalism of Petri nets, together with L. Rosenblum, I developed the
model of Signal Transition Graphs or STGs (independently, a similar model was proposed at M.I.T. by T.A.
Chu) [ref. 10(*)], on which I worked later with L. Lavagno, et al. [6(*)]. This model has found wide-spread
use and led to further investigations by many researchers and asynchronous designers around the world in the
last decade (publications in IEEE journals, and conf’s such as ASYNC, ICCD, ICCAD, DAC, EDAC, EDTC).
Furthermore, a large community of asynchronous system designers in the UK and abroad (e.g., the designers of
the first industrial-strength asynchronous microprocessor Amulet at the University of Manchester, and research
designers at Intel Labs in Hillsboro, Oregon) are using STGs for synthesis and analysis of their circuits.

(2) Our original STG model [10(*)] was defined for both untimed and timed cases, thus not only enabling the
design of circuits with unbounded delays (pessimistic, speed-independent, case) but also circuits with timing
constraints (allowing optimisation for speed and area at the cost of being more optimistic about delays). The
latter aspect has also led to a variety of investigations in the asynchronous community, including the concepts
of “Lazy” Transition Systems [23] and Relative Timing that is now being actively used at Intel Corp.

(3) From 1990 to 1995, I developed the concept of causality in asynchronous hardware behaviour; in particular,
I investigated OR-causality, a concurrency paradigm implemented within the new Petri net extension called
Causal Logic Nets [7]. The original “binary version” of the STG model has also been extended to multi-valued
or symbolic STGs [my paper at IPIF Async. Conf. Manchester, 1993]. This work has resulted in wider research
in this area in the last two years (e.g., at University of Keiserslautern).

Asynchronous Circuit Synthesis:

(4) Between 1990 and 1997, I developed a Petri net based methodology for synthesis of asynchronous control
circuits [1(*), 9]. The methodology has two-stages. The first stage, Abstract Synthesis, uses labelled Petri
nets and their composition. The second stage, Logic Synthesis, uses the refinement of the nets obtained by
Abstract Synthesis into Signal Transition Graphs (STGs) and synthesis of hazard-free logic circuits from STGs.
In particular, I have contributed to the development of a set of new methods and algorithms supporting this
methodology (with J. Cortadella, M. Kishinevsky, A. Kondratyev, L. Lavagno, E. Pastor, A. Semenov, A.
Taubin): (a) methods for synthesis of speed-independent circuits directly from STGs, avoiding the full state
space exploration, using lock (coupledness) classes (originally proposed in my PhD thesis) and using Petri net
unfoldings and approximate boolean covers [31,36,39]; (b) a method for synthesis of safe Petri nets with read arcs
from transition systems and a method of solving the state encoding problem in STG-based synthesis, both based
the theory of regions in transition systems [3,4(*),5, 43, 45, 48]; (c) a method for the hazard-free implementation
of speed-independent circuits, using monotonic cover conditions [16,50]; (d) a method for decomposition and
technology mapping of speed-independent circuits, using boolean factorisation and binary relations [2, 11, 37, 38];
(e) methods for asynchronous circuit optimisation (for speed and area factors), and constructing locally speed-
independent (or with bounded delays) and globally delay-insensitive circuits, using various STG transformation
techniques (under appropriate equivalence criteria) concurrency reduction and expansion, handshake expansion
[21, 22]. The main algorithms for this methodology have been implemented in software tools, either with my
direct involvement (Petrify [19,40]) or under my supervision (PNIF, PUNT [47]).

Asynchronous Circuit Verification:

(5) Between 1994 and 1998, I have contributed to the development of automatic techniques for asynchronous
circuit verification based on partial order techniques, such as (time) Petri net unfoldings [51,53,44]. Together
with A. Semenov, and later with W. Vogler, new methods and algorithms for Petri net unfolding have been
developed to improve the efficiency of the partial order analysis approach for k-bounded Petri nets and Petri



nets with read arcs, using the techniques based on a (FIFO or LIFO) ordering of tokens in nonsafe places,
representative sets of transitions [51, TR487(1994)], weak causality and contextual cycles [26]. These methods
have been implemented under my supervision in tool PUNT, which is currently being advanced in a PhD research
work (F. Alamsyah), supported by Applied Materials. These techniques and tools have been successfuly used
in a number of applications such as verifying control logic for Amulet microprocessors and checking coherence
of Simpson’s four-slot asynchronous communication mechanism (actively used by BAe).

Asynchronous Circuit Design:

(6) In order to prove the usefulness of formal methods, techniques and tools in practice, I have been designing
(by myself and with A. Bystrov, D. Kinniment, L. Lavagno, A. Petrov, V. Varshavsky, F. Xia et al.) various
types of asynchronous control circuits using Petri nets, STGs and related techniques. These examples include:
bus controllers [PN conf (1990),10(*)] asynchronous pipeline token-ring interface [52], various arbiters [13,20,54],
A/D converters [32], micropipeline circuits and processors (e.g., Sproull’s Counterflow pipeline) [1(*), 4(*), 8,
12] and ESPRIT ACID-WG industrial design problems [41].

(7) Other methods supporting asynchronous circuit design include: (a) the principle of structural fault-masking
in asynchronous interfaces and methods for self-recovery in asynchronous systems [paper at IEE Proc. (1993)];
(b) a method for estimating power consumption in asynchronous control circuits based on Petri net T-invariants
(with L. Lloyd, et al.) [27]; (¢) a method for performance analysis of asynchronous arbiters (with I. Mitrani)
[24] ; (d) a method for using VHDL in the asynchronous circuit synthesis (with N. Starodoubtsev) [46] ; (e)
a method for self-checking and self-recovery in self-timed systems (with V. Varshavsky and V. Marakhovsky)
[42,52], (f) a method for estimating the worst-case execution time for CPU models using coloured nets (with F.
Burns and A. Koelmans) [14,29)].

Other Research-related Achievements:

I have formed an Asynchronous Systems Laboratory at Newcastle, which includes fifteen members (lecturers,
RAs and PhDs) and has close links with industry (Intel, BAe Dynamics, Theseus Logic, Cogency Technology,
Acorn Networks and other companies). I have contributed to the forming of several UK and international
academic partnerships with support from EPSRC (assessment: alpha 5, excellent), BC, Leverhulme grants
and EU ACiD-WG. The most effective is our “Petrify team”, which is now supported by Intel (through our
Barcelona partner), joint EPSRC project with Bristol University on parallel controller synthesis (ASAP) (as-
sessed as alpha 5, excellent), joint EPSRC project COMFORT with King’s College London, uncled by BAe
Dynamics. I have assisted to forming an asynchronous design team at Intel Corp. that performed work on asyn-
chronous instruction decoder RAPPID (1996-99). More recently, I have formed a EU consortium (GENESIS)
to develop generic methods and algorithms for synthesis of distributed, concurrent and asynchronous systems.
My other research-related achievements include:

Within the Asynchronous Design community:

(1) worldwide: Co-chairing the Programme Committee of the ASYNC’99 and being a member of the PC of
all six ASYNC symposia.

(2) EU: Newcastle is a full member of the ACiD-WG (currently in Framework-4, and in the re-newal proposed
for Framework-5). We have been invited to organise the third ACiD-WG workshop in Newcastle (Jan. 1999) and
a number of ACiD-WG special-interest workshops and group meetings in St. Petersburg (1998) and Newcastle
(1997-99).

(3) UK: I am a member of the steering committee of the Async UK Forum and in this capacity I advise
PhD students, RAs and designers throughout the UK on asynchronous design techniques. Newcastle has been
awarded the organisation the 2nd (1987) and 7th (1999) Async UK Forums.

Within the Petri Net community:

(1) T have been invited by the Steering Committee of the Int. Conf. on Appl. and Theory of Petri nets
(ICATPN) to organise two workshops on Hardware Design and Petri nets with the 19th (1998) and 20th (1999)
ICATPN, and an Adanced Tutorial on this topic at the 21st ICATPN (2000).

(2) T have given invited lectures on using Petri nets in hardware design, in a number of universities and companies
in the UK and worldwide (Helsinki TU, TU of Denmark, IMEC Leuven, Manchester Univ., Univ. Birmingham,
Univ. Augsburg, BTU Cottbus, Hewlett-Packard Res. Labs, Acorn Networks).

(3) I am the main editor of the first monograph on Hardware Design and Petri nets to appear at Kluwer AP in
early 2000.



