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Chapter 1

Activity Summary
Below is a synopsis of activities taking place over the last six months, commencing with registration as a postgraduate student in the Department of Computer
Science back in October 2005.

1.1

Research

The aim of this research is the construction of a process calculus which combines
the notions of discrete time and mobility. Earlier work on an undergraduate
project developing semantics for the Cashews1 [42] language involved the use of
the CaSE2 process calculus (and later, the conservative extension Cashew-Nuts).
It became clear during the project that it would be interesting to further extend
this calculus with the notion of mobility, and this postgraduate work focuses on
this.
At the time, mobility was taken to refer to the kind of mobility exhibited by
the π calculus (this being the only form considered at that point), but further
research over the past six months has shown that this idea can be realised in
two different ways, outlined below.
The focus thus far has largely concerned the reading of existing papers,
theses and other publications which relate to the chosen area. A bibliography
of these is included. From the initially rather vague ideas of six months ago, this
subsequent research has resulted in the following three main concepts presenting
themselves as central to the proposed calculus:
1. Timing / Global synchronization as in TPL[27], PMC[5], CSA[20] and
CaSE[43]
2. Localities [18]
1 Cashews
2A

is a language for web service composition, initially based on OWL-S.
conservative extension of CCS [34], which adds the notion of multiple discrete time

clocks
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3. Mobility in the form of migration between localities and maybe also in the
form of scope mobility as in the π calculus [39].
We now consider these in more detail.

1.1.1

Timing

TPL is the first in a series of calculi which extends CCS with discrete time.
This is not time as we may naively consider it; as a value which can be divided
into units such as minutes and seconds. Instead, a discrete time calculus is used
for synchronization. TPL exhibits a phenomenon known as maximal progress;
a clock ticks after all internal actions (τ s) have been completed. Thus, a clock’s
tick is essentially a marker which identifies when all work is complete.
These clock ticks also enable timeouts to be added to the calculus. For
example, take [E]σ(F ) where E and F are both processes and σ is a clock.
There are two possible derivations. Firstly, E may act. However, if E can not
act before the clock σ ticks, then F will act. In short, F acts if E times out on
the clock σ.
These features are advantageous for multi-party synchronization. In CCS,
synchronization works well for two processes communicating via corresponding input and output channels. However, this communication doesn’t scale
well. With more than two processes, a sequence of multiple synchronizations
must be enacted. More importantly, if the number of processes changes, this
series must be recreated. Thus, multi-party synchronization under CCS is noncompositional. In discrete timed calculi, the clock can be used as an external
agent to synchronise an arbitrary number of processes. The clock will be stalled
by the internal synchronisations taking place, so when it does tick, this indicates
that all such actions have taken place.
The later calculi (PMC, CSA and CaSE) extend these notions further. Primarily, all have multiple clocks, whereas TPL has only the single clock, σ.
However, only CaSE allows the use of these clocks to be segmented via clock
hiding. Essentially, a system of processes can be subdivided into components,
each of which can contain clocks. These are then hidden from other components (appearing merely as silent actions) to create a hierarchy of clocks. For
instance, in ((E|F )/σ)|G, E, F and G are processes and σ is again the clock.
However, the ticks of σ can only be observed by E and F . They are hidden
from R by the hiding operator, /, and only silent actions are observed. This
idea of encapsulation is one of the central concepts of CaSE.

1.1.2

Localisation

One concept within the area of algebraic process calculi is the idea of localisation.
This effectively adds another level of grouping to the calculus, one above that
of the process, allowing a set of composed processes to be contained within
one locality. One use of this is the modelling of distribution in the calculus.
Localities make it possible to distinguish behaviour based on the number of
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processes involved, by assigning each process to a locality. This distinction is
used in relating processes via location bisimulation [10].
This idea of grouping, which can be taken to its logical extent by forming
a hierarchy of localities, has echos of the notion of clock hiding within CaSE
described above. Our first idea is to combine these two hierarchical concepts,
so that a locality also acts as a method of hiding clocks. As a result, the clock
hiding operator from CaSE disappears and instead we add in localities, the
bounds of which define both a new group and the hiding of the clocks within
that group.
Recall the example of clock hiding above. We can turn ((E|F )/σ)|G into
(l[E|F ]{σ} )|G3 by a change in syntax. Instead of having an operator, /, with
scope over a set of processes for clock hiding, we assume that the clock σ is
hidden outside the locality, l. Our first task will be to formalise this idea further,
but our naive intuition is that the only change is the creation of an association
between a name (that of the locality) and a particular instance of clock hiding.
With this in place, we can obtain the set of visible clocks in a particular
locality by taking the union of the set of clocks associated with that locality
and the sets of the parent localities. For example, in n[E|m[F |l[G]{σ} ]{ρ} ]{} , G
in locality l can observe the ticks of both σ and ρ. F can only see ρ’s ticks, while
E can only observe silent actions resulting from the two hidden clocks. Taking
this further, we can assume that the clock context, the set of clocks within the
system, is equal to the union of the sets of clocks associated with each locality.

1.1.3

Migration

One common use of localities, beyond equivalence theory, is as a form of mobility.
As localities effectively group processes (and in our case, clocks as well), moving
them (usually called migration) results in their contents also moving to a new
location.
One well-known calculus that exhibits this is the ambient calculus [13].
Within this, localities are known as ambients and processes can perform one
of three capabilities: in n, out n and open n. The first two act subjectively,
moving the ambient containing the process inside or outside the specified ambient, n, respectively. The open capability dissolves n and is performed by a
process in the parent ambient. This allows the contents of the ambient to enter
the parent and interact with its existing occupants.
The next logical step will be to add something like this to the combination
of CaSE with localities. This allows migration to take place without having to
introduce a form of value passing and its additional complications (see 1.1.4);
we can instead retain the simplicity of the signals used by CaSE.
Communication within the ambient calculus is provided via open, which
seems implicitly a dangerous and ugly way of doing so and has been criticised in
later papers [11]. With the ideas from CCS and CaSE present in the hypothetical
3 Note that we add names to our localities here. This is not really necessary at this stage;
they provide nothing more than a way to refer to localities in talking about a system. However,
they are necessary for providing migration as discussed in 1.1.3

4

calculus we have described so far, we already have a form of communication that
has been extensively considered by other researchers. Instead of using open, we
can thus extend our existing communication primitives in the style of the Seal
calculus [67], allowing communication to be directed to channels in parent or
child localities as well as to siblings in the same locality. This is the form also
adopted by the Boxed Ambients calculus, which arose directly through criticism
of the open directive previously mentioned.
At this point, we already have an outline for an interesting new calculus
with the original notions we desired and presumably also conservative of both
the ideas in CaSE (simply a system sans mobility primitives) and CCS (the
same, but also with an empty clock context). This seems to be a reasonable
initial goal for this research.
However, adding the notion of value passing (and its generalisation to names,
as in the π calculus) could provide a wider range of functionality.

1.1.4

Value Passing

To add value passing, we can simply take the same route as CCS and the π
calculus, with inputs binding variables, just as restriction does. We can either
just add in values, or we can generalise and pass names4 as in the π calculus,
which allows the scope extrusion/intrusion form of mobility. With this, as results for the π calculus show [37], we can send and receive tuples of values, as
the polyadic variant is encodable by the monadic. We can also go as far as to
pass processes, as seen in higher-order variants of the π calculus [50, 60]. Neither polyadic nor higher-order forms of the calculus add further computational
power.
Value passing adds an extra layer of complexity to reasoning over the calculus. For example, equivalence theories have to take into account the binding
of variables, so one of the forms associated with the π calculus (such as barbed
bisimulation [50]) would be required. In contrast, it seems a reasonable presumption that temporal observation equivalence, as used in CaSE, could be
extended to the more minimal calculus described above. Value passing also
makes proving termination more complex [53].
There are obviously advantages to adding this, otherwise it would seem
pointless to suggest such a direction for the calculus. In the lighter calculus,
processes and clocks can only be moved as part of the larger locality grouping.
With value passing, values (and, by extension, processes, clocks and localities)
could also be passed between processes, allowing a greater degree of granularity
to the mobility. The idea of values and scoping also links the calculus more
to the familiar concepts of the λ calculus and programming languages, which
exhibit these.
This also raises the interesting notion that the clock signal could be used to
broadcast a value. This could be further extended to allow processes to submit
values to the clock for broadcast.
4 These names may be just a generalisation of values and channels, as in the π calculus,
but they may also include clocks, localities and processes
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A final step, from the theoretical side, would be to also type the calculus; having a varied range of notions, including names, processes, clocks and localities,
would seem to make this a sensible idea. At the simplest level, it could disallow
any non-sensical constructions which are allowed by the syntax alone. Certainly,
type systems have been used in other distributed calculi [49, 12, 16, 33]

1.1.5

Using The Calculus

Some obvious case studies present themselves for the calculus we outline above.
One is web service composition, as we have already been involved in research
in this area. The advantages of simply encoding our existing semantics5 using
this new calculus would be twofold; firstly, it would provide evidence that it still
has the same usability for this scenario as CaSE, and secondly, the new features
could be tested within this arena.
Biology also seems a likely candidate, as this is a common use for the ambient calculus. In this area, P systems [45] appear interesting as they have a lot of
similarities with the ambient calculus and their notion of operation (global synchronous rule execution with mobility between cell membranes) would seem to
suggest that giving a semantics within our calculus would not be unreasonable.
Another area of interest is the programming domain. It seems common, in
the literature, for distributed calculi to evolve into a language. For example,
the join calculus also has an associated programming language [25], and Pict[63]
evolved from the π calculus (and further into Nomadic Pict [68]). There is also
a recent development called PiDuce [14], which combines the π calculus with
the web service domain. Doing something in this vein could prove interesting.
As both the ambient calculus and the π calculus are Turing complete, it
seems reasonable to suggest that the resulting calculus would also be, and thus a
language would be an interesting further development (and typing, as mentioned
above, would further fit with this scenario).

1.1.6

Conclusions

Over the course of this discussion, we have developed a number of ideas for our
proposed calculus:
• Adding localities and merging them with clock hiding
• Allowing localities to be migrated as in the Ambient calculus
• Moving from signal-based communication to value-passing
• Typing the calculus which results from the addition of the above.
5 Note that their use of Cashew Nuts may present a problem here. There are two possible
solutions to this; either a variant of the existing semantics can be derived which don’t use
the Cashew Nuts extensions (possible as a large part of their development took place without
these) or the same changes could be applied to our calculus as were applied to CaSE
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We have also clearly identified a number of case studies where the functionality of the resulting calculus may be useful:
• Web service composition (specifically in the context of Cashews)
• Biology (specifically relating to P systems)
• Programming (where the calculus is used as the formal basis of a language)
These ideas are currently just that. The next stage of this research will
involve sketching these out more clearly, and formally defining the syntax and
semantics of these proposed extensions. This is detailed further in chapter 2.

1.2

RTP

Thirty credits of work has been undertaken, over three RTP modules, which are
as follows:
1. GSC6100 – Library and Information Skills for Successful Research This module involves the completion of a series of research tasks,
including the development of a literature review and bibliography. Some
of the material provided here will form the basis of the requirements for
this module.
2. GSC6310 – Personal and Professional Skills Development 2: This
module gives credit to a number of tasks performed as a postgraduate
student which aren’t directly related to the research being undertaken.
This includes credits for participation in group activities, such as seminars,
demonstrating work, paper publication and administrative duties such as
personal website maintenance.
3. COM6890 – Theory of Distributed Systems – Exemption: An
exemption from this module has been agreed with Mike Stannett, due to
its successful completion as an undergraduate at an appropriate level for
consideration here.

1.3

Talks

The following talks have been given over the last six months, copies of which
are available at http://www.dcs.shef.ac.uk:
1. Combining Timing, Localities and Migration in a Process Calculus: Delivered at the VT group seminar on the 17th of February, 2006.
2. Process Algebras With Localities: Delivered to the Theory Special
Interest Group on the 20th of January, 2006.

7

3. Co-monads: Musings on ‘Signals and Co-monads’ by Tarmo
Uustalu and Varmo Vene: Delivered to the Theory SIG on the 28th
of October, 2005.
The material presented here will form the basis of a talk delivered to the
British Colloquium on Theoretical Computer Science (BCTCS))on the 5th of
April (and to the Theory SIG beforehand, on the 31st of March).

1.4

External Activities

The following activities have taken place outside the department:
1. 19th of December, 2005: Attendance at the Christmas seminar at
Nottingham University, where a series of talks were presented.
2. 4th - 7th of April, 2006: Attendance at BCTCS in Swansea.
3. 8th - 12th of April, 2006: Attendance at the Midland Graduate School
(MGS) in Leicester.
4. 18th - 21st of April, 2006: Attendance at Types/Trends in Functional
Programming 2006 in Nottingham.

1.5

Demonstrating

The following demonstrating duties have been performed within the department:
1. COM1030: Requirements Engineering - Autumn Semester 2005:
• Helping students in tutorial classes in the Lewin Lab.
• Marking stages 1 and 2 of the ‘Crossover’ project.
2. COM2010: - Autumn Semester 2005:
• Marking Haskell-based assignments.
3. COM2060: Database Systems - Autumn Semester 2005:
• Helping students in large group (lecture-hall size) tutorial classes.
4. COM1040: Systems Analysis and Design - Spring Semester 2006:
• Helping students in tutorial classes in the Lewin Lab.
• Marking stages 3, 4 and 5 of the ‘Crossover’ project.
5. COM1090: Computer Architectures - Spring Semester 2006:
• Helping students in tutorial classes in the Lewin Lab.
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6. COM2020: Abstract Data Types - Spring Semester 2006:
• Marking student assignments.
7. COM3170: Distributed Systems - Spring Semester 2006:
• Answering student questions using the WebCT system
• Invigilating the quizzes taken by the students
• Marking assignments.

1.6

Administrative Duties

The following administrative duties have been performed within the department:
1. VT Research Lab Management – November 2005 on: This has
involved ensuring the provision of sufficient resources within the lab for
new and existing students, in addition to general problem solving as issues
arise.
2. Organising and Chairing the Theory SIG meetings every Friday
– January 2006 on: This has involved timetabling various speakers and
other activities for the session, as well as (attempting to) co-ordinate the
meeting itself. Lately, this has also included the shameless promotion of
the session via posters and a regular slot on the plasma screen.
3. Instigation and Organisation of the Concurrency Reading Group
every Tuesday – March 2006 on: This new group was formed to stimulate interest in the subject of concurrency within the department, and to
hopefully cover a wider variety of research material than is possible within
the scope of a single postgraduate study. Again, this is also promoted via
the use of posters and the plasma screen.
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Chapter 2

Future Plans
The previous section outlined a series of ideas for creating the proposed calculus,
in roughly the intended order in which these tasks will be attempted. Here, we
simply expound on these a little more, giving more detail as to the plans for
this research over the next two and a half years. Note that this plan will vary
over time, and there is no guarantee that all tasks will be completed within the
scope of this research.

2.1

Short Term

• Complete the literature review (see the draft provided) to such a stage that
it can be submitted, along with the other requirements, for GSC6100.
• Further extend the literature review so that it forms part of a transfer
report in time for the next panel meeting (late September 2006).
• Consider further the composition of clock hiding and localities and formulate a paper around this localised extension to CaSE. Formalise a syntax
and semantics.
• Use this extension to represent the Cashew semantics in localised form.

2.2

Medium Term

• Take localised CaSE and extend it with mobility primitives, thus creating
the mobile timed calculus originally prophesied. Attempt to achieve the
same formalisations as for the merely localised variant.
• Again, apply this to Cashew, particularly so as to observe what new features can be modelled by mobility.
• Look at this new localised migratory calculus in the context of P systems.
Can a reasonable semantics be provided?
10

2.3

Long Term

• If we reach this stage, consider either adding value passing or typing the
calculus, depending on which seems most relevant. Both may also be an
option.
• Formulate a programming language around the resulting calculus.
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