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1. Background and Context

The work in this “fast-stream” research grant under the MoD/EPSRC Joint Grants Scheme was motivated by the desire for principled approaches to the design of neighbourhood search optimisation techniques. 

Neighbourhood search methods such as evolutionary algorithms and tabu search have wide applications, e.g. operational research [1]. However the lack of a structured design methodology is a barrier to their further development and adoption. For example, users may be reluctant to adopt systems if they do not understand why they produce the results that they do. Furthermore it can be difficult to modify such optimisers if the design rationale of the optimiser and its fit with the original problem is not made explicit.

The grant aimed to extend and further develop a knowledge-based approach to optimiser design based on the Principal Investigator’s PhD research [2]. In this approach design was considered as a process of formulating and evaluating the assumptions/hypotheses that the designer makes about the structure of the problem. A formalisation approach that specifies neighbourhood operators that embody this domain knowledge was then outlined.

The research grant intended to develop this approach further, particularly in extending the formalisation of domain assumptions and their role in constructing neighbourhood search optimisers. The results of this analysis were to be then evaluated in the context of the Vehicle Routing Problem, a more rich and complicated problem than considered previously by the Principal Investigator, and of both commercial and military interest [3].

The research reported here fits into the international context of the local search and operational research communities as clearly the ability to design more effective optimisation methods is desirable. This work also provides a bridge between local search/operational research interests and work in knowledge based systems design, specifically Problem Solving Methods (PSMs) [4] that are in effect alternative descriptions of search methods in terms of their domain knowledge.

2. Key Advances

The key advances of this research are outlined below.

2.1. Extension and Development of Knowledge-Level Framework

This was the aspect of the research that underwent most change, due to the opportunity of developing some of the aspects of this research grant in the context of a spin-off research contract (for further discussion, see Sections 2.3 and 3 later).

The Project Student (Edward Parkinson) proposed a fruitful alternative direction, which was to shift focus onto how to exploit domain knowledge in aspects of the optimiser search control in a principled fashion. This direction also had a better fit with his interests and background.

The approach taken was to propose a framework that builds on the notion of heuristically building moves around an optimisation search space, as a set of compound decisions during move construction, in which aspects of search control may be embedded (i.e. considering non-improving backwards moves). As such it bears some passing resemblance to other work in the literature that seeks to gain efficiency in exploring neighbourhoods, e.g. Dynasearch [5]

This framework not only suggests a novel solution method for the Vehicle Routing Problem, but it is applicable to both local search methods and constructive methods and potentially can embody the best features of both. The ability to consider these two approaches together is a significant methodological gain, and allows much of the previous work in developing the Principal Investigator’s design methodology to now be applied to constructive solution methods.

The Project Student has made the following presentations during the research grant:

· Knowledge-Level Analysis of Neighbourhood Search: Motivation and Preliminary Results, Young OR 11, March 2000, Cambridge.

· What the Ants never told you about move operators and search control, EPSRC PhD Student Workshop on Scheduling (Interdisciplinary), April 2002, Nottingham.

Publications are awaiting the submission of the Project Student’s PhD Thesis later this year. We are confident of a conference paper, with a possibility of a journal publication depending on the final outcomes of the evaluation.

In addition to the Project Student’s work, the Principal Investigator has, late in the grant, started to look at logic programming as an approach to implementing the formalism suggested in his design methodology. Constraint Logic Programming has previously proved useful in bringing the solution method closer to the model of the problem, and initial results indicate that it can also naturally and directly implement the formalism; although more work is needed to fully evaluate its effectiveness.

A publication on this is likely to be submitted to a conference in the next three to five months.

2.2. Potential Benefits to Vehicle Routing Research

The Vehicle Routing Problem with Time Windows (VRPTW) was selected as the test bed for this research grant. This is because it was more rich and complicated problem than considered previously by the Principal Investigator, and of both commercial and military interest.

The new algorithms that the Project Student has devised are in the latter stages of evaluation. Though it is clear already that some insights into the VRPTW can be made as regards the use of compound moves,  it will take a few months longer to determine for certain whether the new approach in fact produces realisable improvements over current heuristic VRPTW solution methods.

The insights into the VRPTW are potentially publishable in a conference. If improved VRPTW results are shown to (i.e. new upper bounds), then this would likely be worthy of an operational research journal publication in  itself.

2.3. Spin-Off Research

Around the start of this research grant, the Principal Investigator was offered additional research monies by the then DERA. This covered some of the issues originally intended to be within the scope of this research grant and allowed the Project Student to diversity the focus onto related areas of research (see above and section 3 later). It is therefore worth reporting the results of this work as it complements the work performed in this research grant.

This work aimed to evaluate the principled design approach by applying it to a military convoy scheduling problem – the Convoy Movement Problem (CMP). The research was successful with a number of contributions being made:

· The formalisation was extended to account for “referent domain” representations, that is approaches that encode the decisions required in constructing a solution heuristically, rather than the solutions themselves (“direct” representations), and that the two could potentially be viewed as different implementations of the same specified knowledge;

· The analysis suggested an elegant reformulation of the CMP that allowed random search to outperform the then state-of-the-art Lagrangian Relaxation algorithm, with new upper bounds found for a number of problem instances;

A paper is about to be submitted to an international operational research journal, with perhaps international conference publications to follow regarding the extensions to the design approach. (Publication was delayed by the Principal Investigator’s administrative duties, and the DERA liaison leaving DERA, for industry then later on re-entering the DSTL off-shoot of the former DERA).

3. Project Plan Review

The plan and focus of the project underwent significant change during the course of the research grant for two reasons.

3.1. Fire at City University

In May 2001 a fire broke out in an office in the Department of Computing. Though there were no fatalities, the fire spread quickly and roughly half of the department was affected by fire or water damage, including our server room. The part of the building affected by the fire is still out of action awaiting renovation.

Fortunately no data or equipment relevant to the grant was lost. Work was severely disrupted, however. The Project Student had no access to his office for some time and often had to work from home on his own equipment. Thereafter a number of disruptive relocations of research students were required before normality resumed.

The academic staff (including the Principal Investigator) had to double up in offices in cramped conditions, had to handle teaching and examination responsibilities, plus rebuild the departmental infrastructure during the six months following the fire.

The EPSRC and MoD were informed in writing and granted a 3-month extension to the grant and the Project Studentship. We would like to again express our gratitude for the support and understanding of our sponsors.

Needless to say this event in combination with the issue below, meant that we had to re-plan our approach to this research.

3.2. Spin-Off Research

As noted in section 2, the Principal Investigator was able to secure funding for contract research with the then DERA applying the “evaluating the design” approach to convoy scheduling, which had overlap with the research grant, as the formalism had to be developed to achieve this.

This meant that some change of focus was necessary, so as prevent work being done twice. Therefore the decision was made for the Principal Investigator to look at the formalisation issues in the spin-off research, as this was required to meet its aims. This led to the change of focus towards the issues of integrating search control knowledge and constructive solution methods that the Project Student suggested. The results of both directions were described in section 2 earlier.

This change exploited a clear opportunity, as it allowed us to broaden the scope of the research, while incurring no extra costs to the sponsors.

4. Research Impact and Benefits to Society

The impact of this research will take some time to realise; as approaches to design do involve some shift in thinking rather than an artefact that can just be picked up and used. Furthermore many of the publications will be submitted over the course of 2003, it is when these are finally published and disseminated that changes in practice are likely.

However the future potential benefits should not be underestimated. The ability to consider local search and constructive methods together, and abstract their key common features based on domain knowledge will lead to more effective optimisation methods. Currently development of local search and constructive solution methods is conducted largely separately, and so algorithms can be developed independently that in fact exploit the same problem structure in similar ways. Avoiding such reinvention would allow more focussed research, and provide a sound basis by which local search and constructive optimisers may be combined.

Though at an early stage, the logic based approach to will be of use to the optimisation community. The potential to achieve a closer link between the problem model, domain knowledge and optimisation method, and to implement them all in a common manner would provide a basis for more rapid and principled development of practical solution methods. 

Work has already been conducted with the broadly similar aim of integrating modelling and solution methods and has lead to commercial products such as ILOG’s Optimisation Programming Language [6], and so an alternative approach that also integrates a knowledge-based design approach may well prove timely.

Finally, the Project Student (Edward Parkinson) is expected to submit his PhD thesis later this year. He has attended a number of research workshops and conferences, as well as the EPSRC Research Student Summer School. During the course of his PhD he has acquired expertise in optimisation and scheduling, as well as his previous experience as a commercial software developer; it is clear that such expertise would be of value to UK industry.

5. Explanation of Expenditure

Expenditure was broadly in line with the initial proposal, with minor variations and a small overspend due to the grant extension (section 3.1) increasing salary, overhead and exceptional items (studentship fees). For example, two PCs were purchased, as it was felt desirable to have one machine committed to servicing computationally intensive optimisation experiments, within the overall cost of the equipment component of the budget.

The fire at City University (section 3.1) led to EPSRC funding for three further months (see section 3). Conditional to this extension was that we attempt to control costs where possible so as to minimise any overspend. At that point the only savings that could be achieved were to the conference and travel budget (as all other monies have been spent or committed).

As a result of the above it was decided not to aim to attend conferences after the fire, given that publications could wait until after the end of the grant where they would benefit from further development. If conference attendance is required later, the Principal Investigator has monies from elsewhere to fund this (as well as extension funding for the Project Student).

Therefore the only conference attended and paid for by this grant was for the 18th Scheduling and Planning SIG in December 1999, which was attended as a relatively low-cost way for the Project Student to come up to speed with current scheduling research.

6. Further Research and Dissemination Activities

Further publications are highly likely and expected in the next twelve months, as indicated in section 2 earlier. Results arising from this research including this report and publications (where permitted) will appear on a research grant web-site hosted by the Principal Investigator at http://www.soi.city.ac.uk/~andrewt/grm77888/.

Regular contact has been maintained with the scientific liaison at DERA/QinetiQ and the Project Student has delivered a number of informal presentations during the research grant.

In addition, the Principal Investigator and Project Student have been active in organising a PhD Workshop for the EPSRC Interdisciplinary Scheduling Network; such events have allowed us to inform the wider community of the work we are undertaking. The Principal Investigator has also presented the principled optimiser design research to a Faraday (Smith) Institute technology transfer meeting on scheduling in June 2002, which has opened up potential industrial and academic contacts for later research.

One proposed deliverable that have not yet been realised is the delivery of code to the public domain. First of all, the focus of the research has changed. Second, the Project Student’s PhD is not yet complete, so dissemination of this seems premature and preparing the code for distribution would distract from getting the PhD ready for submission. Therefore any code will be placed on the grant web-site when ready, certainly by late 2003.
Work on this grant and the theme of principled optimiser design has attracted interest in the form of additional external funding. First of all, the spin-off research described earlier (DERA Research Contract CU016-0000000356) has been successful. Second, we have been able to secure funding from QinetiQ for an EPSRC CASE studentship (reference 008022621) that diversifies the Principal Investigator’s principled optimiser design interests into the area of dynamic optimisation.

Further research is likely to be undertaken. Mr Parkinson’s PhD could still uncover further results especially regarding vehicle routing, and this should be seen as the foundation for further research. The logic programming approach to integrating optimiser design and implementation is at a very early stage and further developments are likely.

Finally, the Principal Investigator plans to be on sabbatical next year, allowing time to develop the issues covered by this research further.
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