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Lecture 2
The Specification of a Project or Investigation

2. Overview
This section of work summarises the problems of initialising a design or research project.  The problems of specification and innovation are considered.

2.1   Introduction
It is no longer possible to separate the desirability of a research programme from its cost.  ‘Blue sky’ research incurs the same costs as near-market development in manpower, and, in the current economic climate, is expected to deliver stated goals and outcomes.  It is therefore desirable to work towards identified targets.  The question becomes one of how to set appropriate goals, and how to avoid unnecessary and costly repetition of previous work.

The essential purpose of specification is to ensure that the work and its rewards are consonant.  This usually means the researcher identifying the work to be done, the objectives of the investigation, and the limits of the project under the available time and money resources.  Once the contractor has agreed the specification, any changes to be made to the purpose and direction of the work will cost additional money.  A tight specification is the safeguard the researcher has against the tyranny of the whim and wish list of the contractor.  Most researchers are quite willing to extend the scope of an investigation, but only for an appropriate increase in the price.

In this section of work we shall consider the basic techniques of early project specification, the generation of a realistic project objectives, and the problems of negotiation and agreement with the contractor.  Project planning will not be considered in detail.  It forms a major part of another module in the course.

2.2   Early Stages in Specification: Specifying the Problem
There is no point in attempting to specify a programme of work until the nature of the problem is clearly understood.  In may failed projects, the seeds of disaster were sown at this very first stage.  The difficulty lies in the natural tendency of individuals to hide information which they feel is valuable, and in the possible hidden agendas produced by the politics of the company situation.  This is a matter of communication.

The researcher must ensure that the problem is clearly expounded by the person requiring the work.  This will necessarily require discussion with the customer, asking questions and (most importantly) listening to the answers given.  The ability to listen well is a great and valuable skill which relatively few people cultivate.  If this early communication shows any signs of problems, then the risk in the project is significantly increased.

The initial task is, therefore, to create a concise written specification of the problem, and to agree this with the potential customer.  It is in the long term interest of both parties that this work is accurate, but it is critical for the researcher.  It may be that the specification will modify slightly as the work progresses, using the same fundamental basis of agreement.

2.3   Early Stages in Specification: Generation of Ideas

The objective of all research and development work is to produce the ‘best’ solution, not just any solution, to the problem set.

In order to obtain the best solution to a project it is necessary to consider the possible ways of undertaking the work.  The familiar approach of simply jumping in and specifying a solution using the first realistic idea that appears, based on possibly limited experience and a limited knowledge of the problem, is ineffective and unlikely to produce an optimal solution.  Work by philosophers such as Edward de Bono has shown us the error of linear thinking in scientific problem solving, and demonstrate that a lateral thinking approach may offer benefits.

The initial requirement is to define the widest range of possible solutions.  A commonly used and widely respected technique for this purpose is known as brain storming.  The approach is quite simple.  A number of people, usually, but not necessarily, those involved in the project get together in a room with a black board or a  flip chart and suggest possible ways of solving the problem.  The key point is that suggestions should not be limited to the sensible or the apparently plausible at this stage.  Suggestions should be given in a free flowing manner, without judgement or comment, and recorded for later consideration.  There can be benefits in including unlikely members in the team - there is no reason why an apprentice or a secretary may not come up with a novel or unusual approach.

After the conclusion of the brain storming session, the project team review the ides generated on the basis of viability and practicality.  The intention is to generate a short list of plausible solutions for detailed consideration.  The shortlist will form the basis of the next stage of work.

2.4   Early Stages in Design:  Feasibility Study

In order to evaluate the shortlisted options, further work is required.  The scope of such further evaluation depends on the size and cost of the project.  It is not unusual for the defence research industry to spend millions of pounds on commissioning a separate feasibility analysis for a project from two or three prospective contractors.  The purpose of the feasibility study is to evaluate different implementation strategies and to produce a justified selection of the most appropriate of them.  This is no trivial task, the difficulty being in deciding exactly how far to go with the evaluation work.

A feasibility study should contain the elements listed below as a bare minimum.  As this document is likely to form the decision making element as to whether the work progresses, it should be treated as a sales exercise, no less important than the face to face contact with the customer.  It is vital to consider the practicalities of the problem.  If your staff are inexperienced with a particular technology, software language, or processor, the risk inherent in the problem increases significantly.  The proven ability of your staff to work to time and budget is another determinant on the likelihood of delivering the given specification.

The feasibility study effectively completes the early part of the design stage, and may have included prototyping of ideas.  Prototyping will precede agreement of the project under two conditions:  firstly, that the customer is willing to pay for it; secondly, that it is necessary to give confidence to a bid for a significant amount of funding.  Design effort should not be deployed without hope of return.

Even for the most basic of tasks, preliminary research can yield rewards.  If a solution exists, or a method of solution is available, it is pointless in reiterating the work unless some great advantage or significant improvement can be seen to accrue.  Good information recovery skills save significant amounts of design time for other productive tasks.  These are discussed elsewhere in this course.

2.4.1 Minimum Content of Feasibility Study

· Specification of problem.

· Consideration of at least two alternative solutions, including expected outcomes and likely results.

· Comparison of alternatives and justification of final selection on objective grounds of performance, cost, or practical feasibility.

· Specification of expected system or results including predicted (or sought) improvements and benefits.

· Time chart estimates.

· Cost estimates, identifying what personnel and equipment are needed to deliver the specified benefits.

2.5   Prototyping

The use of prototypes to prove design ideas is a well-used and accepted technique.  The question has arisen recently as to whether prototyping should rely entirely on simulation with no practical implementation.  This must depend entirely on the reliability of the available simulation tools, but remember that any simulation is dependent on a model, a simplification of the real world situation.  To develop a reliable model of the problem may require more work than providing a satisfactory solution.  As a corollary, it is entirely impractical to prototype silicon VLSI devices - any prototype built from discretes will have difficult delays and fan-out considerations.

Prototyping, whether based on simulation or building, gives the designer a feel for the practical problems faced.  The willingness to ‘have a go’, and to play with potential parts and different ideas, is a vital part of the designer’s mind set.  The biggest problem with inexperienced designers is their unwillingness to start the job in hand;  trial of a small part of the design helps to overcome this inertia.

It is useful to prototype critical parts of the design.  With experience, certain parts of any design become obvious candidates for known solutions.  The risk in a venture is concentrated in the unknown, new areas of work.  The prototyping work targets are based on minimising this risk by proving the necessary ideas and techniques at an early stage.  A good example of this can be drawn from the implementation of mixed hardware / software systems.  

2.5.1  Designing for the Mixed Hardware / Software System

The problems in any mixed system come from the interfaces between the various parts (witness the concentration of Jackson system design methodology, and SSD, on the specification of interfaces for evidence of this).  In most instances, the designer faces a well controlled software entity (the code), a well controlled hardware element (the external circuitry), and, sitting between the two, software configured interface devices.  It is not necessary to follow a specific high level design scheme to identify the crucial nature of these components. 

The interface devices are usually general purpose and capable of a variety of functionalities, dependent upon configuration.  Their timing parameters may require significant study of data sheets to identify.  Their software driving may require set patterns of use for correct configuration (consider the Z8530 Serial Communications Controller as an example).  They must operate reliably and under known control if the entire system is  to function.  In general, they are regarded as a low level, boring problem by the software fraternity; they are regarded as somebody else’s problem by the hardware fraternity.

In practise, of course, the entire software design is useless without reliable device drivers.  The hardware part of the design is untestable without reliable device drivers.  For experienced software engineers, the interface device drivers form the very first part of the code written, and are the subject of special care and scrutiny.  It is depressing to witness the number of inexperienced designers losing money on projects by doing the easy and interesting parts of the project and ignoring the vital ingredient of interfacing.   The result is usually pretty software, functioning hardware, and a system which doesn’t work.

2.6   Negotiation and Agreement

The definition of a quality supplier varies between text books.  The essence of most ideas of quality is (broadly) the supply of the right product at the appropriate price, at the time it is required.  This is the aim of quality design and research.  The research phase takes place at the start of the cycle, at which point in time the requirements definition may well be necessarily loose.  It is not possible to allow the customer open leeway to change the project specification on a whim.  Changing the specification should incur a concomitant change in price.  There is a need to agree the work to be done with the customer, and to do so rigidly.

The specification offered by the designer at this early stage is likely to meet the broad intent of the potential customer.  Its effect is to focus the mind of the customer on the real need and the crucial parts of the specification of  the final product for marketing and use.  The initial feasibility study becomes an opening gambit in the negotiation and agreement of the final task to be undertaken.

The requirement should be specified in writing at this point, and agreed by both the provender and the user of the service.

This discussion does not extend to terms and conditions of contract, but it is important to ensure the limitations of a contract for research and design work are appropriate.  It is quite possible that the outcome will prove the ineffectiveness of a particular solution, and the risk inherent in a contract that specifies only a successful outcome to incur payment is high.  It is work mentioning two examples of contract types to highlight the points made.

2.6.1 ‘Cost Plus’ Contracts

In order to encourage firms to take part in high risk military developments, the UK Ministry of Defence adopted a system of cost plus contracts, where all the developer’s costs were paid, plus a fixed percentage profit.  It now seems obvious that such an approach will do little to encourage a supplier to ensure the cost of the work is minimised.  Indeed, the experience of such contracts reflects exactly this problem.  Following massive overruns on estimated costs on a variety of important material, the Ministry of Defence discontinued this practice on the assumption of the ministerial brief by John Nott in 1982.

The ending of ‘cost plus’ contracts brought a move to fixed price contracts for MoD work.  It is interesting to note that this did little, in fact, to reduce costs.  The suppliers have become very adept at writing tight specifications, and any change to the initial specification is expensively made.

It could be argued that adopting defence industry work has made the cream of UK high technology engineering industry uncompetitive in world terms for any other sector of business.

2.6.2 Phased Contracts
With a phased contract, the customer has the right to discontinue work at various predetermined points in the work cycle.  Design reviews are undertaken, usually on a time basis but occasionally at the completion of key events.  As an example, European Framework initiative projects are reviewed for additional funding yearly through their duration.  The purpose is to reduce customer risk by allowing exit at a known stage in the project for a known (although usually estimated) price.  In effect, each stage of the project is  a separate body of work.  Phased contracts are the preferred method of soliciting contract research work, and are increasingly used for design projects. 

2.7   Intellectual Property

A particular problem of design and research work is the ownership of the intellectual property.  This may have a commercial value as great as the specific task undertaken.  Examples are patents and licenses for use of ideas.  The PID controller was originally patented at its inception.  It is advisable to establish ownership and division of intellectual property and any possible royalty payments during the negotiation stage.  This problem is pertinent in the commercial sector, and is vital in any dealings with educational establishments and institutes.

2.8   Summary

The problems of initiating a design or research project are little different from any other kind of tendering, negotiation and sales exercise.  The specification of the work required must be formally established, and the customer must be satisfied with the apparent ability of the supplier to deliver the work as promised.  A professional approach is absolutely vital to building confidence.  The type of work will, to a large extent, determine the kind of agreement reached.  Having reached an agreement, it is the responsibility of the supplier to deliver the goods.  Failure to do so will certainly result in litigation.
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