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�The goal of the project management is to ensure that the business will gain the anticipated return from its investment. This section therefore proposes a framework for planning, monitoring and controling the development throughout its lifecycle. 



This section presents several basic aspects of project management which, although not specific to LSCO projects, are often overlooked, or not strictly applied, in the management of complex IT projects: assessment of risks, preparation of project plan and resource plan, progress and change control, quality control. It is assumed that an organisation will already have in place some form of project management methodology and the ideas presented here are intended to complement those already in use.

The main emphasis is placed on risk assessment and management as these are felt to be particularly critical for the success of LSCO projects.



Risk Assessment and Management



�All projects involve risk of some sort. This may stem from the nature of the work – for example a great deal of innovation is involved – from the type of resources available, from the contractual relationships which are in place or from political factors (either internal or external) which influence the project. It is usually not practicable to eliminate risks altogether – in any event, this is not usually desirable as it would inhibit innovation and stifle creativity.  However it is possible to manage projects in a way that recognises the existence of risks, minimises their occurrence and prepares, in advance, methods of dealing with them if they occur. The effective assessment and management of risk is key to delivering successful projects.

Risk Assessment and Management are incorporated into the majority of project management methodologies (see for example the Euromethod Methodology [Euromethod, 1994]). However, the guidelines given in such methodologies address issues which are applicable to software development projects in general, without addressing those which are specific to LSCO projects. 

A set of risk scenarios specific to LSCO projects have therefore been identified. It is anticipated that an organisation will use, where applicable,  its own in-house risk assessment methodology to determine whether it is at risk against any of the specific LSCO risk scenarios and may then use its own risk management methodology to put into place the countermeasures which are herein identified as being appropriate to the identified LSCO risk scenarios.



Outline of risk assessment and management methodology



The basic framework of any methodology for assessing and managing risk is shown in Fig 2.1.



�EMBED Unknown���



Figure 2.1 Proposed Risk Assessment and Management Methodology



Risk Assessment



When assessing risks, the project manager must ensure that the risks are :

·	identified i.e. source and nature of risk defined,

·	assessed i.e. likelihood and impact of risk estimated,

·	made the subject of containment / contingency plans,

·	assigned owners – internal or external to the project team,

·	documented in a Risk Register.

The use of standard local checklists and / or automated tools to aid the identification of risks and to support the overall assessment process is strongly encouraged.



Risk Management



Once potential risks have been assessed and documented in the Risk Register, costs and resources must be planned to provide the required support to ensure that the risks are managed. During the project, the Project Manager is responsible for maintaining the Risk Register and for updating the cost requirements for risk management by :

reviewing the identified risks until they have passed,

monitoring progress on risk containment and management activities,

reviewing and revising risk containment and management plans,

ensuring that any new risk is identified and incorporated as they arise.



Risks related to LSCO projects



LSCO projects are generally initiated to solve complex problems using advanced techniques. Because these techniques are only recently (or are still in process of) being developed, organisations usually have very limited experience in this area and the projects are, by their nature, relatively risky in comparison to more conventional ones. This can be illustrated as shown in Fig 2.2.



�EMBED Unknown���





Figure 2.2 Risks Related to LSCO Projects



Solving a classical optimisation problem by a simple, single solution technique will probably entail relatively low risk. As the complexity of the problem increases (it becomes more innovative) or the solution technique becomes more complex (e.g. hybrid techniques are employed) the risk associated with the project increases. When the project requires the solution of an innovative, complex problem (an LSCO problem), using a number of solution techniques (a hybrid solution) the project is likely to become a relatively high risk one. Currently, LSCO projects, by their nature, tend to belong in the medium to high-risk quadrants of the above diagram.



It should be noted that management may take a conscious decision to accept increased risk in order to obtain higher quality, more-efficient computation, or a solution delivering new business advantage – i.e. these could be the reasons for undertaking an LSCO project in preference to a more classical project using established techniques.



Risks when buying a commercial LSCO application ‘package’



When identifying an LSCO opportunity, the project manager should always investigate whether he can obtain a satisfactory solution by buying a solution “off the shelf”. However, while using a bought-in solution application may initially be appealing, there is a risk that this application may not meet the requirements or that it may not be possible to maintain or enhance this solution in the long term. If important constraints or objectives are not taken into account by the LSCO module, it will only be used once or twice before being discarded.  Buying a solution “off the shelf” should therefore not be done at the expenses of the application's functionality; cost/convenience savings can prove to be expensive. 

	A sad example:

�Many bus companies have bought a software package which includes an automatic bus-driver scheduling system based on an LSCO module. It has been reported that the LSCO module is often not used because some constraints evolved, and the users were unable to tune the module with the new constraints.   The result is a solution output worse than the unaided human decisions. In some cases the optimisation module could not be used at all with the new constraints.  To make matters worse, the commercial vendors did not have sufficient technical expertise in LSCO to support the client.



Risks when developing a specific LSCO application



The risks associated with LSCO project development can be classified into three broad categories :

Technical risks are related to LSCO techniques that depend on the LSCO technology provider's (whether internal or external) experience. These risks are associated with the ability of the LSCO team to produce a suitable solution within the required timescale. This category of risk may be most relevant to the Exploration of the LSCO Opportunity and Industrialisation stages of the project lifecycle.

Communication risks are related to the relations between the LSCO team and the customer.  These risks may arise in communication between the two parties resulting  in a difference in the assesment of the importance of some data, or the way results should be interpreted; they can also come from a lack of experience of the customer with LSCO problems and techniques, e.g. he does not understand the complexity of LSCO problems/projects and may then not cooperate fully with the LSCO team. 



       These kinds of risks can occur particularly during the Identification of the LSCO

       opportunity, Exploration and Full Requirements Study stages of the lifecycle 

       (see example below).



Management risks are related to organisational constraints and to the management of the project. Apart from the “conventional” risks of misevaluation of time and cost of the project, risks may also arise when the management is reluctant to spend enough effort on the feasibility studies during the Identification of an LSCO Opportunity and Exploration of the LSCO Opportunity stages of the lifecycle. Risks may also occur when management is too hesitant in taking decisions to go further in the project and therefore asks for more and more feasibility studies



�	Another example:

The initial statement of one of the constraints for a production planning prototype was: 

“the variation of the production rate between two periods (e.g. two months), should not be greater than a percentage given by the user (e.g. 10%).”

First results of the LSCO prottype were giving changes of 10% at almost each period, which allowed a better objective function optimisation compared to hand-made decisions. Nevertheless, on showing these results to the user, it was discovered that the proposed solution was not satisfactory. A better constraint formulation by the user was then stated as: 

“do not change the rate of production more than n times (e.g. 3 times a year).”

Taking into account this new constraint was feasible by introducing many binary variables in a MIP model. It gave much better results, but dramatically increased the execution time. This late discovery was one of the causes of the failure of the project and the non -validation of the model and the project by the users. 





The proposed LSCO Project Lifecycle includes risk analysis (i.e. assessment) in all the crucial stages (Exploration of the LSCO Opportunity, Full Requirements Study and Industrialisation). The use of this risk-driven process ensures that risks are identified (and subsequently managed) as early as possible. 



The following sections give examples of LSCO specific risk scenarios and appropriate countermeasures. This is based on the current experience of LSCO projects and will be expanded over time as experience increases.

�

Risks mainly in stage: Identification of an LSCO opportunity



Risk Scenario

A standard exists for developing applications and this standard is not consistent with LSCO development tools

�Consequences

This standard prevents exploration of new environments  

Examples : 

only COBOL or DBMS applications for IT projects in management 

C yes, C++ not yet

PROLOG forbidden



Countermeasure

The IT department should allow exploration of new tools and technology or it should keep contact with external organisations (software houses, consulting companies, universities) carrying out such exploration.

��Occurs in stage:

(	Identification of IT/IS opportunity�˜	Identification of LSCO opportunity�›	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance�(((( : level of importance, from the lowest to the highest)��



Risk Scenario

Lack of culture in optimisation tools and techniques.



Lack of curiosity in looking at existing IT applications in similar business

�Consequences

An LSCO opportunity is not seen, leading to a lack of proficiency of the organisation, compared to its competitors.

It has been reported that some airlines companies were not competitive enough because of the lack of optimisation  tools and models in their IT applications



Countermeasure

For large organisations: maintain or create an LSCO team (even  a small size is better than nothing); if no LSCO team exists then behave as a smaller organisation below 

For smaller organisations use external expertise in LSCO (universities, consultants,..)

��Occurs in stage:

›	Identification of IT/IS opportunity�˜	Identification of LSCO opportunity�(	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

A standard of adopted optimisation basic tools prevents any new project based on another technology

Examples :

only MP applications 

only CLP applications

(because solver XXX is THE optimisation tool adopted by the IT department) 

�Consequences

Some previous applications or prototypes are perceived as a failure and the problem is assigned to the category of “too complex to be solved”, or “poorly solved with existing technology”



Countermeasure

Ask for external expertise to study the problem (consultants, university,..)

��Occurs in stage:

(	Identification of IT/IS opportunity�˜	Identification of LSCO opportunity�˜	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

The data is not available or not usable for the optimisation tool.

�Consequences

No test can be performed with real data and the project may be cancelled.



Countermeasure

Validate as early as during Identification of an LSCO Opportunity stage that appropriate data will be available before the Delivery/Integration stage and that the customer is able to provide some initial data sets during the Exploration of the LSCO Opportunity stage.

��Occurs in stage:

(	Identification of IT/IS opportunity�˜	Identification of LSCO opportunity�›	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

�



Risk Scenario

Lack of technological watch on existing products/processes 

�Consequences

A wrong choice between the three following options is made :

do not use any LSCO component in the IT project, although LSCO could provide good benefits

buy the product “XXX” and find that the functionalities of the LSCO module do not match requirements and are not easily (or at a high cost) modifiable.

build (in-house or externally) an LSCO module under-estimating the difficulty of such a project, or missing a good existing product.



Countermeasure

Attend specialised exhibitions where LSCO software vendors present

Participate in specialised conferences and seminars

Read the relevant periodicals/reviews

Discuss with colleagues and competitors the current state of the art in the business.

i.e. initiate and maintain appropriate ‘technology’ watch for business advantage

��Occurs in stage:

(	Identification of IT/IS opportunity�˜	Identification of LSCO opportunity�˜	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

�Risks mainly in stage: Exploration of the LSCO Opportunity



���Risk Scenario

Lack of prototyping activity

�Consequences

A “go” or “don’t go” decision is made on a very weak basis



Countermeasure

Exploring is in itself a project involving a feasibility study with some benchmarking studies and sometimes serious prototyping.

If the problem is complex and good performance is an important issue, work with the best experts. Put different teams in competition (ask for different prototypes using the same benchmark).

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�˜	Exploration of the opportunity��›	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���



���Risk Scenario

Too much prototyping activity

�Consequences

All the project is virtually done at the exploration stage (risk for provider).



Countermeasure

Establish clear time measures and stage objectives.  Move on to the next stage as soon as it is appropriate.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�˜	Exploration of the opportunity��›	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���





���Risk Scenario

A wrong technical decomposition is made during the Problem Definition Activity

�Consequences

A wrong conclusion is formulated (i.e. the problem cannot be solved by an LSCO module because it is too complex, whereas a technical decomposition would lead to the opposite conclusion)



Countermeasure

Same as for  first, above, risk.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�˜	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���











���Risk Scenario

The LSCO team is specialised in one  optimisation technique, tool or type of problem.

�Consequences

The solution design may not be the most efficient one.



Countermeasure

Ensure that an LSCO team with a wide experience of different types of problems and optimisation techniques is used. Sub-contract part of the project to an external supplier, if necessary.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�˜	Exploration of the opportunity��(	Full Requirements Study�›	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

Customer organisation has no previous experience of LSCO projects or other IT projects of similar size and complexity.

�Consequences

The customer abandons the project during or after Exploration of the LSCO Opportunity stage of the project lifecycle.



Countermeasure

At Stage Identification of LSCO opportunity, the LSCO expert must ensure that the sponsor fully understands the future stages of the LSCO project lifecycle, the working methods to be employed and the commitment required. Illustrate this by examples of similar projects which have been successfully completed.

Identify a “champion” within the customer organisation for the project.

��Occurs in stage:

(	Identification of IT/IS opportunity�›	Identification of LSCO opportunity�˜	Exploration of the opportunity��›	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

The first prototype built highlights major problems with the problem solution and the customer believes that the project is not progressing satisfactorily.

�Consequences

The customer abandons the project during the Exploration of the LSCO Opportunity or the Identification of LSCO opportunity stage of the lifecycle.



Countermeasure

In risk analyses carried out in Exploration of the LSCO Opportunity and Full Requirement Study stages of the lifecycle, ensure that possibility of failure of the initial prototypes is considered, and contingency plans are made.

��Occurs in stage:

(	Identification of IT/IS opportunity�›	Identification of LSCO opportunity�˜	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance�(((( : level of importance, from the lowest to the highest)��

















���Risk Scenario

The customer expects / was promised a high optimisation percentage of improvement, (say 20%), but the actual result is much worse (say 1 – 2%)

�Consequences

User is disappointed – no further business. The application is not used.



Countermeasure

Do not raise the customer / customer’s expectations too high during the Exploration of the LSCO Opportunity stage of the lifecycle – be realistic about anticipated gains. Gains should be measured against what is done in practice, taking into account the dynamics of the problem, not against a theoretical, static estimation.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�˜	Exploration of the opportunity��›	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

�

Risks mainly in stage: Full Requirements Study



Risk Scenario

Go too far in a PDD without any prototyping (design + implementation activities)

�Consequences

Users are required to provide information for a project they do not understand, they forget “obvious” constraints, they do not understand the logic of LSCO



Countermeasure

For any new project involving an LSCO module, a prototyping activity is mandatory.

The initial PDD must be light and must be followed quickly by the results of a first prototype, which should remain cheap and fast to deliver.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��˜	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

Requirements are not stated with regard to the possibilities of the LSCO technologies (over estimation or under estimation of the LSCO possibilities)

�Consequences

Over estimation: 

Some requirements are not feasible in an LSCO module (too complex to implement).

Under estimation:

Some further requirements, which have organisational consequences, could be proposed by the LSCO experts because the technology is available.



Countermeasure

Over estimation:

Revise and displace the frontier between manual Decision Support System (DSS) and automatic DSS (LSCO module)

Under estimation:

Organisational change should be considered addressing  the new functionalities of the LSCO module.  Sometimes an existing organisational decomposition is no longer necessary considering the power of the new LSCO module.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��˜	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���













���Risk Scenario

Lack of user’s control of the LSCO component

�Consequences

The LSCO appears as a “black box” where in reality some useful interactive control of the module can be given to the user.



Countermeasure

Increase co-operation between LSCO developers and GUI developers. For an interactive use of the LSCO module, the same team should be in charge of the two aspects.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�(	Exploration of the opportunity��˜	Full Requirements Study�›	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

The frontier between manual and automatic is not reconsidered incorporating results provided by the prototyping activity of the LSCO module

�Consequences

The execution time of the algorithm is too long

The application appears too complex to the users



Countermeasure

Displace the frontier, and try to achieve a first version of the prototype which is less ambitious but which will be used because it remains simple and powerful.

Later (i.e. several months of experience using the application), a second version can be enriched.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��˜	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

The technical decomposition implemented in previous prototypes is not revisited.

�Consequences

Lack of performance of the LSCO module.



Countermeasure

Go back to some feasibility study with new prototyping activity if increasing performance, in quality of decisions or execution time, is an important issue

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��˜	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

The PDD is too fuzzy.

�Consequences

Difference between hard and soft constraints is not made, optimisation criteria are not made explicit, size of the problem is not determined.



Countermeasure

Include realistic full size data set allowing better understanding of the dimension analysis of the problem during the design phase.

Include examples of “good” solutions or sample of them.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��˜	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

Users continuously change their needs – functionality is changed or added.

�Consequences

A satisfactory prototype or solution cannot be quickly achieved.



Countermeasure

User requirements must be specifically documented and agreed to before starting any design or prototyping activities. Functionalities which do not change the problem nature can be ignored at the Exploration of the LSCO Opportunity stage.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��˜	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

The proposed design is a fully automated optimisation system (black-box).

�Consequences

The solution may not be robust when faced with changes in the user requirements, thereby leading to loss of time and lack of commitment from the customer.



Countermeasure

Optimisation systems based on Decision Support Systems (DSS) should be used in preference to black-box systems.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��˜	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

�

Risks mainly in stage: Industrialisation



����Risk Scenario

The result from the application is very different from conventional or manual ones.

�Consequences

The customer does not trust the application or hesitates to apply the results due to the changes it requires.



Countermeasure

Introduce, in the model, optional constraints that allow control of the distance between the proposed solution and the conventional ones. The customer will then progressively appropriate the system.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�˜	Exploration of the opportunity��˜	Full Requirements Study�˜	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���





Risk Scenario

Late discovery of user requirements.

The user will understand the behaviour of the LSCO module only when he can work with a version of the application on a real problem on his site

�Consequences

The user discover the application too late and cannot give useful feed-back

Late discovery of new constraints has consequences on the LSCO module implementation but also on the other modules (GUI, database…)



Countermeasure

Deliver a preliminary version of the application before the end of the project. 

Clearly schedule a version 1, followed by a version 2 one to three months later

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��›	Full Requirements Study�˜	Industrialisation�(	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

The PSD is too fuzzy.

�Consequences

The PSD does not include any design model, or the model is an old version not updated considering the last version of the PDD. Some constraints appear too late during the implementation phase.



Countermeasure

The LSCO expert should anticipate types of constraints that would be difficult or impossible to take into account in the design model selected; he should then ask users if such constraints might appear.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��(	Full Requirements Study�˜	Industrialisation�(	Delivery / Integration��›	Operations, Maintenance���

���Risk Scenario

Poor programming environment: 

lack of methodology, 

wrong choice of basic development tools (i.e. choice of inefficient solvers...)

�Consequences

Increase in delays and costs.



Countermeasure

If possible, a serious prototype (Exploration of the LSCO Opportunity stage) which can  be easily re-used in the final application.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��(	Full Requirements Study�˜	Industrialisation�(	Delivery / Integration��›	Operations, Maintenance���

�

Risks mainly in stage: Delivery/Integration 



Risk Scenario

The validation protocol is not well defined�Countermeasure

The data set provided with the PDD should be used to test and validate the LSCO module. 

For each change in the problem definition, consistent data sets, to be used for the validation, have to be produced. 

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�(	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�˜	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

Lack of co-ordination between LSCO team and other teams developing the application.

�Consequences

Complex application often involves different teams: an LSCO team and other developers (GUI, Database).

Lack of efficient co-ordination increases delay and costs.

Example : an ORACLE database is not yet ready to perform significant integration tests of the LSCO module in the final environment.



Countermeasure

Be very careful when planning the project if co-operation between different teams is required.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�(	Exploration of the opportunity��(	Full Requirements Study�›	Industrialisation�˜	Delivery / Integration��(	Operations, Maintenance���

���Risk Scenario

Lack of initial training of end-users.

�Consequences

Users are discouraged from using the application, or more probably the LSCO module which is part of the application.



Countermeasure

Schedule some general training on the new tool (but do not program a general OR course, unless the users require it, or train advanced users after a few months)

Very important, schedule and budget some joint work with the new module between the LSCO experts who have designed the LSCO modules and the end-users.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�(	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�˜	Delivery / Integration��(	Operations, Maintenance���

�

Risks mainly in stage: Operations, Maintenance



Risk Scenario

Lack of support to end users

�Consequences

Bugs may appear on new cases, although the probability decreases over time.

New users are not trained to use the existing application. The application requires support to end-users: debugging, training on the tool, and even consultancy (sometimes)



Countermeasure

Do sign a maintenance contract with the developing team (in-house or external)

The maintenance contract should provide distant electronic file exchange facilities (using e-mail for instance), both for data samples for which problems occur, and for release of new debugged versions.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�(	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��˜	Operations, Maintenance���

���Risk Scenario

The application cannot evolve over time.

�Consequences

The application requires evolution because of external or internal organisational modifications (new production capacities, new production process, new laws, new internal rules…)

Evolution of the application requires 

modification of the models and sometimes algorithms,

modification of the data model and therefore the database,

modification of the GUI.



Countermeasure

A maintenance contract should include the possibility of an evolution of the application, possibly with the team which developed the application. Experience shows that asking another company to maintain an application is often either very costly, or even impossible, for LSCO applications, especially if no PSD exists.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�›	Exploration of the opportunity��(	Full Requirements Study�(	Industrialisation�(	Delivery / Integration��˜	Operations, Maintenance���

�

���Risk Scenario

Lack of modularity in the design of the application.

�Consequences

Maintenance is difficult if the design of the application is not modular.



Countermeasure

If possible, the LSCO part should be different from the other part of the application. For instance, most of the GUI and database can be in one environment, and the LSCO module can be a separate executable program. Note: this objective can be in conflict when high interaction is required (such as restart from the current solution). In this case, the GUI must be part of the LSCO application.

��Occurs in stage:

(	Identification of IT/IS opportunity�(	Identification of LSCO opportunity�(	Exploration of the opportunity��(	Full Requirements Study�›	Industrialisation�(	Delivery / Integration��˜	Operations, Maintenance�(((( : level of importance, from the lowest to the highest)��

�

Risks related to organisational changes



Another aspect related to risks, which should be considered very early in the project, is related to changes required in a customer’s business operations resulting from the introduction of an LSCO application. These changes may affect the way work is performed by end-users, the function of end-users in the company or even the organisation of the company:



Changes in working habits

Introduction of a computerised application into an environment in which operational problems have traditionally been solved “manually”, will require careful planning to avoid rejection of the application by the end-users. A changeover plan must be produced, suitable user training must be given and the new application should be phased in gradually in order to minimise the risk of having users who refuse to take advantage of the new system. 



Changes in the definition of the end-users' function

The introduction of an LSCO application may also lead to a redefinition of the work performed by the end-users. For instance, in a cutting-stock optimisation project, the end-user role has evolved from strictly technical work, i.e. finding the best technical solution to minimise the stock used, to a more commercial function, e.g. advising the customer in order to be able to better satisfy his needs. End-user work should obviously be carefully analysed, discussed and changes prepared long before the delivery of the application.



Changes in the company's organisation

Because of the power of LSCO techniques, it is sometimes possible to centralise decision making in order that more optimisation opportunities become available. If the scope is widened then optimisation becomes more efficient. There is then a risk that the customer organisation refuses to take decisions that could be decisive for the LSCO application.



The following two examples, one which was a success, and one which was a failure, illustrate the difficulty of dealing with these organisational changes.



�This first example deals with the planning system of trucks which have to transport products of the milk industry between the 80 plants of a group. Initially, the transportation plan for the week was performed by two separate planning units. The decomposition was due to the high degree of complexity of the task. Each unit was managing separately its own fleet of trucks, its own set of depots and the 80 plants were pre-assigned between the planning units. During Exploration of the LSCO Opportunity stage, although an important effort of prototyping has been done, it appears that the solution provided by the LSCO module was not as satisfactory as the one given by the planning unit's staff: their objective function was slightly better, partly because the LSCO algorithms were heuristics and more important because the domain experts had a better view on which constraints could be violated (difference in hard and soft constraints). Nevertheless, the management understood that making an important organisational change was feasible thanks to the LSCO approach. Thanks to the power of computation of the LSCO module, it was now feasible to have one single planning unit working on the global problem. Two years later, it was reported that the productivity of the fleet of trucks was much higher, thanks to the organisational change which became feasible because of the LSCO module availability.  





�The second example deals with a project of assigning empty trains to clients. This project has been a failure because the customer failed to understand that the optimisation module needed some time horizon (e.g. one day) in order to get a portfolio of empty trains to assign either to clients or to depots, and a portfolio of new demands of clients. Each demand had to be satisfied either from an empty train given back by a client or from wagons in a depot. Moreover, each train not used had to be sent either to a new client or to a depot. In order to save some mileage of empty trains it is therefore necessary to have a time horizon large enough (at least a day or half a day). 

However, the users did not want to change their decision process. They wanted to make and communicate their decision in real time, one situation after the other, almost while they had the client on the telephone. Working like this is a very easy cognitive task because of the sequential nature of the decision process. Clearly though it is sub-optimal. The management did not succeeded in making the necessary organisational change, which would also have had an impact on the relation with the clients. In this example, the organisational change required by the use of the optimisation module has been minimised, and this led in part to the failure of this project.





 Planning and Resourcing



�Planning and Resourcing for LSCO projects is, in general, not very different to that required for other large, complex IT projects, but has some specificity. The notes given below are therefore intended to re-emphasise the generic principles used for IT Project Planning & Resourcing as defined in the more commonly used methodologies. It should be noted that LSCO projects, especially highly innovative ones, demand a certain degree of flexibility in planning and resourcing, as it is not uncommon for unexpected difficulties or complexities to be encountered, requiring alterations to the plans and resources.

A Project Plan shows the sequence in which the activities necessary to complete the project are to be undertaken. It is used by the Project Manager to initiate activities and to plan the provision of the necessary resources. It is the baseline against which actual progress is measured and future progress is forecast. The Project Manager is responsible for creating the Project Plan, and its associated Resource Plan, at the start of a project, and for refining and modifying these throughout the life of the project. The Project Plan will be used for time forecasting throughout the life of the project, while the Resource Plan will be used for manpower (a resource) forecasting. At the end of the Exploration of the LSCO Opportunity stage, the Project Manager should be able to document these plans with a sufficient level of detail and certainty in order to estimate accurately the global cost of the project.



Preparing a Project Plan – Scheduling



The creation of a good Project Plan requires a clear understanding of the overall nature of the project and a clear concept of the manner in which it is to be undertaken. Large projects will have an appropriate hierarchy of plans, including a top-level summary plan. The creation of the plan should therefore be undertaken by the Project Manager in conjunction with the LSCO Team Manager during the Identification of an LSCO Opportunity stage of the Project Lifecycle. It will later be refined by taking account of the proposed implementation approach, the organisation and other relevant constraints.

Preparation of the Project Plan will require the decomposition of the LSCO project down into elementary tasks, for which it is easier to estimate timescales. However, several of these elementary tasks may be inter-related and may not all follow a linear timescale. 



The Project Plan should be clearly structured and should define:

all activities which make up the LSCO project,

the sequence of those activities,

an estimate of how long each activity is expected to take,

milestones for the measurement of progress,

milestones to represent deliverables,

contract milestones,

identification of key dependencies (internal and external).



The use of automated tools to produce the Project Plan and to facilitate time forecasting is strongly encouraged.



Preparing a Resource Plan



The Resource Plan is created by analysing and consolidating the type and number of resources (people and other) required for the Project Plan produced above. The Resource Plan should show:

How much of each type of resource will be required;

When the use of each resource will start and finish.

Resources will often refer to people but may equally include hardware, special software or bought-in services such as data preparation. The project team (and therefore the resources) will vary from one stage of the lifecycle to another. Generally, a small team is preferable as this will usually be more efficient. It should be noted however that, as there are only limited LSCO experts within a team, their work can often not be re-allocated to less specialised personnel. 

The task of preparing a resource plan has a few LSCO-specific features that should be taken into account when assessing the amount of work for the team.

the productivity ratio (number of lines of code per day) of developers is much lower for optimisation algorithms than for standard software development. This is due to the technical focus of optimisation software and to the need for experiments, comparisons and fine tuning.

the development requires specific technical skills which are often not available within the company. When the development is sub-contracted to an external service provider, a member of the company, the project manager, should work in close connection with this team in order to understand the algorithm that is developed. Because of the steep learning curve of LSCO techniques, this process can take a fair amount of time if this person is new to the subject.

Finally, one should be aware that settling for a particular optimisation environment (using a given language, system or library) is a strategic decision. One has to take into account operational constraints: since the algorithm has to run within a larger IT project, the optimisation system should be able to cooperate with the corresponding database, GUI, etc. Moreover, the choice of the optimisation platform should accommodate the technical constraints: some black-box systems may, only poorly, support the development of hybrid algorithms; one should therefore ensure that the selected platform supports the kind of algorithms that the LSCO team has in mind. 

For all these reasons, the resource plan should be prepared in connection with someone already acquainted with LSCO projects.



The Resource Plan is prepared during the Full Requirement Study stage of the Project Lifecycle so that the necessary resources can be obtained before implementing the LSCO project. It will also be used for manpower forecasting.



Progress and Change Control



� This aspect of project management is not specific to LSCO projects but, due to its nature, it is very relevant. As has already been seen from the Project Lifecycle, a number of the lifecycle stages are highly iterative in nature, and, in order to ensure that the project keeps on track with regard to meeting its final objectives (according to the Project Plan), it is necessary to monitor progress and to make changes to the Plan as and when required (including changes instigated at the request of the customer).



Monitoring progress



In order to monitor progress, reference must be made to the Project Lifecycle and to the Project and Resource plans. Progress needs to be monitored in terms of time, cost and quality. If progress is not satisfactory, the causes should be determined (rather than just rectifying the current situation) in order to ensure that they do not re-occur and delay progress at a future date. Having identified what has delayed progress, suitable control actions can be implemented to address the current delays and  prevent future delays.



Progress must be monitored in each stage of the Project Lifecycle against objectives and milestones as defined in the Project Plan. The method for monitoring progress must be decided at the outset of the project. Possible methods are:

Implementing and reviewing timesheets which are used to indicate the effort booked to date on specific tasks, the effort still to go and the predicted end-dates for those tasks;

Carry out regular Progress Reviews (possibly in conjunction with Quality Reviews) to determine whether deliverables are meeting their defined delivery dates (and quality criteria);

Review financial information to determine costs accrued so far against the financial limits / targets set for the project.



Change control



Changes may be required as a result of new information coming to light during the Industrialisation stage or at the request of the customer. LSCO projects tend to be subject to a number of changes during the project lifecycle. Effective management of change is required to keep the project under control at all times and to maximise the value of the solution delivered to the customer. 



The effective processing of changes requires a procedure, which covers the management of change requests, production of change proposals and the enactment of approved changes. A typical change procedure would include some or all of the following activities:

registration of a change request from the customer,

creation of a plan or plan modification to achieve the change and to monitor it – this should be kept simple,

assessment of the cost and impact of implementing the change,

preparation and approval of a change proposal,

submission of the change proposal to the customer,

agreement by the customer of the cost and schedule impact,

logging the acceptance of the change,

communicating the change to all parties,

updating of the Project Plan to reflect the change.



Due to the complex nature of LSCO problems, changes in the user specifications are not uncommon. The change control procedure should therefore be relatively straightforward and not require too many resources if it is to be used effectively.

Note that LSCO projects require a good source and version control tool during the coding task: a complex optimisation process that results in a significant improvement to the solution may give much poorer results if the problem specification changes. It may then be required to return to the previous, non-optimised version of the application program.



Quality Control



Quality can be defined as “conformance to customer requirements” or “the totality of features and characteristics of a product or service that bear on its ability to satisfy a given need”.

For LSCO Projects, quality is therefore closely related to validating that the LSCO solution produced meets the customer’s business requirements.

In general, Quality Control for an LSCO project will not be different to that for any complex IT project and must be integrated into the working methods being used on the project. The starting point for addressing quality on the project is the implementation of a Project Quality Plan.



Project Quality Plan



A Project Quality Plan must be defined early in the project – this will take input from a number of sources as shown below:



�

Figure 2.3 Inputs to the Project Quality Plan



The prime input to the Project Quality Plan should be the Customer’s Quality Expectations – these must be clearly documented early in the project (Exploration of the LSCO Opportunity and Full Requirements Study stages of the Lifecycle) to ensure that they can be incorporated in the technical specifications for the LSCO solution. The customer’s expectations are often best defined by working closely with an LSCO expert – the LSCO expert will  have a better idea of the quality of the solution which can be expected. The expert will have been exposed to the latest technologies and benchmarks whereas the customer may have been exposed only to a limited number of techniques.

The supplier is taken to be the LSCO technology provider – the Quality Management System already in use in the supplier’s organisation must therefore be taken into account when producing the Project Quality Plan.

Finally, if the LSCO solution is to be installed / integrated into the customer’s existing environment, the customer’s own Quality Management System must be taken into account – this may be particularly important in, say, the user documentation to be produced for the project.

The Project Quality Plan should therefore include:

The standards to be used,

A defined system to control the work being undertaken,

Allocated responsibilities and nominated authorities,

Records to be kept,

Quality Review requirements (see below).



Relationship between Quality, Cost and Time



Quality, Cost and Time are all related and are particularly important with regard to LSCO projects. 

A cheap product (LSCO solution) may be achieved quickly but could suffer from low quality. Conversely, a high quality product may be expensive and may take time to develop. It is important to agree early on in the Project Lifecycle (at the beginning of the Exploration of the LSCO Opportunity stage) where the main focus of the project is to be – quality, cost or time. The customer’s requirements with regard to quality of the required solution, cost and time spent (timescales) must be clearly documented. This is particularly important with regard to LSCO projects – as can be seen from the Project Lifecycle, a number of the stages are iterative and this can quickly lead to spiralling costs and missed deadlines if the quality of the required solution has not been agreed with the customer.



Quality Review



Quality Reviews are carried out to ensure that the requirements and actions documented in the Project Quality Plan are in fact being carried out, and to check the quality of the LSCO solution being produced against the requirements / standards detailed in the Plan. The purpose of the review is therefore to inspect the LSCO solution  in a planned, controlled and documented manner and to ensure that any problems found are addressed.

Reviews will normally be carried out by a team consisting of some or all of the following:

Project Manager,

Domain Expert and/or End-Users,

LSCO Team Manager,

Interested Parties from related projects.

Quality Reviews will be required throughout the life of the project. A final review will be required before the customer signs off and accepts the final product.
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