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The Information Society (IS) is announced by a set of interrelated emerging technologies where the web it is certainly one of the most apparent and popular elements. These technologies envision a new relationship of the individuals between his/her own tasks and the new tools.

Individuals are forced to develop new methods of work in order to exploit the ITs at their best, new tools and application should reflect and model this new methods in order to be effective.

Despite of the successful buzzword "e-commerce", the aim of this workshop try to focuses on a wider vision of the potential role of planning & scheduling (P&S) technologies in the Information Society not limited to the web applications.

An exponential number of internet based services, low cost mobile devices over GSM networks, tools which integrate traditional and knowledge based systems, represent promising application fields where P&S can have a primary or a supporting role.

We will briefly exhamine a schematic path of how P&S can convey the flexibility typical of AI technologies in order to answer to expectations and requirements of new methods of work.

Finally we will consider the relationship among the semantic web issue and possible future evolution of the P&S area.

P&S in e-work

Electronic methods of work have been possible with the developement of the computer networks and the internet which made available to users environments where resources, services, other human or computational actors are available on the net without regards of their physical location.

Electronic commerce is just one aspect where a human activity, i.e. the commerce, evolves into new modalities; other activities such as mail and information exchange, news, education, social relationships are probably the most common examples of area where similar “e-changes” already happened or are expected.

The Web as a Transparent Media

A first level of application of P&S to the web can be understood by considerind the web as a transparent communication media. At this level the usual components of a planning system, (i.e. user interface, planner, sensors and actuators), can be distributed over the web.

A sample scenario the following:  a user (at location U) interacts through a web interface with a planner (at location P), in order to set up a experiment with a satellite radiotelescope (at location S), the execution of the resulting schedule will also involve antenna operations and radiotelemetry (at location A); the results are processed by a software system (at location W) and presented to the user.

The evolution to be expected in P&S/web relationship is then similar to what we have seen in the migration of business application and databases to the web/intranet, i.e. it is mainly a matter of designing web interface and distributing system resources. 

The web is a world wide transmission media which can be exploited by a planner or by a scheduler to realize a user/system distribution. Examples of application of this type include robot remote control, remote assembly and tools for remote medical diagnosis.

Typical open problems in this “web as a transparent media” framework are related with robustness and with the asyncronous nature of the communications over the web.

The Web as an Environment

A more interesting view is to consider the web as an environment. In this view web entities and web tasks are the object of P&S. Planners manage and acts upon the (virtual) web entities, which do not necessarily have a “real” counterpart, and which were not necessarily designed as a part of a single distributed system.

Examples of web entities could be, at a minumum, web pages, email, files, services (e.g. pay, subscribe, supply, order, browse, find,  etc.) but also web page servers, search engines, mail servers, messenger servers; examples of web tasks are tasks which involve web entities (e.g. find a book, buy it and download), user transactions, user activities over the web (e.g. informative tasks, educational tasks, distance work tasks etc.),.

In this framework we recognize different potential roles for P&S technologies: 

· components for web servers, automatic scheduling of load distribution over collection of web servers, goal guided synthesis and maintenance of web sites/pages

· components for supporting online services, scheduling load distribution to online assistance operators, activation of assistance/emergency chain, online configuration of products;

· generation/monitoring of supply chain, 

· user support, with recognition/generation/monitoring/repairing of user web tasks, for example supporting a user in task such as “organize a vacation” or “organize a meeting”;

· user adaptive services, automatic synthesis/monitoring of educational courses based on the individual skills/advancements, automatic synthesis of personalized newspaper based on user models;

· P&S components of softbot, e.g. softbot for automatic auctioning, stockbots etc.

· online P&S services, general or specialized tools which plan or schedule on demand (e.g. for checking/rescheduling activities)

The wide range of potential applications represents an opportunity for P&S to support web tasks by improving flexibility and adaptability of web systems.

P&S in m-work

The mass diffusion of low-cost networked devices, such as GSM, WAP, UMTS phones, opens the possibility for mobile activities to be supported by P&S technologies, new problems also arise for which current P&S models are probably inadequate.

Scenario:

On visiting Madrid with my mobile device, I am carrying out several parallel tasks: shopping, visiting museums and churches, going back to Toledo for the Conference Social Dinner. While shopping in a wine shop, my mobile device helped me in price comparison, and reminded me that an interesting church is nearby. Later after one our at El Prado Museum, after providing interesting information about the masterpieces on exhibit, I was prompted to leave if I want to reach Toledo on time for the dinner, or stay but call for a taxi.

Here we point out some general elements typical of the m-work framework to be addressed by P&S technologies.

· context awareness, the operative context and resources available to a mobile user change over time/space, (e.g. the user cannot easily make fuel in the desert), users plans/tasks or resources can become invalid depending on the time or depending on his/her physical location (e.g. I have scheduled a work meeting at 5, but at 4:55 I am still on the plane);

P&S typically address issues such as management of context, time and preconditions/effects constraints, the "mobile" keyword point out a flexibility aspect which is not addressed by most current P&S models.

· monitoring and coordination, the mobile user activity needs to be traced, revised, suspended and resumed as the user moves and carries out other parallel his/her own tasks; for example the user can suspend his "souvenirs shopping" task during a "museum visit" (which is another task) and resume it later;

plan monitoring, plan repairing and re-scheduling techniques are clearly related with this point;

· device capabilities, the low cost mobile devices cannot likely support powerful computing capabilities, this poses a problem of flexible interface, i.e. having a flexible model of interface which adapts to the device capabilities (questions: how to represent P&S concepts, user inputs/outputs etc.), and a problem of computational resource distribution: having a model of planning/scheduling, where the computation load can be distributed over the user device/network (e.g. local plan monitoring vs remote plan synthesis)

· network capabilities, minimization of connection costs, minimization of networks bandwidth overhead, robustness etc., it can be view again a problem of resource distribution, for example it would be better to load the generated plan in the mobile device if no network connection is available during plan execution;

· models of mobile-works, special models for mobile-commerce have been proposed (see the above example of mobile shopping), on the other hand, as mobile devices will be widely used, new unexpected modalities of interaction will likely emerge (remember the case of SMS services on cell phone which exploded in unexpected dimensions and modalities), P&S will have to take into account abstract and real models of mobile activities;

P&S in c-work

An emergent phenomena in complex systems, as for example in Space Mission Planning tools is integration of many conventional and knowkledge based tools, and their evolution into collaborative tools where the systems/user interaction is not merely an inputs/results flow, but it is explicitely part of the task cycle.

A collaborative tool represents an environment where the user can develop new methods of work by exploiting the interaction with the systems which prompt him with suggestions (cfr with solutions), with explanations (cfr with error/success messages), on the other hand there is the opportunity for the user of understanding and driving the solution development process.

Planners/schedulers are good candidates to evolve into collaborative systems. In the case of planners, for instance, the inadequacy of a domain description can be pointed out during plan synthesis and modified by the user; while suboptimal schedules can be accepted or constraint can be easily relaxed to find solutions in a collaborative framework.

In many cases the planning/scheduling component is not the main focus of the system, as for instance a scheduling module embedded in a Project Management System, which can also includes other user significant modules such as contract magement, report writing, accounting, finance etc.

In a collaborative system the scheduling component must be understandable to the user but the technical details should be transparent, in order to avoid the user being a planning/scheduling expert.

Collaborative planners/schedulers can be basically characterized by three phases: 

· collaborative modeling of domain and goals constraints (i.e. knowledge acquisition and problem definition) and 

· collaborative plan/schedule synthesis (i.e. solution finding)

· collaborative execution monitoring

In a collaborative framework these phases are not necessarily sequential but the system can move back and forth between the two, for example, a problem domain with no solution can be a symptom of an ill modeled domain which must be corrected, as well as a problem during execution which can require the solution revision.

On the other hand the phase of collaborative synthesis it is certainly the most significant, it can consist basically in a negotiation among the different solutions, or it can involve negotiation about criteria or search stategies to use.

In both collaborative schema (P&S) the user can add/delete constraint and accept/discard suboptimal solution, moreover the user is the guide for the computational resource, (e.g. deciding how long to search for the optimum, deciding when it have to stop if no solution found)

Some significant elements for P&S in c-work:

· transparency to the user, decide the level of details/abstraction during collaboration, for example the user do not need to be aware of detailed actions with their internal representation, but causal relationship among actions are certainly interesting to him;

· justification motivations, yes/no answer are usually not adequate for the user, the system is expected to provide justification of solutions/errors to enhance user trust on the systems conclusions; explanation are helpful to the user in order to understand problems and motivate his/her further intervention; explanation can contain suggestions about how to repair failure (e.g. relax a constraint to obtain optimum; check a fact to abilitate  a precondition etc.)

· plan checking, in some collaborative contexts the main role of the planner/scheduler is to offer the user a tool for maintaining or checking consistency of the plan/schedule under development:

· plan recognition and active support by anticipation/suggestion, the role of the user is prominent in collaborative work, on the other hand the role of the system can be of active support;

· collaborative resources allocation, the user should contribute computational resources such as time, space, strategies and criteria to be used;
· knowledge acquisition/verification, the user should be a source of validation for the system knowledge and data;
The current theoretical reference models for mixed initiative planners/schedulers are not adequate

· models for P&S systems based on mixed-initiative approaches;

· models of explanations, justification fo P&S

· model of interaction: suggestion for repairing failure; strategy negotiation, optimality negotiation for P&S;

· quality measures for mixed initiative P&S systems

Another important role fot  P&S inside collaborative systems rely on the design of user interfaces, 

the user system interaction can be planned, in order to manage the system complexity, 

In this case the main goal of the system is not P&S (say for example an insurance conseuling system), but the object of P&S module is the user interaction, some relevant topics in this area are:

· Plans of informative goals etc.

· Plans of application subtasks

· synthesis and use of interface characters agents.

P&S in the Semantic Web

It is worth discussing P&S with respect to the scenario of the Semantic Web. In this framework, links to web entities are meaningful links , in other words web entities present themselves on the net with an ontology of their meanings and uses.

The advent of semantic web will allow a shift from a user centered web to a softbot centered web. Softbot centered means that software systems can interact each other, and can automatically use web resources, with a minimal or with no user intervention. A second important shift will be moving from ad hoc systems vs general, portable, evolutionary tools.

In the case of planning systems the evolution to the semantic web can be seen as an increasing autonomy of the planner, which will not be tailored on a pre-packaged environment but it can discover and exploit agents and resources as it find out on the web. For example a trip-planner can decide to use a different (and previously unknown) tour operator for developing its plans, the new tour operator resource is discovered and recognized to be able to reach the planning goals, by the ontologies it provides; similarly an investor planner can find and use new forms of investment as they begin available and recognized.

Task achieving agents can estabilish a virtual presence of the user in the net (giving to the user, in this context, the general meaning of an individual, a company, an organization, or a productive process), it is apparent that P&S capabilities are required in order to realize such agents.

A related point is that of the availability of portable planning and scheduling services online, that is to say P&S resources which are not integrated inside a particular agent, but which are invoked by the agent as services.

Innovative problems posed by this agent scenario are the problems of:  modeling planners, schedulers and executors such that they can be understood and used by any software agent; introducing in the planning process the activity of discovering (i.e. discovering agents, resources, facts ). There are also other important aspects, for example  the uncompletness, and the dynamical evolution of the web which are already known topics in the P&S area. In order to effectively apply P&S technologies to the semantic web, the main theoretical open issues are:

· a uniform and extensible representation for P&S entities, XML vocabularies for P&S are needed, this refers not only to domain representations, but also to the possibility of modeling P&S services i.e. planners, schedulers, executors, strategies etc.;

· P&S models which support a strict the integration of the two;

· P&S models which support the uncompletness, evolutive, asynchronous issues which characterize the web, reasoning in evolutive domain where unknown actor (or services) can appear/disappear

· modeling the discovering of resources inside the planning process, when and how to look for new resources in the planner domain;

· models which allow to decide/plan in presence of conflicts or contradictions, (e.g. different informative resources which assert opposite facts; conflicting and interfering services in execution)

· models of trust with respect to the networked resources, deciding how much trust to put on a certain resource or service;

Despite of the theoretical importance of the points listed above, the first one, a uniform extensible representation, is a prerequisite for having planners/schedulers on the semantic web.

In our opinion working on the language is working on the infrastructure which can promote the diffusion and the application of P&S technologies. At this extent some promising elements exist in favour of P&S: the preconditions/effects approach to the representation typical of planning models seems to apply as a quite general mean of description for web resources and services, although the integration with temporal constraints specifications is likely to be improved; moreover the planning area is experiencing the process of finding a standard language, PDDL, which allow portability among systems, the planning community is probably ready and sensible to a further move to web portability. While the evolution of the semantic web proposal deserves the maximum attention, it is not unlikely for P&S to investigate, on an autonomous line, an XML standard vocabulary based on an extended PDDL kernel, it would be a first step toward having planning services widely available.

