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PLANNING TECHNOLOGIES FOR THE WEB ENVIRONMENT: PERSPECTIVES 
AND RESEARCH ISSUES 

A. Milani, S. Marcugini 
Abstract: This work will explore and motivate perspectives and research issues related with the applications 
of automated planning technologies in order to support innovative web applications. The target for the 
technology transfer, i.e. the web, and, in a broader sense, the new Information Technologies (IT) is one of the 
most changing, evolving and hottest areas of current computer science. Nevertheless many sub-area in this 
field could have potential benefits from Planning and Scheduling (P&S) technologies, and, in some cases, 
technology transfer has already started. This paper will consider and explore a set of topics, guidelines and 
objectives in order to implement the technology transfer a new challenges, requirements and research issues 
for planning which emerge from the web and IT industry. 

Sample scenarios will be depicted to clarify the potential applications and limits of current planning 
technology. Finally we will point out some new P&S research challenge issues which are required to meet 
more advanced applicative goals. 
Keywords: Planning, Web, IT, technology transfer 

 

Introduction 
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 new relationships 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 these new methods in order to be effective. 
Despite of the successful buzzword “web”  (and popular e-something terms such as: "e-commerce", “e-
business” etc.), it is important to focus on a wider vision of the potential role of planning and scheduling 
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technologies (P&S) in the Information Society not limited to the web applications. An exponential number of 
internet based services, low cost mobile devices over GSM and UMTS networks, tools which integrate 
traditional and knowledge based systems, represent promising application fields where P&S can have a 
primary or a supporting role. 
P&S is a research area which dates back to [Fikes1971], scientific and technological results are due to a wide 
community of researchers and scientific programs on the topic.  
P&S can convey the flexibility typical of AI technologies in order to answer to expectations and requirements 
of new methods of work and for the exploitation of the new I 
There are some important elements which facilitate the application of P&S technologies to the web: 

• Digital content, the web is machine readable and it provides a large quantity of machine readable 
data and software entities to interact with; automatic knowledge acquisition can be potentially 
realised in the web environment; 

• Virtual is real, the web offers the chance having “real” planning application bypassing the complex 
robot machinery needed in traditional planning application fields such as aerospace or robotics, for 
example the actions “browse a list of available books” and “buy-a-book” can be easily executed in 
the digitalised world thus producing a real and useful effect; 

• Scalable complexity, web applications can have different degree of complexity, simple applications 
can exists for simple existing planning models. As an example it is worth citing machine translation 
as a case of a technology which is not mature (i.e. for literature translation) but it could be worthwhile 
in niches applications (i.e. web pages automated translation) 

 
Planning and scheduling technologies represent a key factor in the framework of the service technologies for 
the global new IS especially with respect to the current scenario of web applications, they provide: 

• Knowledge based flexibility, P&S convey the flexibility typical of knowledge based technologies in 
support of new modalities of work, production, commerce, entertainment, education etc.;Models of 
change and interaction, P&S provides models of change and interaction, this research area has 
developed systems which provide automated generation of plans, tasks monitoring, plans checking 
etc. 

Another key factor which motivates the application of P&S technologies to the web is its dimension: web is 
large. In other words, a massive audience of personal end-users and business end-users is developing the 
need of customised versions of services, and consequently the need for web industry of tools and 
technologies to support them. This scenario is made more complex by the increasing diffusion of personal 
mobile devices which fosters the development of new modalities of work and interaction between the 
individuals and the business organisations, and it tends also to modify the traditional modality of B2B 
interaction. 
For this purpose the relevant issues to be supported and managed by services and applications over the 
information infrastructure are in general: autonomy, adaptation, distribution, mobility, agent interaction, 
automatic collaborative support etc.; which are also typical issues deeply related with P&S research. 
Another important element has been the proposal of Semantic Web [Berners-Lee 2001], which has the 
ambitious goals of allow reasoning on a web of knowledge and meanings, with respect to the initial web made 
of presentation tags (i.e. HTML) and a web of syntactic structures and terms (i.e. XML).  The data on the 
semantic web are defined and linked in a way that it can be used by machines not just for display purposes, 
but for automation, integration and reuse of data across various applications. Semantic Web is of great 
important in the future of knowledge bases applications for the web, because of its success among the 
research community, the growing number of available tools and application and the standardisation factor, 
since it is supported and coordinated by W3C Consortium. Despite of the initial focus on ontologies and 
relationships, research started under the Darpha Agent Markup Language (the DAML program [DAML 2000] 
has lead to models of more dynamical aspects of the web. For example, DAML-S is oriented DAML-based 
Web Service Ontologies in order to facilitate the automation of Web service tasks including automated Web 
service discovery, execution, interoperation. It is worth mentioning the DAML-PDDL translators 
[PDDL2.1][DAML-PDDL] [McIlrait 2002] which apply P&S to the semantic web. 
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Defining the Scenario: The Web as an Environment 
In this view the web is a planning environment, i.e. web entities are the object of P&S systems.  
Web entities exists ( a simple web planning domain is made of elements such as web pages, emails, files 
etc.) on which typical actions can be executed by users (e.g. pay, subscribe, supply, order, browse, look for, 
find, download etc.) or provided by service systems (e.g. web page servers, search engines, mail servers, 
messenger servers etc.). Moreover user and systems are pursuing web tasks, i.e. tasks which involve web 
entities (e.g. find a book, buy it and download), and in general user transactions and user activities over the 
web (e.g. informative tasks, educational tasks, distance work tasks etc.). Sometimes these tasks are not given 
automatic support, i.e. they rely on the user decisions, or, if automatic support is given, then it uses a too rigid 
and procedural approach, which does not satisfy the wide variety of user/business needs. 
Planners can develop plans to act on the web virtual world in order to reach goals on web entities, a key point 
is that web entities do not necessarily have a “real” counterpart, and they are not necessarily designed as a 
part of a single distributed system. 
Consider for example the following completely virtual plan for the virtual goal of promoting a web site: buy disk 
space, transfer your old site to a popular web portal in order to obtain a better click rate. The synthesis of this 
plan would require the ability of describing a model of change (e.g. defining the meaning of acting on the 
web), goals (defining concepts such “a better visibility”), and a model of the actions to be taken to execute it 
(i.e. pay, subscribe, download etc.), i.e. web entities should be represented as part as part of a planning 
domain. 
In addition there are some traditional planning phases that need to be reconsidered in the web domain:  

• domain knowledge acquisition can be realised by activities of information gathering, information 
discovery and comparison (about existing portals, rates and prices), with respect to more traditional 
planning domain in which domain knowledge has not frequent variations; 

• action execution in the web could imply to take into account of a dynamical scenario, in which not 
only actions can have unpredictable failure, but the domain can change during execution. 

 

 
 

Fig.2 The Web as a Planning Environment 
 

A more general scenario is characterised by activities which take place only partially on (or through) the web. 
 

A simple example is that of a personal planner assistant, which suggests the user to buy a textbook online as 
part of  the plan  “successfully preparing an exam”, which contains some other not web steps such as going to 
lessons and doing exercises . User tasks and goals are in general related with real world activities and should 
interact and be coordinated with actions and plans which act in the web domain.  
 

When more production related activities become available on the web (for example: suppliers chains, 
customers, markets, delivery, payments etc.) the manufactures planning activity will need to model the web as 
part of the production plans. 
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A Glossary of Terms for Mapping Planning on the Web 
In this section it will be shown how the basic features of planning domain model can be mapped into 
corresponding web entities, and contribute to solve and support web tasks and goal oriented activities on the 
web. On the other hand the mapping allows pointing out the limits of the current planning models and the 
research issues which are required to be solved in order to give a complete account of operating on the web 
domain. 
 

Glossary Terms: State, Initial State, Goal State. 
The notion of state is central to most planning models. In the web the concept of state is represented by the 
sum of the states of the various component of the web domain: 

• user internal state, the set of features and facts describing the user state (e.g. maintenance 
conditions, general constraints, preferences, but also info about users such as identities and 
passwords); 

• web-state facts, the state of info as available on the web, in the simplest form web-state is 
represented by the set of current web pages, existing files etc., more likely the state description 
would address the content and the semantic of available information (e.g. stock quotations, available 
item on e-markets etc.) 

• web actors state, this is represented by the internal state of interactive services, consider, for 
example, activities which require multiple steps in order be carried out, such as online reservation of 
a flight (it is necessary to be able to represent the current step of a given transaction), or consider 
services which require access authorisation (it is necessary to represent that certain existing 
resources are/are not available for use). 

The concept of state that is used in planning to model initial states, goals state, and to model change as 
modification of state will need reformulation in the framework of web applications, because of the inadequacy 
of current planning model to fully describe the state of a web domain in all its aspects. 
 

Research Issue: the main drawback of the current planning models of states derive from the fact that the web 
is a vast and dynamical environment of active resources, on the other hand planning domains are usually 
characterised by domain states which are fully knowledgeable and somewhat static, i.e. the planner is the 
only one (or one of the few) agent in the domain. 
Summarising, the main P&S research issues that should be addressed in order to fully capture the main 
features of a web state are: 

• managing uncompletness, web state is vast and not completely knowledgeable, the web domain is 
inherently incomplete there is no hope to model inside the planner a complete description of all the 
web, then mechanisms and strategies are required in order to do knowledge acquisition and to 
circumscribe the domain description for the planning problem at hand ; 

• managing events, web state changes independently of the planning actor, this is usually addressed 
in planning models by the concept of events, i.e. state changes which are out of the control of the 
planner [Ghallab 1998]; in the web domain the amount of planning time appear to be a crucial factor, 
since dynamical changes can occur during planning; 

• managing inconsinstency, web state can contain contradictory information coming from different 
sources, consider for example info about the weather conditions used by a travel planner; concepts 
such as trust and believes and should be modelled [Ambite 1998]; 

• managing richer knowledge representation, P&S models usually focus more on actions and plans 
than on the adequacy of the knowledge representation formalism to capture the static aspect of the 
domain; since the web offers information in different but equivalent forms, the planners should be 
aware of ontologies and mechanisms for relating information from different sources, consider for 
example the problem of representing the concept of price, in the sense of amount of money to be 
payed for buying a good, an effective representation requires that stock exchange market quotations, 
monthly renting rates, price of a book and currency exchange rates would represent instances of the 
same concept of price [Berners-Lee 2001],  
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Glossary Terms: Actions and Operators 
The other fundamental concept in planning models is the notion of action and operators , which represents the 
basic elements to model change in the domain. 
Actions (i.e. istances of operators) represent the state transiction which occurs during the execution. Operator 
and action are usually modelled in term of precondition/effects. 
In a web domain actions are represented by the available services, which change the user/web state 
according to a preconditions/effects model. For example available services on the web such as buying a book, 
reserving a meeting room, downloading a satellite image of a town, moving a remote webcam , sending an 
email, are actions in the sense that are allowed to take place only under certain preconditions on the web 
state (e.g. having enough money on the account, availability of the tow sat picture etc.) and produce effects 
on it (e.g. changing book ownership, meeting room reservation state, a copy of the picture locally available 
etc.). 
Research Issues: it is worth noticing that an effective model of  web actions should take into account the 
elements formerly pointed out about web states (uncompletness, inconsistency in particular), but it requires, in 
addition, to consider some web specific P&S research issues about the actions/operators model: 

• operators can change, appear and disappear, new services become available and changes over 
time, issue: dynamical discovery, monitoring and maintaining of domain models; 

• actions execution time, actions on the web take time (depending on bandwith and servers overhead 
factors) , issue: timing constraints and failure recovery; 

 

Glossary Term: Plan 
“A plan  is a set of ordered actions, that, if executed in the initial state will transform it in the goal state”. This 
definition of solution plan is common to most planning models since [Fikes 1971], and it is easy to see that the 
definition easily applies also to the web domain. Currently most web tasks and goal oriented activities which 
take place on the web can be described basically as sequences of actions, i.e. on the web, plans are 
sequences of interrelated services requests made on web entities, (consider for example a typical user driven 
web-plan such as: look for items sellers on search engine, browse and compare prices, order one and pay for 
it). 
Research Issues: although plan as sequences or partially ordered sequences are a formalism that is 
sufficient for planning in the web at a basic level,  it is worth to investigate on planning models which 

• provide expressive and flexible models of plans, few planning models have a satisfactory 
management of actions with duration, loops, conditionals [Lin 1995]; 

• combine plan knowledge with task oriented languages, planning models based on a hierarchical 
approach [Erol 1995], as well as of workflow management models [WorkFlow-Roadmap 2003] offer 
examples of task oriented formalisms which should be included into generative planning models. 

The objective should be to reflect also in the structure of plans, some typical element of the web domain, we 
have already pointed out, such as contingency, non-determinism, and dynamical aspects of the domain. 
 

Glossary Terms: Plan Monitoring, Execution, Sensing, Re-planning 
Planning terms such as plan monitoring, execution, sensing and re-planning regard the phase that follow plan 
synthesis and aimed at actually reaching the goals by executing the plan in the real world. In the web domain 
(where virtual and real are somewhat overlapping) can characterised in a “web specific” way traditional 
planning concepts like execution and sensing: 
 

•Execution, since the web is large, execution can involve complex decisions about choosing the service to 
invoke among a plurality of available and equivalent ones; moreover execution takes time also for processing 
and data transfer, then criteria are needed to combine the issue of execution time with the issue of bandwidth; 
finally note as the implementation of actuators would be greatly favoured by the diffusion of web services, but 
the use of wrappers or similar mechanism should also be considered as an intermediate solution for 
interacting with services initially designed for human users; 
 

•Sensing, in the web environment sensing mainly means: actively looking for info, i.e. gathering info  
[Knoblock 1995] [Golden 1996b] [Naveen 1997] and results from web sources (for example web pages, 
searching databases,  streaming video, results from called services); main open problems in this area are 
related with the integration of information from different non-homogeneous sources, and with decisions to be 
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taken about what to sense (consider for example criteria like: time for sensing and processing vs bandwidth vs 
timing goals and execution constraints) 

It is also worth noticing that the dynamical nature of the web suggests the investigation of theoretical models 
[Haigh1996] [Friedman 1997], where the plan synthesis phase is interleaved with execution and sensing. 
 

Conclusion 

It is not easy to envision the future of technology transfer in an area where the target industry, i.e. the web and 
the broader IT society,  is moving and developing at an high unprecedented pace toward hard to predict 
directions. For these reason, previsions and objectives in the long term are not very realistic, and should be 
limited only to short term and medium term scales. 
On the basis of  the current achievements and potentiality of P&S technologies depicted in the previous 
sections some conclusive guidelines for future perspectives and goals can be drawn along two main 
dimensions: End-user requirements and Research goals. 
The first examples of the technology transfer between P&S and the Web have been in the area of: 

• automation and autonomy for machine to machine services, (P&S, softbot and agents technologies 
Etzioni 1994])task support, Travel Assistant [Ambite 2001], i.e. P&S based dynamic integration of 
web sources for travel organisation (managing and combining multiple sources for airfares, parking 
fares, timetables, weather conditions etc )automatic maintenance of web applications, web info and 
web services [Smith 2001] [McIlraith 2001] [Marcugini 2002][Thakkar 2002]; (the P&S knowledge 
based representation of change, constraint checking and failure repairing techniques has been 
applied to support automatic maintenance in not web domains [Chien, 1998]); 

 

End-user requirements,  
End-users are intended to be in most cases personal users, but in the following we also means by end-user a 
company, an organisation as a whole, (e.g.  in organisational workflow management) or an industry using the 
technology as a component of more complex systems. 
The application issues that are expected to be asreached in a short term are mainly in the area of 

• support/automation of personalised services and user adaptive services on the web (educational, e-
learning, recreation, information; automatic synthesis/monitoring of online courses and educational 
plans based on the personal skills/advancements; automatic synthesis of personalized newspaper 
based on user models); 

• supporting mobility and distribution in organisation: scheduling activities & information workflow in 
distributed organisation through the web and new devices/communication media, supply chain 

management 
• supporting user web tasks, (e.g. cooperative recognition, automation, monitoring and repairing of 

user web tasks, consider, for example, a planning based systems which support the user in task 
such as “organize a vacation” or “organize a meeting”); 

• automatic integration of Services/Web Services, goals directed synthesis and maintenance in 
specific domains 

There are potential applications of P&S as components for the new IT systems: 
• components for web servers and tools, (e.g. applications to goal guided synthesis and maintenance 

of web sites/pages) 
• components for supporting online services, (e.g. scheduling load distribution to online assistance 

operators, activation of assistance/emergency chains, online configuration of products); 
• component in systems for online supply chains management, (issues: logistics, resources 

management, workflow management, tasks scheduling and assignment) 
 
On a medium/long term horizon, we expect increasingly to met higher requirements on tools and techniques 
for automation of Web Services, and increasing requests for personal support services, either on the web or 
onboard of personal assistant devices, such as: 

• robust automatic integration of Web Services, in broader application domains, support for automatic 
discovery of services and failure recovery 
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• autonomous web agents, goals directed software agents which operate over the web on user’s 
behalf (e.g. auctioning systems, stockbot etc.); 

• support to massive adaptative services on small personal devices, planning and scheduling support 
for daily activities (e.g. home devices); 

• cooperative and distributed planning which integrates personal devices/web services/web agents for 
global user goalsonline P&S services, general or specialized tools which plan or schedule on 
demand (e.g. for checking/rescheduling activities) and are available on the web, 

 

Research goalsThe following research goals are prerequisites for supporting the initial and next steps of the 
technology transfer, on the other hand it seems to exist an increasing autonomous interest of the research 
community on topics such as modelling dynamic domains, time management, interleaving planning/execution 
and others, which can be exploited  for modelling the web environment, the main topics related to this purpose 
include: 

• modelling domain discovery during planning  
• contingency and sensing in web environment 
• time duration, failure recognition, and repair 
• expressive and robust model of execution plans, (loop iterations) 
• mixed initiative planning models, task support models 
• incorporating web oriented extension in PDDL-like language (see [KE-Roadmaps] and [WorkFlow-

Roadmap]) 
• wrappers and planning operator wrappers 

in a second phase advancements  in the previous topics are needed, as well as an increasing the research 
efforts toward more technology oriented topics such as portability,  interoperability, scalability and advanced 
planning models, these objectives include: 

• portability for planning algorithms, strategies, heuristics, preprocessing 
• interoperability: mapping between planning models 
• models and measures of planning scalability (small devices/ small domains) 
• models for cooperative distributed planning, (domains/problem partitioning/integration) 

 

It is generally expected that knowledge based technologies (the semantic Web proposal for instance) can give 
effective contribution to web applications. We have pointed out that planning technologies, in particular, can 
positively exploit on the web their ability of modelling action and changes. We also point out the potential 
scalability of the technology transfer of P&S to the web in a short/medium term perspective from simple 
applications which use ready-off-the-shelf planning technologies to more complex applications which need 
appropriate innovative models. On the other hand web and IT applications represent a source of interesting 
open research issues such as managing of uncomplete and dynamical domains; interoperability among 
domains, planners and planning tools. 
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