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ABSTRACT
This chapter proposes to model a planning problem (e.g., the control of a satellite
system) by identifying a set of relevant components in the domain (e.g., communication
channels, on-board memory or batteries), which need to be controlled to obtain a
desired temporal behavior. The domain model is enriched with the description of
relevant constraints with respect to possible concurrency, temporal limits and scarce
resource availability. The paper proposes a planning framework based on this view
that relies on a formalization of the problem as a Constraint Satisfaction Problem
(CSP) and defines an algorithmic template in which the integration of planning and
scheduling is a fundamental feature. In addition, the paper describes the current
implementation of a constraint-based planner called OMP that is grounded on these
ideas and shows the role constraints have in this planner, both at domain description
level and as a guide for problem solving.
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INTRODUCTION
The integration of planning and scheduling is often seen as a key feature for solving

real-world problems. Several planning architectures produced over the past two decades
(e.g., Currie and Tate, 1991, Muscettola, 1994, Laborie and Ghallab, 1995b, Jonsson et al.,
2000, Chen et al., 2000) have already included aspects from both planning and scheduling
(P&S) theories among their features. In fact, these architectures have always emphasized
the use of a rich representation language to capture complex characteristics of the domain
involving time and resource constraints. Also, the more recent international planning
competitions [IPC] have considered this integration as a direction to follow and specific
features appear in the most recent release of PDDL [the planning description language
defined for the competition (Fox and Long, 2003)] to extend its expressiveness. 

While planning and scheduling have been traditionally separate research lines,
both can be seen as an abstraction of real-world problems. On one hand, solving a
planning problem means finding how to achieve a given goal, that is, computing a
sequence of actions which realize the goal without considering the problem’s time and
resource features. The generation of a sequence of moves in the Blocks World domain
is a typical example of planning problem. On the other hand, solving a scheduling problem
means determining when to perform a set of actions consistently with time and resource
constraints specified within the domain. In a satellite domain for example, this could be the
problem of deploying over time a set of downlink data operations from a satellite to Earth
according to visibility windows, channel data rates and onboard memory capacities.

 This chapter contributes to an emerging research line that aims at joining results
from classical planning, scheduling and constraint reasoning — in particular temporal
and resource reasoning — by proposing the so-called Constraint Satisfaction Problem
(CSP) (Tsang, 1993) as a common framework for representing both planning and
scheduling problems. In particular, this chapter addresses problems in which the domain
(e.g., a satellite system) can be decomposed into components (e.g., communication
channels, onboard memory or batteries) and where both time and concurrency are
fundamental elements. In this light, we can think of these components as a set of threads
in the execution of a concurrent system: each temporal evolution of these variables lies
on a timeline which evolves simultaneously with other timelines and where each
component can assume one and only one value on a fixed time point. The values that each
state of a component may assume on a specific time point are constrained by specifying
cause-effect relationships and synchronization constraints among different compo-
nents. Furthermore, one of the features, which distinguish this approach from so-called
“classical planning”, is the concept of goal, which is not an atemporal state of the world,
rather a temporal evolution of a system.

 As a conclusive observation, it is worth noting that the direct formulation of an
integrated planning and scheduling problem as a Constraint Satisfaction Problem can
open new and interesting research lines. In fact, “classical” CSP concepts such as
propagation (e.g., enforcing arc or path-consistency) or the definition of new variable
and value ordering heuristics can be extended to this framework. For example, a very
simple variable ordering heuristic is to first take all the planning decisions and then to
solve all the resource conflicts. However, a more effective ordering strategy is to
interleave planning and scheduling decisions, in order to prune infeasible planning
decisions due to lack of resource support and vice versa.



 

 

35 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/planning-concurrency-time-

resources/24465

Related Content

Drivers of Mobile Application Acceptance by Consumers: A Meta Analytical

Review
Francisco-Jose Molina-Castilloand Angel-Luis Meroño-Cerdan (2014). International

Journal of E-Services and Mobile Applications (pp. 34-47).

www.irma-international.org/article/drivers-of-mobile-application-acceptance-by-

consumers/118193

Web Services in Distributed Information Systems: Availability, Performance

and Composition
Xia Zhao, Tao Wang, Enjie Liuand Gordon J. Clapworthy (2010). Electronic Services:

Concepts, Methodologies, Tools and Applications  (pp. 937-951).

www.irma-international.org/chapter/web-services-distributed-information-systems/43993

The Conundrum of Valuing a Company`s Intellectual Capital: The Role of

Taken-for-Granted Indicators
Luiz Antonio Joiaand Paulo Sérgio da Silva Sanz (2010). Electronic Services:

Concepts, Methodologies, Tools and Applications  (pp. 1848-1861).

www.irma-international.org/chapter/conundrum-valuing-company-intellectual-capital/44049

A Unified Mathematical Model for Stochastic Data Envelopment Analysis
Basma E. El-Demerdash, Assem A. Tharwatand Ihab A. A. El-Khodary (2021).

International Journal of Service Science, Management, Engineering, and Technology

(pp. 127-141).

www.irma-international.org/article/a-unified-mathematical-model-for-stochastic-data-

envelopment-analysis/267184

Privacy Enforcement in E-Services Environments
Carlisle Adamsand Katerine Barbieri (2006). Privacy Protection for E-Services (pp.

172-202).

www.irma-international.org/chapter/privacy-enforcement-services-environments/28141

http://www.igi-global.com/chapter/planning-concurrency-time-resources/24465
http://www.igi-global.com/chapter/planning-concurrency-time-resources/24465
http://www.igi-global.com/chapter/planning-concurrency-time-resources/24465
http://www.irma-international.org/article/drivers-of-mobile-application-acceptance-by-consumers/118193
http://www.irma-international.org/article/drivers-of-mobile-application-acceptance-by-consumers/118193
http://www.irma-international.org/chapter/web-services-distributed-information-systems/43993
http://www.irma-international.org/chapter/conundrum-valuing-company-intellectual-capital/44049
http://www.irma-international.org/article/a-unified-mathematical-model-for-stochastic-data-envelopment-analysis/267184
http://www.irma-international.org/article/a-unified-mathematical-model-for-stochastic-data-envelopment-analysis/267184
http://www.irma-international.org/chapter/privacy-enforcement-services-environments/28141

