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Automated Planning and Acting 
   
Malik Ghallab,  Centre National de la Recherche Scientifique (CNRS), Paris  
Dana Nau,  University of Maryland, College Park  
Paolo Traverso,  ITC-IRST (Center for Information and Communication 
Technology), Italy       

“Automated Planning and Acting will be the text I require my 
students to read when they first start, and the go-to book on my shelf 
for my own reference. As a timely source of motivation for game-
changing research on the integration of planning and acting, it will 
also help shape the field for the next decade.” Sylvie Thiébaux, 
Australian National University, Canberra, from the Foreword 

“This book is currently the most comprehensive introduction [to] 
computational principles of deliberative action that I know of. 
Whoever thinks about bringing planning and reasoning to bear on 
robots or other agents embedded in the real world should study it 
carefully - and share it with their students too.” Joachim Hertzberg, 
Osnabrück University 

“This book by Ghallab, Nau and Traverso is the best to date on 
automated artificial intelligence planning. It is very comprehensive, 
covering topics both in the core of AI planning and acting and other 
related AI topics such as robotic execution, automation and 
learning. Numerous features make it ideal for students to learn 
about AI planning, including historical notes and many illustrative 
examples. The book will serve as a trove of resources for 
researchers and practitioners in AI planning and other AI fields.” 
Qiang Yang, Chair Professor and Head of the Computer Science and 
Engineering Department, Hong Kong University of Science and 
Technology 

Autonomous AI systems need complex computational techniques for 
planning and performing actions. Planning and acting require 
significant deliberation because an intelligent system must 
coordinate and integrate these activities in order to act effectively in 
the real world. This book presents a comprehensive paradigm of 
planning and acting using the most recent and advanced automated-
planning techniques. It explains the computational deliberation 
capabilities that allow an actor, whether physical or virtual, to reason 
about its actions, choose them, organize them purposefully, and act 
deliberately to achieve an objective. Useful for students, 
practitioners, and researchers, this book covers state-of-the-art 
planning techniques, acting techniques, and their integration which 
will allow readers to design intelligent systems that are able to act 
effectively in the real world. 

 
366 pages  
371 color illustrations  
Hardback 9781107037274 
 
Available from 
August 2016 

list price $84.99   
discount price  $67.00  
with code 96332 
through August 8 
 
free shipping! 
 
 

Automated Planning 
and Acting

Autom
ated Planning and Acting

Malik Ghallab, Dana Nau  
and Paolo Traverso

Ghallab, Nau and Traverso

97
81

10
70

37
27

4 
G

H
A

LL
A

B
/N

A
U

/T
R

A
V

E
R

S
O

 –
 A

U
TO

M
AT

E
D

 P
LA

N
N

IN
G

 A
N

D
 A

C
TI

N
G

 P
P

C
 C

 M
 Y

 K

Autonomous AI systems need complex computational techniques for planning and 
performing actions. Planning and acting require significant deliberation because 
an intelligent system must coordinate and integrate these activities in order to 
act effectively in the real world. This book presents a comprehensive paradigm 
of planning and acting using the most recent and advanced automated-planning 
techniques. It explains the computational deliberation capabilities that allow an 
actor, whether physical or virtual, to reason about its actions, choose them, organize 
them purposefully, and act deliberately to achieve an objective.

Useful for students, practitioners, and researchers, this book covers state-of-
the-art planning techniques, acting techniques, and their integration which will allow 
readers to design intelligent systems that are able to act effectively in the real world.

“Automated Planning and Acting will be the text I require my students to read when 
they first start, and the go-to book on my shelf for my own reference. As a timely 
source of motivation for game-changing research on the integration of planning  
and acting, it will also help shape the field for the next decade.”
From the Foreword by Sylvie Thiébaux, The Australian National University

“This book is currently the most comprehensive introduction into computational 
principles of deliberative action that I know of. Whoever thinks about bringing 
planning and reasoning to bear on robots or other agents embedded in the real  
world, should study it carefully – and share it with their students, too.”
Joachim Hertzberg, Osnabrück University

“This book by Ghallab, Nau and Traverso is the best to date on Automated Artificial 
Intelligence Planning. It is very comprehensive, covering topics both in the core 
of AI Planning and Acting and in other related AI areas such as robotic execution, 
automation and learning. Numerous features make it ideal for students to learn about 
AI Planning, including historical notes and many illustrative examples. The book will 
serve as a trove of resources for researchers and practitioners in AI planning and 
other AI fields.”
Qiang Yang, Named Chair Professor Head of Department of Computer Science and 
Engineering at Hong Kong University of Science and Technology

Cover image: The Conjuror (oil on panel) (pre-
restoration), Bosch, Hieronymus (c.1450–1516) / 
Musee d’Art et d’Histoire, Saint-Germain-en-Laye, 
France / Bridgeman Images.
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Deliberative Planning and Acting
‣ Acting deliberately 

• Motivated by some intended objectives 

• Consists of choosing and performing actions justifiable by sound 
reasons with respect to intended objective 

‣ Deliberation 

• What to do to achieve objectives 

• How to do it 
‣ Relies on 

• Innate behavior preprogrammed or evolved 

• Learned behavior 

• Model-based behavior
3

Focus
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[Greenpower Science]
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[Weir 2002]
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[Bird 2009]



7[Bosch, c.1502]



Motivation
Study computational models and principles which permit  

an artificial actor to act deliberately  

‣ Understand deliberative acting 

‣ Experiment with deliberative actors 

‣ Develop socially useful technologies
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Motivation
‣ Deliberation: required for an actor that is 

• autonomous

9

[Intuitive Surgical]
Not	
  autonomous



Motivation
‣ Deliberation: required for an actor that is 

• autonomous and 
• versatile w.r.t. diversity of environments and tasks

10
[Kiva Systems]Not	
  versa-le



Purpose and Motivation
Deliberative actor 

• autonomous and 
• versatile
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Conceptual View of an Actor
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Conceptual View of an Actor
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Conceptual View of an Actor
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Planning
‣ What set of actions can achieve some purpose 

 Synthesis of an organized set of actions 

‣ Relies on Simulation + Search 

• Simulation of the effects of an action with a descriptive model 

• Search over predicted states  and possible organizations of 
feasible actions to achieve intended purpose

15

s s’=γ(s,a)
a

predicted state



Planning
‣ Different types of actions 

 => Different predictive models 

  => Different planning problems and techniques 

• Motion and manipulation planning 

• Perception planning 

• Navigation planning 

• Communication planning 

• Task planning
16

Focus



Acting
‣ How to perform chosen actions while reacting to the context in 

which the activity takes place 

• Refining actions into commands w.r.t. current context 

• Reacting to events 
‣ Relies on operational models of actions 
‣ Focuses on current observed state

17

What are the specifics of acting as a deliberation function? 
How to address jointly planning and acting?

‣ Acting  ≠  Execution 
  ≠ Planning



Acting vs Planning
‣ Planning 

• Models × Problems → Plans 

‣ Acting 
• Situated interaction with  

dynamic unpredictable environment 
- Adapt actions to context 
- React to context
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Is Acting ≠ Planning?
‣ Planning  

• Models × Problems → Plans 

‣ Acting 
• Situated interaction with  

dynamic unpredictable environment
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Synthesize a plan that is a situated automata 
Yes:  MDP, Nondeterministic planning 

But: Modeling effort: exponential in #effects(a) × #events(s) 

 Adaptation of automata execution to diversity



Is Acting ≠ Planning?
‣ Planning:  

• Models × Problems → Plans 

‣ Acting: 
• Situated interaction with  

dynamic unpredictable environment
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Close the loop on a planner 
Yes:  Receding horizon, interleaved planning and execution 
But: Type of input: not always (s,g) 

 Type of models needed



Is Acting ≠ Planning?
‣ Planning:  

• Models × Problems → Plans 

‣ Acting: 
• Situated interaction with a 

dynamic unpredictable environment
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Design Acting as a flexible embedded system 
Yes: Control theory, Automata theory, state charts  

 Real-time reactive systems, synchronous languages 

But:  Seldom adequate for diversity of tasks and environments 



Planning & Acting
‣ Hierarchically organized deliberation 

• Combine tasks with/without planning  
actions with/without online refinement  

• Heterogeneous representations and models 
➡Hierarchy of representations, tools, and techniques 

‣ Continual online deliberation   
• Limited predictive models  and knowledge of the environment 
• Cost of minor mistakes and retrials < cost of modeling, 

information gathering, and deliberation 
➡Deliberation remains partial until objectives achieved, including 

through flexible modification of its plans and retrials 
➡While acting: focused perception to refine and monitor actions, 

react to events, update and repair plans
22



Simplifying assumptions
‣ Dynamics of the environment 

• Exogenous events, changes that are expected and/or observed 
• Dynamics described with discrete, continuous or hybrid models 

‣ Observability of the environment 

‣ Uncertainty in knowledge and predictions 
• Abstracting away uncertainty at high level deliberation 
• Reasoning with explicit models of uncertainty 

‣ Time and concurrency 
• Discrete transitions 
• Handling durations,  deadlines, concurrent activity synchronization

23

     invisible  
facts         visible 
    observable 
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Tutorial Outline
‣ Deterministic models 

• Refinement methods for acting 

• Refinement methods for planning 

‣ Temporal models 

• Timelines and temporal refinement methods 

• Chronicles for planning and acting 

‣ Nondeterministic models 

• Offline and online nondeterministic planning 

• I/O automata and refinement methods for planning and acting
24


