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Multi-agent systems & Logic 
• Multi-agent systems

– Complex decentralized systems whose behaviour is given by interaction 
among autonomous, rational entities. We study MAS so that we understand 
behaviour of such systems and can design such software systems.

• Logic
– Provides a paradigm for modeling and reasoning about the complex world in 

a precise and exact manner
– Provides methodology for specification and verification of complex programs

• Can be used for practical things (also in MAS):
– automatic verification of multi-agent systems
– and/or executable specifications of multi-agent systems
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Modal logic
• Note:

– most modal logics can be translated to classical logic
. . . but the result looks horribly ugly,
. . . and in most cases it is much harder to automatize anything
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program to implement e.g. its beliefs:
– to satisfy the K axioms
– an agent knows what it does know: positive introspection axiom (4 axiom).
– an agent knows what it does not know: positive introspection axiom (5 axiom).
– it beliefs are not contradictory: if it knows something it means it does not allow 

the negation of its being true (D axiom).

• Belief is surely a KD45 system -- modal logic system where the B 
relation is serial, transitive and euclidean. 

• Knowledge is more difficult – it needs to be also true – this why the 
knowledge accessibility relation needs to be also reflexive.

• Therefore knowledge is a KTD45 system.
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Model of Belief
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• Model checking is a technique for automatically verifying 
correctness properties of finite-state systems. Given a model of 
a system, exhaustively and automatically check whether this 
model meets a given specification (such as the absence of 
deadlocks and similar critical states that can cause the system to 
crash). 
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Model of Time
• Modeling time as an instance of modal logic where the accessibility 

relation represents the relationship between the past, current and 
future time moments.

• Time: 
– linear

– branching 
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31

Tuesday, September 25, 12



Safety Property 

–something bad will not happen
–something good will always hold

• Typical examples:

32

Tuesday, September 25, 12



Safety Property 

–something bad will not happen
–something good will always hold

• Typical examples

33

Tuesday, September 25, 12



Safety Property 

–something bad will not happen
–something good will always hold

• Typical examples

34

Tuesday, September 25, 12



Liveness Property 

–something good will happen

35

Tuesday, September 25, 12



Liveness Property 

–something good will happen

• Typical examples

36

Tuesday, September 25, 12



Liveness Property 

–something good will happen

• Typical examples

37

Tuesday, September 25, 12



Liveness Property 

–something good will happen

• Typical examples

38

Tuesday, September 25, 12



Fairness Property 
• Useful when scheduling processes, responding to messages, etc.
• Good for specifying interaction properties of the environment

• Typical examples:

• Strong Fairness: 
if something is attempted/requested, then it will be successful

• Typical examples:
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Linear Temporal Logic - LTL
• Reasoning about a particular computation of a system where time is 

linear - just one possible future path is included.
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Linear Temporal Logic - LTL
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Linear Temporal Logic - LTL
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Computational Tree Logic - CTL
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• Reasoning about possible computations of a system. Time is 
branching -- we want all alternative paths included.
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Computational Tree Logic - CTL

44

• Reasoning about possible computations of a system. Time is 
branching -- we want all alternative paths included.

• Vanilla CTL: every temporal operator must be immediately 
preceded by exactly one path quantier

• CTL*: no syntactic restrictions
• Reasoning in Vanilla CTL can be automatized.
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Dynamic Logic
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Concluding Remarks
• Practical Importance of Temporal and Dynamic Logics:

–Automatic verication in principle possible (model checking).
–Can be used for automated planning.
–Executable specications can be used for programming.

• Note:
When we combine time and actions with knowledge (beliefs, 
desires, intentions, obligations...), we finally obtain a fairly 
realistic model of MAS.
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