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Motivation

• Traditional approach to developing a reactive system:
• Implementation in Java, C#, C.

• Analysis by modeling in formal framework like Maude, K, Coq.

• Can there be a unified framework for both implementation and 
modeling?

• Approach must handle complex real-world systems.



Contributions

• P is a framework that unifies modeling and implementation
• Systems (and environment) as state machines interacting via events
• Built-in model checker to prove properties
• Generates executable code that integrates with other components

• Some components only needed in Modeling
• Expressed in P as Ghost Machines – used for analysis, discarded for synthesis
• For example, need a client ghost machine to analyze a server machine

• Focus on practical real-world applications
• Used to implement Windows 8 USB stack
• Extensively used by Automated Reasoning Group at Amazon AWS with 

positive results



Example

A machine for an elevator

• Ignore event OpenDoor
• Defer event CloseDoor
• Sends SendCmdToOpen to "door" 

machine



Example

• The Door ghost machine 
receives event

• On receiving SendCmdToOpen
emits DoorOpened

• Elevator machine moves to 
Opened state.



Example P Program

Global machine state

Code executed on entry

Event Handler



P Syntax



P Semantics



P Semantics: Imperative core



P Semantics: Creating machines



Generating events: between machines



Generating events: within machines



Handling events - 1



Handling events - 2



Handling events - 3



Call stack related control flow



Systematic Testing

• Semantics interpreted in explicit state model checker ZING

• All possible executions enumerated and checked against
• Assertions

• Sends to uninitialized targets

• Sends to machines that have been freed

• Unhandled events

• Context switches only happen at creation, sends, and receives



Liveness Properties in P 

• Machine should not get into infinite cycle of private operations

• Predicate en(m) holds iff m can take a step

• sched(m) is true iff en(m) and m takes a step



Liveness Properties in P

• Fairness is given by predicate fair(m) defined as:

• An erroneous execution is given by predicate:

• Every machine is fairly scheduled and an enqueued event is not deferred 
indefinitely



P in Maude: Expression Syntax



P in Maude: Statement Syntax



P in Maude: Statement Syntax (Contd.)



P in Maude: Machine Syntax

• Programs is a sequence of machine declarations

• We can parse complete P programs in Maude 


