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The -calculus: syntax
• Similar to CCS with value passing, but values are channel 

names, and recursion is replaced by replication ( ! )

action prefixes (input, output, silent)
x, y are channel names

inaction
prefix
parallel
sum
restriction, new name
replication
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The -calculus: syntax 
• Names:

– Free
– Bound

• Input and restriction are binders
– Exercise: give the formal definition of 

Example:

• Alpha conversion
Example:
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The -calculus: structural equivalence

• Introduced to simplify the  description of the operational semantics

– If P Q then P Q

– P | Q Q | P
– P + Q Q + P
– ! P P | ! P

• Some presentations include other equivalences, for instance:

– P | 0 P ,    (P | Q) | R P | (Q | R)
– P + 0 P ,    (P + Q) + R P + (Q + R)   , P + P P

– ( x) ( y) P ( y) ( x) P ,      ( x) P P if ¬ x fn(P)
– P |  ( x) Q ( x) (P | Q)    if ¬ x fn(P) (scope extrusion)
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The calculus: operational semantics

• The early operational semantics of the -calculus is defined as a labeled 
transition system. Transitions have the form

Here P and Q are processes and is an action, where actions are 
defined as follows:
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The calculus: early operational semantics
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The calculus: early bisimulation

• Question: is E a congruence?
Answer: No. Example:
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The calculus: late semantics
• The late operational semantics is obtained by replacing rules E-Input and E-Com

by the following:
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Late vs early bisimulation
Late bisimulation is strictly more discriminating than early bisimulation.

Example
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