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a pi calculus agent

about distribution:
� there are three agents which could be located in different hosts
� (global consensus issue) we may assume that channels are managed by 

a unique host (managing means that the host is responsible of the 
inputs of the channels it manages)

� input capability breaks the property of unique host for inputs . . .
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input capability and distribution

channels are located at IP addresses; inputs are loaded into the
subjects' locations

bo: glob:�
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the initial configuration is

bo, tun: glob: blq:

��� 
��������
�	
 ���

a new input (aka service) has been created at a wrong location

. . . after some reduction . . . 



input capability, distribution, and fusions

� input capability is hard to implement: never use it!
� cf. join-calculus, local pi
� first solution (CONCUR’02) use fusions instead

. . . after some reduction . . .  

an explicit  fusion between two names
the run-time support of the language should solve 

bo,tun,x´: glob: blq:
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• bound inputs are renamed with fresh local names

• the fresh name is fused with the received name



the explicit fusion calculus

“An explicit fusion is something that allows
two names to be used interchangeably”



the fusion machine
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fusion pointer, so 
any atom can migrate 
from here to y.

Collectively, the 
fusion pointers make 
a forest which 
respects a total order 
on names:
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the fusion machine: problems

� fusions are implemented with persistent tree of forwarders 
� these trees are awkward to manage (cf. optimizations)
� these trees are fragile in presence of failures
� the management of continuations was difficult 

(compilation into solos)

robustness of the machine has been the main 
reason for pushing the redesign on



input capability, distribution, and linear forwarders

� input capability is hard to implement: never use it!
� second solution (CONCUR’03) use linear forwarders

instead

a linear forwarder
to be used exactly once

. . . after some reduction . . . 

bo, tun, x´: glob: blq:
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the linear forwarder calculus
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processes P

with no input capability constraint: in  x(u).P ,  P has no input with 
u in subject position

structural congruence
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the encoding of pi
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an example



remarks on the encoding of pi� �
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distributed choice in the linear forwarder calculus
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the BoPi machine, logically

the system is composed only of a collection of these              
distributed channel machines
this one corresponds to
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t:

atoms waiting to 
rendezvous at this 
channel

deployment bag of pi 
terms ready to be 
executed

channel name of this 
channels:
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the BoPi machine in practice (1)
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pi/xml
language
piDuce

void send(chan, E, cont);
void asend(chan, E);
void recv(pattern, cont);

�
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SND(u,E,continuation)
RCV(pattern,continuation)
RCV(pattern,forwarding-addr)
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the BoPi machine in practice (2): piDuce

• pi calculus is extended with native XML data types

• inputs are extended with pattern matching a la ML
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the BoPi machine in practice (3): piDuce semantics
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the BoPi machine in practice (3)

Bytecode:

0 par +80
10 new @2
20 par +50
30 snd 3,0
40 nil
50 rcv 3
60 snd 4
70 nil
80 rcv 0
90 snd 1

100 nil��
� ���	
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0: 2.3.1.7 : 9 : #1
2.3.1.7 : 9 : #2
14.12.7.5 : 9 : #5

1:
2:

code 00 to 110

0 12

Work unit:
(a closure containing a stack,
and code pointers)



what we are doing/discovering

� linear forwarders makes for easy implementation and easy and strong 
proofs of correctness

� fusions/linear forwarders allow for optimisations at source level, by “pre-

deploying” fragments to their expected destination

“on-the-fly deployments” may be performed in parallel with other operations

� the distributed machine has been written in Java: substantial work is needed 

to build a language on top of it

- XML data types (in the next release – July 2004)

- transactions and rollbacks like Xlang/BPEL



fusion machine & join

fm & join: have a unique channel manager for every channel 

� inputs and outputs are deployed to the corresponding 
manager

� reactions occur locally

fm ≠≠≠≠ join:  
� fm granularity is finer: it is possible to locate one channel 

per machine, in join all co-defined channels are on the same 
machine

� fm channel behaviours may be re-programmed: in join 
the channel behaviour is fixed once for all (a received name 
cannot be redefined)


