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Introduction to Process Networks

• Concurrent processes
• FIFO channels,

unlimited capacity
• Blocking reads
• Implementation

– Limited channel capacity

– Blocking writes

process

channel
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Fibonacci
• Compute Fibonacci numbers

F(n) = F(n-1) + F(n-2)
1, 1, 2, 3, 5, 8, 13…

• Directed cycles
– Limit token

production
– Limit parallelism 1 1

cons consdup

+

printdup
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• Compute prime numbers with the
Sieve of Eratosthenes
2, 3, 5, 7, 11, 13, 17…

• Self-modifying
program graph

• Pipelined parallelism

Eratosthenes

2

cons siftdup

+1

print

mod sift

mod sift
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Kahn’s Formal Model
• Channel : Stream X = [x1, x2, x3, …]

– Prefix order [3, 1, 4]  � [3, 1, 4, 1, 5, 9]

• Process : Function Y= f(X) 
• Blocking reads : Monotonic functions

X � Y � f(X) � f(Y)
• Iterative solution X0 = �

Xi+1 = f(Xi)
X0 � X1 � X2 � X3 � …

: Unique limit : Determinism
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– Streams

– Processes

• Distributed Process Networks
• Conclusion
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Channel
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Process Networks in Java

Channel

BlockingInputStream
SequenceInputStream

LocalInputStream

ChannelInputStream

SequenceOutputStream
LocalOutputStream

ChannelOutputStream
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BlockingInputStream
• re ad never returns early
• sk i p never returns early
• mar k, r es et not allowed
• av ail able always returns 0

• Overcomes “limitations” of 
Java API to provide blocking 
reads required for 
determinism

SequenceInputStream
LocalInputStream

ChannelInputStream
BlockingInputStream
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IterativeProcess
publ i c vo i d r un( )
{   t r y

{   onSt ar t ( ) ;
i f ( i t era t i ons > 0 )

whil e( i t era t i ons-- > 0 )
st ep( );

el se
whil e( t r ue)

st ep( );
}
cat ch ( I OExce pt i on i gnor ed) { }
f i nal l y { onSt op( ); }

}
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Exception Propagation
• Compute all primes 

less than N
• Compute the first N 

primes

2

cons siftdup

+1

print

mod sift

mod sift
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Distributed Process Networks

1 1

cons consdup

+

printdup
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ComputeServer
public void ru n( )
{   Serv erSock et serve r = new ServerSo ck et (PORT) ;

Sock et cli ent = se rv er.acc ept();
In putStrea m i = cl ie nt. get In putStr eam();
Obje ctInpu tS tream o

= new ObjectIn putStrea m( i);
whil e(true )
{   Object object = o. read Object () ;

if(obj ec t inst anceof pn. proc .P ro cess)
new Thread (( Runnable )objec t) .start () ;

}
}
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Serialization of InputStream
• Server A

BlockingInputStream
SequenceInputStream

LocalInputStream

ChannelInputStream

SequenceOutputStream
LocalOutputStream

ChannelOutputStream

SurrogateRemoteInputStream
RemoteOutputStream
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Deserialization of InputStream
• Server A • Server B

BlockingInputStream
SequenceInputStream

LocalInputStream

ChannelInputStream

SequenceOutputStream
LocalOutputStream

ChannelOutputStream

SurrogateRemoteInputStream
RemoteOutputStream

RemoteInputStream
RemoteOutputStream



Computer Science @ Colgate University

TMP 2003/04/22 JPDC 19

Distributed Process Networks

1 1

cons consdup

+

printdup
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Serialization of OutputStream
• Server A • Server B

BlockingInputStream
SequenceInputStream
RemoteInputStream

ChannelInputStream

SequenceOutputStream
RemoteOutputStream

ChannelOutputStream

SurrogateRemoteOutputStream
RedirectedInputStream
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Deserialization of OutputStream
• Server C • Server B

BlockingInputStream
SequenceInputStream
RemoteInputStream

ChannelInputStream

SequenceOutputStream
RemoteOutputStream

ChannelOutputStream

SurrogateRemoteOutputStream
RedirectedInputStream

RemoteOutputStream
RemoteInputStream
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Direct Network Connections

1 1

cons consdup

+

dup

print
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Conclusion
• Network connections established automatically 

during object serialization
• Graceful termination through exception 

propagation (even across network)
• Java implementation of process networks

– Uniprocessor
– Multiprocessor

– Cluster
– Internet
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Future Work
• Process migration
• Load balancing
• Buffer management
• Distributed deadlock detection
• Web distribution of Java bytecode
• Fault tolerance
• Larger applications
• Coming soon: download from 

http://cs.colgate.edu/~parks
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Process Networks in Java

Channel

BlockingInputStream
SequenceInputStream

LocalInputStream

ChannelInputStream

SequenceOutputStream
LocalOutputStream

ChannelOutputStream



Computer Science @ Colgate University

TMP 2003/04/22 JPDC 26

O
utputS

treamIn
pu

tS
tr

ea
m

Process Networks in Java

Channel

BlockingInputStream
SequenceInputStream

LocalInputStream

ChannelInputStream

SequenceOutputStream
LocalOutputStream

ChannelOutputStream
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Process Networks in Java

Channel

BlockingInputStream
SequenceInputStream

LocalInputStream

ChannelInputStream

SequenceOutputStream
LocalOutputStream

ChannelOutputStream
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Fibonacci
Channel ab, be, cd , df , ed, eg, fg , fh , gb;
ab = n ew Channel(); be =  new Channel() ; cd = new  Channel ();
df = n ew Channel(); ed =  new Channel() ; eg = new  Channel ();
fg = n ew Channel(); f h = ne w Channel() ; gb = new  Channel ();

Composi teP r oc ess p1, p2, p3 ;
p1 = n ew CompositePr oces s() ; p2 = new CompositeP r oce ss( ) ;
p3 = n ew CompositePr oces s() ;

p1.add ( new In t Source ( ab. get OutputS t rea m() , 1));
p1.add ( new In t Source ( cd . get OutputS t rea m() , 1));
p1.add ( new Co ns( ab. getIn put Stream ( ) , gb. getInput Stre am( ) , be. getOu t put Stream ( ))) ;
p1.add ( new Co ns( cd . getIn put Stream ( ) , e d. getInput Stre am( ) , df . getOu t put Stream ( ))) ;
p1.add ( new Dup(be.ge t Inp utS t ream() , ed. get Output Stre am( ) , eg.g etOu t put Stream ( ))) ;
p1.add ( new Add(eg.ge t Inp utS t ream() , fg . get InputS t rea m() , gb.ge t Out put Stream ( ) ));

p2.add ( new Dup(df.ge t Inp utS t ream() , fh . get Output Stre am( ) , fg.g etOu t put Stream ( ))) ;

p3.add ( new Pr i nt(90, fh. get I nputSt r eam( )) ) ;

Socket s2  = new Sock et(" hami lton ", Comput eServer . PORT);
Socket s3  = new Sock et(" madi son ", Compute Server. PORT) ;
new Ob j ect Out putStre am(s2.g etOutpu t Str eam( )).wri t eObj ec t (p2);
new Ob j ect Out putStre am(s3.g etOutpu t Str eam( )).wri t eObj ec t (p3);

new Th r ead( p1) .start ( );
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Kahn’s Formal Model
• Channel : Stream
• Process : Function
• Blocking reads : Continuous functions

: Unique least fixed point
: Determinism
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Streams
• Stream X = [x1, x2, x3, …]

• Empty stream � = [ ]

• Prefix order �
[3, 1, 4]  � [3, 1, 4, 1, 5, 9]

• Tuple of streams X = (X1 , X2 , X3 , …)

• Increasing chain X1 � X2 � X3 � …

• Least upper bound � X = limi: ’
Xi

• Complete partial order
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Processes
• Continuous f(limi: ’

Xi) = limi: ’
f(Xi)

• Composition f(g(limi: ’
Xi)) = limi: ’

f(g(Xi))

• Monotonic X � Y � f(X) � f(Y)

• Fixed point equation X = f(X )

• Iterative solution X0 = �
Xi+1 = f(Xi)

X0 � X1 � X2 � X3 � …



Computer Science @ Colgate University

TMP 2003/04/22 JPDC 32

Merge
int a = inputs [0 ].read In t();
int b = inputs [1 ].read In t();
while (t rue)
{   if  ( a < b)

{   output . writeIn t ( a)
a = in puts[0]. re adInt( );

}
el se if (b  < a)
{   output . writeIn t ( b)

b = in puts[1]. re adInt( );
}
el se // di sc ard du pl icate
{   output . writeIn t ( a)

a = in puts[0]. re adInt( );
b = in puts[1]. re adInt( );

}
}
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Dijkstra
• Compute multiples 

of 2, 3, 5 in order
2, 3, 4, 5, 6, 8, 9…

• Directed cycles
• Implementation

– Limited channel
capacity

– Blocking writes

– Deadlock
(eventually)

1

merge

cons

dup

X2

printX3

X5

dup
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Merge
• No directed cycles
• Implementation

– Limited channel
capacity

– Blocking writes

– Deadlock if
capacity < N-2

1

cons mod
Ndup

+1

printmerge


