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e Concurrent processes

 FIFO channels,
unlimited capacity

e Blocking reads

* Implementation
— Limited channel capacity
— Blocking writes
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Fibonacci

 Compute Fibonaccl numbers
F(n) = F(n-1) + F(n-2)
1,1,2,3,5,8,13... °
* Directed cycles

e |- @@
production
— Limit parallelism ° °

= Computer Science @ Colgate University
TMP 2003/04/22 JPDC 4



Eratosthenes

o Compute prime numbers with the
Sieve of Eratosthenes
2,3,5,7,11,13,17...

o Self-modifying
program graph

* Pipelined parallelism
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Kahn’s Formal Model

 Channel — Stream X =[Xq, X5 X3, -]
— Prefix order 13,1,4] o [3,1,4,1,5, 9]

 Process — Function Y =1{(X)

* Blocking reads — Monotonic functions
X oY e f(X)eof(Y)
e |terative solution Xy= ®
Xi+1: f()Q)
Xo® X, X,0 X0
— Unique limit — Determinism
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Process Networks 1n Java
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Process Networks 1n Java
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BlockinglnputStream

e re ad never returns early
e ski p never returns early
e ma k, reset not allowed
e avail able always returns O

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

public void run()
{ try
{ onStart ();
If(iterations > 0)
while(iterations-- > 0)

step();

el se
whi | e(true)

step();

}
catch(l OException ignored) {}

finally { onStop(); }
}
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Exception Propagation

o Compute all primes
less than N

o Compute the first N
primes
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ComputeServer

public void run()
{ Server Socket server = new Server Socket ( PORT) ;
Socket client = server.accept();
| nput Stream i = client.getlnputStrean);
(bj ect | nput St ream o
= new nj ect |l nputStrean(i);
whi |l e(true)
{ (bj ect object = o.readject();
| f (obj ect 1 nstanceof pn.proc. Process)
new Thr ead( ( Runnabl e) object).start();
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Serialization of InputStream

e Server A

ChannellnputStream
BlockinglnputStream
SequencelnputStream
SurrogateRemotelnputStream

ChannelOutputStream
SequenceOutputStream
RemoteOutputStream
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e Server B

_—

ChannellnputStream
BlockinglnputStream
SequencelnputStream
RemotelnputStream

e Server A

N

ChannelOutputStream
SequenceOutputStream
RemoteOutputStream
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Serialization of OutputStream

&

e Server B

_—

ChannellnputStream
BlockinglnputStream
SequencelnputStream
RedirectedInputStream

e Server A

N

ChannelOutputStream
SequenceOutputStream
SurrogateRemoteOutputStream
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e Server B

_—

ChannellnputStream
BlockinglnputStream
SequencelnputStream

RemotelnputStream

e Server C

N

ChannelOutputStream
SequenceOutputStream
RemoteOutputStream
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Conclusion

e Network connections established automaticat
during object serialization

e 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

e Load balancing

e Buffer management

 Distributed deadlock detection

* \Web distribution of Java bytecode
e Fault tolerance

e Larger applications

 Coming soon: download from
http://cs.colgate.edu/~parks
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Process Networks 1n Java
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Process Networks 1n Java

Channel
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Fibonacci

Channel ab, be, cd, df, ed, eg, fg, fh, gb;

ab = new Channel (); be = new Channel (); cd = new Channel ();
df = new Channel (); ed = new Channel (); eg = new Channel ();
fg = new Channel (); fh = new Channel (); gb = new Channel ();

Conposi teProcess pl, p2, pS;
pl = new ConpositeProcess(); p2 = new ConpositeProcess();
p3 = new ConpositeProcess();

pl. add( new | nt Sour ce(ab. get Qut put Strean(), 1));
pl. add( new | nt Sour ce(cd. get Qut put Strean(), 1));

pl. add( new Cons(ab. getlnput Strean(), gb.getlnputStrean(), be.getQutputStrean
pl. add(new Cons(cd. getlnputStrean(), ed.getlnputStrean(), df.getQutputStrean
pl. add( new Dup(be. getlnput Streanm(), ed.getQutputStrean(), eg.getQutputStrean|
pl. add(new Add(eg. getlnputStrean(), fg.getlnputStrean(), gb.getQutputStrean()

)));
)));
)));
));

p2. add( new Dup(df.getlnputStrean(), fh.getQutputStrean(), fg.getQutputStream()));

p3. add(new Print (90, fh.getlnputStrean()));

Socket s2 = new Socket ("ham |ton", ConputeServer.PORT);
Socket s3 = new Socket (" madi son", ConputeServer. PORT);

new Cbj ect Qut put Strean(s2.getQutput Strean()).witeQbject(p2);
new Cbj ect Qut put Strean(s3.getQutput Strean()).witeCbject(p3);

new Thread(pl).start();
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Kahn’s Formal Model

e Channel — Stream
e Process — Function

* Blocking reads — Continuous functions
— Unique least fixed point
— Determinism

= Computer Science @ Colgate University
TMP 2003/04/22 JPDC 29



Streams

e Stream X=Xy, X5, Xgy -]

e Empty stream o =[]

e Prefix order o
[3,1,4] o [3,1,4,1,5,9]

* Tuple of streams Xx = (X;, X,, X5, ...)

* Increasing chain X; o X, 0 X;0 .

e Least upper bound oX =lim__X

o Complete partial order
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Processes

« Composition f(g(lim__ X)) =lim__ f(g(X))
 Monotonic X oY e f(X)ef(Y)
* Fixed point equation  x=f(x)
e |terative solution Xo=
X1 = T(X)

Xy X @ X, Xz ...
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Merge

| nput s[ 0] . readl nt ();

| nput s[1].readlnt();
true)

f (a < b)

output.witelnt(a)

a = Inputs[0O].readlnt();

- R
—_——+ —+

g

lse if (b < a)
out put.witelnt(b)
b = inputs|[l].readlnt();

| se // discard duplicate
output witelnt(a)
a = I nputs[O0].readl
b = I nputs[1].readl

A~ D~ D~ AT D TOD

nt();

\ nt();
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Dijkstra

« Compute multiples
of 2, 3, 5In order ﬁ
2,3,4,5,6,8,9...

» Directed cycles %@ - @

« Implementation @

— Limited channel

capacity @
(&

— Blocking writes

— Deadlock
(eventually)
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Merge

 No directed cycles

* Implementation e
—I;;rggiictlychannel @ @ @t@ @
— Blocking writes
— Deadlock if °

capacity < N-2
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