
A problem in concurrency [25]

The solution with semaphores takes
about 2 pages of C code [25]!
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Smarter solutions to Santa’s problem
Better with Erlang...yet, 43 LoC
-module(santa).
-author('ok@cs.otago.ac.nz'). % Richard A. O'Keefe
-export([start/0]).

worker(Secretary, Message) ->
receive after random:uniform(1000) -> ok end, % random delay
Secretary ! self(), % send my PID to the secretary
Gate_Keeper = receive X -> X end, % await permission to enter
io:put_chars(Message), % do my action
Gate_Keeper ! {leave,self()}, % tell the gate-keeper I'm done
worker(Secretary, Message). % do it all again

secretary(Santa, Species, Count) ->
secretary_loop(Count, [], {Santa,Species,Count}).

secretary_loop(0, Group, {Santa,Species,Count}) ->
Santa ! {Species,Group},
secretary(Santa, Species, Count);

secretary_loop(N, Group, State) ->
receive PID ->

secretary_loop(N-1, [PID|Group], State)
end.

santa() ->
{Species,Group} =

receive % first pick up a reindeer group
{reindeer,G} -> {reindeer,G} % if there is one, otherwise

after 0 ->
receive % wait for reindeer or elves,

{reindeer,G} -> {reindeer,G}
; {elves,G} -> {elves,G}

end % whichever turns up first.
end,

case Species
of reindeer -> io:put_chars("Ho, ho, ho! Let's deliver toys!\n")
; elves -> io:put_chars("Ho, ho, ho! Let's meet in the study!\n")

end,
[PID ! self() || PID <- Group], % tell them all to enter
[receive {leave,PID} -> ok end % wait for each of them to leave

|| PID <- Group],
santa().

spawn_worker(Secretary, Before, I, After) ->
Message = Before ++ integer_to_list(I) ++ After,
spawn(fun () -> worker(Secretary, Message) end).

start() ->
Santa = spawn(fun () -> santa() end),
Robin = spawn(fun () -> secretary(Santa, reindeer, 9) end),
Edna = spawn(fun () -> secretary(Santa, elves, 3) end),
[spawn_worker(Robin, "Reindeer ", I, " delivering toys.\n")
|| I <- lists:seq(1, 9)],

[spawn_worker( "Elf " " \n")
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% This is an Erlang solution to "The Santa Claus problem",
% as discussed by Simon Peyton Jones (with a Haskell solution using
% Software Transactional Memory) in "Beautiful code".
% He quotes J.A.Trono "A new exercise in concurrency", SIGCSE 26:8-10, 1994.

· · ·
% The Haskell version is 77 SLOC of complex code.
% The Erlang version is 43 SLOC of straightforward code.
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· · ·
% The Haskell version is 77 SLOC of complex code.
% The Erlang version is 43 SLOC of straightforward code.

Even more straighforward
receive

{reindeer, Pid1} and {reindeer, Pid2} and {reindeer, Pid3} and
{reindeer, Pid4} and {reindeer, Pid5} and {reindeer, Pid6} and
{reindeer, Pid7} and {reindeer, Pid8} and {reindeer, Pid9} ->

io:format("Ho, ho, ho! Let’s deliver presents!~n"),
[Pid1, Pid2, Pid3, Pid4, Pid5, Pid6, Pid7, Pid8, Pid9];

{elf, Pid1} and {elf, Pid2} and {elf, Pid3} ->
io:format("Ho, ho, ho! Let’s discuss R&D possibilities!~n"),
[Pid1, Pid2, Pid3]

end

with JErlang [22]
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A running example
def monitor() = Actor[Event, Unit] { // gets Event and (possibly) returns Unit

receive { (self: ActorRef[Event]) => {
case ( Fault(_, id1, _, ts1),

Fix(_, id2, ts2) ) // Acca/Pekko cannot handle multiple msgs
if id1 == id2 =>

updateMaintenanceStats(ts1, ts2)
Continue

case ( Fault(mid, id1, descr, ts1),
Fault(_, id2, _, ts2),
Fix(_, id3, ts3) )

if id2 == id3 && ts2 - ts1 > T => // assume T > 0
updateMaintenanceStats(ts2, ts3)
log(s"...")
self ! DelayedFault(mid, id1, descr, ts1) // For later processing
Continue

case ( DelayedFault(_, id1, _, ts1),
Fix(_, id2, ts2) )

if id1 == id2 =>
updateMaintenanceStats(ts1, ts2)
Continue

}
}
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Matching join patterns
case ( Fault(_, id1, _, ts1),

Fix(_, id2, ts2) )
if id1 == id2 => ...

case ( Fault(mid, id1, descr, ts1),
Fault(_, id2, _, ts2),
Fix(_, id3, ts3) )

if id2 == id3 && ts2 - ts1 > T => ...

Let the mailbox of the monitor actor get

Fault(_, 1, _, 10:35) Fault(_, 2, _, 10:40) Fault(_, 3, _, 10:55) Fix(_, 3, _, 11:00) · · ·

Exercise
Which are the matching sequences?
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Usual solutions

▶ non-deterministic selection
▶ longest matching sequence

Fair join patterns [13, 14, 16]: take the “oldest” sequence

▶ using a length-biased lexicographic order on positions in the mailbox
▶ avoid leaving messages indefinitely in the mailbox
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Go to Ayman’s slides
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Evaluating the JoinActor library
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A non-synthetic benchmark
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