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Erlang’s actor model

▶ Processes execute function (and run on a pre-emptive VM, not OS)

▶ Processes are veeeeery light!

▶ Context commutation is veeeeery fast!

▶ Hence VM can handle maaaaany processes!

▶ Program code is shared: no assignment!
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Erlang’s basics

Processes
▶ have unique IDs: e.g., Pid = self()
▶ can be spawned: e.g., Pid = spawn(module, function, arguments)
▶ Pids to send messages:

Output: Pid !{1, 2, 3}
Input:
receive

{X} when X = 0 -> X+X;
{X,Y} when X = Y -> Y;
{X,Y,Z} when X < Z andalso X = Y * Z -> ...

end
clauses process in order, the first enable is executed. If none enable, then wait.
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An example

-module(TempConverter).
-export([convert/1]).
convert(Helper) ->

receive
{Pid, cs, C} ->

if
overloaded() -> Helper ! {Pid, cs, C} ;
true -> Pid ! {self(), ft, (1.8 * C) + 32};

end,
convert()

;
{Pid, ft, F} ->

if
overloaded() -> Helper ! {Pid, ft, F} ;
true -> Pid ! {self(), cs, (F - 32) / 1.8} ;

end,
convert();
stop -> true

;
_ -> convert()

end.

Erlang programming
Write a client and the helper function.
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“The reflexive chemistry” [1, § 3]

P ≜ x⟨ṽ⟩∣∣ def D in P∣∣ P | P

J ≜ x⟨ṽ⟩∣∣ J | J
D ≜ J ▷ P∣∣ D ∧ D

Reactions ⊢ Molecules

R ⊢ P | Q ⇌ R ⊢ P,Q

D ∧ E ⊢ P ⇌ D,E ⊢ P

D ⊢ def E in P ⇌ D,EσE ⊢ PσE

J ▷ P ⊢ JσJ → J ▷ P ⊢ PσJ

▶ σE renames vars defined in E with fresh names
▶ σJ substitutes the receive vars in J with the values in the corresponding molecules
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An “simple” example [1, § 3]

Let’s program a memory cells to store some values:

def mkcell⟨v0, k⟩▷
def
s⟨v⟩ | get⟨k⟩ ▷ s⟨v⟩ | k⟨v⟩
s⟨v⟩ | set⟨u, k⟩ ▷ s⟨u⟩ | k⟨⟩

in
s⟨v0⟩ | k⟨get, set⟩

in
mkcell⟨3, c⟩

Exercise
Extend the program above so that after the invocation to mkcell the cell is set to 0.
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“I have this terrible feeling of déjà vu...”

Doesn’t
def x1⟨ṽ1⟩ | x2⟨ṽ⟩2 | · · · in P

remind you something?

e.g.,

let x1 = E1 in let x2 = E2 · · · in E
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λ → Join?

Recall: M ≜ x
∣∣ λx .M

∣∣ MM

Call-by-name
Leftmost-order reduction strategy & no reduction under λ:

JxKv ≜ v⟨x⟩
Jλx .MKv ≜ def k⟨x ,m⟩ ▷ JMKm in v⟨k⟩

JMNKv ≜ def x⟨n⟩ ▷ JNKn in
def m⟨k⟩ ▷ k⟨x , v⟩ in JMKm

Intuition: a λ-expression is a join process that sends the result of its computation

Some magic

JMNKv ≜ def m⟨k⟩ | n⟨k ′⟩ ▷ k⟨k ′, v⟩ in JMKm | JNKn
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A problem in concurrency [2]

The solution with semaphores takes
about 2 pages of C code [2]!
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Where’re join patterns? [Dagstuhl 24051, Jan-Feb 2024]
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JoinActors

The remaining slides of this lecture are courtesy of Ayman Hussein.
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Introduction Example Join Patterns Formally Fair Matching Brute-force Algorithm Stateful Tree-based Algorithm Conclusion Appendix

Monitoring a Factory Shop Floor

▸ The monitoring program must
associate machine Fault notifications
to Fix notifications from workers

▸ Messages arrive asynchronously and
out-of-order▸ Monitor reacts to a combination of
messages in the mailbox▸ Traditionally, programmers write
custom code for message association

(e.g., Akka/Pekko actors, Socket
programming)
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Introduction Example Join Patterns Formally Fair Matching Brute-force Algorithm Stateful Tree-based Algorithm Conclusion Appendix

Factory Shop Monitor Using JoinActors
Using our JoinActors library we can declaratively specify
order-independent message associations

1 def monitor() = Actor[...] {
2 receive { (...) => {
3 case (Fault(id1, _), Fix(id2, _)) if id1 == id2 => ...

4 case (Fault(_, ts1), Fault(id2, ts2), Fix(id3, _))
5 if id2 == id3 && ts2 - ts1 > TEN_MIN => ...
6 }}
7 }

▸ Uses Scala 3 macros
4 / 13



Introduction Example Join Patterns Formally Fair Matching Brute-force Algorithm Stateful Tree-based Algorithm Conclusion Appendix

Join Patterns More Formally

Let D = Π1 +Π2 where

Π1 = Fault(id1 , ) ∧ Fix(id2 , ) if id1 = id2

Π2 = Fault( , t1 ) ∧ Fault(id2 , t2 ) ∧ Fix(id3 , ) if id2 = id3 && t2 − t1 > 10min

Refer to the paper for more details
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Introduction Example Join Patterns Formally Fair Matching Brute-force Algorithm Stateful Tree-based Algorithm Conclusion Appendix

Join Patterns Matching
The join definition for the factory shop floor monitor is D = Π1 +Π2 where

Π1 = Fault(id1 , ) ∧ Fix(id2 , ) if id1 = id2

Π2 = Fault( , t1 ) ∧ Fault(id2 , t2 ) ∧ Fix(id3 , ) if id2 = id3 && t2 − t1 > 10min

Now consider the following mailbox M:

M =

Fault1 (1 , 10 ∶35 ) ⋅ Fault2 (2 , 10 ∶40 ) ⋅ Fault3 (3 , 10 ∶55 ) ⋅ Fix4 (3 , 11 ∶00 )

▸ We have many options to match from M.

How and which one do we pick?▸ Π1 ∶ ⟨{Fault3,Fix4}⟩▸ Π2 ∶ ⟨{Fault1,Fault3,Fix4},{Fault2,Fault3,Fix4}⟩

▸ In existing literature, the selection is either▸ Non-deterministic choice. This is usually undesirable▸ Pick longest-matching sequence
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Our Proposal: “Fair Match”
Recall that we have the following D = Π1 +Π2 where:

Π1 = Fault(id1 , ) ∧ Fix(id2 , ) if id1 = id2

Π2 = Fault( , t1 ) ∧ Fault(id2 , t2 ) ∧ Fix(id3 , ) if id2 = id3 && t2 − t1 > 10min

And the following final mailbox configuration:M = Fault1 (1 , 10 ∶35 ) ⋅ Fault2 (2 , 10 ∶40 ) ⋅ Fault3 (3 , 10 ∶55 ) ⋅ Fix4 (3 , 11 ∶00 )
▸ A “fair” match is the one that consumes the oldest messages in M▸ No message that can be matched is left in the mailbox indefinitely

▸ Now we can pick the fairest match from M:
Π1 ∶ ⟨ {Fault3, Fix4} ⟩
Π2 ∶ ⟨ {Fault1, Fault3, Fix4} ,{Fault2,Fault3,Fix4}⟩

D ∶ ⟨{Fault3,Fix4}, {Fault1, Fault3, Fix4} ⟩
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“Fair” Match Formalisation
We have formalised this notion of “fair” join pattern matching declaratively using
inference rules:

∀i ∈ {1, . . . , n} ∶ µiσ =mi γσ Match Messages Against Pattern
m1⋅ . . . ⋅mn ⊧σ µ1 ∧ . . .∧µn if γ

M[I] ⊧σ Π for some σ Pick Messages From MM⊧I Π

M⊧I Π ∀I ′. (M ⊧I′ Π Ô⇒ I ⩽lex I ′) Select Fairest MatchM⊧ Π↝ I
▸ Translate inference rules into a “fair” message matching brute-force algorithm▸ Current implementations use matching without fairness e.g. (Haller et al.

COORDINATION 2008, Plociniczak and Eisenbach COORDINATION 2010, Avila et al. 2020)▸ Refer to the paper for more details
8 / 13
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Stateful Tree-based Algorithm for “Fair” Message Matching
Use state to track partial matches and avoid redundant matching attempts
Recall that Π1:

Π1 = Fault(id1 , ) ∧ Fix(id2 , ) if id1 = id2

and the following mailbox:M =

Fault1 (1 , ) ⋅ Fault2 (2 , ) ⋅ Fault3 (3 , ) ⋅ Fix4 (3 , )

Check if id1 = id2

▸ Attempt 1: 1 ≠ 3▸ Attempt 2: 2 ≠ 3▸ Attempt 3: 3 = 3
We don’t record a partial match
Fix4 because we matched ear-
lier
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Tree Construction (continued)
We now consider the second join pattern Π2:

Π2 = Fault( , t1 ) ∧ Fault(id2 , t2 ) ∧ Fix(id3 , ) if id2 = id3 && t2 − t1 > 10min
and the following mailbox:
M = Fault1 (1 , 10 ∶35 ) ⋅ Fault2 (2 , 10 ∶40 ) ⋅ Fault3 (3 , 10 ∶55 ) ⋅ Fix4 (3 , 11 ∶00 )

Check if id2 = id3 && t2 − t1 > 10min:

▸ Attempt 1:
1 = 3 && 10 ∶ 40 − 10 ∶ 35 > 10min ×▸ Attempt 2:
3 = 3 && 10 ∶ 55 − 10 ∶ 35 > 10min ✓

We avoid computing (partial)
matches
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Performance Evaluation
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Figure: Smart House benchmark based on (Rodriguez-Avila et al. 2021)
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