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Initial plan

Motivations

Topics distributed coordination
▶Choreographic models
▶An unusual choreographic model
▶Adding join patterns to actors
▶A surprising (at least for me) application in economics

Tooling
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Summary & re-planning

✓ Motivations

✓ Topics distributed coordination
✓ Choreographic models

▶ ChorGram: a toolkit for g-choreographies
✓ An unusual choreographic model

▶ Tools for swarms
▶ Programming actors

▶ A surprising (at least for me) application in economics
▶ Adding join patterns to actors
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– Tooling –
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A Modelling Exercise

Given a bank’s API B s.t.
▶ GET authReq :: authenticate; return authFail or granted
▶ GET authWithdrawal :: request cash; return allow or deny
▶ GET getBalance :: get balance; return balance
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A Modelling Exercise

Given a bank’s API B s.t.
▶ GET authReq :: authenticate; return authFail or granted
▶ GET authWithdrawal :: request cash; return allow or deny
▶ GET getBalance :: get balance; return balance

Design an ATM machine A
▶ GET auth :: authentication request; return authFail or granted
▶ GET withdraw :: request cash; return money or bye
▶ GET checkBalance :: check balance request; return balance
▶ ...
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Define the global view
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Define the global view

Is this any
good?
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Define the global view
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highway to
shell!



Other features of ChorGram

Chorgram toolkit enables
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Other features of ChorGram

Chorgram toolkit enables
▶Bottom-up analysis [19]

▶Other Bug fixing facilities [10]

▶Model-driven testing [3, 4, 5]
▶Static analysis of SLAs [21, 22]
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Coding swarms

InitialP

AuctionP

RideP

1

2

Request /Requested

Requested?

Select / Selected ·PassengerID

Bid?
BidderID?

Selected?

PassengerID?

type Requested = { type: 'Requested'; pickup: string; dest: string }
type Events = Requested | Bid | BidderID | Selected | ...
/** Initial state for role P */
@proto('taxiRide') // decorator injects inferred protocol into runtime
export class InitialP extends State<Events> {

constructor(public id: string) { super() }
execRequest(pickup: string, dest: string) {

return this.events({ type: 'Requested', pickup, dest })
}
onRequested(ev: Requested) {

return new AuctionP(this.id, ev.pickup, ev.dest, [])
}

}
@proto('taxiRide')
export class AuctionP extends State<Events> {

constructor(public id: string, public pickup: string, public dest: string,
public bids: BidData[]) { super() }

onBid(ev1: Bid, ev2: BidderID) {
const [ price, time ] = ev1
this.bids.push({ price, time, bidderID: ev2.id })
return this

}
execSelect(taxiId: string) {

return this.events({ type: 'Selected', taxiID },
{ type: 'PassengerID', id: this.id })

}
onSelected(ev: Selected, id: PassengerID) {

return new RideP(this.id, ev.taxiID)
}

}
@proto('taxiRide')
export class RideP extends State<Events> { ... } 73 / 93

States represented by
classes deriving State
base class

A program using the
machine of the passenger
P starts by e.g., “new
InitialP(’myID’)”...which
may trigger the creation
of AuctionP



Swarms in practice [18, 16]

· · · language support

· · · our tool

· · · TypeScript code

· · · data type
inputs

machine-runner

machine-check

simulator

TypeChecking

Well-Formedness

Projection

Equivalence test
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Map MachineID (Set EventType)
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Swarms in practice [18, 16]

· · · language support

· · · our tool

· · · TypeScript code

· · · data type
inputs

machine-runner

machine-check

simulator

TypeChecking

Well-Formedness

Projection

Equivalence test

LocalTypes
initial State
transitions [...]

subscription
Map MachineID (Set EventType)

GlobalType
initial State
transitions [...]

Machines
(TypeScript code)

TypeScript
compiler

Actyx
SDK

uses
4 5

executes
6

▶ TypeChecking implements the functionalities of our typing discipline
▶ simulator simulates the semantics of swarm realisations
▶ machine-check integrate our framework in the Actyx platform
▶ machine-runner interprets local types subscribing to event types, processes the

past events, and waits for commands to be given
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– Programming Actors –
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Erlang’s actor model
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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)

▶ Mailbox-based communication:
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 processed 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.
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“The reflexive chemistry” [8, § 3]

P ≜ x⟨ṽ⟩�� def D in P�� P | P�� 0

J ≜ x⟨ṽ⟩�� J | J
assume all ṽ fresh

D ≜ J ▷ P�� D ∧ D
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“The reflexive chemistry” [8, § 3]

P ≜ x⟨ṽ⟩�� def D in P�� P | P�� 0

J ≜ x⟨ṽ⟩�� J | J
assume all ṽ fresh

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 79 / 93



An “simple” example [8, § 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
def k⟨get, set⟩ ▷ 0 in set⟨0, k⟩

mkcell⟨3, c⟩
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