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7.6 Ractors

* Tentou comp
objeto!

Starting from version 3.0.0, we have the Ractor class available (previously called Gui1d), which
despite starting as experimental, has awakened great interest in the developer community.

As we saw earlier, we have situations where code can run in a parallel manner (multiple tasks
executing simultaneously) or concurrently (multiple tasks being managed, but only one executing
at a time, especially when competing for the same resource).

Before version 3.0.0, the Ruby language did not support true parallelism because of the GIL (“Global
Interpreter Lock”), that synchronization mechanism that works like a global semaphore already
discussed earlier, allowing only one Thread to execute Ruby code at a time.

With Ractors, each one has its own GIL and its own isolated execution context. This means that
multiple Ract ors can truly execute Ruby code in parallel, each on its own CPU core, keeping objects
completely isolated from each other. Communication between Ractors happens exclusively
through a specific message-passing protocol.

As a curiosity, the name Ractor comes from “Ruby Actor” (based on the Actor Model of con-
current computing).

Objects that can be shared between Ractors are called shareable and include many, such as
numbers (Integer, Float), symbols (Symbol), immutable strings, frozen objects (freeze),
and the Ractor object itself, as well as other objects for which a deep copy (deep copy) can be
made.

We can test whether an object is shareable through the shareable? method:

Ractor.shareable? (1) # true
Ractor.shareable? ([]) # false
Ractor.shareable? ([].freeze) # true
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When the object is not “shareable”, an automatic deep copy (deep copy) of the object is made,
however some objects do not support deep copy for use with Ractors (such as Thread), so be
careful!

7.6.1 Understanding the Actor Model

Before diving into the Ruby 4.0 Ractors, it is important to understand the Actor Model, which
is the concurrency model that inspired Ractors.

The Actor Model is a mathematical model of concurrent computing created by Carl Hewitt in
1973. The central idea is simple and powerful: everything is an actor.

An actor is an entity that:
» Has private state - no one outside can access it
» Has a mailbox - where it receives messages
» Processes one message at a time - sequentially
« Can send messages to other actors
» Can create new actors
» Can decide how to respond to the next message

Think of a company:
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Private state:
- Employees
- Salaries

Private state:
— Budget
— Accounts

o + o —————— +
\ Finance | | HR

| Department | | Department \
\ | | \
| Mailbox [ <==—————— |  Mailbox

\ | \
| +t-————- + | - + |
\ | Messagel | | | Request | \
| | Message?2 | | | Vacation | \
| A o |
\ | \
\ | \
\ | \
\ | \

» Each department has its private state (internal data)
» Each department has a mailbox
» Departments do not access each other’s data directly
» They communicate only through messages
» Each department processes one request at a time
We have several advantages in this model:
No Race Conditions

Since each actor processes one message at a time, there is no simultaneous access to state:

# Threads can have race conditions:
@counter = 0
threads = 100.times.map do

Thread.new { @counter += 1 } # DANGER!
end

threads.map (&:join)

puts @counter

# @counter may not be

# Acto no ~onditions!

# Each actor has ITS N private counter
# Increment happens entially

Fault Isolation
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If an actor fails, the others keep working. If actor A crashes, actors B and C continue normally:

Actor A [CRASH]
Actor B [OK]
Actor C [OK]

Scalability

Actors can be in different Threads, different processes, or even different machines! Same API,
but different contexts:

Local Actor -> Thread
Parallel Actor -> Ractor (Ruby 4.0)
Distributed Actor -> Different machines

Conceptual Simplicity

You think in terms of “who does what” instead of locks, mutexes, semaphores. Instead of thinking “|
need to lock this mutex before accessing...”, you think “l will send a message to the responsible
actor”.

Let us look at the Actor Model versus shared memory:

Shared Memory (Traditional Threads)

Thread A ——+
|=> [Shared Memory] <- DANGER!
Thread B ——+ (needs locks)

Actor Model (Ractors)

Actor A —+
+- [Message] —-> Actor B
Actor C —+
[Private state]
(no locks!)

Famous Implementations
« Erlang/Elixir: Languages built heavily on the Actor Model
» Akka (JVM): Actor framework for Java/Scala, which became a commercial option
» Apache Pekko: open-source fork of Akka
* Orleans (.NET): Microsoft’s Virtual Actors

» Ruby Ractors: Ruby’s implementation!
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[ wd

Erlang is a functional programming language created by Ericsson in the late 1980s to develop
highly reliable and concurrent telecommunications systems. Its main differentiator is the actor-
based concurrency model, in which thousands or millions of lightweight and isolated processes
communicate through message passing, allowing the construction of fault-tolerant distributed
systems. Erlang also incorporates concepts like “let it crash”, automatic supervisors, and hot
code reloading, making it especially suited for applications that require high availability, such as
message servers, telecom systems, and real-time platforms.

(3

Elixir is a modern functional programming language created by José Valim that runs on the Erlang
virtual machine (BEAM). It maintains the same capabilities of massive concurrency, fault tolerance
and distribution of the Erlang ecosystem, but offers a more expressive and productive syntax,
strongly inspired by Ruby. Elixir is widely used to build scalable and highly available applications -
such as APls, real-time systems and web applications - especially through the Phoenix Framework.

In Ruby 4.0, Ractors implement the Actor Model quite faithfully:

Actor Model Concept Ruby 4.0 Implementation

Actor Ractor.new { ... }

Mailbox Ractor::Port.new

Send message port « message

Receive message port.receive

Private state Variables inside the Ractor block

Isolation Only shareable objects (shareable) pass between Ractors

To better understand, let us implement a simple banking system that demonstrates all the concepts.
We need to run this code with the flag -w0, since Ractors are still marked as experimental:

Want to

always run with —-w0? Configure a variable in your shell’s initialization file:

export RUBYOPT="-W0"
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def create_bank_account (name, start_balance, port)
Ractor.new (name, start_balance, port) do |name, balance, port]|
loop do

puts " Closing #{name}'s account..."
break
end
puts "Processed in #{name}, returning to wait "
end
end
end
joao_answer, maria_response = Ractor::Port.new, Ractor::Port.new
account_joao = create_bank_account ("Joao", 1_000, joao_answer)

"

puts "Waiting in #{name}
msg = Ractor.receive # aqui pega do default port do Ractor
puts "-> Received #{msg[:operation]} in #{name}!"

case msg[:operation]
when :deposit

balance += msg[:valor]

port << { ok: true, balance: balance, account: name }
when :withdraw

if balance >= msg[:valor]

balance —= msg[:valor]

port << { ok: true, balance: balance, account: name }
else

port << { ok: false, erro: "Insufficient balance", account: name }
end

when :query
port << { ok: true, balance: balance, account: name }
when :stop

account_maria = create_bank_account ("Maria", 500, maria_response)

puts

"Depositing $ 200 in Jodo's account"

account_joao << { operation: :deposit, wvalor: 200 }

puts

" #{joao_answer.receive}\n\n"

account_joao << { operation: :query }

puts "Jodo's balance: $ #{joao_answer.receive[:balance]}\n\n"

puts "Trying to withdraw $ 1000 from Maria (will fail)"

account_maria << { operation: :withdraw, valor: 1000 }

result = maria_response.receive

puts result[:ok] ? "Balance $ #{result[:balance]}\n\n" : "#{result[:erro]}\n\n"

account_maria << { operation: :withdraw, valor: 100 }
"Result of withdrawing $ 100 from Maria: #{maria_response.receive}\n\n"

puts

account_maria << { operation: :query }

puts "Maria's final balance: $ #{maria_response.receive[:balance]}\n\n"
account_joao << { operation: :stop }
account_maria << { operation: :stop }

account_joao. join
account_maria. join

Code 7.31: Bank accounts with Ractors
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Running the code:

$ ruby -WO ract_account.rb
Depositing $ 200 in Jodo's account
Waiting in Jodao
—> Received deposit in Joao!
Waiting in Maria
Processed in Jo&o, returning to wait
Waiting in Jodao

{ok: true, balance: 1200, account:

—-> Received query in Joao!
Processed in Jodo, returning to wait
Jodo's balance: $ 1200

Waiting in Joao

Trying to withdraw $ 1000 from Maria
—> Received withdrawal in Maria!
Insufficient balance

Processed in Maria, returning to wait
Waiting in Maria

-> Received withdrawal in Maria!
Processed in Maria, returning to wait

Result of withdrawing $ 100 from Maria: {ok: true,

Waiting in Maria

—-> Received query in Maria!

Processed in Maria, returning to wait
Waiting in Maria

Maria's final balance: $ 400

—> Received stop in Maria!

—-> Received stop in Joéao!
Closing Joao's account...
Closing Maria's account...

"Jodo"}

(will fail)

balance: 400, account: "M

The secretof Ractors thereisthe default_port. EachRactor hasanautomaticdefault_port,

which greatly simplifies communication:

* Ractor.receive inside the Ractor: reads messages from its default_port

* ractor « message outside the Ractor: sends to the Ractor’s default_port

» For responses, we create explicit Port s and pass them along with the message

» Golden rule: whoever creates the Port can receive from it, others can only « (send)

370



7.6. RACTORS CHAPTER 7. THREADS

Internally, Ractor.receive is equivalentto Ractor.current.default_port.receive and
ractor « msgis equivalent 0 ractor.default_port « msg.

We do not need to create a new Port for every operation - it is much more efficient to create one
Port per context (per client, per thread, per session) and reuse it, as we saw in the code above.
This makes the code cleaner, more efficient and easier to understand!

What happens in the code above:
» Each account is an actor with private state (balance)

» No race condition - even with 1000 threads making simultaneous deposits, the balance will
be correct since each message is processed sequentially

* Isolation - if Jodo’s account crashes, Maria’s continues working

* Message passing - all communication via messages (Ports)

* Request/Response - client sends a response port when creating the Ractor
The Actor Model solves the classic concurrency problems in an elegant way:

» No race conditions - private state, sequential processing

» No deadlocks - there are no locks!

+ Scalable - easy to distribute actors across CPUs/machines

Fault tolerant - isolation between actors

Easy to understand - think of “entities that exchange messages”

IMPORTANT: The Actor Model (and Ractors) are ideal for CPU-bound tasks (calculations,
processing). For I/O-bound tasks (HTTP requests, database, file reading), use Threads or
Async I/0, as seen earlier. Ractors have overhead that is not worth it when the bottleneck
is /0!

Now that we have seen an overview of the Actor Model, Ractors in Ruby 4.0 make much more
sense! Let us see more examples and explanations of how the new API with Ports implements
this model perfectly.
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7.6.2 Getting to know Ractor::Port

Ractor::Port

port « mensagem ——= port.receive

Starting from Ruby 4.0, the Ractors API has changed completely. The new approach uses
Ractor: :Port for communication between Ractors, which is much more intuitive and better
represents the Actor Model. But what changed?

* Removed: Ractor.yield and Ractor.take

» Added: Ractor: :Port for communication

* Added: Ractor. join and Ractor.value (similarto Threads)

* Modified: Ractor.select now only accepts Ractors and Ports

Now you can see why Ractors are still marked as experimental. The Ruby language has a
tradition of not breaking things between one version and another, but experimental features are
used at your own risk and may change significantly.

Ports are “mailboxes” that allow bidirectional communication between Ractors. Any Ractor
can send messages to a Port, but only the Ractor that created the Port can receive messages
from it. Ports are better than the old API because the Ruby 3.x API tried to do too much “magic”
and ended up confusing:

# Ruby 3.x

w

ractor = Ractor.new do
# receive from where, from whom?
msg = Ractor.receive

# yield to where, to whom?
Ractor.yield "processed: #{msg}"
end

# Sending happens "magically" through the ractor
ractor.send "message"

# Take is also "magical"
result = ractor.take

With Ports, everything is explicit and clear:

372



