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Who am I?

• Co-founder of SoftwareMill, part of VirtusLab Group 

• Software engineer: distributed systems, functional programming 

• OSS: Tapir, sttp, Jox, Ox, Hibernate Envers 

• Technologies: Java, Scala, Kafka, messaging, event sourcing 

• Blogger

https://softwaremill.com/
https://warski.org/projects/
https://warski.org/articles/


Why was Loom introduced?

1.



Green/virtual Threads: history

• 1997: Green threads added in Java 1.1 

• 2000: Green threads removed in Java 1.3 

• 2017: start of Project Loom 

• 2023: stable release of Virtual Threads in Java 21 

• 2025: some restrictions lifted in Java 24



But why?

• "traditional" threads are "heavy" 

• Java used to have a synchronous model 

• but, the web happened



Before Loom: Scaling threads

• Core idea: make sure threads are never idle 

• thread pools 
• Executor 

• Future, CompletableFuture 

• reactive programming



In the old days

var person = db.findById(id); 
 
if (person.hasLicense()) { 
  bankingService.transferFunds(person, dealership, amount); 
  dealerService.reserveCar(person); 
}



More recently

technical concerns > code readability

db.findById(id).thenCompose(person -> { 
  if (person.hasLicense()) { 
    return bankingService 
      .transferFunds(person, dealership, amount) 
      .thenCompose(transferResult -> 
          dealerService.reserveCar(person)); 
  } else { 
    return CompletableFuture.completedFuture(null); 
  } 
});



Goals of virtual threads

• maintain high thread utilization 

• retain simplicity of synchronous code 

By: 

• reintroduce direct syntax 

• eliminate virality 

• eliminate lost context



How Loom works?

2.





timed(() -> { 
  var threads = new Thread[10_000_000]; 
  var results = ConcurrentHashMap.newKeySet(); 
  for (int i=0; i<threads.length; i++) { 
    threads[i] = Thread 
        .ofVirtual() 
        .start(() -> results.add(0)); 
  } 
 
  for (Thread thread : threads) { 
    thread.join(); 
  } 
 
  return null; 
});





Loom contributions

• runtime: scheduler 

• API: platform & virtual threads 

• retrofitting blocking APIs

Blocking is once again completely fine!



In the new days

var person = db.findById(id); 
 
if (person.hasLicense()) { 
  bankingService.transferFunds(person, dealership, amount); 
  dealerService.reserveCar(person); 
}



When to use Loom?

3.



CPU vs IO-bound computations

• CPU-bound 

• e.g. complex maths, rendering, encryption/decryption 

• >10ms 

• IO-bound 

• e.g. DB calls, networks calls, filesystem calls 

• most of the time blocked, waiting for I/O



Monopolization

• When a virtual thread stays on a carrier thread for a long time 

• Hurts fairness 

• Prevention, inside computation loops: 
• Thread.yield 

• LockSupport.parkNanos(1) 



Choosing thread type

• IO-bound: virtual threads 

• CPU-bound: 

• delegate to a dedicated platform-thread executor 

• await on the Futures 

• the OS scheduler ensures fairness



What is pinning?

4.



Pinning

Occurs when a VT thread does not release the carrier thread when blocking



JDK 24 (March 2025)



Pinning

• Java 21: 

• synchronized blocks 

• datagram sockets 

• DNS lookups 

• native blocking code 

• file operations

• Java 24: 

• synchronized blocks 

• datagram sockets 

• DNS lookups 

• native blocking code 

• file operations



How to trace pinning?

-Djdk.tracePinnedThreads=short



Unescapable pinning

• Page faults are inherently blocking 

• outside the control of the JVM 

• From the Kernel’s perspective, file operations never block 

• Solution: 

• compensating threads 
• io_uring

What is blocking in Loom? Async file IO with Java and io_uring

https://softwaremill.com/what-is-blocking-in-loom/
https://foojay.io/today/async-file-io-with-java-and-io_uring/


How to propagate context?

5.



JDK 21 (LTS, September 2023)



Java 25 (LTS, September 2025)



Scoped values
class Framework { 
  private static final ScopedValue<FrameworkContext> CONTEXT 
    = ScopedValue.newInstance(); 
 
  void serve(Request request, Response response) { 
    var context = createContext(request); 
    where(CONTEXT, context) 
      .run(() -> Application.handle(request, response)); 
  } 
 
  PersistedObject readKey(String key) { 
    var context = CONTEXT.get(); 
    var db = getDBConnection(context); 
    db.readKey(key); 
  } 
} Scoped values JEP

https://openjdk.org/jeps/506


ScopedValue as a ThreadLocal replacement

• Not a drop-in 

• Only structured usage 

• Immutable data 

• Thread locals: often used to cache expensive objects 

• Inherited within concurrency scopes



How to manage a large number 
of virtual threads?

6.



Structured concurrency

Structured concurrency JEP

Response handle() throws InterruptedException { 
  try (var scope = new StructuredTaskScope.open()) { 
    Subtask<String>  user  = scope.fork(() -> findUser()); 
    Subtask<Integer> order = scope.fork(() -> fetchOrder()); 
 
    scope.join(); 
 
    return new Response(user.get(), order.get()); 
  } 
}

https://openjdk.org/jeps/505


• Group related tasks as single units of work 

• Eliminate thread leaks 

• Eliminate cancellation delays 

• Concept known from Python, Kotlin 

• Syntactic structure of code determines the lifetime of threads

Structured concurrency



Structured concurrency
• Evolving API 

• Misuse possible

Response handle() throws InterruptedException { 
  try (var scope = StructuredTaskScope.open()) { 
    Subtask<String> user = scope.fork(() -> findUser()); 
    Subtask<Integer> order = scope.fork(() -> fetchOrder()); 
 
    scope.join(); 
 
    return new Response(user.get(), order.get()); 
  } 
}

Response handle() throws InterruptedException { 
  return supervised(scope -> { 
    Fork<String> user = scope.fork(() -> findUser()); 
    Fork<Integer> order = scope.fork(() -> fetchOrder()); 
 
   return new Response(user.join(), order.join()); 
  }); 
}

Critique of JEP 505

Jox library

https://softwaremill.com/critique-of-jep-505-structured-concurrency-fifth-preview/
https://github.com/softwaremill/jox


Which web frameworks work 
with Loom?
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@RestController 
public class CustomerController { 
  private static final Logger logger = 
    LoggerFactory.getLogger(CustomerController.class); 
 
  private final CustomerRepository customerRepository; 
 
  private void logThread() { 
    var current = Thread.currentThread(); 
    logger.info("Thread name: {}, id: {}, isVirtual: {}",  
      current.getName(), current.threadId(), current.isVirtual()); 
  } 
 
  @GetMapping("/test") 
  public String test(@RequestParam(value = "id") Long id) { 
    var result = customerRepository.findById(id); 
    logThread(); 
 
    // … 
  } 
}



spring.threads.virtual.enabled=true





Spring Boot

• Using Virtual Threads is very easy 

• But is not the default, and doesn’t seem to be encouraged 

• Default Java is 17 

• Spring keeps the conservative side here 

• Reactive is opt-in, default is "old-school" synchronous





@GET 
@Produces(MediaType.TEXT_PLAIN) 
@RunOnVirtualThread 
public String hello() { 
  // … 
}





Quarkus

• Reactive core 

• Getting started guide: an "old-school" synchronous app 

• Virtual threads, thread pooling and reactive can be mixed 

• 3 thread pools 

• Detailed guide with discussion & tradeoffs 

• monopolization, pinning, ThreadLocals 

• Java ecosystem needs to become VT-friendly 

• VT useful for I/O-bound workloads only
Quarkus VT guide

https://quarkus.io/guides/virtual-threads


Works OOTB

Starting & joining 10m threads

Temurin 21.0.7 3s

GraalVM 24.0.1 4s

GraalVM 24.0.1 
native image 17s





WebServer.builder() 
         .host("localhost") 
         .port(8080) 
         .routing(routing -> routing 
           .get("/hello", (req, res) -> { 
             logThread(); 
             res.send("Hello World!"); 
           })) 
         .build() 
         .start();



Helidon

• A collection of Java libraries for writing microservices 

• Nima: a clean-slate implementation of a web server 

• using virtual threads 

• replaces Netty 

• HTTP 1, HTTP2, gRPC 

• SE (Standard Edition), MP (MicroProfile)



@ManagedExecutorDefinition( 
  name = "java:module/concurrent/MyExecutor",  
  maxAsync = 8,  
  virtual = true)

• compatibility concerns 

• ThreadLocals 

• deeper integration possible in v12
• threading model-agnostic 

• no priority 

• subclasses of Thread cannot be virtual



Which libraries work with Loom?
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Most libraries "just work"
e.g.: Resilience4j

some implemented better compatibility,  
e.g. JDBC drivers



• Usually works 

• By default, otel’s Context is propagated ThreadLocals 

• When using VT, the host library/framework must set it correctly 

• What about structured concurrency?

Propagating context in OTEL w/ VT

Response handle() throws InterruptedException { 
  try (var scope = new StructuredTaskScope.open()) { 
    Subtask<String>  user  = scope.fork(() -> findUser()); 
    Subtask<Integer> order = scope.fork(() -> fetchOrder()); 
 
    scope.join(); 
 
    return new Response(user.get(), order.get()); 
  } 
}

https://softwaremill.com/propagating-opentelemetry-context-when-using-virtual-threads-and-structured-concurrency/


• We need to propagate by hand 

• Scoped values + ContextStorage?

Response handle() throws InterruptedException { 
  try (var scope = new StructuredTaskScope.open( 
      null, new PropagatingVirtualThreadFactory())) { 
    Subtask<String>  user  = scope.fork(() -> findUser()); 
    Subtask<Integer> order = scope.fork(() -> fetchOrder()); 
 
    scope.join(); 
 
    return new Response(user.get(), order.get()); 
  } 
}



Logging + MDC

• Similar problem 

• Some LogBack hacking needed (to replace MDCAdapter) 

• Using ScopedValues, only structured usage

InheritableMDC.where("key", "value", () -> { 

  // … 

});

Inheritable MDC source

https://github.com/softwaremill/ox/blob/master/mdc-logback/src/main/scala/ox/logback/InheritableMDC.scala


What about reactive 
programming & streaming?
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Reactive

RxJava
Integration module available (RxJavaFiberInterop), doesn’t seem used much 

Possibility to use VT-executor as a scheduler 
Await on Futures

Project Reactor Use VT as the elastic scheduler 
Motivation for reactive programming: avoid wasting expensive resources

Vert.X
Guide available 

Submit to executor 
Await on Futures

Netty
Use a VT-based executor 

Await on Futures



Is reactive necessary?

Java AMA from 2021

https://www.youtube.com/watch?v=9si7gK94gLo&t=1145s


Streaming
• Java streams 

• Stream gatherers (JEP 485) 

• Synchronous
List<Integer> numbers = … 
 
List<List<Integer>> result =  
  numbers.stream() 
    .filter(n -> n % 2 != 0) 
    .gather(mapConcurrent(4, n -> n * n)) 
    .gather(windowFixed(3)) 
    .collect(Collectors.toList());

• Jox Flows 

• Asynchronous 

• Reactive streams-compatible
Flows.range(1, 100, 1) 
  .throttle(1, Duration.ofSeconds(1)) 
  .mapPar(4, i -> { 
    Thread.sleep(5000); 
    var j = i*3; 
    return j+1; 
  }) 
  .filter(i -> i % 2 == 0) 
  .runToList();

Jox DocsJEP 485: Stream Gatherers Comparing Java Streams with Jox Flows

https://jox.softwaremill.com/latest/
https://openjdk.org/jeps/485
https://softwaremill.com/comparing-java-streams-with-jox-flows/


Are virtual threads fast?
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HTTP server benchmark: different backends

SimpleGet



HTTP server benchmark: different backends

SimpleGet



HTTP server benchmark: different backends

PostBytes



HTTP server benchmark: different backends

Benchmarking Tapir

PostBytes

https://softwaremill.com/benchmarking-tapir-part-3-loom/


Spring Boot + DB application

VTs With Java 24 - Will it Scale?

https://gaetanopiazzolla.github.io/java/2025/06/18/virtualthreads-java24.html


Benchmark VTs vs WebFlux

https://github.com/chrisgleissner/loom-webflux-benchmarks/blob/main/results/scenarios-default/results.png


You can build Virtual Thread-based 
applications today

But, you have to mindful in the process.



Accelerating product development



Summary

• VT: widely supported in Java frameworks & libraries 

• But, rarely the default 

• Conscious decision to use 

• not "carefree"



Problems with VT

• ThreadLocals 

• Pinning 

• Monopolization 

• Thread inheritance



Summary cntd

• Often works OOTB 

• Make sure your use-case is appropriate 

• Reactive is still alive 

• Integrating blocking & non-blocking code is tricky 

• Will Java 25 be a breakthrough?



println("Thank you!")

warski.org

http://warski.org

