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JDK 21

• JEP 444: Virtual Threads

• JEP 453: Structured Concurrency (Preview)

JDK 22

• JEP 462: Structured Concurrency (Second Preview)















4  TA B L E S

8  C H A I R S

8  C U S T O M E R S



4  TA B L E S → 4  C O R E S

8  C H A I R S → 8  C P U  T H R E A D S

8  C U S T O M E R S → 8  TA S K S

CPU ThreadCPU Thread
CPU Thread CPU Thread

CPU Thread CPU Thread
CPU Thread CPU Thread



M U LT I T H R E A D I N G



Yes!
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H O W  TO M A K E  M O R E  M O N E Y
1. Need to serve more people!
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S W I TC H I N G C U S TO M E R S
• Customer comes in 1 minute

• Customer orders a pizza 1 minute

• Customer leaves the restaurant 1 minute

• Customer waits for the chef to make the pizza 30 minutes

• Customer comes back into the restaurant 1 minute

• The customer eats the pizza 10 minutes
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In the limit for network I/O:

• 10-100 ns preparing request and processing results

• 10-100 ms waiting for response

When a task runs on a thread, it either:

• Finishes

• An exception is thrown



H O W  M A N Y T H R E A D S
In the limit for network I/O:

• 10-100 ns preparing request and processing results

• 10-100 ms waiting for response

When a task runs on a thread, it either:

• Finishes

• An exception is thrown

Need a million threads for 100% CPU usage



T H R E A D S A R E  E X P E N S I V E
• Creating threads is expensive → 1 ms + 2 MB

• Context switching is expensive → 0.1 ms

• Introduction of:

• Thread pools e.g. ExecutorService

• Async programming e.g. CompletableFuture
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V I RT U A L  T H R E A D S
• Layer on top of platform threads, subclass of java.lang.Thread

• Creating virtual threads and context switching is faster and uses less memory
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V I RT U A L  T H R E A D S
• Usage is similar to java.lang.Thread

• Replacing platform threads with virtual threads should work *

* famous last words
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B LO C K I N G O P E R AT I O N S
• Platform threads are blocked

• Scheduled by OS

• Many blocking calls → many OS threads → wasted resources

• Virtual theads run on platform thread

• On blocking call: 

• Park itself for a duration

• Inform JVM to unmount virtual thread

• Yield (pause) current operation

• Runs tasks in a Continuation



C O N T I N U AT I O N S











V I RT U A L  T H R E A D S
• Used for blocking calls

• Yield operation on blocking calls to allow other virtual threads to run on CPU

• Copy the stack to the heap and vice versa



V I RT U A L  T H R E A D S
• How do we create virtual threads?



S T R U C T U R E D C O N C U R R E N C Y
• A new way to organise virtual threads

• Create a scope (StructuredTaskScope) in which to create virtual threads

• All threads are bound to this scope, exiting scope will stop threads



S T R U C T U R E D C O N C U R R E N C Y
StructuredTaskScope
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S T R U C T U R E D C O N C U R R E N C Y
StructuredTaskScope.ShutdownOnFailure
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S T R U C T U R E D C O N C U R R E N C Y
StructuredTaskScope

• Meant to be extended

• Can be created everywhere, unlike ExecutorService
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V I RT U A L  T H R E A D S
Should we replace all threads with virtual threads?

• No, there are downsides



V I RT U A L  T H R E A D S D O W N S I D E S
• Copy the stack to the heap when they unmount

• When the stack is copied back from heap:

• Different location on stack → pointers can break



V I RT U A L  T H R E A D S D O W N S I D E S
Virtual threads can’t unmount (pinning) when:

• Code is executing inside ‘synchronize’ blocks → use locks instead

• It has a native method or foreign function in its stack

• No blocking operations are made



V I RT U A L  T H R E A D S D O W N S I D E S
ThreadLocal has two common use cases:

1. Object pool for expensive resources

• Leads to huge memory footprint in virtual threads

2. Storage exclusive for thread

• Not immutable → ScopedValues (In preview as of JDK 22)



I N  S U M M A RY
1. Virtual threads should be used for blocking operations while not wasting many resources

2. Virtual threads are not faster than platform threads, performance is slightly lower. For CPU 

tasks, keep using platform threads with e.g. ExecutorService

3. Use StructuredTaskScope to coordinate multiple virtual threads like a single unit of work



… and Fabio?





… and they lived happily every after
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