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Java 25 with -XX:+UseCompactObjectHeaders
Memory Usage Throughput

-22 %

+11,4 %

Source: hps://github.com/rkennke/talks/blob/master/Lilliput-FOSDEM-2025.pdf
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32-bit address

64-bit address

max 16 EB 
RAM

↑
max 4 GB 

RAM

Compressed OOPs



Object header

Compressed OOPs

Mark Word

8 byte



0x00c69af10000

Object 1 Object 2

0x00c69af10058

Object 3

0x00c69af100a0

Object 4

0x00c69af100f8

Object 5

0x00c69af10148

Compressed OOPs



0x00c69af10000

0x00c69af10058

0x00c69af100a0

0x00c69af100f8

0x00c69af10148

0b000000001100011010011010111100010000000000000000

0b000000001100011010011010111100010000000001011000

0b000000001100011010011010111100010000000010100000

0b000000001100011010011010111100010000000011111000

0b000000001100011010011010111100010000000101001000

Compressed OOPs



11010011010111100010000000011111000

35-bit address

11010011010111100010000000011111

32 bit

Compressed OOPs

RAM

max 235 byte 
= 32 GB



Disable Compressed OOPs and use 64-bit pointers:

-XX:-UseCompressedOops

Compressed OOPs



> 32 GB Heap
or

-XX:-UseCompressedOops

11010011010111100010000000011111000

35-bit address

11010011010111100010000000011111

32 bit

Max 32 GB Heap

0000000000001001011111011110000011111100001110000100100101001001

64 bit
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> 32 GB Heap
or

-XX:-UseCompressedOops

11010011010111100010000000011111000

35-bit address

11010011010111100010000000011111

32 bit

Max 32 GB Heap

0000000000001001011111011110000011111100001110000100100101001001

64 bit

Compressed OOPs
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[Before Java 8] Permanent Generation

Class Pointers

Class metadata
“Long”

Class metadata
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PayloadHeader

PayloadHeader

PayloadHeader

PayloadHeader



OutOfMemoryError: 
PermGen space

Class Pointers



[Before Java 8] Permanent Generation

Class metadata
“Long”

Class metadata
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PayloadHeader

PayloadHeader

PayloadHeader

PayloadHeader
64-bit 

pointer 64-bit 
pointer

64-bit 
pointer
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Class metadata
“Long”

Class metadata
“User”

Class metadata
“LocalDate”

Addressable with 64 bit:

Class metadata size: 512~1024 bytes

264 bytes / 768 bytes
≈ 24,000,000,000,000,000
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Class metadata
“Long”

Class metadata
“User”

Class metadata
“LocalDate”

Addressable with 32 bit: 232 bytes = 4 GB

[Since Java 8] Metaspace

Class metadata size: 512~1024 bytes

Compressed
Class Space

1 GB by default
-XX:CompressedClassSpaceSize 4 GB maximum

Compressed Class Pointers



Compressed Class Space
(4 GB max)

Class
metadata

Base address of the 
Compressed Class Space

Actual address of the
class metadata

Compressed Class Pointer
= 32-bit oset

Compressed Class Pointers



Class metadata
“Long”

Class metadata
“User”

Class metadata
“LocalDate”

[Since Java 8] Metaspace

Class metadata size: 512~1024 bytes

Compressed
Class Space

Addressable with 32 bit: 4 GB

4 GB maximum

/ 768 bytes
≈ 5,600,000

Compressed Class Pointers



Disable Compressed Class Pointers:

-XX:-UseCompressedClassPointers

Compressed Class Pointers

since Java 25:
Deprecated



[Since Java 8] Metaspace

Compressed
Class Space

Class metadata
“Long”

Class metadata
“User”

Class metadata
“LocalDate”

PayloadHeader

PayloadHeader

PayloadHeader

PayloadHeader
32-bit 
oset 32-bit 

oset
32-bit 
oset

32-bit oset

Compressed Class Pointers
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Object Headers

A Java object:

Payload

x y z

Header

Mark Word



Object Headers

A Java object:

Payload

x y z

Header

Mark Word
(“Lock word”) Class Word
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PayloadMark Word PayloadMark Word Class Word

64-bit Class Pointer

[Before Java 8] Permanent Generation

Class metadata
“Point3D”

Class Word



PayloadMark Word Class Word

32-bit Compressed Class Pointer (= 32-bit oset)

[Since Java 8] Metaspace
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Mark Word

Mark Word PayloadClass Word PayloadClass Word



L

2 Bit

GC
Age

4 Bit

Identity Hash Code

31 Bit

64 Bit

Unused

25 Bit

Mark Word

Mark Word PayloadClass Word PayloadClass Word



Compressed
Class PointerIdentity Hash Code GC

Age L

64 Bit Mark Word 32 Bit Class Word

96 Bit

Object Header



Identity Hash Code GC
Age L

Identity Hash Code GC
Age L Compressed 

Class Pointer

64 Bit Mark Word

Class Pointer

64 Bit Class Word

96 Bit

128 Bit

64 Bit Mark Word 32 Bit Class Word

Object Header

-XX:-UseCompressedClassPointers (deprecated since Java 25):



8 byte 4 byte

Mark Word Class Word

12-byte header

Payload

A java.lang.Long object:

Java Object with Header and Payload
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8 byte 4 byte 8 byte 4 byte

Mark Word Class Word

12-byte header

Payload Unused

A java.lang.Long object:

Java Object with Header and Payload



8 byte 4 byte 8 byte 4 byte

Mark Word Class Word

12-byte header

Payload Unused

20 byte

A java.lang.Long object:

24 byte

Java Object with Header and Payload



8 byte 4 byte 4 byte

Mark Word Class Word

12-byte header

Payload

A java.lang.Integer object:

16 byte

Java Object with Header and Payload



Typical object size: 32~64 bytes
Typical object header overhead: ~ 20 %

→ Project “Lilliput”
“The goal of this Project is to explore techniques to downsize Java 
object headers in the Hotspot JVM from 128 bits to 64 bits or less, 
reducing Java’s memory footprint.”

Java Object Size
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Class Word PayloadLIdentity Hash Code GC
Age

Mark Word

Java Heap

Object Header
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Pointer to 
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Pointer to 
BasicLock Class Word Payload

00 = “locked”

Original Mark Word

BasicLock

Pointer to 
ObjectMonitor Class Word Payload

ObjectMonitor

10 = “inflated”

Additional
Sync. dataOriginal Mark Word

Java Heap

Thread Stack

JVM 
Memory “Lock  

Inflation”



“Stack Locking”



“Legacy Stack Locking”
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Pointer to 
BasicLock Class Word Payload

00 = “locked”

Original Mark Word

BasicLock

Original Mark Word

BasicLock

Thread Stack
Carrier Tread 1
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Java Heap



Pointer to 
BasicLock Class Word Payload

00 = “locked”

Thread Stack
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Pointer to 
BasicLock Class Word Payload

00 = “locked”

Original Mark Word

BasicLock

Thread Stack
Carrier Tread 1

Thread Stack
Carrier Tread 2

To avoid this:
VT is “pinned” to its Carrier Thread

Java Heap
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Mark Word
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LIdentity Hash Code GC
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Thread Stack
Carrier Tread 1
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Enable Lightweight Locking in Java 21 + 22:

-XX:LockingMode=2

Lightweight Locking

Enabled by default in Java 23.



Lightweight Locking

Switch back to Legacy Stack Locking since Java 23:

-XX:LockingMode=1
since Java 24:

Deprecated

→ Virtual threads will be pinned again in a synchronized block.
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Identity Hash Code GC
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Identity Hash Code GC
Age L

Identity Hash Code GC
Age L Compressed 

Class Pointer

Class Pointer

96 Bit

128 Bit

-XX:-UseCompressedClassPointers:

Compact Object Headers

Deprecated
since Java 25
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UnusedIdentity Hash Code GC
Age L Compressed 

Class Pointer

96 Bit
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UnusedIdentity Hash Code GC
Age L Compressed 

Class Pointer

31 Bit

96 Bit
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UnusedIdentity Hash Code GC
Age L Compressed 

Class Pointer

431 Bit 2
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UnusedIdentity Hash Code GC
Age L Compressed 

Class Pointer

431 Bit 2 32 Bit

96 Bit
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UnusedIdentity Hash Code GC
Age L Compressed 

Class Pointer

431 Bit 2 32 Bit

96 Bit

31 Bit
+ 4 Bit
+ 2 Bit

+ 32 Bit

= 69 Bit

Compact Object Headers



Compressed 
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Compressed 
Class Pointer

22 Bit

Compact Object Headers



PayloadMark Word Class Word

32-bit Compressed Class Pointer 
(= 32-bit oset)

[Since Java 8] Metaspace

Compressed
Class Space

Class metadata
“Point3D”

Compact Object Headers



0x00000000

Class A 
metadata

Class B 
metadata

0x000003b4

Class C 
metadata

0x0000067c

Class D 
metadata

0x00000a38

Class E 
metadata

0x00000e20

Compact Object Headers



0x00e50000

Class A 
metadata

Class B 
metadata

0x00e50400

Class C 
metadata

0x00e50800

Class D 
metadata

0x00e50c00

Class E 
metadata

0x00e51000

Compact Object Headers



0x00e50000

0x00e50400

0x00e50800

0x00e50c00

0x00e51000

0b00000000111001010000000000000000

0b00000000111001010000010000000000

0b00000000111001010000100000000000

0b00000000111001010000110000000000

0b00000000111001010001000000000000

Trailing 10 bits

Compact Object Headers



0x00e50000

0x00e50400

0x00e50800

0x00e50c00

0x00e51000

0b00000000111001010000000000000000

0b00000000111001010000010000000000

0b00000000111001010000100000000000

0b00000000111001010000110000000000

0b00000000111001010001000000000000

Leading 22 bits

Compact Object Headers



64 Bit

Compact Object Headers



Compressed 
Class Pointer

64 Bit

22 Bit

Addressable with 22 bit: 222 = 4,194,304 classes

Addressable with 32 bit: 232 bytes / (768 bytes / class)
≈ 5,600,000 classes

Compact Object Headers
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Class C 
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Class D 
metadata

Class E 
metadata

Class A 
metadata

Class B 
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Class E 
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32-bit oset
Class A

32-bit oset
Class B

32-bit oset
Class C

32-bit oset
Class D

32-bit oset
Class E

22-bit index
Class A

22-bit index
Class B

22-bit index
Class C

22-bit index
Class D

22-bit index
Class E
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Compressed 
Class Pointer

64 Bit

22 Bit
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Compressed 
Class Pointer Identity Hash Code

64 Bit

22 Bit 31 Bit

Compact Object Headers



Compressed 
Class Pointer Identity Hash Code GC

Age

64 Bit

22 Bit 31 Bit 4

Compact Object Headers



Compressed 
Class Pointer Identity Hash Code GC

Age L

64 Bit

22 Bit 31 Bit 4 2

Compact Object Headers



Identity Hash Code GC
Age LCompressed 

Class Pointer

64 Bit

Self-Forwarded Tag
↓

31 Bit 222 Bit 4

Compact Object Headers
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Class WordLIdentity Hash Code GC
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Class WordLIdentity Hash Code GC
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Class WordLForwarding Pointer Payload

Class WordLIdentity Hash Code GC
Age Payload

11 = “forwarded”

Compact Object Headers
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Class WordLForwarding Pointer Payload

11 = “forwarded”

Compact Object Headers
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L

64 Bit

Forwarding Pointer
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Identity Hash Code GC
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64 Bit
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Identity Hash Code GC
Age LCompressed 

Class Pointer V

64 Bit

Self-Forwarded Tag
↓

31 Bit 222 Bit 4
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Identity Hash Code GC
Age LCompressed 

Class Pointer V

64 Bit

Self-Forwarded Tag
↓

31 Bit 222 Bit 4

-XX:+UseCompactObjectHeadersJava 25:

Compact Object Headers

enabled by defaultJava 27:



Identity Hash Code GC
Age LCompressed 

Class Pointer V

UnusedIdentity Hash Code GC
Age L Compressed 

Class Pointer
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“Was it worth it?”



“Early adopters of Project Lilliput who have tried it 
with real-world applications confirm that 

live data is typically reduced by 10%–20%.”

Source: hps://openjdk.org/jeps/450 

Compact Object Headers
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Source: hps://github.com/rkennke/talks/blob/master/Lilliput-FOSDEM-2025.pdf
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“Java object memory usage 
is reduced by about 5-10%.”

Source: 
hps://www.alibabacloud.com/blog/compact-object-headers-in-dragonwell-
jdk-reducing-costs-and-increasing-eiciency-for-java-applications_601065 
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“The exact gain varies depending on the workload 
(especially the number of small objects created), 

but in many cases, it was about 10% faster!”

Source: 
hps://www.reddit.com/r/scala/comments/1jptiv3/
xxusecompactobjectheaders_is_your_new_turbo/
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Source: 
hps://www.alibabacloud.com/blog/compact-object-headers-in-dragonwell-
jdk-reducing-costs-and-increasing-eiciency-for-java-applications_601065 

“Max(absolute throughput) 
and critical (low latency required throughput) 

are improved by 6.17% and 9.01% respectively.”

Compact Object Headers



-XX:+UseCompactObjectHeadersTo enable in Java 25:

-XX:-UseCompressedClassPointers

-XX:LockingMode=1 (Legacy Stack Locking)

Max. 8 TB Heap (ZGC: no limit)

Compact Object Headers

Limitations:

As of Java 27: Enabled by default



Outlook: “Lilliput 2”
→ 32-bit headers
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