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What is the EOS namespace used for?

FILE
MGM

NS node 2

NS node 1

NS node 3

NamespaceStorage nodes

1. Write this file (open) 2. Register FILE metadata

3. OK, write to storage node X

X

4. File write (open, write, close) 5. Commit

6. NS Commit (size, cksum…)



What is the EOS namespace used for?
Store the metadata of all files/directories in EOS

• Path

• Creation time

• Size

• Checksum

• ….
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The EOS namespace persistency

425/04/2023 - EOS Workshop 2023 The EOS namespace locking

QuarkDB - A highly-available key-value store 

MD LRU 
cache

QuarkDB 
clientPersists to QuarkDB

Internal cache preventing quarkdb 
round-trips
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The EOS namespace is accessed a lot!



A file path in the EOS namespace

/ eos / workshop2023 / presentations / namespace_locking_presentation.pdf
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Container File



C++ representation of containers and files
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Persistency layer for FileMD and ContainerMD

File MD Service

Container MD Service

Hierarchical View
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Persistency layer for FileMD and ContainerMD
File/Container MD Services

• Assign files/containers unique ID

• Persist files/containers to the MD LRU cache and QuarkDB

• Retrieve files/containers by ID from the MD LRU cache and QuarkDB
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Persistency layer for FileMD and ContainerMD
Hierarchical View

• Manages NS Files/Containers operations by path

• getFile(std::string path)

• getContainer(std::string path)

• getItem(std::string path)
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Summary

Persistency layer for FileMD and ContainerMD
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BY PATH

Persistence + 
Access by ID



Now let's demystify what is the EOS Namespace lock…
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What is the EOS Namespace global lock?
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It's just a Mutex… Accessible from everywhere in the EOS MGM code

mkdir, stat, FSctl, exists, chown, chmod…



Container tree size update → ContainerAccounting thread

Illustration of what we have seen so far
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Long-lasting metadata operations

What is the issue with the global namespace lock?
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What if we have plenty of directories to update 
here?

All operations on the MGM will be 
blocked during these updates!!

It is used everywhere we need to perform 
operations on File/Container MD…



Can we improve the situation?
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Using finer-grained locks → the object will be locked instead of the entire MGM

YES!
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Using finer-grained locks
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Using finer-grained locks
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lock mutex (read), get tree size, unlock mutex

lock mutex (write), update tree size, unlock mutex

Goal: run multiple operations under the same lock! (not the global NS one…)



Creation of the LockableNSObjMD abstract class

• Lock registration

• Run read/write operation

• Taking into account lock registration

Run multiple operations under the same lock
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Creation of the LockableNSObjMD interface

Run multiple operations under the same lock
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Maps containing pairs of <threadId, lockCounter>

Lock acquiring, registration and unregistration

Run operations (read/write)

Exposes the File/Container mutex



Creation of the LockableNSObjMD interface - runWriteOp()

Run multiple operations under the same lock
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Let's use it!

Run multiple operations under the same lock
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Let's use it!

Run multiple operations under the same lock
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Let's use it!

Run multiple operations under the same lock
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Are we done?
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Run multiple operations under the same lock
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No, we only provided a lock-registration mechanism and member functions to run read or write operations…



Let's provide a File/Container locking class

• RAII-style

• Constructor will lock the File/Container object

• Destructor will unlock it

• Acts on shared_ptr of Container/Files

• shared_ptr are returned by the NS persistency layer

Run multiple operations under the same lock
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Let's provide a File/Container locking class

Run multiple operations under the same lock
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←  friendship →



Usage of the NSObjectLocker class

Run multiple operations under the same lock
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• Interfaces left untouched

• We don't change the current behaviour if we don't use the locker class

• Easy to use for programmers

• Unit tested → Creation of a MockContainerMD to check the locking/unlocking registration…

The good things about these changes
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Application to the tree size update thread

3225/04/2023 - EOS Workshop 2023 The EOS namespace locking

mutex not used anymore :)



• Recompute the quota (remove from quota1 and add to quota2) → takes several seconds

"file/directory move" operation
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• eos mv /eos/quota1/dir1 /eos/quota2/

• List files/directories in /eos/quota1/dir1 (find)

• Take namespace lock

• Do the rename

• Release namespace lock



"file/directory move" operation
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• Can we remove the namespace lock?

• Yes, with the price of accepting that the quota computation will NOT be atomic → we are OK with that

• So, we remove it! And we use the NSObjectLocker class to lock the directories…



Results
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• Removed the namespace lock from the files/directory move logic

• Run `eos ls` in infinite loop

• Move a directory containing 10k files from one quota to another

3.3 seconds to run the `ls`

quota recomputation
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Conclusion
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• We managed to perform multiple File/ContainerMD operations under the same lock

• RAII-style locking class + lock-registration mechanism

• We are gradually removing the big namespace lock

• File/Directory move done, but needs further testing…

• We will start working on long recursive operations (eos attr -r set…)

• Still a lot of work to be done…

• The big namespace mutex is used everywhere in the EOS MGM code!

• …But we can already observe the positive effect
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