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Motivations

= Sequoia Requirements
— 768 ZFS OSTs, 72TB each, 55PB capacity, 850GB/s I/O
— Beyond the ability of Idiskfs

= ZFS Benefits
— Superb write performance
— Copy on write, always on-disk persistent
— Built-in block checksum
— Built-in disk management, RAIDZ, Mirror, etc
— Built-in snapshot support

— Scalable, online filesystem check/scrub/repair




LLNL Sequoia Lustre Architecture
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Implementation

= Use ZFS as a backend storage
» OSD-ZFS talks to DMU

— ZPL compatible on-disk format

— Can mount MDT/OST with ZFS kernel
module

= Significant changes on Lustre side (osdzfs | ror OS[P
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Lustre I/O Performance on ZFS
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Lustre I/O Performance on ZFS - Results
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* Based on hardware configuration on slide #19
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ZFS Read Problems

= No object aware block allocation
— Blocks written sequentially may spread around the whole pool

— Lots of disk seeks to read them back

» Read is usually slower than write

— Bigger block size could mitigate this problem
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Lustre on ZFS metadata performance

OSD-ZFS Create Performance (lustre-2.9)
Create 1M Objects with mds-survey, no OST objects
Idiskfs MDT: RAID10 with 8 HDDs; zfs MDT: 4 mirrored VDEVs with 8 HDDs
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Intel Contributions to ZFS

= Compute fletcher-4 with vector instructions
— 4 times faster than original version
— https://github.com/zfsonlinux/zfs/pull/4330

= ZFS dnode quota
— Significant metadata performance improvement

— https://github.com/zfsonlinux/zfs/pull/3983

= Intel is collaborating with Delphix* to improve ZFS metadata
performance
— The work will be landed to ZoL and OpenZFS*



https://github.com/zfsonlinux/zfs/pull/4330
https://github.com/zfsonlinux/zfs/pull/3983

Intel Contributions - QAT

= QAT: Intel Quick Assistant Technology

— Dedicated PCl-e card to offload compression,
encryption workload to reduce CPU utilization

= ZFS with QAT

— Enable data compression OSD ZFS

— Boot I/O performance & reduce disk utilization

= ZFS native encryption is on the way ARCHETE] e—  |te] QAT
— https://github.com/zfsonlinux/zfs/pull/4760

Disk I/O with less size




Intel Contributions — QAT Performance

u TeSt enVi rOn ment ZFS QAT Performance Benchmark

CPU: Xeon E5-2699 v3, Memory: 128G, Walnut Hill QAT x 2

— CPU: Intel® Xeon® E5-2699 v3 x 2
— Memory: 128GB
— Walnut Hill QAT card x 2

— SSD x 6 contribute to 2.4GB/s I/O :
bandwidth .

= ZFS 0.6.5.6 with data compression
enabled

= F|O parameters: libaio, bs=64k,
size=2G, numjobs=32, thread=1

off gzip gat 1xclc zle 124 qat 2xclc Izjb
Compression Type

E=1/0 Throughput - W 1/0 Throughput -R ~ ==e==CPU Util-W  ==® =Compression Ratio ®CPU Util-R




Intel Contributions — Metadata allocation class

= Metadata blocks are with smaller size, and
accessed more frequently

= A dedicated VDEV with high IOPS drives to
store metadata
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Intel Contributions - DRAID

Faster rebuild/resilver time
— Spare blocks are distributed over all disks

— Short time leads to less risk on data loss
— 2nd or 31 disk failure during rebuild time

Reasonable throughput in degraded mode
— Lost one disk -> lose 1/N disk bandwidth

Permutation development based on randomly
generated initial permutation

Rebuild/Resilver is 6 times faster than RAIDZ

— No block pointer tree traversal
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Key Takeaways

ZFS has great features that can benefit Lustre

— Lustre snapshot is based on ZFS snapshot

Lustre on ZFS Performance
— 1/0O performance is good, and it can saturate disk bandwidth in my test

— Metadata performance has great improvement recently

Intel is contributing to ZFS community

— Lots of features are being developed at Intel, and they will be open sourced and
landed to ZoL

ZFS and Lustre are both open sourced and free to download
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