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Ceph Solution based on Kunpeng920

ceph

[ APP ] @ [ HOST/VM I [ CLIENT ]
l l l

RADOSGW

Kunpeng920 ARM-Based CPU
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Core: 32/48/64 cores _ _ -
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Frequency: 2.6/3.0GHz
Memory controller : 8 DDR4 controllers~3200MHZ Ceph Technical Architecture
Interfaces: PCle 4.0, 100Ge RoCE, 16X SAS/SATA Based on Kunpeng chip
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Optimization Items:

1. Ceph IOPS Performance Optimization

1.1 NUMA Deployment and Balance
1.2 OSD thread/message schedule and balance
1.3 Page Cache/CRC/Division Instruction

1.4 TCP Zero Copy

2. Ceph latency Optimization

2.1 BBU PMEM Solution

2.2 RBD Cache Delay Optimization :
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1. All-flash IOPS optimization effect
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In the Ceph all-flash configuration, the CPU becomes the bottleneck. Software optimization is

important and improved about 13~45% with our method.
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. 1-1 NUMA Efficiency Optimize for the Data

_______________________________________________________________________________________________________

__________________________________________________________

______________________________________________

Optimization steps:

1. Hardware NUMA balance, support data flow within NUMA node;
2. OSD auto bond to NUMA nodes by NVME and network PCle slots;
3. set different IP addresses and isolate the traffic by policy routing;
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1.1-2 NIC SR-I0V for NUMA node balance
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Virtualization steps:

> Virtual card affinity to the every NUMA node by OS configure;
» Virtual card interrupt/channel resources auto mapped to the target NUMA node;
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1. 1-3 NUMA affinity IO0PS effect 10%t
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1.2-1 OSD threads schedululing problem
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> KV threads(commit/final) latency up to 50%+
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1.2-2 KV and 10 threads bonding —10%

Optimization:

1) Put 10 threads in the same cluster have better cache affinity.
2) Isolate single and multi-threaded tasks

NUMA 0
cruo _Jeput  Jepuz  Jcpus cPu4___JcPus _ Jcpue Jcpur cPus __ Jcpug9  JcPulo  Jcpuil  JcPul2  JcPUI3  [CPUI4  [CPUL5 _ [CPUI6  [CPUL7 _ JCPUIS  [CPUL9 _ |CPU20 Jcpua1 cPu22__Jcpuz3
0SDO data lcores 0SD1 data lcores 0SD2 data lcores 0SD3 data lcores 0SD4 data lcores 0SD0-4 misc lcores |[NICO irgs
NUMA 1
CPU24 _ [CPU25  [CPU26  [CPU27  [CPU28  [CPU29  [CPU30  [CPU31  [CPU32  [CPU33  [CPU34  CPU35 _ [CPU36  |CPU37  [CPU3S  |CPU39  |CPU40  |CPUAL _ [CPU42  [CPU43  |CPU44 [cpuas [cruae Jcpuar
0SD5 data lcores 0SD6 data lcores 0SD7 data lcores 0SD8 data lcores 0SD9 data lcores 0SD5-9 misc lcores |NIC1 irgs
NUMA 2
cPu48  JcPu49  [cPUs0  JcPUSL  JCcPUS2  [CPUS3  [CPUS4  [CPUS5  [CPUS6  [CPUS7  JCPUS8  [CPUS9  [CPUBO  CPUSL  [CPU62  [CPU63  [CPU64  |CPU65  |CPU66  [CPUGT  |CPUGS [crus9 CPUT0__[CPUTL
0SD10 data lcores 0SD11 data lcores 0SD12 data lcores 0SD13 data lcores 0SD14 data lcores |[0SD10-14 misc lcores [NIC2 irgs
NUMA 3
cPu7z__ Jcpu73  [cPu74  JCPUT5  [CPUT6  [CPU77__ JCPU78  [CPUT9  [CPUSO  [CPUSI _ [CPUS2  [CPUS3  [CPUS4  CPUS5 _ [CPUS6  [CPUS7 _ |CPUSS  [CPUS9  [CPU90 _ [CPU9L _ [CPU92 [cpugs [cPug4 _Jcpugs
0SD15 data lcores | 0SD16 data lcores | 0SD17 data lcores | 0SD18 data lcores | 0SD19 data lcores |0SD15-19 misc_lcores|NIC3 irgs

Linaro

VIRTUAL » FALL 2021



1.3-1 Use 064K PageSize - 10%

® Use small page alignment to reduce memory

64K/4K pagesize | 3 x Ceph Nodes | waste in bufferlist:reserve

H di --git a/src/common/buffer.cc b/src/common/buffer.cc
4KB Block Size ind b32163db. .8d7583e7ad 100644
--- a/src/common/buffer.cc
1.18 1.17 l+++ b/src/common/buffer.cc

static ceph::spinlock debug lock;
void buffer::list::reserve(size_t prealloc)
{

117
1.16

1.15
115 0 // unused, so far.
114 i R ot ()ér'.release(ll;
1.13 1.12
1.12 I ® Use CEPH_PAGE_SHIFT for compatibility with
1.11 . .
1.10 . various page sizes
1.09 diff --git a/src/include/mempool.h b/src/include/mempool.h

. . index cB3aal7bcf..feB4T3b8f0 100644
RandWrite Randread RandReadWrite --- a/src/include/mempool .h

+++ b/src/include/mempool.h

1
if (get_append_buffer_unused tail length() < prealloc) {

// Dirt cheap,

] 64K pageS|Ze reduce TLB mISS and ImprOVG /f https://fo- ':.:. rg glibc-2.32/pthread__self_8c_source.html
performance by 10%+. )

size t me = (size_t)pthre

return i;
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1.3-2 Optimized crc32c/division operation

samples: 671K of event 'cycles', 4808 Hz, Event count (approx.): 39
Overhead Shared Object Symbol
ceph-osd .] std::atomic<rocksdb::InlineSkip > ROCdeb uses Soft CRC32C computing on ARM
ceph-osd .1 rocksdb: :ExtractUserKey
ceph-osd .] rocksdb tVarint32Ptr
ceph-osd .1 rocksdb lce: :compare platform:
ceph-osd .] rocksdb hPrefixedslice
ceph-osd .1 rocksdb 11 : . . . .
i s yC Solution: use arm CRC assembly instructions realize

libc-2.27.50 .] memcmo

ceph-osd 1 rocksdb: :Slice: :size » In CEPH data statistics, a lot utime conversions are

ceph-osd .] rocksdb::UserComparatorWrapper:

bf event 'cycles:ppp', Event count (approx.): 84658577915 called, the long double by default; However, the long
Self Command Shared Object Symbr?

double mode requires soft computing on the arm

0.04% bstore kv_final libgcc s-8-20191121.s0.1 [.]%_divtf3 platform
0.00% bstore_kv_final ceph-osd [.] _divtr3gplt
0.00% bstore aio ceph-osd [.] _ divtf3gplt Solution: change long double to double, and use arm

diff --git a/src/include/utime.h b/src/include/utime.h floatlng-pomt Instructions
index 512149db03..fad66af793 100644
--- afsrc/include/utime.h
+++ b/src/include/utime.h
public:

// cast to double
operator double() const {
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1.4 TCP Ocopy reduce CPU usage

APP APP Problem: In high-bandwidth applications, copy
= || = Bl to/from users space is a hotspot.
/- \ F _‘\ Optimization:
\- _/Kemel » i JKemel 1. Kernel 4.18 provided TCP Ocopy feature
=I B i i J— 2. If the data size is greater than 4 KB, will
i :' “v :' use Ocopy system call, else use original
Copy_from_user Copy_to_user TCP Zero copy Copy_to_user copy function.

» ~5% improvement on 16 KB |10
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2 RBD persistent cache design

fio  Client Server cluster Rbd Persistent Cache:

1. Use local and remote PMEM implement a

very low latency write cache.

2. In the background, use asynchronously

thread flush dirty data to ceph cluster.
3. If the client is failed, backup node actived
and flush the dirty data

MEM -

Problems:
1. Need PMEM hardware
2. Backup node function not implemented

Linaro
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2.1 BBU PMEM Hardware Alternative

Problem: NVDIMM-based Optane MEM does not support

ARM

Solution: BBU (Backup Battery Unit) PMEM

Advantages : Kunpeng920 MEM

» Supports CPU cache and ns latency.

» Memory is suitable for cache frequent erasure.
» Space is flexibly customized (0-64 GB/128 GB),

balancing the memory and pmem. /
Up to 32~64GB
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2.2 RBD cache latency reduced by 90%

Configuration:

1. 1GB cache per RBD image
2. fsync =32

3. Rbd_op_thread =4

4. Run_time =10 min

Result:
» latency is reduced by nearly 90%;

» 1OPS increased nearly 10 times;
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Summary and Next

e C(Compared with x86, more software optimization is needed for arm server.
Through optimization, ARM server perform very well in SDS software;

e [Expect more support from linaro community for the storage software
ecosystem, particular in high—performance areas such as CEPH crimson, NOF,

HPC FS and so on.
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Thank you Linaro @
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Accelerating deployment in the Arm Ecosystem e~




