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I. Executive Summary

This report presents a comprehensive performance and reliability evaluation of the
cStor covering 5 categories and 25 benchmark tests across file system
(FIO/IOR/MDTest), block storage (Vdbench), object storage (s3bench/warp), native low-
level (cStor Perf/SPDK), and workload simulation (Filebench), totaling 5 categories and
25 benchmark tests. All tests completed with zero failures.

Key Metrics

Metric Measured Design Target Status
Cluster IOPS 158.21M 100M IOPS v MET
Cluster Throughput 1.5064TB/s 1TB/s v MET
Average Latency 9.7155 us <100 us v MET
Avg Latency 9.7 us <0.01 ms v MET

Key Findings
+ 25 benchmark tests completed, covering three major protocols (file system, block
storage, object storage) and native low-level interfaces

+ Cluster real-time IOPS 158.21M, throughput 1.5064TB/s, all meeting design
targets (100M IOPS , 1TB/s, <0.01 ms Latency)

+ SPDK raw disk at 179.4M IOPS vs FIO file system at 177.3M IOPS: engine
overhead is only 1.2%, with extremely low software stack cost

« Performance variance across three protocols (POSIX/iSCSI/S3) is <15%, with

minimal protocol layer overhead, enabling flexible selection

+ P50=8us / P99=80us; latency breakdown shows NVMe media accounts for 60%
as the primary bottleneck, while the software stack contributes only 17%

« All 60 nodes online, all 29 alerts closed-loop processed, 3 critical alerts (NVMe
high temperature) resolved

Il. System Architecture and Configuration
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2.1 Cluster Topology

+ Cluster Name: cStor-F1-001

« Node Count: 60 (all online)

+ Total Disks: 1,920 NVMe SSDs
+ Disks per Node: 32

+ Rack Count: 6

+ Network Topology: 6 racks x 10 nodes, 100G RoCE interconnect

2.2 Hardware Configuration

Component ‘ Specification
Server Model Huawei TaiShan 2280 V2 (Kunpeng 920)
CPU Kunpeng 920-5220 (HiSilicon, 64-core 2.6 GHz)
NVMe SSD Memblaze PBlaze6 7540 7.68 TB U.2 x 32/node
DRAM Cache CXMT CXMFAD4B760032G 32 GB DDR4-2933 RDIMM
Network 100G RoCE RDMA (Mellanox ConnectX-6)

Total Raw Capacity 1,920 x 7.68 TB = 14,745.6 TB (~14.4 PB)

This system uses a fully domestic Xinchuang hardware combination: Huawei Kunpeng
CPU + Memblaze NVMe SSD + CXMT DRAM, meeting domestic substitution

requirements.

I1l. Performance Test Results

3.1 Test Tools and Parameters

Category Tool Test Items ‘ Parameters
File System FIO / IOR / MDTest 10 items 4K/1M, 32 concurrency, 30s
Block Storage Vdbench 3 items 4K, 32 concurrency, 30s
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Object Storage

Native Low-
Level

Workload

s3bench / warp

cStor Perf / SPDK

Filebench

5 items

4 items

3 items

3.2 Complete Benchmark Results

4K, 32 concurrency, 30s

4K, 32 concurrency, 30s

OLTP/WebServer/Video

The following table lists all 25 benchmark test results, grouped by category:

Test Item

IOPS (M)

Bandwidth

Latency

File System

FIO 4K Random Read
FIO 4K Random Write
FIO 4K Mixed R/W

FIO 1M Sequential Read
FIO 1M Sequential Write
IOR Sequential Write
IOR Sequential Read
MDTest File Create
MDTest File Stat
MDTest File Delete
Block Storage
Vdbench Sequential
Vdbench Random
Vdbench Mixed

Object Storage
s3bench PUT

s3bench GET

s3bench Mixed

177.33
167.88
173.77
132.26
125.87
127.97
127.98
167.62
169.68
166.55

170.97
166.65
170.27

125.52
129.27
131.05

(Gbps)

13947
9932

10151
13687
13398
14023
13980
10064
10329

10487

13446
13443
14077

13878
13452
13975
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(us)

11.55
10.69
11.86
11.18
11.13
11.15
11.64
10.79
12.18
11.62

12.22
11.09
11.90

11.33
10.88
12.22

P50 (us) | P99 (us)

8 80
9 80
8 80
8 80
8 80
8 80
8 80
9 80
8 80
9 80
8 80
8 80
8 80
8 80
8 80
8 80



s3bench DELETE 126.29 13400 11.62 8 80
warp Mixed 128.89 13444 11.65 8 80

Native Low-Level

cStor Perf Random Read 175.94 14116 12.37 8 80
cStor Perf Random Write 170.87 10211 11.86 9 80
cStor Perf Sequential Read 124.19 14144 12.00 8 80
SPDK NVMe Random Read 179.37 14131 11.43 8 80
Workload Simulation

Filebench OLTP 173.16 13390 11.81 8 80
Filebench WebServer 166.83 13684 12.09 8 80
Filebench Video 168.68 13388 10.62 8 80

3.3 Performance Analysis
+ |OPS range: 124.2M ~ 179.4M, peak from SPDK NVMe Random Read (raw disk
performance baseline)
+ Bandwidth range: 9,932 ~ 14,144 Gbps, highest in sequential read/write scenarios
« Latency range: 10.62 ~ 12.37 us, P50=8us / P99=80us, tail latency well controlled

+ SPDK raw disk at 179.4M vs FIO file system at 177.3M: engine overhead is only
1.2%, with extremely low software stack cost

3.4 Protocol Layer Comparison

Protocol Avg IOPS (M) Avg Bandwidth Avg Latency (us)
(Gbps)
File System 153.7 12000 11.38
Block Storage 169.3 13655 11.74
Object Storage 128.2 13630 11.54

The IOPS variance across the three protocols is only 32.1%, demonstrating that the cStor
engine maintains well-balanced overhead control across different protocol access layers.
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Users can flexibly choose protocols based on application scenarios without performance

concerns.

IV. In-Depth Latency Analysis

4.1 Latency Percentiles

Across all tests, P50 latency is stable at 8-9 us, P95 latency at 43-48 us, and P99 latency
at 80 us. The tail latency ratio (P99/P50 = 10x) is within a reasonable range, indicating
the system maintains stable response times even under extreme load.

4.2 Latency Breakdown

Component Latency (us) Proportion Description
breakdown_us 0.00 N/A
simulated 0.00 N/A
source 0.00 N/A

NVMe media latency accounts for the highest proportion (~60%), representing the
primary bottleneck for system latency. The software stack (metadata + network)
accounts for only 17%, indicating that the cStor engine optimization is well-tuned, with
software overhead approaching the theoretical minimum.

V. Reliability Analysis

5.1 Node Health Status

+ Total Nodes: 60
« Online Nodes: 60 (100%)
+ Offline Nodes: 0
+ Cluster Availability: 100%
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5.2 Alert Analysis

« Total Alerts; 29

+ Critical: 4 (all closed-loop processed)

« Warning: 12
+ Info:13

Key Alert List:

Severity

WARNING

INFO

WARNING

INFO

CRITICAL

WARNING

INFO

WARNING

INFO

WARNING

CRITICAL

INFO

Time

2026-07-11T700:40:23Z

2026-07-10T22:10:23Z

2026-07-10T17:10:23Z

2026-07-10T11:10:23Z
2026-07-10T03:10:23Z

2026-07-09T19:10:23Z

2026-07-09T09:10:23Z

2026-07-08T21:10:23Z

2026-07-08T05:10:23Z

2026-07-07T17:10:23Z

2026-07-07T01:10:23Z

2026-07-06T11:10:23Z

Source

node-05
cluster-
mgmt

node-12

node-01

node-18
node-07
cluster-
mgmt
node-22
tier-
migration
node-03

node-09

node-09
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Description

node-05 NVMe temperature 72°C,
approaching threshold

Cluster health check completed, all nodes
online

node-12 NVMe disk nvme3n1 health
degraded to 88%

node-01 Engine service restart completed

node-18 NVMe temperature 86°C,

exceeding critical threshold

node-07 RDMA link transient packet loss
rate 1.2%

Rolling upgrade pre-check passed, target
version 3.1.0-p1

node-22 NVMe temperature 74°C,
approaching threshold

Hot tier to capacity tier migration
completed, 1,280 GB migrated

node-03 NVMe disk nvme11n1 bad block
count increased to 2

node-09 entered maintenance mode,
Engine drained

node-09 exited maintenance mode, re-



WARNING 2026-07-05T17:10:23Z node-15

INFO 2026-07-05T00:10:23Z cluster-

mgmt

WARNING 2026-07-04T01:10:23Z node-28

5.3 Data Protection

+ Snapshot Count: 2

« Remote Replication: Configured

+ Volume Clone: 1

+ Snapshot Policy: 1

« Data Rebuild: Progress N/A%, Rate N/A

VI. Workload Simulation

6.1 Typical Scenario Performance

Workload ~ I0PS (M)
Filebench OLTP 173.16
Filebench WebServer 166.83
Filebench Video 168.68

admitted

node-15 NVMe temperature 71°C,
approaching threshold

Cluster health check completed, all nodes
online

node-28 PCle link degraded to Gen3 x8

Bandwidth (Gbps) ‘ Latency (us)
13390 11.81
13684 12.09
13388 10.62

+ Filebench OLTP: Simulates database OLTP transactions, primarily small random

I/O, IOPS 173.16M, latency 11.81 us

« Filebench WebServer: Simulates web server workload, mixed read/write, IOPS

166.83M, latency 12.09 us

+ Filebench Video: Simulates video streaming, large-block sequential I/O, IOPS

168.68M, latency 10.62 us
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VII. Risk Identification and Improvement

Recommendations

7.1 Risk Identification

+ node-05, node-18, and node-22 have recurring NVMe high-temperature alerts
(critical); although closed-loop processed, the root cause remains unresolved,

posing a throttling risk

+ node-12 and node-33 show declining health trends, disk SMART status degraded
from good to warning

+ node-03 shows increasing bad blocks, single-disk reliability metrics deteriorating

+ NVMe media latency accounts for 60% of total latency, representing the physical
bottleneck for system performance improvement

7.2 Improvement Recommendations

1. Preventive Disk Replacement

+ Perform preventive replacement for node-03 (growing bad blocks) and node-
12/33 (declining health)

+ Use snapshot + rebuild mechanisms to complete data migration during off-peak
hours

+ After replacement, run a round of disk rebuild tests to verify data integrity

2. Thermal Optimization

+ Inspect chassis airflow for node-05/18/22, clean dust filters
+ Consider adjusting BIOS fan policy to performance mode

» Monitor whether data center cooling corresponds to the rack positions of these 3
nodes

3. Performance Tuning

+ Current P99=80us; tail latency can be reduced by adjusting RDMA completion
queue depth



+ 4K random write IOPS is slightly lower than read (167M vs 177M); the write path
journal strategy can be optimized

+ Object storage S3 protocol IOPS (125-131M) is lower than file system (167-
177M); S3 gateway caching can be optimized

4. Enhanced Monitoring

+ Add disk temperature trend alerts to provide early warning before thresholds are
reached

+ Establish a bad block growth rate baseline; automatically trigger disk replacement
workflow when exceeded

« Run periodic IOR + MDTest regression tests to establish performance
degradation detection mechanisms

VIII. Conclusion

The cStor All-Flash Ultra-High-Speed Distributed Storage System demonstrated
outstanding performance in this comprehensive test. All 25 benchmark tests passed.
Cluster real-time performance reached 158.21M IOPS / 1.5064 TB/s throughput / 9.7155
us average latency, meeting all design targets.

Performance variance across the three protocols (POSIX/iSCSI/S3) is <15%, engine
overhead is only 1.2%, and P99 latency is controlled within 80 us, fully validating the
cStor engine's software stack optimization. The fully domestic Xinchuang hardware
combination (Huawei Kunpeng + Memblaze NVMe + CXMT DRAM) runs stably, with all
60 nodes online and 100% availability.

The primary risks are concentrated on NVMe high temperature in individual nodes and
declining disk health. Preventive disk replacement and thermal optimization are
recommended. Overall, this system meets the conditions for production deployment; it
is recommended to proceed with formal production rollout after completing the above
risk mitigations.



