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= Storage architectures and trends

= Benefits of SDS and Composable architecture
= Data center environment

= Enterprise storage workloads

= Qur test methodology
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Infrastructure evolution and impact on Storage
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Storage Architecture trends

HCI

D.D D;D
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» Established technology » Economic

» Proven reliability » Easy to manage- Rapid
» Lack of central mgmt. Deployment

» Inefficient » Commodity box (vendor
» Inflexible specific)

» Fixed Building blocks
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Composable

B8

App centric

Pools (Disaggregated)
Lower Capex/Opex
Scale-out architecture
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Cloud Storage architecture

Scale-Out m_ m EEE EEE

Orchestrator

Software Defined Storage

Hypervisor/Orchestrator

4 Compute only nodes E Storage only nodes i A
= o C—0 C 0 c oo & o
LR | = || SR =338
! ! cPU cPU cPU cPU
o Hardware Pool J
v" Anything as a service v" Virtual everything
v' Shared resources v' Compose based on usecase
v Self-contained and stateless v' Scale on demand

v" Centralized control
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Benefits of Software Defined Storage

%  Cloud native:

o,
0.0

.
0.0

Cloud native deployment - Availability, Scalability, Performance(Distributed), Consistency,
Durability

Plethora of storage services — Thin provisioning, Dedup, Replication, Zone(HA), Self healing
Unified platform — No vendor lock, Multiple drivers supported, Platform agnostic , Resource
aggregation
Centralized API driven storage consumption - On-demand storage resources

< Abstract the underlying storage complexities

<+ Whole storage lifecycle management (Creation, access, destruction)
Industrywide collaboration and development

<+  App centric:

°,
0.0

°,
0.0

Storage characterization using policy based 10 — QoS, tiering, Provisioning, data protection, life
cycle management

Profile based workflow orchestration — Provision/Decompose, consume, move/grow/shrink and
manage

Real — Focus on real world requirements

<«  Simple

°,
0.0

°,
0.0

Ease of deployment (containerized / Virtual environment)
Focus on Application development and not worry of deployment
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Why is composability needed?
[ ) | ?ﬁ—ﬁ_ﬁﬁ %g y

Composable

(CoooN oo ocoon)

4Vs — Value, Velocity, Variety, Volume » Server limitations (slots, config etc)
Diversity of application workloads » Speed of deployment and scale
Avoid Underutilized resources

Application cannot generate so much 10
that a device can consume

Y V VY V
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Data Center Environment

Edge Proxy APl Gateway  Micro services Store
Search ( L : MySQL
ELB [ +Recommend Business Cassandra
—— ALl : | Service AWS S3
L= Play | -
O - Active ELK
qé [ - Last Pos Cachi
3 ) S —><Event streams< > e
S D Login memcached
S Redis
» Multi tenancy » Multiple Storage endpoints
» Multiple streams » Multiple Storage services(SDS)

» On demand micro-services » Real time analytics
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Data pipeline commonalities across data centers

Ingestion
Data Mgmt Classify Model, Validate
ERP
Data Bases Data Warehouse
nsigh
CRM Data lake(s) Data
Social Unsguaured Data Wrehouse Business User
ata N
Audio Structured
Video
Data
Devices
Sensors Data lakehouse Prep, Evaluate
Logs

» Multiple sources (ever growing) > Multiple streams from the same data source
» Multiple consumers » Multiple storage points
» Multiple workloads (App based) > Data undergoes a lot of change
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Enterprise Storage Workloads and Our Test
Methodology

STORAGE DEVELOPER CONFERENCE
R
10 | ©2021 Storage Networking Industry Association ©. Samsung. All Rights Reserved. vs D @



Enterprise storage workloads

Classification of Applications

:

!

Software Defined

Databases Storage
@
SQL In Memory DB MNo SQL Q

@,, @@ redis ~BTE Mimongaiii

cassandra

’f‘ RocksDB

L b

, l l

Containers Media Streaming Virtualization

AlMLHPC Big Data and
Workloads Analytics

=INO :}'j(VM theano FILTOA S

@xnet

dock s .
ccker i vpg (;nu Other Proprietary & .k\, %wah: Sp'diz

H
2

Primary

Online Transaction Processing
(Databases)

rvisors

Online Transaction

Server Virtualization

Processing(OLTP)

VDI

~8k block size
25% read, 75% write

~80 % random

Email/Messaging

Secondary

Backup and recovery

Server Virtualization

Big Data/Analytics

High-Performance Computing

Mostly Random (due to I/O blender effect in a
virtualized environment)

Read/Write% and Block Size depends upon
the application running on the VM

Emerging

Media and entertainment

Online analytical

Cloud-based services

Processing (OLAP)

Al/ML

~64k block size
75% read, 25% write

~80% sequential
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ESXi
SQL Server MINIO

[
qu f‘"(\z vmware ;? :
[

= e
Server/Storage
* Real World Enterprise Storage workloads consist of » The IO access pattern changes at each layer of software
multiple mixed applications like Databases, abstraction such as - operating system activities, fragmentation,
Analytics Platforms, Server Virtualization, VDI etc. merging, compression, encryption, deduplication, virtualization
etc.
+ Typically these applications are deployed on
virtualized hypervisor based platforms » 1/0 generated to storage is a constantly changing
combination of IO access patterns with varying Queue
« Each application has a unique 1/O request profile Depths, Idle times, 10 bursts and |0 block size
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Enterprise Storage Test recommendations

v Emulate data center environment and applications as close to production, to uncover complex
issues

Create tests using generic data sets, data streams, and workflows designed to model real world workloads
* Acquire historical production data for workload profiling
« Simulate the I/O profiles of a production environment

Test with locality and hot spots

Test with enterprise features like deduplication, compression, snapshots, clones and so on

Test performance impact of virtualization, scale out etc.

Generate load to adequately stress the performance capabilities of the storage

x  Corner tests and benchmarks are not enough
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Limitations of testing with standard tools

3 Sys Be

» Traditional benchmarking tools used for Benchmarking tools for testing
testing block storage applications like databases etc.

/m VDBENCH EIO\

* Designed for measuring read/write

Synthetic tests
performance of HDD disk drives

Predefined tests with limited control
+ Single or few I/O access patterns

Limited load generation
» Cannot realize production environment

test patterns » Tedious task of preparing scalable

. load test environment
* No micro burst control

Application Testing

Block Testing
k Functional Tests / Q/stem | Integration Testy
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Enterprise test challenges and solution

« Continuously evolving application workloads / _ \
A Test Solution that enables:

* Learning IO patterns from newer/modern

applications is highly time consuming v Real world emulation/simulation
v New Applications/Workloads targeted
for enterprise flash storage

» Testing a broad range of storage products at

once is a big challenge v |0 Patterns that standard tools can’t
create fast enough

» Setting up data center software stack takes

long time Old
Apps

New
Apps

&2

« Big challenge to generate, debug and
reproduce workloads

Mix-Application Testing
Real world Tests /
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Test Framework

Client
Services & & Client containers on Docker Swarm/Kubernetes for Load generation

Services

Access [ Bioek | Fe ] R — -
/4 \

T, Intelligence Services ‘|
I e | Ropiciion | ool | eaciop | lonng | Migwion | reo [ ,
Storage : : 1 ELK Loggi I
: : |
: |
., r_-_-_-_-_-_-_-_-_-_-_-_'_'_'_""""""15 : Visualization | ML/AI H
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. 1 1 [
Providers [ | [Everss | [ Telemety ]|
N e e ,/
Bare Metal VM Containers
Orchestrator p— .
+: openstack kubernetes
I Storage Access " : r :
I 1 1! CPU I
H/W :. ZNS LUN JI : : NUMA pinning :
SAN DAS : CPU GPU
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Framework features

v' Composability
* H/W composability with Openstack
* Container Orchestration with Kubernetes, Docker

v' SDS Providers
»  Support for multiple providers(Ceph, Minio etc.)

v' Support for diverse workloads
* NoSQL/SQL Databases, Analytics applications, Streaming applications

v' Load generation
* Client services on Docker Swarm cluster

v Log collection and Visualization
* Workload analysis with blk_trace
* Log collection and disk statistics collection with logstash and metricbeat
* Visualization with ELK Kibana

v" Workloads supported
* Online Transaction Processing
« Big Data/Analytics
* Media Streaming
* Video Surveillance
* Machine Learning
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Media Streaming Workload

Containers on Docker Swarm/Kubernetes

Firefox Firefox Firefox Firefox Firefox
Streaming Streaming Streaming Streaming Streaming
Client Client Client Client Client

Network Switch
Nginx Media Nginx Media Nginx Media
Server 1 Server 2 Server N

Load Balance/HA

MinlO MinlO MinlO MinlO
node-1 node-2 node-3 node-N

MinlO Distributed Instances

kubernetes

e =

Server/Storage
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Emulation datasets are small, in comparison to huge Real
world datasets

Storage utilization is low, when the entire emulation data
set fits into system memory. The dataset is read from
storage only once and subsequent reads, it is read from
system memory

Limiting resources(memory etc.) of the VMs/Containers,
helps in accurately modeling Real world environment
Resulting in drastic increase in the storage utilization
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Real World 1/O Access pattern

Access Random/ Block | Read/
Workload Pattern Sequential Size | Write [IO Count
RND 4K R SEQ 4096 R 3598
RND 16K R [SEQ 16384 |R 256
Media RND 32KR [SEQ 32728 R 101
Streaming
wh RND 64K R [SEQ 65536 |R 129
MinlO
RND 128K R [SEQ 131072 |R 99163
RND 256K R [SEQ 262144 |R 130

Media streaming on Minio Object Store

Diverse 1/O access patterns created by Real World Applications

Access Random/ Read/
Application Pattern Sequential |Block Size| Write |10 Count
RND 16K R RND 16384 R 1213
RND 4K W RND 4096 W 1515
RND 8K W RND 8192 W 368
RND 12K W RND 12288 W 215
RND 16K W RND 16384 W 1279
RND 20K W RND 20480 W 49
MySQL RND 24K W RND 24576 W 31
RND 28K W RND 28672 W 15
RND 32K W RND 32768 W 20
RND 36K W RND 36864 W 16
RND 40K W RND 40960 W 15
RND 256K W  |[RND 262144 |W 12
RND 1024K W |RND 1048576 |W 4

Web Store on MySQL Database
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Heavy Load generation

Disk I0Stats
15000
M Read KB/s M Write KB/s

12500

il IJU' il

18:04:00.000 18:05:00.000 18:06:00.000 18:07-00.000 18:08:00.000 18:09:00.000 18:10:00.0

0

2,321.955 1,365.081

Total Read MB Total Write MB

Load generation by HammerDB
On a HammerDB warehouse on MySQL

Disk I0Stats
35000
MRead KB/s MWrite KB/s
30000

25000

20000

15000 |
|
10000
5000 |

0
20:04:00.000 20:05:00.000 20:06:00.000 20:07:00.000 20:08:00.000 20:09:00.000 20:10:00.000

5,090.703 1,892.047

Total Read MB Total Write MB

Load generation by Jmeter docker services
On a Webstore on MySQL
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Video Surveillance Workload

Real Time Load Generation - Video Surveillance

Sep 13,2021 @ 11:36:46.106 — Sep 13, 2021 @ 11:40:32.828

Load Generation - Disk 10 Stats Access Pattern - Block Size Access Type: SEQ0)/RND(1)

Septemiber 13th 2021, 1258:26.596 e September 13th 2021, 12:58.26.5% _
B \Wite KBJs Read Biock Size (KB) [Write Block Sz (KE) (8) RND Read (1) (1.0) BIRND Wite (1) (1.0) BI SEQ Red (1) (00 SEQ Wit (0] (0.0)

Dacker Containers on Docker Swarm/Kubernetes

IP Camera IP Camera IP Camera IP Camera IP Camera IP Camera IP Camera
Read Summary Write Summary

0 13,609.971
Total Read MB Total Write MB el v ¥ AecesType (RN... + Total 10 Netwaork Switch
l

8 SEQ 20 !
i
! i
H i i i :
4 SEQ Video video Video Video Video Video
Management Management Management Management Management Management Management
RND Software Software Software Software Software Software Software

i Virtual Machines E openstack

RND
RND

RND
Server/Storage
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Real Time Load Generation - Machine Leaming

Access Pattern - Block Size

Read Summary

3,315.097 )

) Block Size (KE)
Total Read MB Total Write MB

Sep 13,2021 @ 15:01:11.776 — Sep 13, 2021 @ 15:03:09.817

Access Type: SEQ0)/RND(1)

September 13th 2021, 15:03:07.029
Read Black Size (KB) (72) [ Write Block Size (KB)

Wite Summary

~ Access Type (RND/SEQ)  ~ Total 10

128

128

120

756
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RND Rezd (1) B (hidden) RND Write (1) BISEQ Read (0) [ ihidden] SEQ Wite (0)

Image Classification
Using the ImageNet
dataset containerized
on top of our test
framework

=SDC



Conclusion

» Continuous growth in storage technologies and applications call for new methodologies for
testing enterprise storage

» Standard benchmarking tools cannot generate real world application I/O access patterns
and are insufficient for testing enterprise storage

» With Containerization and SDS, it is possible to emulate real world behavior of enterprise
applications

* Our test environment helps to mimic real world workloads and identify real world defects in
early development stages

i
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Future Work

» Enable real world 1/O Profiles — For e.g. Workload Modeling with load generator
parameterization

 Identify other client load generation tools and enable scale out testing using
containerization

 Enable additional workloads like Server Virtualization/VVDI etc.

» Enable and Support SDS features like deduplication, compression, snapshots, clones,
replication and so on
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Please take a moment to rate this session.

Your feedback is important to us.
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