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Agenda

3 Introduction: Decoupled Architecture
1 Storage & virtualization overview

3 VMware storage stack & 1/O intercept
techniques

3 Infinio solution & architecture
3 Infinio intercepts & lessons

s D ‘ 15 2015 Storage Developer Conference. © Infinio Systems, Inc.. All Rights Reserved.



Storage in 2004
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File services in front of SAN arrays Byt ﬂ | WHHHHAARRANS
(EMC Celerra and Clariion) Pk et LL LU L LA S

HP server with EVA SAN

NetApp SAN with 2 FAS Filers
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Storage in 2015. . .

But storage has just two jobs that have to get done:

 Provide the storage performance that applications need
 Provide the storage capacity that applications need

These two jobs are best done separately |
smplivity @ / y -;’“
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Infinio’s Decoupled Architecture

STORAGE CAPACITY

10x improvement Reduced performance Scale-out I/O with Reduced capacity costs
in latency costs ($/I0PS) application growth for any array ($/GB)
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General virtualization storage challenges

1 Large set of physical
machines consolidated

1 Diverse set of applications

7 More workload variety and
concentration

A Blender effect, mix of
read/write ratios
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VMware specific storage challenges

3 VM provisioning
operations mixed with
applications

3 More abstractions/layers
means less visiblility

13 Clustered locking
protocols

3 Workload mobility
(vMotion, DRS)

Virtual storage 1/0 path
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Unique VDI storage challenges

7 Capacity and performance
cost

Virtual desktop should cost less
than a physical desktop = high 1o
consolidation ratio 12000

Shared data center hardware 10000
vs. dedicated desktops w000

User experience is key - 25-75 4000
|OPs per desktop .

D VD I 2000

Desktop OS assumptions :

Impact of synchronized peaks
(e.g., boot storms, login storms,
virus scans)

C L
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Infinio Decoupled

Architecture




Infinio’s Storage 1.0 Acceleration platform

One Infinio Accelerator One Console
VM per host VM per
vCenter

vMotion network
for communication

=
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Infinio’s Storage 2.0 Acceleration platform

VM per host

One Infinio Accelerator One Console VM
per vCenter

vMotion network
for communication

3
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Infinio’s cache architecture

Global: Deduplicated:
All nodes share a single Inline deduplication across
address space VMs and hosts

1A23 D54
GH56 G4K1  S9H4
7p89

With a 5:1 dedupe rate, an 4-node Infinio cluster starts
with an effective size of 160GB and can grow much larger.
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Infinio’s global deduplication in action

VDI

U Gold images
1 Common application executables
0 Common user files
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Customer National Specialty Alloy
saw sustained offload rates of 61%

Software Development

O Source code for slightly different
versions

O Test automation on the same code

O Exemplar data
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10110 -
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| 110018 Java

A large consumer goods company saw
build time drop from 2 hours to 15
minutes

SDC
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Infinio’s directory architecture

Global R
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Infinio’s true scale-out design

O Work is shared across nodes
equitably

VMware VMware VMware

° Infinio G@ache °

Na Na RNa Q Linear performance increases as
you add more nodes

e -, e 1 Uniform distribution of work
ware ware ware ware preserved during cluster changes:

Infinio Cache
°

iy X ] Y O Add or remove a node
Ra Ra Aa O Add or remove a datastore

[ Cache contents are accessible
across nodes (but not replicated)

VMware VMware
S (ieGds - L Cache consistency is built in
RNa R
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Infinio’s operational transparency

ESXi

Datastore
configuration

h
‘ = \V/ l VM _, l VM ., l
“ ~ ’ oo::o
Snapshots and Backup Patching vMotion and
replication scripts maintenance mode

SDC
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Ul: simple, intuitive management

INFINIO accaierator Datastores Manage Caches Settings

Datastores 2 Weeks

Total Read Requests Offloaded o

6 ISCS]-phySica|2-1 Disable Acceleration The total number of requests offloaded from storage for
all accelerated datastores. Showing 1 hour intervals over

the past 5 days. .

89% of read reg/s experienced a 0.8ms cache response time. Respanse Time [mifczifegs L@t i ez Rerie L
®816.6 read reg/s total  ® 729.0 read reg/s offloaded by cache 4.0m5 average 1700 read rea/s Global statistics for
0.8ms from cache hits {89% of reads) i I S ~1 all accelerated
I 1866 reads/s | i
: ) p A 30.7ms from cache misses (11% of reads) LA PR, datastores
: J f | 850 v
/ .: £ 4 -
Sa Ba M 1p
©) iscsi-physical2-2 Disable Acceleration 85% 1173.5/s
Percentage Offloaded Dffload Rate
88% of read reg/s experienced a 0.9ms cache response time. Response Time
#335.6 read regfs total  ® 294.4 read reqfs offloaded by cache 4.4r‘n5 average
557 readsrs 0.9ms from cache hns.{BS% of reads) . Peak Effective Cache Size (]
" 29.4ms from cache misses (12% of reads) The peak effective cache size aggregated using 15 minute .
Y . Y intervals across Accelerator caches in the last week. .

J . \ A - N 03 ol 1011 CB) o /1 Global view of the

y . . s 1‘2:;’::”5'(3 s ] S 2 i peak effective
| cache size.
ENEEEEEEEEE o
© iscsi-demo1-1 Accelerate B> EEEEEEEEE Deduplication
benefit at-a-glance
[ - Memory allocated to the caches (23GB total)
B - Deduplication benefit (171.11GB total)
©) iscsi-dgmo1-2 Accelerate B>
® Results for the accelerated datastore. Single- ® Single click to accelerate a new datastore.

click to disable acceleration.
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VMware Storage &

Intercept Techniques




Virtual storage block I/O path

Application

File System

VAV,

Device Driver

Guest VM

Virtual HW

VMFS

Core Storage

VMkernel

Port Drivers

(W VAV,

Storage Switch

Storage
Controller

_ T
P symem
scs
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[storage Swich
|

Storage

Storage

Device
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Virtual storage NFS NAS I/O path

Application
File System

Device Driver

VAV,

Guest VM

Virtual HW

NFS Client

Network Stack

VMkernel

NIC Drivers

LV VAV,

Storage
Controller

_ T
P symem
scs
|

o
[ hicoes |
s sorver |
[

Storage

Storage

Devices
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VAAI

d T-10 primitives to offload VMware

vStorage APIs for server resource intensive storage
Array Integration operations to array
3 Primitives
Xcopy
AP Write-Same
Trim/Unmap

Compare-and-Swap

| | |
Ei Ei Ei 0 Snapshots

Disk Array a All filter types/storage intercepts
must carefully consider

i
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Intercept techniques

3 Not explicitly covered:
Para-virt in guest interface
Proxy device

3 Virtual Appliance

a9 VMkernel Drivers

3 PSA Plug-in

3 VAIO
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NFS Intercept — virtual appliance

. __ ==
S - =’
— File System
(7)) _-""\
) ) ]

é .. -
? Virtual HW
_ ﬁ -
= B NFES Client -
g =
s =
g NIC Dri ;
rivers
\-“‘/
|
. s Server_
(@]

-

© @

i1

= @

> < Pass-thru

Hardware

g

S D ‘ 15 2015 Storage Developer Conference. © Infinio Systems, Inc.. All Rights Reserved.

¥ B




Infinio V1.0 NFS Intercept

NFS Datastore

VM Kernel Port

Infinio Private Private NIC
VM Port Group Virtual
P (Virtual)
Infinio

Accelerator

NES Volume Vmnic (Physical)
(Physical)

Private NIC
(Virtual)

Infinio Public

VM Port Group T—— _
vSwitch
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Lessons: Virtual Appliances

a3 Virtual Appliance
Simplest to implement
Typically an NFS Server
Heaviest resource usage, least balanced
VM scheduling & context switch on 1O operation
Fewest constraints

3 Infinio-specific lessons:

Extra overhead — context switch on all I/0Os
Datastore offline events
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ESX Kernel drivers

Vmklinux driver model

VMkernel

SDC

ESX 5.5 Native Driver Model

VMKernel
vmklinux

Legacy Driver

VMkernel

Hardware

VMKernel

Native Driver

Hardware
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Pluggable Storage Architecture (PSA)

v5C5I

VMFS

SCSI Class Driver

SCSI Port Drivers

Hardware

1o
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Block-based storage path

Path Selection Policy (PSP)
i.e. Round Robin, Fixed, MRU

Hypervisor
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Infinio PSA Intercept

Hypervisor
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Infinio’s 2.0 PSA Intercept

-~ VvMotion Network -

O "N\ ,,¢> O

Hypervisor

SDC
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Lessons: PSA

7 Harder to implement

Less Context - intercepting SCSI commands
Efficient; runs on the VMkernel Userworld thread

Care must be taken on potential collisions
7 Out of band operations such as VAAI
7 Multi-host VMFS meta-data blocks and protocols
7 Shared Writer VMDKSs

Constrained, kernel-mode environment

3 Infinio specific lessons
Good results, better product with much lower latency

71 No context switch on cache miss or writes

Getting VAAI, VMFS metadata handling correct added
significantly to development time
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VAIO Architecture

User World

File Device Layer
VAIO Framewaork

Kernel World

|
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VAIO Architecture

User World

vSCSI Device |

IO Filter

vSCSI Backend

File System Layer

File Device Layer
VAIO Framewaork

Kernel World

Master
Daemon
User World

Master Daemon Filter

vFFS/VMFS-L

Concatentation

VMK Device Drive

Flash Media
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VAIO

ad Library Instance Filter
Runs in User Space; Instance per VMX Userworld

Filter per VMDK
Upcall above storage stack, below VM/ESX File System

Event call backs — Snapshots, vMotion
C Language

d Master Daemon Filter
Peer to LI Filter, one per volume/datastore
Intended for shared resources spanning LI Filters
Separate Cartel/Userworld
IP Sockets and limited shared memory

VFFS
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Infinio’'s Cache VM

”)
‘) Guest

Space
Cache VM User VM I i
User
Space
Kernel
Storage Space

Stack
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Infinio’s VAIO-based architecture

Cache VM

User VM

Guest
Spac

Master
LI VAIO | Daemon

User
Spac

SDC

Storage
Stack

Kernel
Space
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Lessons: VAIO

3 Library instance vs. Master Daemon
Context Switch
Shared Memory vs. Data copy
Threading model
Resource bookkeeping

7 Moderate constraints, improved robustness

3 Infinio Learnings:
|O Stack intercept simplifies VAAl/meta-data handling
Events simplify vMotion/Warm vmotion
Intercept overhead is better than VSA, close to PSA
Cache hit times benefit from VSA elimination
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Summary/Conclusions

a Per I/O latency & throughput, scale all matter
0 VM/VSA

Richest environment, most overhead
3 PSA/Driver

Most constrained environment, least
overhead

3 VAIO
Strong hybrid — less constraints, low overhead
VM granularity 5
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