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Storage Spaces Direct is softwadefined,
shared nothing storage.
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Use industrystandard hardware to build
lower-cost alternative to traditional storage.
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Storage Spaces Direct

Deployment
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B Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help

H & g x» fH & } B W & 7] th B .
PS C:\> Get-PhysicalDisk -CanPool $True | Sort Model So—
FriendlyName SerialNumber CanPool OperationalStatus Healt # Create Cluster
New-Cluster -Name "Demo" -Node 43B@9-17-1, 43B09-17-2, 43B09-17-3
ST91000640NS 9XG9M3SC
ST91000640NS 9XGOMART True # Enable Spaces Direct
ST91000640NS 9XGOM2TZ True Enable-ClusterStorageSpacesDirect
ST91000640NS 9XGOL1XA True
TOSHIBA THNSNJ8@ 262S1008TMFW True # Create Volumes
TOSHIBA THNSNJ80 25GS1802TMFW True 1..5 | ForEach {
New-Volume -Size 50GB -FriendlyName "Volume $_" -FileSystem CSVFS_ReFS
}
# Scale-Out

Add-ClusterNode -Name 43B©9-17-4

# Scale-In
Remove-ClusterNode -Name 43B09-17-1 -CleanUpDisks

# List Cluster Nodes
Get-ClusterNode

# List Unpooled Drives
Get-PhysicalDisk -CanPool $True  Sort Model

# List Pooled Drives
Get-StoragePool S* | Get-PhysicalDisk | Sort Model

Completed Ln 23 Co|45 200%
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& Administrator: Windows PowerShell ISE
File Edit View Tools Debug Add-ons Help
H 4 g x» o ™ nNe i B .

ATA TOSHIBA THNSNJ80 262S1008TMFW True
ATA TOSHIBA THNSNJ80 25GS1002TMFW True

PS C:\> New-Cluster -Name "Demo" -Node 43B99-17-1, 43B09-17-2, 43

WARNING: There were issues while creating the clustered role that
from starting. For more information \

WARNING: Report file location: C:\Winc

Demo on 2016.07.17 At 13.19.32.htm

Name

Demo

PS C:\> Get-ClusterNode

Name

43B09-17-1
43B09-17-2
43B@9-17-3

Demopst X

# Create Cluster
New-Cluster -Name "Demo" -Node 43B©9-17-1, 43B09-17-2, 43B09-17-3

# Enable Spaces Direct
Enable-ClusterStorageSpacesDirect

# Create Volumes
1..5 | ForEach {
New-Volume -Size 50GB -FriendlyName "Volume $_" -FileSystem CSVFS_ReFS

# Scale-Out
Add-ClusterNode -Name 43B©9-17-4

# Scale-In
Remove-ClusterNode -Name 43B09-17-1 -CleanUpDisks

# List Cluster Nodes
Get-ClusterNode]

# List Unpooled Drives
Get-PhysicalDisk -CanPool $True | Sort Model

# List Pooled Drives
Get-StoragePool S* | Get-PhysicalDisk | Sort Model

Ln2o Col16
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B Administrator: Windows PowerShell ISE
File Edit View Tools Debug Add-ons Help
H 4 (]

PS C:\> Get-StoragePool S* | Get-PhysicalDisk | Sort Model

EN N ™

7-13.23.04.483.htm

FriendlyName

ST910006
ST910006

40NS
40NS

ST91000640NS
ST91000640NS
ST91000640NS
ST91000640NS
ST91000640NS
ST91000640NS
ST91000640NS
ST91000640NS
ST91000640NS
ST91000640NS

TOSHIBA
TOSHIBA
TOSHIBA
TOSHIBA
TOSHIBA
TOSHIBA

THNSNJ80
THNSNJ80
THNSNJ80
THNSNJ80
THNSNJ80
THNSNJ80

SerialNumber CanPool OperationalStatus Healt

9XG9M4L3
9XGIMACK
9XGIM2TZ
9XGOMART
9XG9M3P4
9XGIM3SC
9XG9M310
9XGIL1XA
9XGIMABA
9XG9M3RB
9XGIM2V6
9XGIM2QN
25GS1004TMFW
25GS1006 TMFW
26251003TMFW
25GS1002TMFW
2625100CTMFW
26251008 TMFW

Demopst X

# Create Cluster
New-Cluster -Name "Demo" -Node 43B©9-17-1, 43B09-17-2, 43B09-17-3

# Enable Spaces Direct
Enable-ClusterStorageSpacesDirect

# Create Volumes

1..5 | ForEach {
New-Volume -Size 50GB -FriendlyName "Volume $_" -FileSystem CSVFS_ReFS

# Scale-Out
Add-ClusterNode -Name 43B©9-17-4

# Scale-In
Remove-ClusterNode -Name 43B09-17-1 -CleanUpDisks

# List Cluster Nodes
Get-ClusterNode

# List Unpooled Drives
Get-PhysicalDisk -CanPool $True | Sort Model

# List Pooled Drives
Get-StoragePool S*  Get-PhysicalDisk Sort Model]

Ln26 Col 51
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Scale Out File Server (SoFS)
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Hyper-Converged
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NEW! SQL Server 2016
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Storage Spaces Direct

Scale Out
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& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
B4 g x»x 9 ™ y B W & 8.

Demopst X

ST91000640NS 9XGOM4BA
ST91000640NS 9XGOM3RB
ST91000640NS 9XG9M2V6
ST91000640NS 9XGOM2QN
TOSHIBA THNSNJ8@ 25GS1004TMFW
TOSHIBA THNSNJ8@ 25GS1006TMFW
TOSHIBA THNSNJI8@ 262S1003TMFW
TOSHIBA THNSNJ8@ 25GS1002TMFW
TOSHIBA THNSNJ80 262S100CTMFW
TOSHIBA THNSNJI80 262S1008TMFW

# Create Cluster
New-Cluster -Name "Demo" -Node 43B©9-17-1, 43B09-17-2, 43B09-17-3

# Enable Spaces Direct
Enable-ClusterStorageSpacesDirect

# Create Volumes
1 5 Forkach {
New-Volume -Size 50GB -FriendlyName "Volume % " -FileSystem CSVFS_ReFS

H

# Scale-Out

PS C:\> 1..5 | ForEach {
Add-ClusterNode -Name 43B©9-17-4

New-Volume -Size 50GB -FriendlyName "Volume $ " -FileSystem CS

# Scale-In

DrivelLetter FileSystemLabel FileSystem DriveType HealthStatus Ope Remove-ClusterNode -Name 43B09-17-1 -CleanupDisks

Volume i Healthy
Volume i Healthy
Volume i Healthy
Volume i Healthy
Volume i Healthy

# List Cluster Nodes
Get-ClusterNode

# List Unpooled Drives
Get-PhysicalDisk -CanPool $True | Sort Model

# List Pooled Drives
Get-StoragePool S* | Get-PhysicalDisk | Sort Model

Completed Ln 1 1 COI 2
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B Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
B & g x»> 9 ™ P B » | &

[
L]

Demopst X

PS C:\> Add-ClusterNode -Name 43B09-17-4
# Create Cluster

New-Cluster -Name "Demo" -Node 43B©9-17-1, 43B09-17-2, 43B09-17-3

PS C:\> Get-ClusterNode

# Enable Spaces Direct

Name )

. Enable-ClusterStorageSpacesDirect

43B09-17-1

43B09-17-2 # Create Volumes

43B09-17-3 1..5 | ForEach {. . ) - |

43B09-17-4 New-Volume -Size 50GB -FriendlyName "Volume $_" -FileSystem CSVFS_ReFS
}
# Scale-Out

PS C:\> Get-PhysicalDisk -CanPool $True | Sort Model Add-ClusterNode -Name 43B09-17-4
# Scale-In

FriendlyName SerialNumber CanPool OperationalStatus Healt )
Remove-ClusterNode -Name 43B09-17-1 -CleanUpDisks

ST91000640NS 9XG9M4S7
ST91000640NS 9XGO9M3P6
ST91000640NS 9XGOM45A
ST91000640NS 9XGSM4AWD
TOSHIBA THNSNJI80 262S1006TMFW
TOSHIBA THNSNJ8@ 25GS1007TMFW

# List Cluster Nodes
Get-ClusterNode

# List Unpooled Drives
Get-PhysicalDisk -CanPool $True  Sort Model

# List Pooled Drives
Get-StoragePool S* | Get-PhysicalDisk | Sort Model

Completed Ln23 Col4s 200%
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Under00:15of realworld time.
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ANNOUNCING 2 -NODE SUPPORT
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Simple Scalablility and Expansion

From 2 6 16 servers, and up to over 400 drives

Over 3 PB of raw storage per cluster

Add servers to scale out

Add drives to scale up

Pool automatically absorbs new drives

Better storage efficiency and performance at larger scale
Converged design greatly simplifies procurement

No special hardware or cablesd just Ethernet




@ NOOH3dAH

Simple Scalablility and Expansion

v From 29 16 servers, and up to over 400 drives

v Over 3 PB of raw storage per cluster

v Add servers to scale out

v Add drives to scale up

v Pool automatically absorbs new drives

v Better storage efficiency and performance at larger scale
v Converged design greatly simplifies procurement

v No special hardware or cablesd just Ethernet
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Performance
Fault Tolerance
Efficiency
Manageability

Cost




& Administrator; Windows PowerShell ISE

Hie Edt View Tools Dsbug Add-ons  Help

N &0 0 x|® x| NN AN & o
PS C:\»

<#

DISKSPD - VM Fleet

Copyright(c) Microsoft Corporation
All rights reserved.

SN YU B W N e

#>

v

'string](get-date)

[y
-

# buffer size/alignment, threads/target, outstanding/thread, wri-
$b = 4; $t = 1; %0 = 32; 3w = 10

[
w N

[y
F S

# io pattern, (r)andom or (s)equential (si as needed for multithi
%p - Ir‘l

n

¢

1
16

ft ek
0o~

# durations of test, cooldown, warmup
$d = 30 " 68; %cool = 30; 3warm = 606

O

® W

$addspec = 'base'

$result = "result-b$($b)tP(5t)od(S0)wd(Sw)pS($p)-$(Saddspec)-3(g
$dresult = "1:\result"

$lresultf = join-path "c:\run" %$result

$dresultf = join-path $dresult $result

# cap -> true to capture xml results, otherwise human text
$cap = $false

W oo NNOYWU B w N e

### prior to this is template

W NN VNN NN NN -

(an]

2if ( t (gi $dresultf -ErrorAction SilentlyContinue)) {

N

w w w

(F8)

if ($cap) {

o | R EF . ~f

-
©
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AL

Hybrid

SSD

All-Flash

+ HDD SSD Only

Or

You must have someflash. Why?

POCITACOVA.SKOLA.CZ
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Spinning rust can only do about 75 random IOs per s

Assumes minimal queueing and industry-standard 7200 RPM devices.

CITACOVA.SKOLA.CZ
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Random /O

Optimized

POCITACOVA.SKOLA.CZ
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Storage Spaces Direct can achie@@0+ |IOPS / HDL

CITACOVA.SKOLA.CZ
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Regular SSD




@ NOOH3dAH

Intel P3700
800GB NVMe SSD

$1,999

$2.49/GB

Vs

CITACOVA.SKOLA.CZ

Intel S3700
800GB SATA SSD
$1,425

$1.78 | GB
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Random 4K IOPS / Node
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Random 4K IOPS / Node

324,018

RESE €9 GOPAS

3.4x More
IOPS
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Intel P3700
800GB NVMe SSD

$1,999

$6.16 / 1K IOPS

Vs

CITACOVA.SKOLA.CZ

Intel S3700
800GB SATA SSD
$1,425

$14.90/ 1K |
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CPU /100,000 IOPS

POCITACOVA.SKOLA.CZ




@ NOOH3dAH

CPU /100,000 IOPS

POCITACOVA.SKOLA.CZ
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Our record to date i1s ovel6,000,000 IOPS.

100% 4k Read, N = 16, 4 X P3700 NVMe / Node, Intel Xeon E5 2699v4, Chelsio 4

CITACOVA.SKOLA.CZ




New Record

1 Tbh/s Throughput
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Activate Windows
Go to Settings to activate Windows.
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OVER 1 TERABIT PER SECOND.

1 terabit = 125,000,000,000 bytes.

CITACOVA.SKOLA.CZ
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English Wikipedia i41.5 GB

Uncompressed. Excludes embedded media and markup-metadata.

I JERESE €9 COPAS
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Review

6,000,000 IOPS
Built-In, Always On Cache
Unlocking NVMe

1 Tb/s Throughput
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Performance
Fault Tolerance
Efficiency
Manageability

Cost




@ NOOH3dAH

Drive Fault Tolerance

Up to 2 simultaneous drive failures
Data stays safe and continuously accessible
Automatic and immediate repair

Single-step replacement
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Drive Fault Tolerance

Up to 2 simultaneous drive failures
Data stays safe and continuously accessible
Automatic and immediate repair

Single-step replacement

@ All data remains safg

POCITACOVA.SKOLA.CZ
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Drive Fault Tolerance

Up to 2 simultaneous drive failures
Data stays safe and continuously accessible
Automatic and immediate repair

Single-step replacement
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Drive Fault Tolerance

Up to 2 simultaneous drive failures
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Single-step replacement




@ NOOH3dAH

Drive Fault Tolerance

Up to 2 simultaneous drive failures
Data stays safe and continuously accessible
Automatic and immediate repair

Single-step replacement
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Storage Spaces Direct

Drive Lifecycle

I JERESE €9 COPAS




& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
i a » il » | B8 | [= .

Scriptps1 X ~

$Cluster = Get-StorageSubSystem Cluster®
$volumes Get-StoragesSubSystem Cluster® Get-volume

Get-ClusterNode

Get-StoragePool S2D* Get-PhysicalDisk | Group OperationalStatus -NoElement
Get-StoragePool S2D* Get-PhysicalDisk Sort Model, OperationalStatus

S IOV B WN -

O 0

Get-VvirtualDisk

o

§Cluster | Debug-StorageSubSystem
$volumes | Debug-volume

=

aOunbHswnN -

Get-Storagelob | ? JobState -Eq Running

]
1
1
1

PS C:\>

Get-PhysicalDisk -Usage Retired

Completed Ln1 Col9 180%







& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
B4 a x» 0 » B = | 8 B .
Script.ps1 X ~

$Cluster = Get-StorageSubSystem Cluster®
$volumes Get-StoragesSubSystem Cluster® Get-volume

Get-ClusterNode

Get-StoragePool S2D* Get-PhysicalDisk | Group OperationalStatus -NoElement
Get-StoragePool S2D* Get-PhysicalDisk Sort Model, OperationalStatus

SOV B WN -

W0

Get-VirtualDisk

|

$Cluster Debug-StoragesubSystem
$volumes Debug-volume

=
o

Get-Storagelob | ? JobState -Eq Running

OO WwWN -

=

Get-PhysicalDisk -Usage Retired

Count Name

PS C:\> Get-VvirtualDisk

FriendlyName ResiliencySettingName OperationalStatus HealthStatus IsManualAttach Size
Mirror 104 GB
Mirror 104 GB
Mirror Healthy 104 GB

Completed Ln10 Col 1 180%




& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
B4 a x» 0 » B = | 8 B .
Script.ps1 X ~

$Cluster = Get-StorageSubSystem Cluster®
$volumes Get-StoragesSubSystem Cluster® Get-volume

Get-ClusterNode

Get-StoragePool S2D* Get-PhysicalDisk | Group OperationalStatus -NoElement
Get-StoragePool S2D* Get-PhysicalDisk Sort Model, OperationalStatus

S IOV B WN -

W0

Get-VirtualDisk

o

$Cluster Debug-StoragesubsSystem
$volumes Debug-volume

=

Get-Storagelob | ? JobState -Eq Running

aOunbHswnN -

=

Get-PhysicalDisk -Usage Retired

Count Name

1 Lost Communication

PS C:\> Get-VvirtualDisk

FriendlyName ResiliencySettingName OperationalStatus HealthStatus IsManualAttach Size
Mirror Incomplete warning 104 GB
Mirror Incomplete warning 104 GB
Mirror Incomplete warning 104 GB

Completed Ln10 Col 1 180%




& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
i g » y B = | 8 B h 8 .
Scriptpsl X

ter = Get-StorageSubSystem Cluster®
1es Get-StoragesSubSystem Cluster® Get-volume

4 e

Clust
VO [ un

u
1

Get-ClusterNode

VB wnN =

Get-StoragePool S2D* Get-PhysicalDisk | Group OperationalStatus -NoElement
Get-StoragePool S2D* Get-PhysicalDisk Sort Model, OperationalStatus

o

-~

0 00

Get-VvirtualDisk

o

$Cluster  Debug-StorageSubSystem
$volumes | Debug-volume

[

-
OOV S WwWN -

Get-Storagelob | ? JobState -Eq Running

=

Get-PhysicalDisk -Usage Retired

PS C:\> $Cluster | Debug-StorageSubSystem

Severity: Critical

Reason : Connectivity has been lost to the physical disk.

Recommendation : Check that the physical disk is working and properly connected.

Location : Redmond Campus, Building 43, Test Lab, Rack C11, 431217c11-19, Storage Scale Unit '431217c11-19', Dell Inc., Powertdge
R730xd, 66DXP22, DP BP13G+EXP, DP, BP13G+EXP, Slot pOS'ition: 'Slot 6'

Description : Physical Disk 'ATA ST4000NM0033-9zM'. Manufacturer 'ATA', Model ‘'ST4000NM0033-9zM', Part Number 'Not available', Serial
Number 'S1Z19PFH'

Completed Ln70 Col9 180%




& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
B4 a x» 0 » B = | 8 B .
Script.ps1 X ~

$Cluster = Get-StorageSubSystem Cluster®
$volumes Get-StoragesSubSystem Cluster® Get-volume

Get-ClusterNode

Get-StoragePool S2D* Get-PhysicalDisk | Group OperationalStatus -NoElement
Get-StoragePool S2D* Get-PhysicalDisk Sort Model, OperationalStatus

S IOV B WN -

W0

Get-VvirtualDisk

o

$§Cluster | Debug-StorageSubSystem
$volumes = Debug-volume

=

Get-Storagelob | ? JobState -Eq Running

aOunbHswnN -

=

Get-PhysicalDisk -Usage Retired

Reason : Some data on this volume is not fully resilient. It remains accessible.

Recommendation : Additional copies of the data can be used to restore resiliency. In most cases, this will happen automatically.
Location : Not available

Description : virtual disk 'B’

Reason : Some data on this volume 1is not fully resilient. It remains accessible.

Recommendation : Additional copies of the data can be used to restore resiliency. In most cases, this will happen automatically.
Location : Not available

Description : virtual disk 'C'

Reason : Some data on this volume is not fully resilient. It remains accessible.

Recommendation : Additional copies of the data can be used to restore resiliency. In most cases, this will happen automatically.
Location : Not available

Description : virtual disk 'A’

Completed Ln13 Col1 180%




& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
B4 ax» 9 » B = | 8 B .
Script.ps1 X ~

$Cluster = Get-StorageSubSystem Cluster®
$volumes Get-StoragesSubSystem Cluster® Get-volume

Get-ClusterNode

Get-StoragePool S2D* Get-PhysicalDisk | Group OperationalStatus -NoElement
Get-StoragePool S2D* Get-PhysicalDisk Sort Model, OperationalStatus

S IOV B WN -

W0

Get-VirtualDisk

o

$Cluster Debug-StoragesubsSystem
$volumes | Debug-volume

=

Get-StorageJlob ? JobState -Eq Running

aOunbHswnN -

=

Get-PhysicalDisk -Usage Retired

Location : Not available
Description : virtual disk 'C'

Reason : Some data on this volume is not fully resilient. It remains accessible.

Recommendation : Additional copies of the data can be used to restore resiliency. In most cases, this will happen automatically.
Location : Not available

Description : virtual disk 'A’

PS C:\> Get-PhysicalDisk -Usage Retired

FriendlyName SerialNumber CanPool OperationalStatus HealthStatus Usage Size

ATA ST4000NM0033-9ZM S1Z19PFH False Lost Communication warning Retired 3.64 TB

PS C:\>

Completed Ln 14 Col 18 180%




& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
B4 a x» 0 » B = | 8 B .
Script.ps1 X ~

$Cluster = Get-StorageSubSystem Cluster®
$volumes Get-StoragesSubSystem Cluster® Get-volume

Get-ClusterNode

Get-StoragePool S2D* Get-PhysicalDisk | Group OperationalStatus -NoElement
Get-StoragePool S2D* Get-PhysicalDisk Sort Model, OperationalStatus

S IOV B WN -

W0

Get-VirtualDisk

o

$Cluster Debug-StoragesubsSystem
$volumes | Debug-volume

=

Get-Storagelob | ? JobState -Eq Running

aOunbHswnN -

=

Get-PhysicalDisk -Usage Retired

PS C:\> Get-PhysicalDisk -Usage Retired

FriendlyName SerialNumber CanPool OperationalStatus HealthStatus Usage Size

ATA ST4000NM0033-9zM S1Z19PFH False Lost Communication warning Retired 3.64 TB

PS C:\> Get-Storagelob | ? JobState -Eq Running

Name IsBackgroundTask ElapsedTime JobState PercentComplete BytesProcessed BytesTotal

Repair True 00:03:18 Running 85 10077601792 11811160064

PS C:\>

Completed Ln15 Col 1 180%










& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
B4 g x» 90 » B = | 8 B g 8.
Scriptpsl X

ter = Get-StorageSubSystem Cluster®
1es Get-StoragesSubSystem Cluster® Get-volume

4 e

Clust
VO [ un

u
1

Get-ClusterNode

VB wnN =

Get-StoragePool S2D* | Get-PhysicalDisk Group OperationalStatus -NoElement
Get-StoragePool S2D* Get-PhysicalDisk Sort Model, OperationalStatus

o

~N

Get-VirtualDisk

0 00

o

$Cluster Debug-StoragesubsSystem
$volumes Debug-volume

[

b
OO wN -+

Get-StorageJlob ? JobState -Eq Running

=

Get-PhysicalDisk -Usage Retired

Name  IsBackgroundTask ElapsedTime JobState PercentComplete BytesProcessed BytesTotal

Repair True 00:03:18 Running 85 10077601792 11811160064

PS C:\> Get-virtualDisk

FriendlyName ResiliencySettingName OperationalStatus HealthStatus IsManualAttach Size
Mirror 104 GB
Mirror Healthy True 104 GB
Mirror Healthy True 104 GB

Completed Ln7 Col1 180%
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Server Fault Tolerance

Up to 2 simultaneous failures
Copies always land in different servers
Accommodates servicing and maintenance

Data resyncs automatically
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Server Fault Tolerance

Up to 2 simultaneous failures
Copies always land in different servers
Accommodates servicing and maintenance

Data resyncs automatically
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Chassis & Rack Fault Tolerance

CITACOVA.SKOLA.CZ
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@ NOOH3dAH

Review

Drive Fault Tolerance
One-Step Drive Replacement
Server Fault Tolerance & Maintenance

Rack/Chassis Awareness




@ NOOH3dAH

Performance
Fault Tolerance
Efficiency
Manageability

Cost
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Storage Efficiency




@ NOOH3dAH

Mirroring Is Costly

Keeping 3 copies is 33.3% efficient
Compare to distributed, software-defined RAID-1

Best option for performance & read any copy, write to all copies

300 TB PHYSICAL




@ NOOH3dAH

Erasure Coding

Possible from 4+ servers
Same fault tolerance o two simultaneous drive or server failures

Compare to distributed, software-defined RAID-6

240 TB USABLE

300 TB PHYSICAL

2.4x
Savings




@ NOOH3dAH

B RESE ) GOPAS

Limitations

v Problem 1

To rebuild from one failure, you have to read every column, which ties up valuable IC

v Problem 2
Every write incurs an update of the erasure encoding, which ties up valuable CPU.
Actively written data means calculating the encoding over and over again ...

This easily doubles the computational work involved in every write!



@ NOOH3dAH

Local Reconstruction Codes

New technique developed at Microsoft Research

Faster recovery from single failures by reconstructing from local group only
Groups of 4 for HDDs, 6 for SSDs

OrLrkFrPkFkOoOOo
OkrRFPPEF OO

Global Parity




@ NOOH3dAH

Extends erasure coding thard disks!

CITACOVA.SKOLA.CZ
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Servers

© 00 N O 01 b

10

12
13
14
15
16

SSD + HDD

Layout
RS 2+2
RS 2+2
RS 2+2
RS 4+2
RS 4+2
RS 4+2
RS 4+2
RS 4+2

Efficiency
50%
50%
50%
66%
66%
66%
66%
66%

l POCITACOVA.SKOLA.CZ

Layout Efficiency
RS 2+2 50%
RS 2+2 50%
RS 2+2 50%
RS 4+2 66%

RS 4+2 66%
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Accelerating Erasure Coding

Front erasure coded volumes with small mirror portion
Write data into mirror portion
As it becomes cold do parity encoding

This isreal-time tiering, not scheduled

ERASURE
CODING
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Extends erasure coding tmixed hot/cold data!

CITACOVA.SKOLA.CZ
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Storage Spaces Direct

Storage Efficiency

I JERESE €9 COPAS




& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
[ o » 9 B = | & h 8.

PS c:\> Flexpsl X

Cluster Get-StorageSubSystem Cluster*

Get-ClusterNode Sort Name Select Name, Model, State

oWV A wrt

$Cluster Get-StorageNode

ForEach (SNode in $Nodes) {
SNode Get-PhysicalDisk -PhysicallyConnected Sort Model Group MediaTyj}
Write-Host -ForegroundColor Yellow $Node.Name

11 Write-Host "----- #

}

# Create Volumes...

1 ¢

§Nodes

o
|

O w

# 3-way Mirror
1 New-Volume -FriendlyName "Volume A" -FileSystem CSVFS_ReFS -StoragePoolFriendl:

1YV B N}

19 # Erasure Coding LRC(8,2,1)
20 New-Volume -FriendlyName "Volume B" -FileSystem CSVFS_ReFS -StoragePoolFriendl:

22 # Mixed

23  New-Volume -FriendlyName "volume C" -FileSystem CSVFS_ReFS -StoragePoolFriendl:
24  New-Volume -FriendlyName "volume D" -FileSystem CSVFS_ReFS -StoragePoolFriendT:
25 New-Volume -FriendlyName "Volume E" -FileSystem CSVFS_ReFS -StoragePoolFriendl:

Completed Ln26 Col1 150%




& Administrator: Windows PowerShell ISE - X
File Edit View Tools Debug Add-ons Help
[ a » ) ) N ~ Ly

[
[

4 SSD, SAMSUNG MZ7wD960 , =

12 HDD, ST4000NM0024-1HT 1 # Flex...
43B20-05.cfdev.nttest.microsoft. $Cluster = Get-StorageSubSystem Cluster*

4 SSD, SAMSUNG MZ7WD960 Get-ClusterNode Sort Name Select Name, Model, State
12 HDD, ST4000NM0024-1HT

Z $Nodes $Cluster Get-StorageNode
43B20-06.cfdev.nttest.microsoft. T .

ForEach (fnode in SNodes) {
$Node  Get-PhysicalDisk -PhysicallyConnected Sort Model  Group MediaTyj
4 SSD, SAMSUNG MZ7wD960 10 Write-Host -ForegroundColor Yellow SNode Name

12 HDD, ST4000NM0024-1HT L |
43B20-07 .cfdev.nttest.microsoft. W
14 # Create Volumes...

4 SSD, SAMSUNG MZ7wD960 *

# 3-way Mirror

12 HDD, ST4000NM0024'_1HT 17 New-Volume -FriendlyName "Volume A" -FileSystem CSVFS_ReFS -StoragePoolFriendl:
43B20-08.cfdev.nttest.microsoft. 18
19 # Erasure Coding LRC(8,2,1)

4 SSD. SAMSUNG MZ7wD960 20 New-Volume -FriendlyName "Volume B" -FileSystem CSVFS_ReFS -StoragePoolFriendl:
’ -

12 HDD, ST4000NM0024-1HT

22 # Mixed
43B20-21.cfdev.nttest.microsoft. 23 New-Volume -FriendlyName "Volume C" -FileSystem CSVFS_ReFS -StoragePoolFriendl:
24  New-Volume -FriendlyName "volume D" -FileSystem CSVFS_ReFS -StoragePoolFriendl:

4 SSD. SAMSUNG MZ7wD960 New-Volume -FriendlyName "Volume E" -FileSystem CSVFS_ReFS -StoragePoolFriendl:
’

12 HDD, ST4000NM0024-1HT
43B20-22 .cfdev.nttest.microsoft.

4 SSD, SAMSUNG MZ7wD960
12 HDD, ST4000NM0024-1HT
43B20-23.cfdev.nttest.microsoft.

a SSD, SAMSUNG MZ7wD960
12 HDD, ST4000NM0024-1HT
43B20-28.cfdev.nttest.microsoft.

Completed Ln13 Col1 150%




& Administrator: Windows PowerShell ISE
File Edit View Tools Debug Add-ons Help
) a

Flex.ps1 X

# Create Volumes...

# 3-Way Mirror
New-Volume -FriendlyName "Volume A" -FileSystem

# Erasure Coding LRC(8,2,1)
New-Volume -FriendlyName "Volume B" -FileSystem

# Mixed

New-Volume -FriendlyName "Volume -FileSystem
New-Volume -FriendlyName "Volume -FileSystem
New-Volume -FriendlyName "Volume -FileSystem

CSVFS_ReFS -StoragePoolFriendlyName

CSVFS_ReFS -StoragePoolFriendlyName

CSVFS_ReFS -StoragePoolFriendlyName S*

CSVFS_ReFS -StoragePoolFriendlyName
CSVFS_ReFS -StoragePoolFriendlyName

PS C:\> Get-virtualDisk "volume A" | Make-Pretty

Name

S¥

-Size 1TB

© -Size 1TB -ResiliencySettingName Parity

-StorageTierFriendlyNames Performance
-StorageTierFriendlyNames Performance

* -StorageTierFriendlyNames Performance

Capacity Resiliency Size (Mirror) Size (Parity) Footprint Efficiency

volume A 1TB 3-way Mirror 1TB

PS C:\> |

Completed

Capacity -StorageTierSizes
Capacity -StorageTierSizes
Capacity -StorageTierSizes

Ln99 Col9

500GB
300GB
100GB

500GB
700GB
900GB




& Administrator: Windows PowerShell ISE
File Edit View Tools Debug Add-ons Help
) a

Flex.ps1 X

# Create Volumes...

# 3-Way Mirror
New-Volume -FriendlyName "Volume A" -FileSystem

# Erasure Coding LRC(8,2,1)
New-Volume -FriendlyName "vVolume B

-FileSystem

# Mixed

New-Volume -FriendlyName "volume C" -FileSystem
New-Volume -FriendlyName "Volume D" -FileSystem
New-Volume -FriendlyName "Volume E" -FileSystem

CSVFS_ReFS -StoragePoolFriendlyName

CSVFS_ReFS -StoragePoolFriendlyName

CSVFS_ReFS -StoragePoolFriendlyName S*

CSVFS_ReFS -StoragePoolFriendlyName
CSVFS_ReFS -StoragePoolFriendlyName

PS C:\> Get-virtualDisk "volume B" | Make-Pretty

Name

Capacity Resiliency Size (Mirror) Size (Parity) Footprint

volume B 1TB Erasure Coding 0

PS C:\>

Completed

© -Size 1TB
© -Size 1TB -ResiliencySettingName Parity

-StorageTierFriendlyNames Performance
-StorageTierFriendlyNames Performance
* -StorageTierFriendlyNames Performance

Efficiency

Capacity -StorageTierSizes
Capacity -StorageTierSizes
Capacity -StorageTierSizes

Ln 134 Col9

500GB
300GB
100GB

500GB
700GB
900GB




& Administrator: Windows PowerShell ISE
File Edit View Tools Debug Add-ons Help
i a» 9
Flexps1 X
# Create Volumes...

# 3-Way Mirror
New-Volume -FriendlyName "Volume -FileSystem CSVFS_ReFS -StoragePoolFriendlyName S* -Size 1TB

# Erasure Coding LRC(8,2,1)
New-Volume -FriendlyName "Volume -FileSystem -StoragePoolFriendlyName S* -Size 1TB -ResiliencySettingName Parity

# Mixed

New-Volume -FriendlyName "Volume -FileSystem CSVFS_ReFS -StoragePoolFriendlyName S* -StorageTierFriendlyNames Performance, Capacity -StorageTierSizes S500GB, S500GB
New-Volume -FriendlyName "volume -FileSystem CSVFS_ReFS -StoragePoolFriendlyName S* -StorageTierFriendlyNames Performance, Capacity -StorageTierSizes 300GB. 700GB
New-Volume -FriendlyName "Volume -FileSystem CSVFS_ReFS -StoragePoolFriendlyName S* -StorageTierFriendlyNames Performance, Capacity -StorageTierSizes 100GB, 900GB

Ln161 Cobl9




@ NOOH3dAH

CPU Efficiency
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Storage Spaces Direct Is kerrembedded.

CITACOVA.SKOLA.CZ



Remote Direct Memory Access

No dedicated storage fabric 6 just Ethernet
Lots oWesotE@asttraffic to synchronize data bet wee

RDMA allows this to largely bypass CPU,
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CPU for 400,000 IOPS, 70% Read, 30% Write, 4k Randc

2llanox Conne8tRro

POCITACOVA.SKOLA.CZ
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CPU for 400,000 IOPS, 70% Read, 30% Write, 4k Ranc

Save ~1/3
of CPU!

2llanox Conne8tRro

POCITACOVA.SKOLA.CZ
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100% Read 4k Random IOPS at 100% CPU

956,889

2llanox Conne8tRro

POCITACOVA.SKOLA.CZ
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100% Read 4k Random IOPS at 100% CPU

956,889

1,891,946

2llanox Conne8tRro

POCITACOVA.SKOLA.CZ
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Review

Local Reconstruction Codes
Accelerating Erasure Coding
KernelEmbedded

Remote Direct Memory Access
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Performance
Fault Tolerance
Efficiency
Manageability

Cost
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Deployment In

Virtual Machine Manager 2016

CITACOVA.SKOLA.CZ







Just one checkbox to enable
Storage Spaces Direct!

Enable Storage Spaces Direct

i ' Storage Spaces Direct will auto configure your storage
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Monitoring In

Operations Manager 2016




w Storage Spaces Direct 2016 - Clab21 - Operations Manager

File Edit View G k 5  Help

Search ™

7] Tasks|

Monitoring ¢  Storage Spaces Direct 2016

) Data Warehouse |
Home

4 Microsoft Audit Collection Services
A Microsoft Windows Cliert

) Microsoft Windows Server
4 Network Monitoring

y Operations Management Suite

y Operations Manager
g Storage Spaces Direct 2016

| Active Alerts

~ | Active Faults

*.°| Flle Shares

CPU Utilization (%)

V7:33

Ongoing Jobs

1349 4904

Storage Spaces Direct 2016
Storage SubSystems

8.1 volumes

4 Synthetic Transaction

y UNIDXAinux Computers

) Web Application Transaction Moni
y Windows Service And Process Monl

YOTestOverrides

Or Hide Views

»

Monitoring

Authoring
Administration

My Workspace

0 unavailable
0 maintenance
0 not monitored

4 healthy

6480 80496

File Share Health State Monitor

0 critical

0 waming

0 unavailable
0 maintenance

0 not monitored

Storage Spaces Direct 2016 Storage SubS...

00-04 04-08 04-12 12-1.0 1620

0

Clustered Shared Volume Health State Mo...
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Health Service

Continous built-in monitoring raises alerts
Severity, precise description, recommended action
Eventdriven design for minimal resource usage
Root-cause analysis to merge related alerts

Extensive coverage over hardware and software stack

Server

|

Network
Adapter

J

Power
Supply
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POCITACOVA.SKOLA.CZ

physical disk lost connectivity physical disk unrespons

physical disk unrecognized metadata physical disk non-compliant physical disk firmware update

volume limited resiliency volume detached

node temperature sensor node quarantined node isolated

network adapter failure network adapter disabled missing cluster ne

enclosure power supply failure enclosure fan failure

enclosure current, voltage, or temperature sensor pool unrecognized metadata

Storage Replica failure Storage Replica metadata corruption

Storage QoS malformed policy service-level agreement breach
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All-Up Metrics

Aggregate performance, capacity, and utilization metric
No disruption or timeout as servers join or leave
Efficient implementation minimizes resource usage

Simple access via PowerShell or API
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Storage Spaces Direct

Monitoring Metrics

I JERESE €9 COPAS




EN Administrator: Windows PowerShell

Windows PowerShe

Copyright (C) 2016 Microsoft Corporation. All rights reserved.
PS C:\>
R
Test Mode
Windows Server 2016 Datacenter
= 2 O m ¥ &5 2

Build 14393.rs1_release.160715-1616

A~ f E L
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Review

System Center

Health Service

I JERESE €9 COPAS
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Performance
Fault Tolerance
Efficiency
Manageability

Cost
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eéincluded I n Wi ndows
If you run HyperV, you already own this!

I JERESE €9 COPAS

Ser ver
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Hardware Platforms




NI
CISCO

—1

Hewlett Packard
Enterprise

NEC

dataon

inspur

N
5QCT
Quanta CLOUD TECHNOLOGY

DEALENIC
(intel)‘

GRAID

BRI INCORPORATED

O
FUJITSU

lenovo.




Cisco UCS C240 M4

Intel MCB2224TAF3

Quanta D51B-2U (MSW6000)

HPE ProLiant DL380 Gen9

Lenovo X3650 M5

RAID Inc. AbilityE HCI

DELL PowerEdge R730XD

Inspur NF5280M4

SuperMicro SYS2028U-TRT+
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We recommend these meticulously engineered,
extensively validated platforms.

CITACOVA.SKOLA.CZ



Thank you!

Jan Marek
Head of Client and Datacenter Management @ KPCS CZ

Wt Microsoft MVP | MCC | MCT | MCSE MCSD

Most Valuable

EEEE marek@kpcs.cz| www.kpes.cz | www.janmarek.eu
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V8 @azor!

Pros2me, ohodnoSte svim komentMtEGd’Uw obsah t ®t o

@hyperconcz

PS embsledn? psSedn8Gkou konWilea efrkit?eksyy weggrhemg 2 zaj 2 m
ceny!

Dnkuj eme!






