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Layers & (Contradictory) Viewpoints
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Virtual SQL Server Architecture

Resources

VM
VM 8 vCPU
16 vCPU 64 GB VRAM
128 GB VRAM

_ 4x10GbE
47TB ~ Network
- Memory
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Storage Storage
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CPU Scheduler

CPU Scheduling Queue
Execution
Memory Allocator
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Disk Scheduler

: P Disk
% CIJ Disk Scheduling Queue
> Network Scheduler
Network Scheduling Queue
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Virtual SQL Server Architecture

Infrastructure Layers

‘ Application

|
‘ Operating System

Virtualization

Physical Server

Interconnects
Y

Storage

Heraflux Technologies®

SQL Server DB

L SQL Server Instance ]
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Your On-Prem VM vs. Cloud

Edit Settings = ba

» SCSl controller 0

> Network adapter 1

CD/DVD drive 1

60 GB

LSl Logic SAS
VLAN 001 - Non-Lab Netwol

Client Device s
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. Create virtual machine
Virtual Hardware VM Options
1 Basics
Done
> CPU
2 Size
> Memory B v Choose virtual machine size
Hard disk 1

(=]

X

Choose a size

jailable sizes and their featur

Supported disk type Minimum vCPUS

ssD v [} . 0

Minimum memory (Gi8)

* Recommended | View all

D4SV3 Standard  * | E25V3 Standard  +{ DS1V2 Standard  *

4 vepus

16 G8
g ga\a disks.

D Wors

B Z5%
B premium disk support |
€ Load balancing

2

397 !

USD/MONTH (ESTIMATED)

VCPUs
GB

4

Data disks
4000
Max 10Ps

32GB
Local SsD

Premium disk support |

Load balancing

184.51

USD/MONTH (ESTIMATED)

1 ey

w

135 GB

2

Data disks
3200
Viax ops

768
Local ssD
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Premium disk support

Load balancing

: USD/MONTH (ESTIMATED)
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Cloud Abstraction

L Application

|
SQL Server DB

Operating System

Virtualization

Physical Server

Interconnects

Storage
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Storage

Your data has to be stored somewhere...
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Storage Presentation

|

© Heraflux Technologies®

Enterprise Storage (SAN)

Controller

Disk Pool

i Controller

HERAﬁUX 1

vDisk Layout

= C: - Operating System
= D:-SQL Server Instance Home

= H: - TempDB...
= Y: - Windows Page file **
= Z: - Backups 0'\5

© Heraflux Technologies®

= E: - System Databases (master, model, msdb) *
= F: - User Database Data (1 of X)...
= G: - User Database Log (1 of Y)...

R

Adjust as necessary
(but stay standardized)
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Virtual SQL Server Architecture

Windows Perfmon

= Collect raw data first

= Perfmon how-to guide
= Download at hfxte.ch/perfmon
= No strings attached

» 5-minute interval if routine

= 30-second interval if troubleshooting
performance

= PowerShell for BLGtoSQL import:
= hfxte.ch/perfmonposh

Heraflux Technologies®

HERAﬁ_UX

Perfmon Collection Setup - Windows Server 2008+

Perfmon Collection Setup Instructions for Windows Server 2008+
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Storage Data Savings

o PURESTORAGE

DASHBOARD STORAGE

~ Hosts 4]

PROTECTION

ANALYSIS SYSTEM

= Compression

Provisionsd Total Reducion
~ Volumes | 4318 212001

MESSAGES

Help Loy Out

Welcome pureuser

1

wareResearch -

[ Votumes B
W 7essice M

= De-duplication

= Perf impact?

I Volumes (13)
= Conflicts with
SQL Server

= Table-level
compression

= Encryption

§ AGFSW_Quorum

§ Viware-DS02

© VMwareDS03

© VMWFCI1_Data

S VWMWFCIT_Quonm
§ VMWFCH_TempDB
§ VMWFCI2_Data
S VMWFCI2_Log
§ VMWFCI2_Quorum

S VMWFCIZ_TempDB
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[ Empty Space

0Ge 209878

OVISIONED VOLUMES  SNAPSHOTS
100 GB 124.00 KB 0GB >100t01 F405D27013EA455D00011050
508 182,00 KB 0GB 333101 F405D27013EA455D00011058

9TB  41386GB  13857GB 5.0t01 F405D27013EA455D00011010

8T8 34777GB 0ce 45101 F405D27013EA455D00011045
8TB 286 GB 0GB 9.0t01 F405D27013EA55D0001104B
10068 222718 0Ge 92101 F405D27013EA455D00011051
50GB  630.00KE 0GB 862t01 F405D27013EA455D00011052
5GB 60500 KB 0GB 15.1t01 F405D27013EA458D00011050
40GB  89700KB 0GB >100t01 F405D27013EA455D00011053
100GB 1581 MB 0GB 97101 F405D27013EA455D00011054
5088 22200KB 0GB >100t01 F405D27013EA455D00011055
5GB  683.00 KB 0GB 143101 F405D27013EA455D00011057
40GE  90T00KE 0GB >100t01 F405D27013EA465D00011056
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Networking
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Communication Conduits

SAN / Network Communication

i
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Tﬂﬁh Disk Pool
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L Controller l I

LUN

rﬂ‘]';f

Vi
Heraflux Technologies® HER AfLU X 16
TECHNOLOGIES

Do not reproduce this document in any way. 8



Virtual SQL Server Architecture

= Verify and test end-to-end
performance

= Use iperf to test network
throughput

= |perf.fr

= How-To Guide:
hfxte.ch/iperf

P:\iperf Yiperf3

8.88-14.
a.88-1@.
a

Administrator. Command Prompt - iperf3 -s

¢ 18.168.58.62 -t 16 -P 10_

© Heraflux Technologies®
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Monitoring Points

Disk Pool

LUN I Pecerers
] Controller :

LUN
Heraflux Technologies® HE_I? Atf’l_UX 19
Host CPU Architecture
Compute resources underneath your data...
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Virtual SQL Server Architecture

CPU “Package”

L1 CACHE L1 CACHE L1 CACHE L1 CACHE

LAST LEVEL CACHE L2 CACHE L2 CACHE L2 CACHE L2 CACHE

(Shared)

UNCORE
MEM CONTROLLER

-
Heraflux Technologies® HER AfLU X 2l
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CPU Package Connectors

(Img src: https://en.wikipedia.org/wiki/Xeon)
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CPU Sockets

(Img src: http://bit.ly/2tJU98k)
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CPU UMA Architecture

CPUO CPU 1 CPU 2 CPU 3 CPU4 CPUS5 CPU 6 CPU 7

| RAMDIMM | | RAM DIMM

| RAM DIMM H RAM DIMM

Heraflux Technologies®

Memory Controller

RAM DIMM | | RAM DIMM |

thbrid
(northbridge) RAM DIMM | | RAM DIMM |

I/O Controller
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NUMA Nodes

(Img src: http://bit.ly/2tJU98k)
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CPU NUMA Architecture

‘ RAM DIMM H RAM DIMM RAM DIMM H RAM DIMM ‘
‘ RAM DIMM H RAM DIMM RAM DIMM H RAM DIMM ‘
CPU Package 0 [+ CPU Package 1
| RAM DIMM H RAM DIMM RAM DIMM H RAM DIMM |
| RAM DIMM H RAM DIMM RAM DIMM H RAM DIMM |

_—
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Four Socket NUMA

‘ RAM DIMM H RAM DIMM |

CPU Package O

~.

CPU Package 3

‘ RAM DIMM H RAM DIMM
| RAM DIMM | | RAM DIMM
| RAM DIMM | | RAM DIMM
‘ RAM DIMM ‘ ‘ RAM DIMM
‘ RAM DIMM ‘ ‘ RAM DIMM
| RAM DIMM | | RAM DIMM

RAM DIMM
|

_RAM DIMM

CPU Package 1

CPU Package 4

—

RAM DIMM H RAM DIMM

RAM DIMM H RAM DIMM ‘
RAM DIMM | ‘ RAM DIMM |
RAM DIMM | ‘ RAM DIMM |
RAM DIMM | | RAM DIMM |
RAM DIMM | | RAM DIMM |
RAM DIMM ‘ | RAM DIMM ‘
RAM DIMM RAM DIMM

Locality

(Img src: http://bit.ly/2tJU98k)
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Virtual SQL Server Architecture

Table 24 Recommended Memory Configurations for Intef Xeon E5-2600 v3 CPUs (with 2133-MHz DiMMs)!
Total CPU 1 DIMMs CPUZ DM
Memory Speed oTetal | STy STt Biack ot [V ios | Biae Sios | Black Sios [WHGeSiot (DM Max | 1.
Memory | Slot 1 Slot 2 Slot 3 Slot 1 Slot 2 Slot 3 Speed | uue
Size (A1,B1, | (A2,B2, | (A3,B3, | (E1,F1, | (E2,F2, (E3,F3, (MHz)
€1,D01) €2,D2) C3,D3) G1,H1) G2,H2) G3,H3)
64GB 4x8 GB - = 4x8 GB = - 2133 8
U Sample Cisco UCS [TEGE | &B8GB | #xBGB = ECB | B GB = 7133 16
memory Config 4x16 GB = = %16 GB = == 1133 B
T9ZGE %8 GB 48 GB 4x8 GB 4x8 GB 4x8 GB %8 GB 1600 pL]
0 .
SIOt & Ch I p 4x16 GBY | 2x16 GB? - 4x16 GBT | 2x16 GB? = 1133 1z
placement 4x16 GB 4x8 GB = 416 GB 4x8 GB = 2133 16
I56CE | 4x16GB 4x16 GB = 4x16 GB 4x16 GB = 2133 16
4%3L GB - - 43I GB - - 1733 B
JBAGE %16 GB 4xT16 GB 4x16 GB 4x16 GB 4x16 GE %16 GB 1866 14
Ax3IGB 4x16GE = 4x32GB 4x16GB = 2733 16
STZCE | 4x32GB 4x3ZGB = 43I GB 4x3Z GB = 2133 16
4x64 GB - = 4x64 GB = = 2133 B
768 GB 4%3LGB 43I GE 4xII GB 43I 0GB 43I GB 4x3LGB T866 14
TUZAGE | 4%64 GB %64 GB - 4%64 GB %64 GB = 733 18
[ 1536 TE | 4x64 GB 4x64 GB 4x64 GB | 4x64 GB 4x64 GB 4x64 GB 1600 14
Vi
Heraflux Technologies® H E R ArLU X
(Src: http://www.cisco.com/c/dam/en/us/products/collateral/servers-unified-computing/ucs-b-series-blade-servers/b200m4-specsheet.pdf page 44) TecHnoLoGIES

29

Determine vCPU Count

1 Task Manager
File Options View

Processes Performance Users Details Services

How Many Do You Need?

* “Right-sizing” analysis
* Ongoing performance baseline
* Size for now, not future

* Want target CPU utilization 40-60% during
routine business operations

* Leave headroom for short-term growth

* Resize VM as necessary

© Heraflux Technologies®

O cPu
100% 2.58 GHz

O Memory
0.3/45 T8 (7%)

@]

Ethernet
S 64.0 Kbps F: 232 Kbps

(O Ethernet
5 32.0 Kbps R: 256 Kbps

) Ethernet
S: 56.0 Kbps F: 224 Kbps

(@]

Intel(R) Xeon(R) CPU E7-8890 v4 @ 2.20GHz

Speed

2.58 GHz
ocesses  Threads  Handles
60 3388 29541
Up time
0:01:05:20

m speed:

HERAﬁUX
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2017

CPU Consumption Trends

60

SQL Server CPU by Core - Five Minute Median (8 Core)

50

=
8

% CPU Consumption
8

20

Cores per Socket

CPU Hot Plug

» Sockets: 2

Time of Day (Avg)
——CPUOD ——CPUOL ——CPUO2 ——CPUO3 ——CPUO4 ——CPUOS CPUOS  ——CPUO7
_—
Heraflux Technologies® H E R AfLU X 31
TECHNOLOGIES
VM Admin Perspectives
(1 DBO1 - Edit Settings
Virtual Hardware | VM Options | SDRS Rules | vApp Options
« [ CPU - O

[ esxi0dherafiuxiocal B . . | [B  {SiAcions
Summa;y. Monitor Configure Pemmissions VMs Datastores Networks

esxi04.heraflux.local

Hypervisor Vi are ESXI, 6.5.0, 5146846

Modet HP ProLiant DL580 G7

Processor Type: intel{R) Xeon(R) CAUET- 4870 @ 2 40GHz
Logical Processors. 80

MNICs 6

Virtual Machines 134

CPU

USED: 4.32 GHz
MEMORY
I
USED: 180 86 GB
STORAGE

i
USED: 3780 TB

FREE: 91.56 GHz
CAPACITY: 95.88 GHz
FREE: 331.13 GB
CAPACITY: 511.99 GB
FREE. 6123 TB

CAPACITY: 99.03 TB

Heraflux Technologies®

HERAFLUX =
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Virtual SQL Server Architecture 2017

What You Can S i
Eat: C)lJ Ea r] EEGE [ Automatically set processor affinity mask for all processors
[ Autematically set 1/0 affinity mask for all processors
¥ Task Manager
| Processar Processor Affinity 1/0 Affinity (2
File Options View =
Pmcs;es'_[ Performance | Users | Details | Services | - NumaNode0
O cpPu B NumaNode 1
4% 2.40 GHz C P U cPUB
% Utiliza CPUS
O Memory CPU1D
3.4/32,0 GB (11%) L
O Ethernet cpui2 S
5: 96,0 Kbps R: 0 Kbps

1] Ll ul
ﬁ s i

L A

Utilization  Speed Maximum speed:  2.40 GHz
4%  240GHz ke :
Virtual processors: 16
Processes  Threads Handles Virtual machine: Yes -
© Heraflux Technologies® i ER AfLU X BS)
70 1916 31968 L1 cache: N/A TECHNOLOGIES

vNUMA

vCPUs
VM 1x10 / 64GB

1x12 CPU / 128GB Socket

VvCPUs vCPUs
1x12 CPU / 128GB Socket

VM 2x8 / 128GB

HERAﬁ_UX 34
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Verify vCPU Presentation
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CPU Scheduling Queueing

VM
(16x1)

© Heraflux Technologies®

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

TECHNOLOGI
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R

Scheduling Trouble Measurement

Hyper-V — Wait Time Per Dispatch

* Measured in nanoseconds

* Average value or individual core values
e Sample interval (one second)

e Avg. over collection interval (X seconds )

e (Metric value /sample interval total
nanoseconds) * 100%

e = Avg. percent perf loss

© Heraflux Technologies®

SetName CounterName InstanceName  CollectionDT CounterValue
hyper-v hypervisor vitual processor | cpu watt time per dispatch  _total 2016-11-28 00:00:00 000 25749 83
hyper+v hypervisor vitual processor  cpu watt time per dispatch  _total 2016-11-28 00:15:00.000 25599.74
hyper-v hypervisor vitual processor ~ cpu wait time per dispatch  _total 2016-11-28 00:30:00.000 25549.12
hyperv hypervisor vitual processor  cpu wait time per dispatch  _total 2016-11-28 00:45:00.000 25276.59
hyper-v hypervisor vitual processor  cpu watt time per dispatch  _total 2016-11-28 01:00:00.000 22561.70
hyper-v hypervisor vitual processor ~ cpu watt time per dispatch  _total 2016-11-28 01:15:00.000 22501.42
hyper-v hypervisor vitual processor  cpu watt time per dispatch  _total 2016-11-28 01:30:00.000 22388.80
hyper-v hypervisor vitual processor  cpu wait time per dispatch  _total 2016-11-28 01:45:00.000 22157.82
hyper-v hypervisor vitual processor  cpu wat time per dispatch  _total 2016-11-28 02:00:00.000 20973.48
hyper-v hypervisor vitual processor  cpu wat time per dispatch  _total 2016-11-28 02:15:00.000 20568.92
hyper-v hypervisor vitual processor ~ cpu wait time per dispatch  _total 2016-11-28 02:30:00.000 22334.37
hyper-v hypervisor vitual processor  cpu wait time per dispatch  _total 2016-11-28 02:45:00.000 2239042
hyper-v hypervisor vitual processor  cpu wait time per dispatch  _total 2016-11-28 03:00:00.000 21617.33
hyper-v hypervisor vitual processor ~ cpu watt time perdispatch  _total 2016-11-28 03:15:00.000 21208.31
hyper-v hypervisor vitual processor  cpu wat time per dispatch  _total 2016-11-28 03:30:00.000 1642844
hyper-v hypervisor vitual processor  cpu wait time per dispatch  _total 2016-11-28 03:45:00.000 14421.77
HER Aﬁ_ U 38
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Scheduling Trouble Measurement

500

VMware — CPU Ready Time e

A TR 300
*  Measured in milliseconds

sw

e Sum total value or individual core values 200 -

e Fixed 20-second sample interval .

¢ (Sum total / # cores / 20000ms) * 100% L

i P ﬁ sk oo ¥ A'-II.\ . AP b gbiaain K\ 1\ ks o e
* 0, i I I 1] 1 1 1 I I ] 1 I
 (Per core total / 20000ms) * 100% 818PM 823PM 828PM B833PM G838PM 843PM 848PM 853PM ES58PM  903PM 908PM  913PM
Time
° = AVg‘ percent perf loss Performance Chart Legend
Key Object 1w Measurement Rollup Units Latest Maximum  Minmum  Ave
DBO1 Ready Summation ms 197 449 45 1 &
H ° Ready Summation ms 22 30 0 1
B 8 Ready Summation ms 9 42 11
m 7 Ready Summation ms 5 35 0 8
[ B Ready Summation ms 3 56 0
Vi
-
© Heraflux Technologies® H“ERAL‘ LU:X 39

SMP vCPU Schedule Balancing

VM Host (2x8)

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

READY TO RUN QUEUE

MaxDOP=4

READY TO RUN QUEUE

© Heraflux Technologies® 40
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Scheduling Trouble Measurement
CPU/Real-fime, 7/12/2017 8:52:00 PM - 7/12/2017 9:51:20 PM_ Chart Options . :
The graph refreshes every 20 seconds. Sl *| €&
20
18 |
18 | |
VMware — Co-Stop TH.
12 F |
. - |
* Measured in milliseconds gl ‘ [
» I
* Sum total value or individual core values L | I (
6 |
* Fixed 20-second sample interval | | " | | | i
ab | | | Il
) | | R I i n
¢ Look for sustained stretches 2L 4 - A ) i l i | Il
A AR R W mh W Ay Ay | |
i 0 T T T T T T T T i T
¢ No known equivalent on MS Hyper-V
852PM  8:57PM  902PM 907PM 912PM 917PM  9:22PM 92TPM  932PM 937PM  942PM  94TPM
Time
Performance Chart Legend
Key Object 1 v Measurement Rollup Units Latest Maximum  Minimum  Avera
B DBO1 Co-stop Summation ms 0 19 0| 07.. (*
m ° Co-stop Summation ms 0 ] 0 00. |
| WR: Co-stop Summation ms 0 4 0 00.
7’ Co-stop Summation ms 0 4 0 00
H 8 Co-stop Summation ms 0 4 0 00
N S Co-stop Summation ms 0 5 0 00
© Heraflux Technologies® e ey i & gl By s |
SQLS R
erver Srp— . =
Script + [ Hel
7 General Sservt - e
Processors 4l | =
o, ~ FILESTREAM |
Database Settings FILESTREAM Access Level Disabled
A FILESTREAM Share Nams MSSQLSERVER
Pemissions ~  Miscellaneous
Allow Triggers to Fire Others True
Blocked Process Threshold 0
Cursor Threshold -1
Default Full-Text Language 1033
Defautt Language English
Full-Text Upgrade Option Import
Max Text Replication Size 65536
Optimize for Ad hoc Workloads True
Scan for Startup Procs True
Two Digt Year Cutoff 2049
~ Network
Hetwork Packet Sizs 4096
(i, Remote Login Timeout 10
~ Parallelism
Server: Cost Threshold for Paralleiism 25
10.2.1.212 Locks 0
. 4 Connection Max Degree of Parallelism 0
Microsoft® " dhlee | uery Wat -
® 24 View connection propatties Cost Threshold for Parallelism
e rve r Specify the threshold whers Microsoft SQL Server creates and execites pa
Progress
Ready
(® Configured values O Running values
o
Vi
-
© Heraflux Technologies® H“ER A‘ LU:X 42
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Balanced Harmony

1x12 CPU / 128GB Socket

vCPUs vCPUs

- VM 2x8 / 128GB
SQL Server
MaxDOP = 8

1x12 CPU / 128GB Socket

_—
© Heraflux Technologies® HER Ale:'SX 43
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Conclusions

= Virtualization is new beige

= Virtualization is first step to cloud

= Equivalent performance if done right
= vCPU / vNUMA configuration

= vDisk configuration

= SQL Server parallelization settings

© Heraflux Technologies® HER Aﬁ_u X 44
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Questions?

@ @kleegeek

davidklee.net

heraflux.com

[in] linkedin.com/in/davidaklee

-
Heraflux Technologies® HER AfLU X 45
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Thanks for attending!
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