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Compute Resources

L

Memory Disk Network
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Physical Layer
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The First Nehalem Processor

Shared L3 CacHei

Uniform Memory Access

Pre-AMD Opteron (2003) and Intel Nehalem (2007)

Controller

I/O

CPU O CPU 1 CPU 2 CPU 3 CPU 4 CPUS CPU 6 CPU 7
| |
DIMM  DIMM — DIMM DIMM |- DIMM H DIMM
memory
Controller
DIMM H DIMM — DIMM DIMM [ DIMM H DIMM




On-Die Memory Channel
Low latency & high bandwidth connection to memory

CPU Package

Corel Core3 Coreb Core9
Channel 1 DIMM DIMM DIMM
Channel 2 -~ DIMM DIMM DIMM B .
Core4 Core7
Channel 3~ DIMM DIMM DIMM f—f
Channel 4 - DIMM DIMM DIMM
Core2 Core5 Core8 CorelO

QPI = Intel QuickPath
Interconnect
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DIMMSs per Memory Channel

2 DIMMS per Memory Channel = Optimal Memory Performance

<«+— No Performance Loss —»

2 DPC 1DPC

CPU Package

Corel Core3 Coreb
Channel 1 - Open

Core9

Channel 2 —1 Open

Cored Core7

vtz —{apn_ |- —onms { o
Core2 Core5 Core8

Corel0O
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>90% of Data Center Servers are Dual-Socket Servers
Non-Memory Uniform Architecture

Ultra Path Interconnect Link 1

CPU Package CPU Package
Channel 1 — DIMM — DIMM DIMM  +— DIMM ——— Channel 1
Channel 2 ~ DIMM | DIMM _\ Sxal fored e skee Core? Cores core3 corel / DIMM - DIMM we Channel 2
Channel 3-=~| DIMM [ DIMM :\& 4/_/-— DIMM — DIMM |- Channel 3
Cored Core? Core7 Coresd
Channel 4 — DIMM 1 DIMM —] \ \— DIMM — DIMM --— Channel 4
Channel 5 — DIMM DIMM — DIMM — DIMM ~—— Channel 5
Core2 CoreS Core8 Corel0 Corel0 Cores CoreS Core2
Channel 6 —— bmMM +— DIMM DIMM  +— DIMM ~= Channel 6

Ultra Path Interconnect Link 2
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Local and Remote Memory Access in the Same Server
Inconsistent latency and bandwidth

m Local Access 4+ 75 n35 latency

UltraPath Interconnect

\ |/

CPU Package
Channel 1 —]|  DiMM _
1| ored
Channel 2 = OiMM |  DIMM | al s =
Channel 3 — oMM ——  DIMM —-\\_
; Cored Core?
Channel 4 —| DIMM  — DiMM  — —
:’
Channel § —— DIMM  —  DIMM / Cores Cores -
e ore wCPL ore
Channel 6 —— CHMM — DinAn

CPU Package
Cored Core6 Core3 Corel
Core? Cored
Corel0 Cored Cores Core2

ow

2666MT/s +— 128 GB/s Bandwidth

41.6 GB/s Bandwidth

i ——  DIMM
oMM = DiMM
IHH —1 DiMM
CiMM - —— DIMM
oMM —  DIMM
DM —— DIMM

128 GB/s Bandwidth ———— 2666 MT/s

=130 ns latency ——————— Remole Access

—— Channel 1

e CHERME] 2

— Channel 3

—— Channel 4

------- Channel 5



[ ]
£y - - A '-,
0j933 51521 9 s b0b gy Ui jgol

VMKernel Layer
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CPU, NUMA, and Memory Schedulers

How do these work together?

4 wCPU - 32 GB VM

Memory Scheduler

Mapplng of PPN to MPN

m

i NUMA Load-Balancing
T

Mappmg af vCPU ta Core or HT

MNUMA Mode O

MUMA Scheduler

Core

Care

E

Core

HT || Core

NUMA Mode 1

Memory
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NUMA Initial Placement
Selecting the right NUMA node

Power-on VM Create
: s e single
‘ NC
Create D;:;T;T Pick lowest
NUMA e o 1 utilized
Client (NC) R Node('s)
Create Determine
=(Np———— Multiple - Internode |-

NCs Latency
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Access Latencies
Why focus on LLC access?

System event Actual latency Human scaled latency
One CPU cycle (2.3 GHz) 0.4 ns 1second

Level 1 cache access 1.6 ns 4 secends

Level 2 cache access 4.8 ns 12 seconds

Level 3 cache access 15.2 ns 38 seconds

Remote L3 cache access 63 ns 157 seconds (2.5 minutes)
Local Memory Access 75 ns 188 seconds (3 minutes)
Remote Memary Access 120 ns 325 seconds (5 minutes)
Optane PMEM Access =350 ns 875 seconds (15 minutes)
Optane SSD |/O 10 ms 7 Hours

NVMe SSD 1/O 25ms 17 Hours
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Workload Layer
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VNUMA Components

Advanced configurations impact the vNUMA composition

v

“irtual Proximity Domain

Wirtual NUMA Topology for VM
Used for Guest OS optimizations

Exposed to Guest 0§ ———- -

Physical NUMA Topology for VM
Used for scheduling purposes

Mot exposed to Guest 08 ————- =

Physical Proximity Comain

Core Core Core Core

NUMA Home Mode —— =

Machine NUMA Mode

i CPU Package

Size VPD match the
PPD of the first ESXi host
a VM is powered on

|
numa.autosize.once

Cores Per Socket — Pre ESXi 6.5 1
CPU Hot Add i

numa.vcpu.MaxPerVirtualNode el

numa.consclidate
NUMa.vcpu.min
numa.vcpu.MaxPerMachineMode

numa.vcpu.PreferHT
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vVNUMA Topology

[root@esxi®@:~] vmdumper -1 | cut -d \/ -f 2-5 | while [root@esxi66:~] vmdumper -1 | cut -d \/ -f 2-5 | while
: X read path; do egrep -oi "DICT.x(displayname.*|numa.x*|co
read path; do egrep -oi "DICT.x(displayname.*|numa.x*|co : =B i3 :
; T res.x|vcpu.x|memsize.x|affinity.*)= .*|numa:.*|numaHost
res.x|vcpu.x|memsize.x|affinity.*)= .*x|numa:.*x|numaHost %" "/$path/vmware.log"; echo -e; done
x" "/Spath/vmware.log";: echo -e; done DICT numvcpus = "12"
DICT numvcpus o K by DICT memS1ize "32768"
DICT memSize "32768" DICT sched.cpu.affinity = "all"
DICT sched.cpu.affinity = "all" DICT displayName = "Large-VM"
DICT displayName "Large-VM" DICT numa.éutos1ze.cook1e .“109001"

A = X DICT numa.autosize.vcpu.maxPerVirtualNode = "10"
numaHost: NUMA config: consolidation= 1 preferHT= 0 numaHost: NUMA config: consolidation= 1 preferHT= ©
numa: coresPerSocket= 1 maxVcpusPerVPD= 10 numa: coresPerSocket= 1 maxVcpusPerVPD= 6
numaHost: 10 VCPUs 1 VPDs 1 PPDs numaHost: 12 VCPUs 2 VPDs 2 PPDs
numaHost: VCPU © |VPD PPD numaHost: VCPU © VPD © PPD
numaHost: VCPU 1|VPD © PPD numaHost: VCPU 1/VPD 6 PPD
numaHost: VCPU 2 |VPD @ PPD B WEUR NS S
T
numaHost: VCPU VPD PPD numaHost: VCPU VPD PPD
numaHost: VCPU VPD PPD numaHost: VCPU VPD PPD
numaHost: VCPU VPD PPD numaHost: VCPU VPD PPD
numaHost: VCPU VPD PPD numaHost: VCPU 8 VPD 1 [PPD
numaHost: VCPU 8 |VPD ©|PPD numatiost: VCPU 91VPD 1 PPD
numaHost: VCPU VPD PPD

LOoO~~NOUSEWNM-
- -0
ol o o o < o o o I o i o )

numaHost: VCPU 10 VPD 1 PPD 1
numaHost: VCPU 11 VPD 1 PPD 1

0
0
0
0
0
0
0
0
0
0

LoOoO~NOULAEWNM-
DO 0O

[root@esxinO: ~] I [root@Resxi0:~] l
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Cores per Socket
By default setto 1

Edit Settings X

Virtual Hardware VM Options

ADD NEW DEVICE |

v CPU* 2 - O

Cores per Socket 1 ~  Sockets: 12

CPU Hot Plug ) Enable CPU Hot Add
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CPU Hot Add

numvcpus = "12" ¥4 Task Manager - 0 X -
memSize = "32768" file Options View
sched.cpu.affinity = "all" Processes  Performance Users  Details  Services
displayName = "WXe8"
vcpu .hotadd = "TRUE" SEE’OG“. Cpl I Lext /DY Verrnd (DA CNLLCE DEIN wd D INCUS
numa.autosize.cookie = "40001" e Change graph to > & Overall utifization

numa.consolidate = "true" Memory

o~ Logical proceszars
) Craph summary view .

numaHost: VCPU
numaHost: VCPU VPD
numaHost: VCPU VPD PPD
numaHost: VCPU 9 |VPD PPD
numaHost: VCPU 1€ VPD © PPD 1 Fewer detalls | (3 Open Resource Morito
numaHost: VCPU 11 VPD 0 PPD 1

VPD © PPD

PPD 0:00:11:15

numaHost: NUMA config: consolidation= 1 preferHT= © 30.6/32.0 GB (96% i 4 I .
numa: Hot add is enabled and vNUMA hot add 1is disabled, forcing UMA. Ethernet -y e
numaHost: 12 VCPUs 1 VPDs 2 PPDs " S OKbps R OKbps St i
numaHost: VCPU 0O |VPD PPD L
numaHost: VCPU 1|VPD @ PPD '
numaHost: VCPU 2 |VPD @ PPD el o e
numaHost: VCPU 3 (VPD © PPD € 0% 2.20 GHz :
numaHost: VCPU 4 |VPD PPD . . Thie i ma Yes
numaHost: VCPU 5 |VPD PPD € 45 837 18286 e N/A
6
7
8

e
e
e
e
e
e
e
e
e
e
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Databases & CPU
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How Many vCPUs / Rightsizing?

How many will be used? CPU

9% Utilization over 60 seconds

lgnore the vendor req’s 'mm Mﬂm

Knowledge of workload

Size for now (plus headroom). . L | |

Can resize later

Target 40-60% utilization during
biz hours

Monitoring & trending

Optimize NUMA placement (SQL Ent)
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SQL Server Soft-NUMA

SQL Server 2016 and above

Processinfo Text

Server Machine supports memory emor recovery. SQL memory protection is enabled to recover from memory comuption.

Server Default collation: SQL_Latin1_General_CP1_CI_AS (us_english 1033)

Server Automatic soft-NUMA was enabled because SQL Server has detected hardware NUMA nodes with greater than 8 physical cores.
Server Buffer pool extension is already disabled. No action is necessary.

Server Initialize Extemal UserGroup Sid failed. Implied authentication will be disabled.

Server Implied authentication manager inttialization failed. Implied authentication will be disabled.

Server The maximum number of dedicated administrator connections for this instance is 1"

Server This instance of SQL Server last reported using a process |1D of 20172 at 8/15/2017 9:55:01 AM ({local) 8/15/2017 1:55:01 PM (UTC)....
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Server Hardware Power Considerations

fde Mormstor Help

Owerviewy = CFU thor,'g Disk Network
Processes B o% CPU Usage ™ so% Maumum Freguency ~ - l > Waewes |- .
Image D Destrip Satus Theeads CPU  Awerag -, CPU - Total 100%
Service CPU Usage 100%
CPrUo 100%
cPL2 100%
Services MW o% CFU Usage ~
Assodiated Handles o by v
)
| ules cPuUa 100%
CPUG 100%

|
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Performance Analysis

Metric %Ready %CoStop %I/O Wait %Demand
Investigation
threshold >3 >100
If the threshold is exceeded, over-provisioning of vCPU, excessive usage of vSMP or a limit (check %MLMTD) has been set. This
%Read %RDY value is the sum of all vCPUs %RDY for a virtual machine. For example, if the max value of %RDY of 1vCPU is 100% and
. y 4vCPU is 400%. If %RDY is 20 for 1 vCPU then this is problematic, as it means 1 vCPU is waiting 20% of the time for VMkernel to
schedule it.
%CoStop If the threshold is exceeded this indicates excessive usage of vSMP. Decrease amount of vCPUs for this particular virtual machine.
%1/0 wait If the threshold is >5, the virtual machine is waiting for swapped pages to be read from disk. You may have overcommitted
memory.
% Demand If >100%, the allocated ressources are not sufficient and additional capacity may be required
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]
Parallelism
Microsoft*

SQL Server

Connection

Server:
10.2.1.212

Connection:
dklee
¥¢ View connection propedies

Progress
Ready

5 st~ [ Helo

Qual |3

v FILESTREAM
FILESTREAM Access Level
FILESTREAM Share Name

v Miscellaneous
Allow Triggers to Fire Others
Blocked Process Threshold
Cursor Threshold
Default Full-Text Language
Default Language
Full-Text Upgrade Option
Max Text Replication Size
Optimize for Ad hoc Workloads
Scan for Startup Procs
Two Digt Year Cutoff

v Network
Network Packet Size
Remote Login Timeout

v Parallelism
Cost Threshold for Parallelism
Locks
Max Degree of Parallelism
Query Watt

'Cost Threshold for Parallelism

Specty the threshold where Microsoft SQL Server creates and executes

(® Configured values

Disabled
MSSQLSERVER

True

0

-1

1033
English
Import
65536
True
True
2049

4096
10

O Running values
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In-Guest Measurement g il
Available counters
Select counters from computer:
<Local computer > v Browse...
VM Memory v A

Windows Perfmon counter

VM Processor
% Processor Time

Included with VMware Tools e

Effective VM Speed in MHz

VM Processor : CPU Stolen Time Host processor speed in MHz

Limit in MH2 [ ]
Reservation in MHz
Shares

Instances of selected object:
Total

<All instances >

Convert to percent

v Search

Add >>
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Virtual Disks & Queueing

Database Perspective

Databasel

Database
Query
Engine

Database
Storage
Engine

Windows / Linux

SCSI
Controller

SCSI
Controller

Databasel
Data File

Databasel
Log File




nikamooz;

8591 1421 9 1ougs 00l gy i jgoT

Virtual Disks Latencies
VMware’s Logical Perspective

~

GAVG

KAVG

« Latency of I/O in-guest

* Warning Threshold: > 25ms read / 10ms write

« VMware Kernel I/O Pass-Through
 Warning Threshold: > Tms

VMWARE ESXI ENGINE

Disk Pool *

DAVG

ABRT/s

Latency at device driver

* Round trip time between HBA/NIC & storage

Warning Threshold: > 25ms read / 10ms write

« Commands aborted per sec
+ Warning Threshold: 1

STORAGE ARRAY
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Virtual Disks Queueing
VMware’s Logical Perspective

VMWARE ESXi ENGINA

Guest Queue

WQLEN Per VM (World) Queue
AQLEN Adapter Queue

ESXi Storage Stack

Driver l DQLEN Device (Per Datastore) Queue
HBA / NIC g"
PHYSICAL SERVER
Fabric / Switching
INTERCONNECTS
Storage SP m SQLEN Storage Array Gueue

\ ) STORAGE ARRAY
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Virtual Disks Queue Depths

VMware’s Logical Perspective

ESXi Storage Stack

Driver

OS Disk Queue

VMWARE ESXi ENGINE
Virtual Adapter Queue Depth

Storage VMKernel Queues
Disk.SchedNumReqgOutstanding

Device (Per Datastore) Queue

HBA / NIC g

Adapter Queue Depth PHYSICAL SERVER

Fabric / Switching

Link Speed & Subnetting

Zoning and Switch Hops
INTERCONNECTS

Storage SP m

LUN Queue Depth Disk Pool
Array SPs

HBA Target Queues STORAGFE ARRAY

| Per Path Queue Depth
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Change PVSCSI Queue Depths

Default device queue depth 64

Can override device to 254

Don’t blindly override - testand validate gains
https://kb.vmware.com/s/article/1017423

Flash & hybrid benefit more than traditional spindle storage

REG ADD HKLM\SYSTEM\CurrentControlSet\services\pvscsi\Parameters\Device /v DriverParameter /t REG_SZ /d
"RequestRingPages=32,MaxQueueDepth=254"
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SQL Server Object Placement

Monitor Your Workload Properties

PVSCSI 1

f_

[}

V

PVSCSI 2

.

[ L
i‘ \ 4 .
I i

PVSCSI 4

FILEGROUP C

FILEGROUP B

Transaction Logs
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Performance Analysis

Metric

Investigation
threshold

Snapshot age
(days)

Read Latency Write Latency

(ms) (ms) Used Space %

Description

Read Latency (ms)

Write Latency (ms)

Used Space %

Snapshot age (days)

If higher than 10 ms on magnetic disks, >3ms on flash array : user may experience slowness

If higher than 10 ms on magnetic disks, >3ms on flash array : user may experience slowness

If higher than 80% you may face filesystem or datastore full. Snapshot space is necessary for
backup activities or temporary maintenance needs

As a best practice avoid running production on older than 3 days snapshots. This my slow down
the virtual machine and generate co-stop if the snapshot size is large.
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Memory Management

Zero Overcommitment, No Problem

Easier (theoretically)

NO overcommitment of
host RAM

Reserve all guest memory

Active memory = memory
‘used’ by database engine

Do not use Active memory
counter for any capacity
estimation

Edit Settings  pso1

Virtual Hardware VM Options

> CPU
~ Memory

Reservation

Limit

Shares

Memory Hot Plug

32 GB v
32768 \ = 1 MB
¥ Reserve all guest memory (All locked)

Unlimited .J MB v

Normal v

ADD NEW DEVICE ]

o
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SQL Server Memory

Ask Your DBA About DB Memory Usage

B Server Properties - HFXP50DK

Select a page .

P Geneea LT Scipt v @ Help

& Memory

# Processors Server R

7 memory options

K& Connections

& Database Settings

# Advanced

J Pemissions Minimum server memory (in MB):
1128000 +
Maximum server memory (in MB):
204800 +

SQL Server: Large memory pages
Oracle: Huge pages

s

80000

SQL Server Page Life Expectancy

70000

60000

50000

% 40000
>

30000

20000

10000

—\/AIMIN
—\/a197th

e T e T e T g v =

Time of Day (Avg)

—\ 0|25t
—\/a|98th

—\AIS0th  e—t/al95th
s \/ Q|99 Oth s \/aIM X

—\/A| AV —\/a|96th

e \/ @1 99th
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Troubleshooting Memory

Contention
%

Metric Balloon

%

Investigation
threshold

Metric Description

Balloon(%) If larger than 0, host is forcing virtual machine to inflate balloon driver to reclaim memory as the host is overcommitted

o ~ A =
Contention(%) :\I:;\g(:ar; than 0 host has swapped memory pages and this is the % of time VMs are waiting to access swapped
Amount of guest memory beeing swapped. The memory will stay swapped even after congestion period.

Swapped  \ ood tobe actively unswapped.
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Networking
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SQL Server Networking

Default packet size 4KB
Networking jumbo frames?
Does the workload demand it?

Network packet drop %

B Server Properties - HFXP50DK

Select a page
K General

it
g

-1
-
o
-
O
s
Q.

Yeeeee
g;

Connection

Server:
localhost

Connectior®
HERAFLUX\dklee

v¥ View connection properies

Ready

LT Scipt v @ Heb Wy

o2l | =

v Containment
Enable Contained Databases False

v FILESTREAM
FILESTREAM Access Level Disabled
FILESTREAM Share Name MSSQLSERVER

v Miscellaneous
Allow Triggers to Fire Others True
Blocked Process Threshold 0
Cursor Threshold -1
Default Full-Text Language 1033
Default Language English
Full-Text Upgrade Option Rebuild
Max Text Replication Size 65536
Optimize for Ad hoc Workloads False
Scan for Startup Procs False
Two Digit Year Cutoff 2049
Network
Network Packet Size 4096

v

e

‘Mow‘l’llmtoﬂnahut

Remote Login Timeout
Parallelism

Cost Threshold for Parallelism

Locks

10

5
0

imMaammMmmmMmummm.mm.
tiggers cannot be fired by another trigger.

{

® Configured values

(O Running values

Cancel
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In-Guest Network Tuning

vmxnet3 Ethernet Adapter Properties
Events Resources Power Management
Use VMXNET3 driver SiiE SiNiced e it
« 10GbE throughput The following properties are available for this network adapter. Click
the property you want to change on the left, and then select its value
Jumbo frames? on the right.
« Usually not necessary in-guest Property: Value:
) ) _ ) Offload TCP Options A Disabled
Enable Windows Receive Side Scaling Pn‘oﬁ' /VLANtai IDisabled '
- » . Receive Slde Sca“n —
https://kb.vmware.com/s/article/2008925 Receive Throttle Enabled
Recv Segment Coalescing (IPv4)
Recv Segment Coalescing (IPv6)
RSS Base Processor Number
Rx Ring #1 Size
. < 1 1 - 1 Rx Ring #2 Size
netsh interface tcp set global rss=enabled el P Beffos
Speed & Duplex
TCP Checksum Offload (IPv4)
TCP Checksum Offload (IPv6)
Tx Ring Size v
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Performance Analysis

Metric %DRPTX %DRPRX

Investigation
threshold

Metric Description

If larger than O transmit packets are being dropped, hardware is overworked due to high

%DRPTX network utilization.
From a network team standpoint investigations will be needed when >2%

If larger than O receive packets are being dropped, hardware is overworked due to high

%DRPRX network utilization.
From a network team standpoint investigations will be needed when >2%
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vPMemDisk - Block Mode
For PMEM Non-Aware Technologies

vNVDIMM - Byte Mode
For PMEM Aware Technologies
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DAX = Direct Access Volume

Memory Mapped Region

App User

Mode
Standard File APIs

. Kernel
File System Mode

DirectAccess

Data Path : .
Disk Driver

Load/Store

Memory Mapped Region

No NTFS Software Encryption Support (EFS)
No NTFS Software Compression Support
No NTFS TxF Support (Transactional NTFS)

No NTFS USN Range Tracking of Memory Mapped
Files

No NTFS Resident File Support
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