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About David Klee

davidaklee
heraflux.com
davidklee.net
hfxte.ch/youtube

Founder & Chief Architect
Heraflux Technologies
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Definitions

Measuring Demand

SQL DB & Managed Instance Options

SQL Server VM Options

Agenda

Testing
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Experience
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Storage Latency Perspectives
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LUN

LUN
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VM

VM
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466ms
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Disk 
Stall
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Definitions
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Azure SQL
SQL Server (boxed product)

SQL Server (boxed product) in Azure VM

SQL Managed Instance

SQL Database

CosmosDB

Lots of other cloudy services

8



Quad Cities SSUG 2023

Do not distribute outside of your 
organization 5

9 © 2 0 2 3  H E R A F L U X  T E C H N O L O G I E S ®

Storage 
Performance

Speed matters, but low latency 

matters more for SQL Server.

Most important for SQL Server. Round trip time to do 

something on disk. Milliseconds -> Microseconds.

LATENCY

IOPs. Rate of demand. Higher is better. *

I/O OPERATIONS PER SECOND

IOPs x block size. MB/s. Monitor interconnect throughput.

THROUGHPUT
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Block Size
Directly relative to IOPs & 

throughput

IOPs to read a 1MB file?

1 IOP @ 4KB
1MB f i le = 250 IOPs

1 IOP @ 1MB
1MB f i le = 1 IOPs
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Block Size
Directly relative to IOPs & 

throughput

Bytes per cluster

FileRecord Segment size
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Azure IOPs

Block size calculations

Reference: 

https://bit.ly/3GXzBhR

Disk access LTE 256KB block = 1 IOP

256KB BASE BLOCK

Format any vDisks to 64KB NTFS allocation unit size

with large FRS

64KB BLOCK NTFS
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Spindle 
(SCSI, 
SATA, 
SAS)

Solid 
State
(SATA)

Solid State 
(SAS)

NVMe
PMEM

Storage 
Medium
Storage configuration & speed 

progression over the years
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Spindle Disk

H i g h  C a p a c i t y I n e x p e n s i v e

H i g h  l a t e n c y L o w  t h r o u g h p u t R e l i a b i l i t y
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Solid State (SATA)

L o w  l a t e n c y L o w  p o w e r

S A T A  l i m i t e d L o w  c a p a c i t y H i g h e r  c o s t

R e l i a b l e
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Solid State (SAS)

H i g h e r  q u e u e s E n t e r p r i s e

S A S  l i m i t e d M o r e  c o s t l y L o w e r  c a p a c i t y

R e l i a b l e
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NVMe

H i g h e s t  q u e u e
d e p t h

H i g h e s t  #  q u e u e s

E x p e n s i v e N e w  f o r m a t S l o w  e n t e r p r i s e  
a d o p t i o n

D e n s e
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PMEM

M e m o r y  s p e e d N a n o s e c o n d  a c c e s s

E x p e n s i v e N e w  f o r m a t O p e r a t i o n a l  
c h a n g e s

P e r s i s t e n t
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Storage Queues

Hypervisor Hypervisor Hypervisor

MDF
LDF

MDF
LDF

MDF
LDF

MDF
LDF

MDF
LDF

MDF
LDF

DB01 VM
DB02 VM DB03 VM

DB09 VM DB10 VM

DB04 VM DB05 VM

DB11 VM DB12 VM

DB07 VM DB08 VM

DB13 VM DB14 VM

Enterprise Storage

Cloud - Inaccessible
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On-Prem Storage Classes

S A N S O F T W A R E -
D E F I N E D

N A SD I R E C T L Y  
A T T A C H E D
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Cloud Storage

IaaS VM

Managed 1TB Disk
Premium SSD (NVMe)

Managed 500GB Disk
Standard SSD

Managed 500GB Disk
Standard HDD
(Ignore these)

BLOB Storage
SQL Server Backups

Managed 1TB Disk
“Ultra” SSD (NVMe)
(Ignore these?*)

Transient Disk
Premium SSD (NVMe)
(…Presumed…)
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Data Platform
LUN

LUN

LUN

LUN

SAN

VM

VM

VM

VM

Data
Log

App AppApp

Database
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Cloud Data Platform

LUN

LUN

LUN

LUN

SAN

VM

VM

VM

VM

Data
Log

Database

Cloud XaaS
Cloud Off-Limits
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Demand
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Baselines
• Identify consumption rates on 

allocated compute / storage

• “What are we actually using?”

• “How is the underlying platform 

responding to our demand?”

• “It’s slow”

• Third-party tools

• Normal day vs. point-in-time

25
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Windows 
Perfmon 
Analysis
Load into SQL Server database

Load Perfmon data into SQL Server database for 

aggregation and analysis: github.com/Heraflux/BLGtoSQL

POWERSHELL BLGtoSQL

Can automate with Task Scheduler to run nightly

CAN RUN NIGHTLY

Can use T-SQL, PowerBI, SSRS, etc., for your 

own operational reporting and analysis

DATA IN RAW FORMAT
hfxte.ch/perfmon

26



Quad Cities SSUG 2023

Do not distribute outside of your 
organization 14

27 © 2 0 2 3  H E R A F L U X  T E C H N O L O G I E S ®

0

2 00 0

4 00 0

6 00 0

8 00 0

1 00 00

1 20 00

1 40 00

1 60 00

1 80 00

0
0:

0
0

0
0:

2
0

0
0:

4
0

0
1:

0
0

0
1:

2
0

0
1:

4
0

0
2:

0
0

0
2:

2
0

0
2:

4
0

0
3:

0
0

0
3:

2
0

0
3:

4
0

0
4:

0
0

0
4:

2
0

0
4:

4
0

0
5:

0
0

0
5:

2
0

0
5:

4
0

0
6:

0
0

0
6:

2
0

0
6:

4
0

0
7:

0
0

0
7:

2
0

0
7:

4
0

0
8:

0
0

0
8:

2
0

0
8:

4
0

0
9:

0
0

0
9:

2
0

0
9:

4
0

1
0:

0
0

1
0:

2
0

1
0:

4
0

1
1:

0
0

1
1:

2
0

1
1:

4
0

1
2:

0
0

1
2:

2
0

1
2:

4
0

1
3:

0
0

1
3:

2
0

1
3:

4
0

1
4:

0
0

1
4:

2
0

1
4:

4
0

1
5:

0
0

1
5:

2
0

1
5:

4
0

1
6:

0
0

1
6:

2
0

1
6:

4
0

1
7:

0
0

1
7:

2
0

1
7:

4
0

1
8:

0
0

1
8:

2
0

1
8:

4
0

1
9:

0
0

1
9:

2
0

1
9:

4
0

2
0:

0
0

2
0:

2
0

2
0:

4
0

2
1:

0
0

2
1:

2
0

2
1:

4
0

2
2:

0
0

2
2:

2
0

2
2:

4
0

2
3:

0
0

2
3:

2
0

2
3:

4
0

IO
Ps

Hour of Day (Avg)

Physical Disk Read IOPs

MP0e MP10l MP11m MP12n MP13t MP14u MP15x MP16y MP17q MP18r

MP19s MP1f MP2g MP3i MP4h MP5v MP6c MP7p MP8z MP9k

27

28 © 2 0 2 3  H E R A F L U X  T E C H N O L O G I E S ®

0

2 00 0

4 00 0

6 00 0

8 00 0

1 00 00

1 20 00

0
0:

0
0

0
0:

2
0

0
0:

4
0

0
1:

0
0

0
1:

2
0

0
1:

4
0

0
2:

0
0

0
2:

2
0

0
2:

4
0

0
3:

0
0

0
3:

2
0

0
3:

4
0

0
4:

0
0

0
4:

2
0

0
4:

4
0

0
5:

0
0

0
5:

2
0

0
5:

4
0

0
6:

0
0

0
6:

2
0

0
6:

4
0

0
7:

0
0

0
7:

2
0

0
7:

4
0

0
8:

0
0

0
8:

2
0

0
8:

4
0

0
9:

0
0

0
9:

2
0

0
9:

4
0

1
0:

0
0

1
0:

2
0

1
0:

4
0

1
1:

0
0

1
1:

2
0

1
1:

4
0

1
2:

0
0

1
2:

2
0

1
2:

4
0

1
3:

0
0

1
3:

2
0

1
3:

4
0

1
4:

0
0

1
4:

2
0

1
4:

4
0

1
5:

0
0

1
5:

2
0

1
5:

4
0

1
6:

0
0

1
6:

2
0

1
6:

4
0

1
7:

0
0

1
7:

2
0

1
7:

4
0

1
8:

0
0

1
8:

2
0

1
8:

4
0

1
9:

0
0

1
9:

2
0

1
9:

4
0

2
0:

0
0

2
0:

2
0

2
0:

4
0

2
1:

0
0

2
1:

2
0

2
1:

4
0

2
2:

0
0

2
2:

2
0

2
2:

4
0

2
3:

0
0

2
3:

2
0

2
3:

4
0

IO
Ps

Hour of Day (Avg)

Physical Disk Write IOPs

MP0e MP10l MP11m MP12n MP13t MP14u MP15x MP16y MP17q MP18r

MP19s MP1f MP2g MP3i MP4h MP5v MP6c MP7p MP8z MP9k

28



Quad Cities SSUG 2023

Do not distribute outside of your 
organization 15

29 © 2 0 2 3  H E R A F L U X  T E C H N O L O G I E S ®

0

2 00

4 00

6 00

8 00

1 00 0

1 20 0

0
0:

0
0

0
0:

2
0

0
0:

4
0

0
1:

0
0

0
1:

2
0

0
1:

4
0

0
2:

0
0

0
2:

2
0

0
2:

4
0

0
3:

0
0

0
3:

2
0

0
3:

4
0

0
4:

0
0

0
4:

2
0

0
4:

4
0

0
5:

0
0

0
5:

2
0

0
5:

4
0

0
6:

0
0

0
6:

2
0

0
6:

4
0

0
7:

0
0

0
7:

2
0

0
7:

4
0

0
8:

0
0

0
8:

2
0

0
8:

4
0

0
9:

0
0

0
9:

2
0

0
9:

4
0

1
0:

0
0

1
0:

2
0

1
0:

4
0

1
1:

0
0

1
1:

2
0

1
1:

4
0

1
2:

0
0

1
2:

2
0

1
2:

4
0

1
3:

0
0

1
3:

2
0

1
3:

4
0

1
4:

0
0

1
4:

2
0

1
4:

4
0

1
5:

0
0

1
5:

2
0

1
5:

4
0

1
6:

0
0

1
6:

2
0

1
6:

4
0

1
7:

0
0

1
7:

2
0

1
7:

4
0

1
8:

0
0

1
8:

2
0

1
8:

4
0

1
9:

0
0

1
9:

2
0

1
9:

4
0

2
0:

0
0

2
0:

2
0

2
0:

4
0

2
1:

0
0

2
1:

2
0

2
1:

4
0

2
2:

0
0

2
2:

2
0

2
2:

4
0

2
3:

0
0

2
3:

2
0

2
3:

4
0

M
B 

pe
r s

ec

Hour of Day (Avg)

Physical Disk Read MBps

MP0e MP10l MP11m MP12n MP13t MP14u MP15x MP16y MP17q MP18r

MP19s MP1f MP2g MP3i MP4h MP5v MP6c MP7p MP8z MP9k

29

30 © 2 0 2 3  H E R A F L U X  T E C H N O L O G I E S ®

0

5 0

1 00

1 50

2 00

2 50

3 00

3 50

0
0:

0
0

0
0:

2
0

0
0:

4
0

0
1:

0
0

0
1:

2
0

0
1:

4
0

0
2:

0
0

0
2:

2
0

0
2:

4
0

0
3:

0
0

0
3:

2
0

0
3:

4
0

0
4:

0
0

0
4:

2
0

0
4:

4
0

0
5:

0
0

0
5:

2
0

0
5:

4
0

0
6:

0
0

0
6:

2
0

0
6:

4
0

0
7:

0
0

0
7:

2
0

0
7:

4
0

0
8:

0
0

0
8:

2
0

0
8:

4
0

0
9:

0
0

0
9:

2
0

0
9:

4
0

1
0:

0
0

1
0:

2
0

1
0:

4
0

1
1:

0
0

1
1:

2
0

1
1:

4
0

1
2:

0
0

1
2:

2
0

1
2:

4
0

1
3:

0
0

1
3:

2
0

1
3:

4
0

1
4:

0
0

1
4:

2
0

1
4:

4
0

1
5:

0
0

1
5:

2
0

1
5:

4
0

1
6:

0
0

1
6:

2
0

1
6:

4
0

1
7:

0
0

1
7:

2
0

1
7:

4
0

1
8:

0
0

1
8:

2
0

1
8:

4
0

1
9:

0
0

1
9:

2
0

1
9:

4
0

2
0:

0
0

2
0:

2
0

2
0:

4
0

2
1:

0
0

2
1:

2
0

2
1:

4
0

2
2:

0
0

2
2:

2
0

2
2:

4
0

2
3:

0
0

2
3:

2
0

2
3:

4
0

M
B 

pe
r s

ec

Hour of Day (Avg)

Physical Disk Write MBps

MP0e MP10l MP11m MP12n MP13t MP14u MP15x MP16y MP17q MP18r

MP19s MP1f MP2g MP3i MP4h MP5v MP6c MP7p MP8z MP9k

30



Quad Cities SSUG 2023

Do not distribute outside of your 
organization 16

31 © 2 0 2 3  H E R A F L U X  T E C H N O L O G I E S ®

0

2 0

4 0

6 0

8 0

1 00

1 20

1 40

1 60

1 80

2 00

0
0:

0
0

0
0:

2
0

0
0:

4
0

0
1:

0
0

0
1:

2
0

0
1:

4
0

0
2:

0
0

0
2:

2
0

0
2:

4
0

0
3:

0
0

0
3:

2
0

0
3:

4
0

0
4:

0
0

0
4:

2
0

0
4:

4
0

0
5:

0
0

0
5:

2
0

0
5:

4
0

0
6:

0
0

0
6:

2
0

0
6:

4
0

0
7:

0
0

0
7:

2
0

0
7:

4
0

0
8:

0
0

0
8:

2
0

0
8:

4
0

0
9:

0
0

0
9:

2
0

0
9:

4
0

1
0:

0
0

1
0:

2
0

1
0:

4
0

1
1:

0
0

1
1:

2
0

1
1:

4
0

1
2:

0
0

1
2:

2
0

1
2:

4
0

1
3:

0
0

1
3:

2
0

1
3:

4
0

1
4:

0
0

1
4:

2
0

1
4:

4
0

1
5:

0
0

1
5:

2
0

1
5:

4
0

1
6:

0
0

1
6:

2
0

1
6:

4
0

1
7:

0
0

1
7:

2
0

1
7:

4
0

1
8:

0
0

1
8:

2
0

1
8:

4
0

1
9:

0
0

1
9:

2
0

1
9:

4
0

2
0:

0
0

2
0:

2
0

2
0:

4
0

2
1:

0
0

2
1:

2
0

2
1:

4
0

2
2:

0
0

2
2:

2
0

2
2:

4
0

2
3:

0
0

2
3:

2
0

2
3:

4
0

M
illi

se
co

nd
s 

La
te

nc
y

Hour of Day (Avg)

Physical Disk Read Latency

MP0e MP10l MP11m MP12n MP13t MP14u MP15x MP16y MP17q MP18r

MP19s MP1f MP2g MP3i MP4h MP5v MP6c MP7p MP8z MP9k

31

32 © 2 0 2 3  H E R A F L U X  T E C H N O L O G I E S ®

0

5 0

1 00

1 50

2 00

2 50

3 00

3 50

4 00

4 50

0
0:

0
0

0
0:

2
0

0
0:

4
0

0
1:

0
0

0
1:

2
0

0
1:

4
0

0
2:

0
0

0
2:

2
0

0
2:

4
0

0
3:

0
0

0
3:

2
0

0
3:

4
0

0
4:

0
0

0
4:

2
0

0
4:

4
0

0
5:

0
0

0
5:

2
0

0
5:

4
0

0
6:

0
0

0
6:

2
0

0
6:

4
0

0
7:

0
0

0
7:

2
0

0
7:

4
0

0
8:

0
0

0
8:

2
0

0
8:

4
0

0
9:

0
0

0
9:

2
0

0
9:

4
0

1
0:

0
0

1
0:

2
0

1
0:

4
0

1
1:

0
0

1
1:

2
0

1
1:

4
0

1
2:

0
0

1
2:

2
0

1
2:

4
0

1
3:

0
0

1
3:

2
0

1
3:

4
0

1
4:

0
0

1
4:

2
0

1
4:

4
0

1
5:

0
0

1
5:

2
0

1
5:

4
0

1
6:

0
0

1
6:

2
0

1
6:

4
0

1
7:

0
0

1
7:

2
0

1
7:

4
0

1
8:

0
0

1
8:

2
0

1
8:

4
0

1
9:

0
0

1
9:

2
0

1
9:

4
0

2
0:

0
0

2
0:

2
0

2
0:

4
0

2
1:

0
0

2
1:

2
0

2
1:

4
0

2
2:

0
0

2
2:

2
0

2
2:

4
0

2
3:

0
0

2
3:

2
0

2
3:

4
0

M
illi

se
co

nd
s 

La
te

nc
y

Hour of Day (Avg)

Physical Disk Write Latency

MP0e MP10l MP11m MP12n MP13t MP14u MP15x MP16y MP17q MP18r

MP19s MP1f MP2g MP3i MP4h MP5v MP6c MP7p MP8z MP9k

32



Quad Cities SSUG 2023

Do not distribute outside of your 
organization 17

33 © 2 0 2 3  H E R A F L U X  T E C H N O L O G I E S ®

SQL DB
Options

33
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Azure SQL 
Database

“Just” a database

Service tier defines scalability & 
performance

No clear determination of storage 
speed by selection

vCore or DTU model
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DBaaS Storage

?? Disk
(Presumed dependent 
on deployment scale)

?
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vCore Model
Seems to be the “new” preferred model

Underlying VM scale is listed

…. Sort of.
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vCore Model
You select series, cores, serverless

RAM is automatic

You select storage space

Storage speed is “automatic” 
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DTU Model
“Database throughput units”

Tier determines performance

(Basic, standard, premium)

No metrics defined
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DTU Performance

Meh…

39

40 © 2 0 2 3  H E R A F L U X  T E C H N O L O G I E S ®

SQL MI
Options
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SQL MI Storage

PaaS 
Instance

Storage
(Type: ??)

BLOB Storage
SQL Server Backups
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SQL MI Storage

Speed determined by service tier & storage allocations
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SQL MI Storage
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SQL VM
Options
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Cloud Storage

IaaS VM

Managed 1TB Disk
Premium SSD (NVMe)

Managed 500GB Disk
Standard SSD

Managed 500GB Disk
Standard HDD
(Ignore these)

BLOB Storage
SQL Server Backups

Managed 1TB Disk
“Ultra” SSD (NVMe)
(Ignore these?*)
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vDisk Caps
• Provisioned IOPs

• Max burst IOPs

• Throughput ceilings

• Caching

• Based on perf tier & disk size

• In-guest storage spaces
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VM Caps
• VM-level 

• IOPs ceilings

• Throughput ceiling

• Cumulative for all vDisks

https://docs.microsoft.com/en-us/azure/virtual-machines/dv5-dsv5-series
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VM Tips
• TempDB on local ephemeral storage

• Very low latency D:

• Data & logs on separate drives

• Host read-only caching for data file disks

• NO read caching for log file disks

• DO NOT ENABLE write caching – ever

• Disk bursting P1-P20 scale not for production

• 64KB NTFS allocation unit sizes

https://learn.microsoft.com/en-us/azure/azure-sql/virtual-machines/windows/performance-guidelines-best-practices-storage?view=azuresql
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Logical Volume - E:

Storage 
Spaces
• Think software drive RAID

• Work around vDisk ceilings 

without provisioning lots of 

space

• Add space to pool as needed

IaaS VM
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Terms
• Resiliency Types

• Simple (RAID-0)

• Mirror (RAID-1)

• Parity (RAID-5)

• Storage Pool

• Group of physical disks in 

RAID setup

• Virtual Disk

• Logical drive (not 

formatted)

• Volume

• Formatted virtual disk

• Column

• Arrangement of blocked storage

• Reference: learn.microsoft.com/en-us/windows-

server/storage/storage-spaces/deploy-standalone-

storage-spaces
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Gotchya’s
• Columns

• Create disk pool of two drives

• Add one more

• Can’t add to pool

• Add one more

• Now can add both

• Reference: bit.ly/3LZU0FQ

• Max speed = sum of # disks in 

single column
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Alternatives
• Azure NetApp Files (ANF)

• Silk – cloud iSCSI SAN

• vNET has higher ceilings than 

vDisks
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Testing
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SQL Server 
I/O Patterns
• Scattered

• 8KB -> 4MB

• No synthetic disk test will test for “SQL 

Server workloads”

• You can reproduce specific types
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Block Sizes
• MS recommends NTFS allocation unit size 

= 64KB

• Reference: blog.purestorage.com/purely-

technical/what-is-sql-servers-io-block-

size/
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Disk READ Synthetic Test

After 8 Data Files 1 Data File
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DiskSpd
• github.com/Microsoft/diskspd

• NOT A SQL SERVER WORKLOAD 

SIMULATOR

• But can generate specific patterns to 

try to mimic certain functions

• github.com/microsoft/diskspd/wiki/

Command-line-and-parameters

Param Description Value

-b Block Size 64KB

-d Duration (seconds) 60+

-Sh Disable caching (-h)

-L Measure latency stats

-o Operations per thread 2+

-t Number of threads Core count?

-r Random I/O block alignment 4K

-w Write/read percentage 20

-c Target file size 10G = 10GB

-z Randomization entropy 512
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Definitions

Measuring Demand

SQL DB & Managed Instance Options

SQL Server VM Options

Summary

Testing
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D a v i d  
K l e e

Question 
everything 
and always 

test”
60



Quad Cities SSUG 2023

Do not distribute outside of your 
organization 31

61 © 2 0 2 3  H E R A F L U X  T E C H N O L O G I E S ®

THANK 
YOU
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