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Demystify the Cloud 

This Photo by Unknown Author is licensed under CC BY-NC

http://www.mikefal.net/2016/09/15/azure-sql-databases-with-powerhshell-moving-to-the-cloud/
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This is what it really looks like



Virtual Machines

https://docs.microsoft.com/en-us/azure/virtual-machines/windows/sizes-general

Mainstream Intel Xeon and AMD Epyc multi-core CPUs

This Photo by Unknown Author is licensed under CC BY-SA

https://docs.microsoft.com/en-us/azure/virtual-machines/windows/sizes-general
https://de.wikipedia.org/wiki/Rechenzentrum
https://creativecommons.org/licenses/by-sa/3.0/


SQL Elastic Pool

• eDTU (Elastic Database Transaction Unit)

• SSD disks (P-databases)

• Pool limit

• Individual DB limit

• No. of databases varies

PT

https://docs.microsoft.com/en-us/azure/sql-database/sql-database-service-tiers-dtu


The (Business Central) cloud from the inside
Inside Business Central
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How Many Tenants on One Cluster?

• Depends

• How many tenants are active (not dormant trials)?

• How many users?

• How active are they?

• As a result, we monitor usage and load, and sometimes either split clusters 
or move tenants to their own cluster.



A closer look at AL execution

• AL code with no database access or web access: ~300.000 statements/sec.

• SQL Access: ~300 queries/sec.

• Ratio between AL and DB calls in codeunits: ~10:1

This Photo by Unknown Author is licensed under CC BY-SA

https://en.wikipedia.org/wiki/File:Magnifying_glass_icon_mgx2.svg
https://creativecommons.org/licenses/by-sa/3.0/


NST Thread Scheduler

50ms

~10 AL lines: 0.033ms

SQL Statement

Somebody else’s 50msNext client request



Cloud service performance

• Service compute

• Database

• Application



Application Service Utilization
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Cache synchronization
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Gateway

Gateway

Balancing v1



Gateway
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Telemetry
What does it look like?



Cluster Performance (example)



OnOpenCompany (example)



Sessions (example)



Database Performance (example)



Report execution (example)



OnAfterGetRecord (example)



Application Performance (example)



Internal telemetry



Internal telemetry



Partner telemetry



Partner telemetry



Partner telemetry



Partner telemetry



Instrumentation key



Analyze telemetry



Now:
• Get live insights into performance issues due 

to Long Running SQL queries

Future:
• Errors
• Report execution times
• Page load times

© Microsoft Corporation                                                                                  

Platform telemetry



Telemetry vNext

• Let us know what would you like to see in telemetry?

• Add/vote here 
https://experience.dynamics.com/ideas/categories/list/?category=20a47b0
5-7928-e911-a95a-000d3a4f3883&forum=e288ef32-82ed-e611-8101-
5065f38b21f1

https://experience.dynamics.com/ideas/categories/list/?category=20a47b05-7928-e911-a95a-000d3a4f3883&forum=e288ef32-82ed-e611-8101-5065f38b21f1


Profiling

• Application logic

• Database access



SQL Profiler is your friend



SQL Profiler is your friend



Timeline profiler



Timeline profiler



Timeline profiler



Timeline profiler



Query store
select qqt.query_sql_text, res.* from sys.query_store_query_text qqt
join
(select top 50 
qt.query_text_id,
q.query_id,
p.plan_id,
sum(total_query_wait_time_ms) as sum_total_wait_ms
from sys.query_store_wait_stats ws
join sys.query_store_plan p on ws.plan_id = p.plan_id
join sys.query_store_query q on p.query_id = q .query_id
join sys.query_store_query_text qt on q.query_text_id = qt.query_text_id
where ws.wait_category=3 /*LOCK*/
Group by qt.query_text_id, q.query_id, p.plan_id
order by sum_total_wait_ms desc) res
on res.query_text_id = qqt.query_text_id



• What is performance regression testing in this context

• How to: Get up and running with Performance Regression Test in VSCode

• How to: Performance Regression Test of Sales Order creation

• How to: Interpret the data

• Future: Preview of new opened source Performance Regression Test Tool

Performance Regression Testing



Performance Regression Test

• Why use Performance Regression Test
• Lightweight & easy to implement.
• Discover regressions as they occur.
• Tune code.
• Introduce with existing test.



• Count
• Statement Executed hits
• Row Read

• Re-run during development
• Tune
• Optimize

• Add to test suite
• Run as part of other Regression 

Test
• Reduce problems in Production

Performance Regression Testing AL Code

IF SalesLine.FINDSET THEN
REPEAT
TempSalesLine := SalesLine;
TempSalesLine.INSERT;

UNTIL SalesLine.NEXT = 0;



• In Docker import the test toolkit

• Inside VSCode create a standard test 
case

• Example….

“Import-TestToolkitToNavContainer
<container name>”.

Get up and running in VSCode



• Testing “Creating Sales Orders”

• SqlRowCounter, SqlExecuted
obtained using SessionInformation
object from Server

• This is just demonstrating Sales 
Order creation.

• Then new functionality is introduced

• Over time it can pose a risk

Performance Regression Test of a Scenario

Ext1

Ext2

Ext..n

1 Statement 3ms
1000 statements = 3 seconds



• Provides a UI. 

• Compare to baseline during 
development.

• Easily discover regressions.

• All part of the standard Docker 
images.

• ETA H1 2020 on GitHub etc.

Preview: New open sourced Performance test 
tool 



• Provide better reporting  

• More stabile than timer test

• Keep track over time

• Share with PowerBi, other tools

• Setup Flows

Export to Excel
Timer test

Counting SQL statements



• Testing the Advanced Sample Extension

• https://freddysblog.com/2019/08/20/business-central-on-docker-for-non-
experts/

Resources for AL Testing

https://docs.microsoft.com/en-us/dynamics365/business-central/dev-itpro/developer/devenv-extension-advanced-example-test
https://freddysblog.com/2019/08/20/business-central-on-docker-for-non-experts/


New Features In 15.0

• Number Sequence object

• Page Background Tasks

• SessionInformation

• Immutable Keys



New number sequence object type in AL

• Fast, non-blocking number sequences that 
be used from AL

• Based on SQL Server ‘Sequence’ object

• Non-transactional

© Microsoft Corporation                                                                                  



Non-blocking Number Series

Switch to the new Non-blocking Number Series for all series where possible 

gaps in the sequence is acceptable.

Gaps will happen if a number is taken and the transaction rolled back.

This will give better performance due to less locking when creating entities.

Builds on the new NumberSequence object

© Microsoft Corporation                                                                                  
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Page Background Tasks

Consider using a page background task for long running (read-only) 

calculations on your pages.

This makes pages responsive even if some calculations have  not 

completed yet.

AL developers can use asynchronous concepts

© Microsoft Corporation                                                                                  



What
does it 
look like?

© Microsoft Corporation                                                                                  Dynamics 365 



New SessionInformation AL object type

Make your AL performance test code much simpler.

These insights can also be monitored from AL debugger.

AL developers can query

• Number of SQL statements executed on the 
session since session start.

• Number of SQL rows read on the session since 
session start.

© Microsoft Corporation                                                                                  



Immutable keys

All records now have an (unique) immutable key (GUID).

Uptake: Staged deprecation of Integration Records

New stable ID on all tables both internally and 
externally, for example to use in integration 
scenarios

© Microsoft Corporation                                                                                  



Coming soon: Read scale-out support



Coming soon: Read scale-out support

• Will enable the BC server to route requests to secondary replica

• Frees up resources on the primary sql server

• Can be used for API pages, Reports and Queries



Coming soon: DataAccessIntent



Coding for performance in Azure

• Minimize the number of SQL statements

• Schedule as background tasks

• Scale out



#SQL calls - Reports
report 4 "Detail Trial Balance"
{
dataset

{dataitem("G/L Account"; "G/L Account")
{DataItemTableView = WHERE("Account Type" = CONST(Posting));

PrintOnlyIfDetail = true;
RequestFilterFields = "No.", "Search Name", "Income/Balance", "Debit/Credit", "Date Filter";

dataitem(PageCounter; "Integer")
{

DataItemTableView = SORTING(Number) WHERE(Number = CONST(1));

dataitem("G/L Entry"; "G/L Entry")
{

DataItemLink = "G/L Account No." = FIELD("No."), "Posting Date" = FIELD("Date Filter"), "Global Dimension 1 Code" = FIELD("Global Dimension 1 Filter"), …
DataItemLinkReference = "G/L Account";
DataItemTableView = SORTING("G/L Account No.", "Posting Date");

trigger OnAfterGetRecord() // G/L Account
var

GLEntry: Record "G/L Entry";
Date: Record Date;

begin
StartBalance := 0;
if GLDateFilter <> '' then begin

Date.SetRange("Period Type", Date."Period Type"::Date);
Date.SetFilter("Period Start", GLDateFilter);
if Date.FindFirst then begin

SetRange("Date Filter", 0D, ClosingDate(Date."Period Start" - 1));
CalcFields("Net Change");
StartBalance := "Net Change";
SetFilter("Date Filter", GLDateFilter);

end;
end;

if PrintOnlyOnePerPage then begin
GLEntry.Reset;
GLEntry.SetRange("G/L Account No.", "No.");
if CurrReport.PrintOnlyIfDetail and GLEntry.FindFirst then

PageGroupNo := PageGroupNo + 1;
end;

end;

For each G/L Account we issue 3 queries



Can we improve?

• Rewrite the report to use a query
• Change  dataitem(s) to be ‘Integer’ loops  to consume the query
• Adapt the RDLC (or Word layouts) to the new structure

• Or…

• Declare a global GLEntry record that finds all the entries
• Change the existing ”G/L Entry” dataitem into a temp table
• Fill in the temp ”G/L Entry” table on OnAfterGetRecord of ”G/L Account”

• Declare a global GLAccount record with the StartBalance date filter
• SetAutoCalcFields(”Net Change”)



Modified Report
report 51004 "Detail Trial Balance v2"
{

dataset
{

dataitem("G/L Account"; "G/L Account")
{

DataItemTableView = WHERE("Account Type" = CONST(Posting));
PrintOnlyIfDetail = true;
RequestFilterFields = "No.", "Search Name", "Income/Balance", "Debit/Credit", "Date Filter";
dataitem(PageCounter; "Integer")
{

DataItemTableView = SORTING(Number) WHERE(Number = CONST(1));
dataitem("G/L Entry"; "G/L Entry")
{

DataItemLink = "G/L Account No." = FIELD("No."), "Posting Date" = FIELD("Date Filter"), "Global Dimension 1 Code" = FIELD("Global Dimension 1 Filter"),…
DataItemLinkReference = "G/L Account";
DataItemTableView = SORTING("G/L Account No.", "Posting Date");
UseTemporary = true;



Modified Report
trigger OnPreDataItem()   // G/L Account

var
Date: Record Date;

begin
PageGroupNo := 1;
if GLDateFilter <> '' then begin

Date.SetRange("Period Type", Date."Period Type"::Date);
Date.SetFilter("Period Start", GLDateFilter);
if Date.FindFirst then begin

CalculateBeginningBalance := true;
GlobalGLAccount.CopyFilters("G/L Account");
GlobalGLAccount.SetRange("Date Filter", 0D, ClosingDate(Date."Period Start" - 1));
GlobalGLAccount.setautoCalcFields("Net Change");
if GlobalGLAccount.findset then;

end;
end;

end;



Modified Report
trigger OnAfterGetRecord() // G/L Account

var
AnyEntryForThisAccount: Boolean;
MoreGLAccounts: Boolean;

begin
StartBalance := 0;
if CalculateBeginningBalance then begin

MoreGLAccounts := true;
while (GlobalGLAccount."No." < "no.") and MoreGLAccounts do

MoreGLAccounts := GlobalGLAccount.next <> 0;
if GlobalGLAccount."No." = "no." then

StartBalance := GlobalGLAccount."Net Change";
end;
if not GlobalGLEntryRead then begin

GlobalGLEntry.CopyFilters("G/L Entry");
if GetFilter("No.") <> '' then

CopyFilter("No.", GlobalGLEntry."G/L Account No.");
if GetFilter("Date Filter") <> '' then

CopyFilter("Date Filter", GlobalGLEntry."Posting Date");
if GetFilter("Business Unit Filter") <> '' then

CopyFilter("Business Unit Filter", GlobalGLEntry."Business Unit Code");
if GetFilter("Global Dimension 1 Filter") <> '' then

CopyFilter("Global Dimension 1 Filter", GlobalGLEntry."Global Dimension 1 Code");
if GetFilter("Global Dimension 2 Filter") <> '' then

CopyFilter("Global Dimension 2 Filter", GlobalGLEntry."Global Dimension 2 Code");
GlobalGLEntry.SetCurrentKey("G/L Account No.", "Posting Date");
MoreGlobalGLEntries := GlobalGLEntry.findset;

end else
"G/L Entry".DeleteAll();

AnyEntryForThisAccount := false;
if MoreGlobalGLEntries and (GlobalGLEntry."G/L Account No." = "No.") then

repeat
"G/L Entry" := GlobalGLEntry;
"G/L Entry".Insert();
AnyEntryForThisAccount := true;
MoreGlobalGLEntries := GlobalGLEntry.next <> 0;

until not MoreGlobalGLEntries or (GlobalGLEntry."G/L Account No." <> "No.");
GlobalGLEntryRead := true;

if PrintOnlyOnePerPage then
if CurrReport.PrintOnlyIfDetail and AnyEntryForThisAccount then 

PageGroupNo := PageGroupNo + 1;
end;



Modified Report
StartBalance := 0;
if CalculateBeginningBalance then begin

MoreGLAccounts := true;
while (GlobalGLAccount."No." < “No.") and MoreGLAccounts do

MoreGLAccounts := GlobalGLAccount.next <> 0;
if GlobalGLAccount."No." = “No." then

StartBalance := GlobalGLAccount."Net Change";
end;

AnyEntryForThisAccount := false;
if MoreGlobalGLEntries and (GlobalGLEntry."G/L Account No." = "No.") then

repeat
"G/L Entry" := GlobalGLEntry;
"G/L Entry".Insert();
AnyEntryForThisAccount := true;
MoreGlobalGLEntries := GlobalGLEntry.next <> 0;

until not MoreGlobalGLEntries or (GlobalGLEntry."G/L Account No." <> "No.");
GlobalGLEntryRead := true;

if PrintOnlyOnePerPage then
if CurrReport.PrintOnlyIfDetail and AnyEntryForThisAccount then 

PageGroupNo := PageGroupNo + 1;

trigger OnAfterGetRecord() // G/L Account
var

AnyEntryForThisAccount: Boolean;
MoreGLAccounts: Boolean;

begin
StartBalance := 0;
if CalculateBeginningBalance then begin

MoreGLAccounts := true;
while (GlobalGLAccount."No." < “No.") and MoreGLAccounts do

MoreGLAccounts := GlobalGLAccount.next <> 0;
if GlobalGLAccount."No." = “No." then

StartBalance := GlobalGLAccount."Net Change";
end;
if not GlobalGLEntryRead then begin

GlobalGLEntry.CopyFilters("G/L Entry");
if GetFilter("No.") <> '' then

CopyFilter("No.", GlobalGLEntry."G/L Account No.");
if GetFilter("Date Filter") <> '' then

CopyFilter("Date Filter", GlobalGLEntry."Posting Date");
if GetFilter("Business Unit Filter") <> '' then

CopyFilter("Business Unit Filter", GlobalGLEntry."Business Unit Code");
if GetFilter("Global Dimension 1 Filter") <> '' then

CopyFilter("Global Dimension 1 Filter", GlobalGLEntry."Global Dimension 1 Code");
if GetFilter("Global Dimension 2 Filter") <> '' then

CopyFilter("Global Dimension 2 Filter", GlobalGLEntry."Global Dimension 2 Code");
GlobalGLEntry.SetCurrentKey("G/L Account No.", "Posting Date");
MoreGlobalGLEntries := GlobalGLEntry.findset;

end else
"G/L Entry".DeleteAll();

AnyEntryForThisAccount := false;
if MoreGlobalGLEntries and (GlobalGLEntry."G/L Account No." = "No.") then

repeat
"G/L Entry" := GlobalGLEntry;
"G/L Entry".Insert();
AnyEntryForThisAccount := true;
MoreGlobalGLEntries := GlobalGLEntry.next <> 0;

until not MoreGlobalGLEntries or (GlobalGLEntry."G/L Account No." <> "No.");
GlobalGLEntryRead := true;

if PrintOnlyOnePerPage then
if CurrReport.PrintOnlyIfDetail and AnyEntryForThisAccount then 

PageGroupNo := PageGroupNo + 1;
end;



Did it matter?

• ”Detail Trial Balance” on standard CRONUS demo data:

• Standard report : 225-597 SQL queries (depends on no. of accounts)

• Modified report: 18 SQL queries



Scale Out

• Split your job into smaller taks

• Wait for all sub-tasks to finish 
before continuing

Configuration Package Import (codeunit 8614 "Config. XML Exchange“)

main

Task 1

main

Task 2 Task n...



Did it matter?

• Import of Configuration Package on standard CRONUS demo data:

• 13.0 (NAV2018): ~20 min (slow machine).

• 14.0 (BC): ~10 min (same slow machine).







Templates



Slide with title & content

Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod
tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim 
veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea
commodo consequat. Duis aute irure dolor in reprehenderit in voluptate
velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat
cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est
laborum.



Lorem ipsum dolor sit amet, te mel congue percipit. Te vero vide scriptorem
vis. No quo inani euismod ancillae, in vitae delenit pri. Mea ne magna 
inciderint, putant neglegentur nam et.

• Lorem ipsum dolor sit amet, te mel congue percipit. 
• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in vitae delenit pri. 

2 rows content



Lorem ipsum dolor sit amet, te mel
congue percipit. Te vero vide 
scriptorem vis. No quo inani euismod
ancillae, in vitae delenit pri. Mea ne 
magna inciderint, putant neglegentur
nam et.

• Lorem ipsum dolor sit amet, te
mel congue percipit. 
• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in 

vitae delenit pri. 

Lorem ipsum dolor sit amet, te mel
congue percipit. Te vero vide 
scriptorem vis. No quo inani euismod
ancillae, in vitae delenit pri. Mea ne 
magna inciderint, putant neglegentur
nam et.

2 col content



Lorem ipsum dolor sit amet, te mel
congue percipit. Te vero vide 
scriptorem vis. No quo inani euismod
ancillae, in vitae delenit pri. 
Mea ne magna inciderint, putant
neglegentur nam et.

Lorem ipsum dolor sit amet, te mel
congue percipit. Te vero vide 
scriptorem vis. No quo inani euismod
ancillae, in vitae delenit pri. 
Mea ne magna inciderint, putant
neglegentur nam et.

• Lorem ipsum dolor sit amet, te mel
congue percipit. 
• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in 

vitae delenit pri. 

• Lorem ipsum dolor sit amet, te mel
congue percipit. 
• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in 

vitae delenit pri. 

2 rows — 2 cols content



Lorem ipsum dolor sit amet, te mel
congue percipit. Te vero vide 
scriptorem vis. No quo inani euismod
ancillae, in vitae delenit pri. 
Mea ne magna inciderint, putant
neglegentur nam et.

• Lorem ipsum dolor sit amet, te mel
congue percipit. 
• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in 

vitae delenit pri. 

• Lorem ipsum dolor sit amet, te mel
congue percipit. 
• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in 

vitae delenit pri. 

1 col — 2 rows content



• Lorem ipsum dolor sit amet, te mel congue
percipit. 
• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in vitae 

delenit pri. 

Lorem ipsum dolor sit amet, te mel
congue percipit. Te vero vide 
scriptorem vis. No quo inani euismod
ancillae, in vitae delenit pri. 
Mea ne magna inciderint, putant
neglegentur nam et.

• Lorem ipsum dolor sit amet, te mel congue
percipit. 
• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in vitae 

delenit pri. 

1 col — 2 rows content



Lorem ipsum dolor

• Lorem ipsum dolor sit amet, te mel
congue percipit. 

• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in 

vitae delenit pri. 
• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in 

vitae delenit pri. 

Lorem ipsum dolor

• Lorem ipsum dolor sit amet, te
mel congue percipit. 

• Te vero vide scriptorem vis. 
• No quo inani euismod ancillae, in 

vitae delenit pri. 

2 cols — comparison


