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BEGIN --get ready

SELECT
[Contents]

FROM
[Training]

WHERE
[Module] = '6';
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For Each Activity
Scaling Out Control Flow Activities

Do Stuff

ForEach

Many Values 
[array]

Copy Data

[0]

[1]

[2]

[3]

[array]

[i]

[0] [1] [2] [3] [4] [5] [6] [i]

@item(). Batch Count Default: 20

Batch Count Max: 50

Lookup

IsSequential: true

[array]



For Each Activity
Scaling Out Control Flow Activities

ForEach

Many Values 
[array]

[0]

[1]

[2]

[3]

[array]

[i]

[0] [1] [2] [3] [4] [5] [6] [i]

@item(). Batch Count Default: 20

Batch Count Max: 50

Lookup

IsSequential: true

[array]

Execute Pipeline

Call Child 
Pipeline

* Running in Debug mode.



Integration Pipelines as Data Engineers

Control Flow

1 Linked Services

2 Datasets

3 Activities

Pipelines4

5 Triggers

6Integration Runtimes

Azure IR

Hosted IR

SSIS IR



Nested ForEach Activities & Bucket Metadata

Copy SSIS 
Package 
Executions

Allocate 
Packages to 
Buckets

Get Bucket IDs
Execute 
Buckets in 
Parallel

Get Packages 
in Bucket ID

Execute Bucket

Execute 
Packages in 
Bucket

Run Package

[Buckets]

@item().BucketId [BucketContents]

SSIS IR



A General Pattern for Scaling Out

Copy SSIS 
Package 
Executions

Allocate 
Packages to 
Buckets

Get Bucket IDs
Execute 
Buckets in 
Parallel

Get Packages 
in Bucket ID

Execute Bucket

Execute 
Packages in 
Bucket

[Buckets]

@item().BucketId [BucketContents]

Azure IR

Stored Procedure

Do Stuff



Demo

C#

Python

PowerShell

Scala
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Data Factory Limitations
https://github.com/MicrosoftDocs/azure-docs/blob/main/includes/azure-data-factory-limits.md

mrpaulandrew.com/2020/01/29/azure-
data-factory-resource-limitations/

Lookup

Lookup

800 Data Factory Instances per Subscription

40 Activities per Data Factory Pipeline

3 Active Data Flow Debug Sessions per Data Factory

5,000 Rows or 4MB of Data Returned per Lookup (No Error if More)

Minimum Tumbling Window Trigger – 15mins

4min Client Response Timeout Using Azure Functions Activity
Azure Function

Function

Resource Limits

5,000 Entities (Components) per Data Factory Instance

https://github.com/MicrosoftDocs/azure-docs/blob/main/includes/azure-data-factory-limits.md
https://mrpaulandrew.com/2020/01/29/azure-data-factory-resource-limitations/


Integration Pipelines as Data Engineers

Control Flow

1 Linked Services

2 Datasets

3 Activities

Pipelines4

5 Triggers

6Integration Runtimes

Azure IR

Hosted IR

SSIS IR



Azure Integration Runtime



Compute Concurrency

Runtime 1 Runtime 2

Runtime 3

AutoResolveIntegrationRuntime

Orchestrator Runtime

Fixed 
Region

Flexible 
Location Copy

Copy Files

Source Sink

Source
LS

Sink
LS



Compute Concurrency

Orchestrator Runtime

Fixed Region Flexible Region

Runtime 1 Runtime 2

Runtime 3

AutoResolve
IntegrationRuntime

Internal External

https://mrpaulandrew.com/2020/12/22/pip
elines-understanding-internal-vs-external-
activities/

Internal vs External Activities

https://mrpaulandrew.com/2020/12/22/pipelines-understanding-internal-vs-external-activities/


Concurrency – Pipelines vs Activities
Per Subscription, per IR Region

Internal

External

1,000

3,000
https://mrpaulandrew.com/2020/01/29/azure-data-factory-resource-limitations/

10,000

https://mrpaulandrew.com/2020/01/29/azure-data-factory-resource-limitations/


Concurrency – Pipelines vs Activities
Example 1

Wait

Wait 1 Hour

Wait

Wait 1 Hour

Wait
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Wait 1 Hour

Wait

Wait 1 Hour

Wait

Wait 1 Hour

Wait

Wait 1 Hour

Wait

Wait 1 Hour

Wait

Wait 1 Hour

Wait

Wait 1 Hour

Wait

Wait 1 Hour

1 
Pipeline  

1 
ForEach

50 
Batches  

39 
Wait Activities  X )( =+1 

IR  

ForEach

Execute 50

1951 
Concurrent Activities  



Demo
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PowerShell

Scala
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Problem
How should we structure and trigger our Integration Pipelines?

Pipeline-asaurus!



Problem
How should we structure and trigger our Integration Pipelines?



Problem

Landing Cleaned Transformed Served

PARQUET PARQUET

1 NotebookCopy Data Do Stuff

2 NotebookCopy Data Do Stuff

3 NotebookCopy Data Do Stuff



Problem

Landing Cleaned Transformed Served

PARQUET PARQUET

NotebookCopy Data Do Stuff

NotebookCopy Data Do Stuff

NotebookCopy Data Do Stuff

1

2

3



Problem

Landing Cleaned Transformed Served

PARQUET PARQUET

NotebookCopy Data Do Stuff

NotebookCopy Data Do Stuff

NotebookCopy Data Do Stuff

a b c
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3



Problem

Landing Cleaned Transformed Served

PARQUET PARQUET
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Problem

Landing Cleaned Transformed Served

PARQUET PARQUET

NotebookCopy Data Do Stuff

NotebookCopy Data Do Stuff

NotebookCopy Data Do Stuff

1

2

3

a b c



Served

Do Stuff

Do Stuff

Do Stuff

Transformed

Notebook

Notebook

Notebook

Cleaned

Copy Data

Copy Data

Copy Data

Problem

Landing

PARQUET PARQUET

1a

2a

3a 3b

2b

1b 1c

2c

3c

Only 40 Activities per 
Pipeline.

1

2

3

a b c



Do StuffCopy Data

Copy Data

123c

Problem

Landing Cleaned Transformed Served

PARQUET PARQUET

NotebookCopy Data

Notebook

Notebook

23a

• Grandparent pipeline for 
all processing.

• Parent pipeline to 
consolidate work.

• Child pipelines for low 
level dependencies.1

2

3

a b c

3b

2b

1b1a



Solution
Use Metadata to Drive Data Factory Pipelines



Solution

NotebookCopy Data Do Stuff

NotebookCopy Data Do Stuff

NotebookCopy Data Do Stuff

Stages

1

2

3

Pipelines

a

b

c

d

e

f

g

h

i

Stage Pipeline

1 a

1 b

1 c

2 d

2 e

3 f

3 g

3 h

3 i



Calling Our Worker Pipelines
One More Problem to Consider

Execute Pipeline

Call Child 
Pipeline



Calling Our Worker Pipelines

Stages

1

2

3

Pipelines

a

b

c

d

e

f

g

h

i

Stage Pipeline

1 a

1 b

1 c

2 d

2 e

3 f

3 g

3 h

3 i

NotebookCopy Data Do Stuff

NotebookCopy Data Do Stuff

NotebookCopy Data Do Stuff

Web

Run Worker

Web

Run Worker

Azure Function

Run Worker

Option 1:

Option 2:

Option 3:



Solution: Use Metadata to Drive Data Factory Pipelines & 
Functions to Handle the Worker Execution



Introducing ProcFwk.com



Framework Database



Framework Database

Core Metadata

Execution Handling

Email Alerting

Location & 
Authentication

Runtime & Logging

Configuration & 
Behaviour



 - Grandparent

- Parent

- Child

- Infant

- Worker

Role: Optional level platform setup, for example, scale 
up/out compute services ready for the framework to run.

Role: Execution run wrapper for batches and execution 
stage iterator.

Role: Scale out triggering of worker pipelines within the 
execution stage(s).

Role: Worker validator, executor, monitor and reporting of 
the outcome for the single worker pipeline.

Role: Anything specific to the process needing to be 
performed.

Framework Pipeline Hierarchy



Problem
How should we structure and trigger our Integration Pipelines?



Solution
Use Metadata to Drive Integration Pipeline execution

DataFactory
.procfwk

Synapse
.procfwk



Solution
Use Metadata to Drive Integration Pipeline execution

DataFactory
.procfwk

Synapse
.procfwk

Resource Group 1

Subscription 1

Tenant 1

Resource Group 2

Subscription 2

Tenant 2

Resource Group 3

Subscription 3

Tenant 3



Parent

Grandparent
(Optional)

Child

Infant

Orchestration Framework
Worker Pipelines

Worker 1 - Extract

Worker 2 - Clean

Worker 3 - Transform

Worker 4 - Load

Worker 5 - Serve

Worker n -     

Execute Pipeline

Stage Executor

ForEach

Clean Up Previous 
Run

Stored Procedure

Execute Precursor Lookup

Check Previous 
Execution

Set Variable

Set Execution Id

Lookup

Execution 
Wrapper

Lookup

Get Stages
ForEach

Execute Stages

Stored Procedure

Check Outcome 
and Update Logs

Stored Procedure

Log Stage 
Preparing

Stored Procedure

Check and Update 
Blockers

ForEach

Execute Pipelines

Lookup

Get Pipelines

Execute Pipeline

Worker Executor

Execute Pipeline

Framework 
Bootstrap

Execute Pipeline

Environment 
SetupExecute Pipeline

Scale Up 
Compute

Execute Pipeline

Sync Serving 
Layers

Execute Pipeline

Scale Down 
Compute

Execute Pipeline

Archive Cold Data

Stored Procedure

Pipeline Status 
Unknown

Stored Procedure

Pipeline Status 
Queued

Stored Procedure

Pipeline Status 
Failed

Stored Procedure

Pipeline Status 
InProgress - 
Running

Stored Procedure

Pipeline Status 
Succeeded

Stored Procedure

Pipeline Status 
Cancelled

Stored Procedure

Log Pipeline 
Checking

Lookup

Get SPN Details

Azure Function

Get Pipeline 
Status

Switch

Set Pipeline 
Status

Stored Procedure

Set Last Check 
DateTime

Lookup

Get Worker 
Core Details

Set Variable

Capture Worker 
Core Detail as an 
Array

Lookup

Get Pipeline 
Params

Stored Procedure

Log Pipeline 
Running

Azure Function

Execute Pipeline

Set Variable

Set Run Id

Lookup

Get Wait 
Duration

Stored Procedure

Log Execute 
Function Activity 
Failure

Stored Procedure

Update Run Id

Azure Function

Get Error Details

Until

Wait Until 
Pipeline 
Completes

Azure Function

Get Worker 
Pipeline Status

Wait

Wait for Pipeline

If Condition

Wait If Running

Stored Procedure

Set Last Check 
DateTime

Set Variable

Set Worker State

Stored Procedure

Log Check 
Function Activity 
Failure

Switch

Set Pipeline 
Result

Stored Procedure

Log Error Details

Stored Procedure

Pipeline Status 
Failed

Stored Procedure

Pipeline Status 
Cancelled

Stored Procedure

Pipeline Status 
Unknown

Stored Procedure

Pipeline Status 
Suceeded

If Condition

Send Alerts

Lookup

Check For Alerts

Lookup

Get Email Parts

Stored Procedure

Check Metadata 
IntegrityExecute Pipeline

Is Parent Already 
Running

Azure Function

Validate Pipeline

Stored Procedure

Log Pipeline 
Validating

Stored Procedure

Log Validate 
Function Activity 
Failure

Execute Pipeline

Throw Exception 
– Invalid Worker

Stored Procedure

Update Execution 
With Invalid 
Worker

If Condition

Is Target Worker 
Validate

Utilities - Check For Running Pipeline

Lookup

Get Framework 
Orchestrator 
Details

Lookup

Get Query Run 
Days Value

Lookup

Get Execution 
Batch Status

If Condition

If Using Batch 
Executions

Filter

Filter Running 
Pipelines

If Condition

If Pipeline Is 
Running

Filter

Filter for Batch 
Name

Set Variable

Set Run Count for 
Batch

Set Variable

Set Run Count 
Without Batch

Execute Pipeline

Throw Exception 
– Invalid Worker

Utilities – Throw Exception
Lookup

Raise Error

Utilities – Email Sender
Azure Function

Send Email

Set Variable

Set Subscription 
Id

Set Variable

Set Resource 
Group Name

Set Variable

Set Orchestrator 
Type

Switch

Switch For 
Orchestrator Type

Web

Check for Valid 
ADF Pipeline 
Name

Web

Get ADF Pipeline 
Runs

Web

Check for Valid 
SYN Pipeline 
Name

Web

Get SYN Pipeline 
Runs

Set Variable

Set ADF Runs 
Output

Set Variable

Set SYN Runs 
Output

Execute Pipeline

Throw Exception 
– Invalid Worker

Set Variable

Set Orchestrator 
Type

Execute Pipeline

Call Email Sender

Go to Visio file in 
GitHub:

github.com/mrpaulandrew/procfwk/blob/
master/Images

ProcFwk.com Activity Chain

https://github.com/mrpaulandrew/procfwk/tree/master/Images


Hub & Spoke Integration Architecture

ProcFwk.com Lake House

https://mrpaulandrew.com/2021/08/10/scaling-azure-data-integration-pipelines-decoupling-data-extract-and-transform/

https://mrpaulandrew.com/2021/08/10/scaling-azure-data-integration-pipelines-decoupling-data-extract-and-transform/
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SELECT
[Contents]

FROM
[Training]

WHERE
[Module] = '6';

END; --module, fetch next

http://procfwk.com/

