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Tejas Shah – Senior Program Manager
tejasaks@microsoft.com

How to leverage Machine Learning Services in SQL Server

mailto:tejasaks@Microsoft.com
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Machine Learning Introduction

Predict properties of new data by learning from a sample

• Predict sales of stores in a region based on historical sales

• Predict probability of fraud on a new credit card transaction

• Predict default of a new loan based on loan / transaction history

• Predict sentiment of a new tweet or review

• Classify new image(s) based on sample images & attributes

• Classify data into groups or clusters

Popular ML technologies

• R & Python

Popular programming languages

• Java
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Regular Database + App Intelligence Database + App

Application + 

Intelligence

Database

Application

Intelligence 

+ Database

VS

Bringing intelligence to where data lives
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Popularity of Java

Source: Stack Overflow survey 2018 Tiobe programming language index
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SQL Server

2016

SQL Server external language integrations

SQL Server

2017

SQL Server

2019

PythonR

SQL Server Machine Learning Services

R-Services
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Working against SQL Server 
means that you can still explore 
and experiment in your favorite 
IDE. Transform data using TSQL, R 
or Python.

Train models from your IDE and 
leverage the
power of the server machine. Or 
train  directly 
in the SQL Server and save the 
models and manage versions
right in the DB

Deploy and schedule training and 
prediction scripts in-DB and 
automatically make your in-DB 
models and predictions accessible 
to any application

SQL Server’s rich ecosystem 
integrates well with most 
technologies. Share insights 
and make your apps more 
intelligent by consuming 
machine learning from any 
app with a simple simple
stored proc call

SQL Server - An end-to-end platform for Machine Learning

Data Scientists

Interact and 
collaborate directly 
with data

Data Scientists

SQL Developer/DBA

Y

A
XB

App Developer



L
ig

h
t B

lu
e

R
0
 G

1
8
8
 B

2
4
2

G
re

e
n

R
1
6
 G

1
2
4
 B

1
6

R
e
d

R
2
3
2
 G

1
7
 B

3
5

M
a
g

e
n

ta
R

1
8
0
 G

0
 B

1
5
8

P
u

rp
le

R
9
2
 G

4
5
 B

1
4
5

B
lu

e
R

0
 G

1
2
0
 B

2
1
5

T
e
a
l

R
0
 G

1
3
0
 B

1
1
4

Y
e
llo

w
R

2
5
5
 G

1
8
5
 B

0

O
ra

n
g

e
R

2
1
6
 G

5
9
 B

1

L
ig

h
t Y

e
llo

w
R

2
5
5
 G

2
4
1
 B

0
L
ig

h
t O

ra
n

g
e

R
2
5
5
 G

1
4
0
 B

0
L
ig

h
t M

a
g

e
n

ta
R

2
2
7
 G

0
 B

1
4
0

L
ig

h
t P

u
rp

le
R

1
8
0
 G

1
6
0
 B

2
5
5

L
ig

h
t T

e
a
l

R
0
 G

1
7
8
 B

1
4
8

L
ig

h
t G

re
e
n

R
1
8
6
 G

2
1
6
 B

1
0

D
a
rk

 R
e
d

R
1
6
8
 G

0
 B

0
D

a
rk

 M
a
g

e
n

ta
 

R
9
2
 G

0
 B

9
2

D
a
rk

 P
u

rp
le

R
5
0
 G

2
0
 B

9
0

M
id

 B
lu

e
R

0
 G

2
4
 B

1
4
3

D
a
rk

 T
e
a
l

R
0
 G

7
5
 B

8
0

D
a
rk

 G
re

e
n

R
0
 G

7
5
 B

2
8

D
a
rk

 B
lu

e
R

0
 G

3
2
 B

8
0

M
id

 G
ra

y
R

1
1
5
 G

1
1
5
 B

1
1
5
 

D
a
rk

 G
ra

y
R

8
0
 G

8
0
 B

8
0
 

R
ic

h
 B

la
c
k

R
0
 G

0
 B

0
 

W
h

ite
R

2
5
5
 G

2
5
5
 B

2
5
5

G
ra

y
R

2
1
0
 G

2
1
0
 B

2
1
0
 

L
ig

h
t G

ra
y

R
2
3
0
 G

2
3
0
 B

2
3
0

Why Machine Learning in SQL Server?

Eliminate data movement

Operationalize ML scripts and models

Enterprise grade performance and scale

SQL Transformations

Relational data

Analytics library
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Streamline Productivity and Simplify Deployment

Applications

Applications

MODEL

Scoring

Separate service or 
embedded logic

MODEL
Data 

Transformations

Model Training

Model

Model Training

Data 

Transformations

Scoring

SQL Server

Analytics server
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Classification
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SQL Server Extensibility Framework

Host external runtimes securely on SQL Server machine

Resource governance on external processes

• EXTERNAL RESOURCE POOL to control CPU, Memory, CPU Affinity

Integrate with SQL query execution

• New external script operator to exchange data / parameters

• Parallel query pushing data to multiple external processes / threads

• Streaming mode execution

• Batch mode execution (in SQL Server 2017)

Implied Authentication

• Impersonation for loopback connections from external scripts

• Just use trusted connection in connection string
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Faster Time to Insight 

Boost performance of your machine learning processing with the following 

features:

• Leverage the power of the server in remote execution (Compute Context)

• Integration with SQL query execution

• Parallel query pushing data to multiple external processes / threads

• Use in-memory technology and Columnstore Indexes alongside your ML scripts

• Streaming mode execution

• Stream data in batches to the R/Python process to scale beyond 

• available memory

• Train and Predict using parallelism

• Leverage RevoScaleR/revoscalepy and scale your R and Python scripts using ale multi-threading and 

parallel processing

• Leverage trivial parallelism for scoring any arbitrary R or Python script 

• Native scoring for faster real-time predictions (New in 2017)
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Native Scoring using PREDICT function

Requirements:

• rx* models

• Serialized model from rxSerializeModel (R)

• Serialized model from rx_serialize_model (Python)

Key Benefits:

• Runs natively in SQL Server (No R / Python dependency)

• Low latency for execution

• Ideal for highly concurrent scoring of few rows

• Can be used in INSERT/UPDATE/MERGE statement directly
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Azure SQL DB

Cloud

Hybrid Scenario

Anonymized patient 

data

SQL Server 2017

with ML Services

On premises

Deploy model to 

Azure SQL DB

Train model 

using 

Python or R

Application

Score using 

deployed 

model
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SQL Server 

Machine Learning Services

Streamline Productivity and 
Deployment

Faster Time to Insight

Better Security & Compliance

Better Collaboration 

& Sharing Insights
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Better Security & Compliance

Reduced surface area 
and isolation

‘external scripts enabled’ 
required

R/Python script execution 
outside of SQL Server 

process space

R/Python processes 
have limited privileges

R/Python processes run 
under local low privileged 

accounts

User isolation

Default Windows firewall 
rules to block outbound 

traffic

Script execution 
requires explicit 

permission

sp_execute_external_script
requires EXECUTE ANY 

EXTERNAL SCRIPT for non-
admins

SQL Server login/user 
required and db/table access

''
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Better Security & Compliance

Reduce need for data movement

• Remote execution capabilities using SQL compute context

Easy to share data but still secure 

• Row level security to granularly protect sensitive data

Secure connection strings

• Use trusted connection in connection strings to avoid revealing passwords

Leverage Resource Governance to isolate R and Python scripts

• EXTERNAL RESOURCE POOL lets you control CPU, Memory and CPU Affinity
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Customer stories

• ZEN3 Infosolutions (SayInt)

• Customer call transcript in SQL Server

• Use Python in-Db for text analysis

• ATTOM Data Solutions

• Real estate property insights

• Acxiom

• Migrating from SAS

• Targeted marketing campaigns

• Heartland Bank

• Migrating from SAS

• Build financial models

ATTOM will be able to take 
advantage of a host of new 

capabilities, including machine 
learning and predictive analytics.

With R Services, Acxiom is 
building better, more accurate 
models using larger data sets, 
which results in more precisely 

targeted marketing for customers.

The bank has moved its credit 
scorecard development, arrears 

analysis, investment forecasting, and 
analysis of intermediary and broker 

performance to the R Server 
platform.

ML Services with Python helps to 
process customer call transcripts 
to extract n-grams using Python 

to better analyze calls. 

https://blogs.msdn.microsoft.com/sqlcat/2017/10/19/using-sql-service-broker-for-asynchronous-external-script-r-python-execution-in-oltp-systems/
https://customers.microsoft.com/en-us/story/transforming-real-estate-data-services-with-hybrid-cloud-technologies
https://customers.microsoft.com/en-us/story/acxiom-corporation
https://customers.microsoft.com/en-US/story/heartlandbank
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Roadmap
• Azure SQL Database

• R support is coming

• Python support is coming

• Machine Learning Services in SQL Server on 
Linux in public preview

• Additional algorithms and pre-trained models

• Failover cluster support

• Partitioning support for input data

• Native Scoring for more models

• Updated Java developer experience

• Expand data type support

• External library support
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Resources

R Services ML Services

AKA.MS/MLSQLDEV

SSMS Reports for ML Services

ML cheat sheet

https://microsoft.github.io/ml-server-text-classification/

Hospital length of Stay demo scripts

SQL Server Machine Learning Services

https://github.com/Microsoft/sql-server-samples/tree/master/samples/features/r-services/getting-started
https://github.com/Microsoft/sql-server-samples/tree/master/samples/features/machine-learning-services/python
aka.ms/mlsqldev
https://github.com/Microsoft/sql-server-samples/tree/master/samples/features/r-services/ssms-custom-reports
http://download.microsoft.com/download/0/5/A/05AE6B94-E688-403E-90A5-6035DBE9EEC5/machine-learning-basics-infographic-with-algorithm-examples.pdf
https://microsoft.github.io/ml-server-text-classification/
https://github.com/Microsoft/r-server-hospital-length-of-stay
https://docs.microsoft.com/en-us/sql/advanced-analytics/r/r-services
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