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Data and Al Life Cycle: Deploy Insights

A recent study by The Futurum Group showed that SAS Viya increases data and Al team
productivity by 4.6x.

The analysts compared SAS Viya to alternatives in an end-to-end customer churn
prediction analysis, a common use case relevant to many industries.

The final step in the data and Al life cycle is Deploy Insights. This was performed by an
MLOps Engineer persona, who was tasked with deploying the model and maintaining its
performance over time.

This guide will walk you through the steps an MLOps Engineer took to complete the
Deploy Insights portion of the life cycle in SAS Viya.

NOTE: The Develop Models steps must have been done before completing this portion of
the life cycle. Visit this link to find the Develop Models Guide if needed.
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MLOps Engineer

Deploy & Maintain Models, Create Monitoring
Reports
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Tasks

Central Model Repository

Automatic Generation of Deployment Files

Model Comparison Metrics and Graphs

Model Scoring — Testing for Deployment

One-Click Deployment — Multiple Deployment Destinations
Model Performance Reports

Retraining

Versioning

O© 0 N O U kB W=

Alerting
10. Scheduling in Production
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Resources
Watch before start

e Quick Start - Data & Al Life Cycle
e Quick Start - SAS Drive
e Quick Start - Manage Data

e Quick Start - Model Manager

e Quick Start - Develop SAS Code in SAS Studio
e Quick Start - Develop Flows in SAS Studio

e Webinar - How Do | Use SAS Model Manager?

0sas
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https://video.sas.com/detail/videos/sas-viya-quick-start/video/6325462141112/ai-and-the-analytics-life-cycle?autoStart=true
https://video.sas.com/detail/videos/sas-viya-quick-start/video/6332187252112/share-and-collaborate-with-sas-drive?autoStart=true
https://video.sas.com/detail/videos/sas-viya-quick-start/video/6332731378112/manage-data-with-sas-data-explorer?autoStart=true
https://video.sas.com/detail/video/6326134528112/manage-models-with-sas-model-manager
https://video.sas.com/detail/videos/sas-viya-quick-start/video/6325460656112/develop-sas-code-with-sas-studio?autoStart=true
https://video.sas.com/detail/videos/sas-viya-quick-start/video/6325462242112/build-flows-with-sas-studio?autoStart=true
https://www.sas.com/en_us/webinars/use-sas-model-manager.html

Central Model Repository
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Central Model Repository — SAS Model Manager

» After the Data Scientist chose the champion model, it was registered to a central model repository called Model Manager. The Data

Scientist passed the champion model to the repository by simply choosing to register it from the pipeline comparison page in Model
Studio. This creates a project in SAS Model Manager.

* Navigate to the “Projects” tab by clicking the relevant icon on the left of the screen. This view lists all projects, project types, and
deployments for the organization so the relevant teams and management can easily monitor these important metrics. In SAS Model
Manager, you can save both SAS, Python and R models and manage them from a central place regardless of where you have developed
them. In that way, models are treated as organizational assets, and proper governance and management are applied.

SAS® Model Manager - Manage Models

& Projects ~ Hide tiles < O
£
% Projects per Operational Status Projects per Model Function
s 3
= Total Number of Projects
W Prototype M Classification
67%
2 Projects with Published Models o“w . ) . . .
Example of the “Projects” view for large organizations.

51 e Advonced soach 5 We can see below 1.1K projects and the associated project types.

[J Nam T Published Status Model Function Modified By Date Modified Tags H

O Futurum ® Classification @ jczrian‘bakerman@sas PrﬁjEC‘tS ~ Hide tiles t‘:: ';-.]

O Futurum SP Classification @ zz};rﬁon.potamiﬂs@se

‘ N Projects per Operational Status Projects per Model Function
[0  Testl sP ® Classification @ :;Z);rr\:on.poramltws@se

1130

X W Analytical B Frediction
» Total Number of Projects R o

B Deployed I Clessification l Segmentation

sployee M Clustering B Single-series forecasting
M In production — ) . —
M Prototype B Computer vision - Image classification [l Text analytics
e Bl Computer vision - Object detection Text sentiment
(O 25% B Mot specified

288 Projects with Published Models
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Central Model Repository — SAS Model Manager

The user can now search for the project created by the Data Scientist upon model registration. Registering a
model will automatically instantiate a Model Manager project if one does not currently exist. Search for the

project based on the name that the Data Scientist gave and click it to open it. Select ‘Futurum_MIOps’ as a
project.

Projects ~ Hide tiles < O

Projects per Operational Status Projects per Model Function

1130

. Analytical Predictio
Total Number of Projects i | - S = e i
— Deploved I Clessification W S=gmentation
= UEpIoyES I 1.1K L B Clustering M Single-series forecasting
B In production _ - ~ = i e T =
B Prototyoe ol Projects | B Computer vision - Image classification B Text analytics
e / B Computer vision - Object detection Text sentiment
[ 25% B Mot specified
288 Projects with Published Models Ny gt
futurum @ 0| 8sAdvanced search New Project
[l MName Published Status Model Function Modified By Date Maodified + Tags .
] Futurum Classification Apr 8, 2024, 03:38:46 PM
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Central Model Repository — SAS Model Manager

This project only has a single model called “Forest” (Pipeline 1) because this is the only model that has been registered for the
project. The role has been set to champion with the star insignia. The other fields have automatically been filled by the system
(model function, project version, score code type, algorithm, date modified, modified by and tags).

:= | B Futurum
Models Variables Properties Files Scoring Performance Workflow History
0 Version: | Version 1 (1.0} v
[] MName T Role Model Function Project Version Score Code Type Algorithm Date Modified Modified By Tags
[] Forest(Pipeline 2) @ Classification Version 1(1.0) D52 multi-type Forest ’:EI 8,2024, 03:38:49 Jcr:(;rr:i_lan.ﬁaka'man@sas ICDSE wult'-typejl
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Central Model Repository — SAS Model Manager

The “Variables” tab displays all the inputs and outputs for the entire project based on the champion model.

This is also created automatically.

Models

I I A A B B R

Copyright © SAS Institute Inc. All rights reserved.

E Futurum

Variables Properties Files Scoring

MName

Location

Marital status
Market condition
Monetary
Mortgages num
Overdrafts num
Product segment
Recency

Referrals num
Regularity
Repaymentdelays num
Risk tolerance
Savings behavior
Savings num
Socialmedia usage
Survey response

Transaction anomalies num

Transaction patiern

EM EVENTPROBABILITY

EM PROBABILITY
P _Churn0

P Churni

Perfermance

Workflow

Data Type
& Character
& Character
& Character
@ Decimal
& Decimal
& Decimal
& Character
& Decimal
@ Decimal
@ Decimal
@& Decimal
& Character
& Character
& Decimal
& Character
& Character
@& Decimal
& Character
@& Decimal
& Decimal
@ Decimal

& Decimal

History

Input T Output Length
v 15
v 15
v' 10
v 8
v 8
v 8
v 1
v 8
v 8
v 8
v 8
v 20
v' 10
v 8
v 6
v 3
v 8
v' 10

v 8
v 8
v 8
v 8

Measurement
MNominal
MNominal
MNominal
Nominal
Nominal
Interval
MNominal
MNominal
MNominal
Nominal
Nominal
Binary
Binary
Interval
MNominal
Binary
Nominal

Binary
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Central Model Repository — SAS Model Manager

T

d
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General
MName:

Description:

Madel function: @
Operational status: @
Created by:

Date created:

Date modified:
Location:

Champion version:
Champion model name:
UUID:

External URL:

External project ID:

Futurum

Classification

Prototype
Jordan.Bakerman@sas.com
Aprg, 2024, 03:37:35 PM
Aprg, 2024, 03:38:46 PM
/Model Repositories/DMRepositary
Version 1
Forest (Fipeline 2)

96169739-5456-4811-90e1-c2e3f65%9ed8d

4537c724-9d99-451c-8aa7-4de0a32c2cf16

Model Evaluation
Default training table:
Target variable:
Target level:

Target event value:

Target values:

Dutput event probability variable:

cas-shared-default/CASUSER(Jordan.Bak...
Churn

Binary

1

P _Churni v

O

he “Properties” tab provides additional information for the project based on the champion model. The
champion model is essentially the guide for creating the project in SAS Model Manager. Nothing needs to be
tered because SAS fills out the necessary values based on registering a model previously.

Clear
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Automatic Generation of
Deployment Files
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Automatic Generation of Deployment Files

Go back to the “Models” tab for the project and select/click the champion model. Then click on the “Files” tab. This view shows
all the deployment artifacts that are automatically created upon model registration. It includes the score code file and other

metadata included in JSON files.

= @& Futurum_MIOps

Models Variables Properties Files Scoring Performance
£ Search name Version: | Version 2 (2.0)
[l Name T Role Model Fu...

Classificatio
L Forest (Pipeline 1) [

n

Copyright © SAS Institute Inc. All rights reserved.

SAS® Model Manager - Manage Models

Project Ve... Score Cod...

Files Warables Properties Versions
+ 1 @
SCORE CODE

[#] dmcas_epscorecode.sas

[#] dmcas_packagescorecode.sas

PROPERTIES AND METADATA

[z) AstoreMetadata.json

[Z] dmcas_fitstat.json
dmecas_lift.json
dmecas_misc.json
dmecas_miscTable.json
dmecas_modellnfo.json
dmcas_packagemetadata.json

dmcas_properties.json

[TV (T ) D) O TP (T 1T

dmcas_relativeimportance.json

J

A mmn e

Y Forest (Pipeline 2) (1.1) | Project: Futurum, Version 1 (1.0)

[ [

[ o e )

dmcas_epscorecode.sas

VDX B R BB @

O = O N e W R —

[ S TR N N T Y [
S0 C8 =] O~ N P ) b = O -0

20

e e

/* Product: Visual Data Mining and Machine Learning

/* Release Version: V2024.01 */

M* Component Version: V2024.01 */

M CAS Version: V.04.00MOP01162024 *f

M SAS Version: V.04.00MOP011624 */

/* Site Number: 70180938 *f

/™ Host: sas-cas-server-default-client *f

/* Encoding: utf-8 */

/* Java Encoding: UTF8 *f

/* Locale: en_US */

/* Project GUID: A4337c724-9d99-451c-Baa7-4e0a32c2cf16

/* Node GUID: Abalchbh3-2601-4clc-9edd-1e1f58addbda

/* Node Id: AH6O0RSZMIZTFTKBKIKIFEMY *
/™ Algorithm: Forest *f

/* Generated by:  Jordan.Bakerman@sas.com */
/¥ Date: 08APR2024:17:41:59 *f

J."'“-'__ _______________________________________________________________________________J'C_l."

data sasep.out:
del nackane scnre AHAOORRZ LNZTFTKRKIKIQAMYI Y
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Automatic Generation of Deployment Files

The “Variables and Properties” tab within the champion model shows project and model metadata needed to score new observations that have
been automatically created by SAS. The “Versions” tab shows the model versions. In this case, only a single version has been created. If more
than one model or more than one version is added, the user can choose which model to govern.

= | ¥ Forest (Pipeline 2) (1.1)  Project: Futurum, Version 1 (1.0)

Files Weriahles Properties Versions

Mame
Amount avg
Balance avg

Behavior segment

Channel
Churn_num

Complaints num

I O000ddgngd

Copyright © SAS Institute Inc. All rights reserved.

Data Type
#® Decimal
#® Decimal
& Character
& Character
@ Decimal

@ Decimal

—

Input

= Y Forest (Pipeline 1) (2.0) | Project: Futurum, Version 1(1.0)

v jordan.bakerman@sas.com

jordan.bakerman@sas.com

Files Variables Properties Versions
Versions Displayed Ver... Meodified By
2.0
B 1.1
B 10

¥ Forest (Pipeline 2) (1.1)

Files Wariables Properties Versions

General
User-Defined

Tags

jordan.bakerman@sas.com

Project: Futurum, Version 1 (1.0}

General
MNarme:

Description:

Created by:

Date created:

Date modified:

Location:

Project name:

Forest (Pipeline 2)

Jordan.Bakerman@sas.com

Apr 8, 2024, 03:37:57 PM

Apr 8, 2024, 03:38:49 PM

/Model Repositories/DMRepository/Futurum/\Version 1

Futurum

Published Status

New Version

Set Version

E
v
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Model Comparison Metrics and
Graphs
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Model Comparison Metrics and Graphs

Go back to the main “Project” page by clicking on the project name at the top. Select the checkbox next to the champion model and then
select compare at the top right of the project. This view will compare any models we have registered in the project with fit statistics and

graphics like lift and ROC. These views are automatically created.

(= i= V¥ Forest (Pipeline 1) (1.0) ‘Project: Futurum MIOps, Version 2 (2.0) \
A
Files Variables Froperties Wersions
5]
58 + 4 () dmcas_epscorecode.sas
£ SCORE CODE DX B @ 8 e
[# dmcas_epscorecode.sas [i] 1 e ——
2 /* Product: Visual Data M
& dmcas_packagescorecode.sas  [i] 3 /* Release Version: V2024.04
4 /* Component Version: V2024
PROPERTIES AND METADATA 5 /* CAS Version: V.04.00MOI
Models Forest (Pipeline 2) (1.1)

+« Model Properties

Mame

Model function
Score code type
Project version
Location

Date modified
Modified by
Date published

Description

Forest (Pipeline 2)

Classification

D52 multi-type

Version 1 (1.0)

/Model Repositories/DMRepository/Futurum/Version 1
Apr 8, 2024, 03:38:49 PM

Jordan.Bakerman®sas.com

Copyright © SAS Institute Inc. All rights reserved.

4 Test

_Div_
_K5Cut_
_MNObs_
_TAU_

_RASE_
_miscEvent_
_ASE_
_GAMMA_
_GINI_

K5

_MCE_
_KSPostCutoff_
_MCLL_

_Partlnd_

_TargetMame_

_formattedPartition_

_miscks_

0.81100264688
1000

0.21

1000
0.1605085085
0.3300123177
0.152
0.1089081298
0.63698%91311
0.6220053376
0.5300397219
0.152

0
0.360155014
2

Churn

0.185

Sensitivity

1.0

08

04

0.2

0.0

0.0

02

04

1 - Specificity
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Model Scoring — Testing for
Deployment
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Model Scoring Before Deployment

Then, navigate to the “Scoring” tab. Click “New Test” from the top right. The scoring test runs the model against new data to ensure the model
will work in deployment. If you don’t see the data set you want to score, click the refresh button as shown below. Select “BANKING _NEW” as
the “Input Table” and click “Run.” The status will be a green checkmark when completed. Selecting the table icon under “Results” will allow the
user to see the scoring test results and ensure there are predicted values. You see new variables created and the associated probabilities
(P_Churnl, EM_EventProbability, EM_Classification) that were given from the model test.

X Medels Variables Properties Files Scering Performance Warkflow History
New Test

Tests Publishing Velidaticn
Name: *
Available Data Sources Import
Test 1 | MName Results Status Model Name (Version)
O Filter T 0 ® Description: [ Test = @ Forest (Fipeline 2) (1.1 -
—_— latest)
Refresh Enter a description
&7 BANKING_ACCOUNT ]
4/26/24, 10:28 PM » grant.wilson@sas.com
Model: Test Results
33 B:AEKING_CUSTOMER. ] Forest (Pipeline 1) Choose Model
4/26/24, 10:28 PM » grant.wilson@sas.com Churn P _Churn1
Version: @
i BANKING_FOR_SCORING H - 1 0.1477686378
4/29/24, 03:29 PM » spyridon_potamitis@sas.com 2.0 (champion) M
1 0.2666602709

Input table: *

& BANKING_NEW H

4/29/24, 11:50 AM « spyridon.potamitis@sas.com BANKING_NEW & Variables 0 0.1342149011
T - v} 0.177621548
- BANKING_NEW 8 QOutput data library:

4/29/24, 03:09 PM » spyridon.potamitis@sas.com CASUSER(spyridon.potamitis@sas.... |[J 0 0.100215183
& SASVIYATYPES H 0 0.2206893598

4/26/24, 08:11 PM » sas admin-content-loader . c |
ave un ance 0 0.2268064135
a 0.1029484225

0sas
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One-Click Deployment —
Multiple Deployment
Destinations
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One-Click Deployment

Go back to the main project page from the left of the screen and select the “Models” tab. Click the checkbox next to the champion model and then select
“publish” on the top right of the project and choose “CAS (caslocal)” as the desired destination. (In our case we have configured CAS for batch scoring, but
the deployment destination could be anything, including AWS, Azure, MAS, Git, Docker/SCR container, etc.). Specify the deployment model name, click the
“Replace item with the same name” button and click publish. For this example, we chose CAS to deploy to for batch scoring purposes that use the SAS Viya
engine. All the deployment artifacts move to the desired location, and we are ready to schedule scoring in production.

= & Futurum < O i | B | Close
Maodels Variables Froperties Files Scoring Performancs Workflow History
L Search name Version: | Version 1(1.0) v Add models + Compare Publish
Name T Role Model Fun... Project Ver... Score Code... Algorithm Date Modi... Modified By Tags E
. - jordan.baker
Forest (Pipeline * @ Classification Eeg;on ! Eﬁii oLl Forest OASPF'If]ﬁlé 12%2;11' man@sas.co (Published) (DS2 multi—type)
. A10: .

Amazon Web Services (Amazon-Web-Services) Publishing Results
Publish Modsls Azure (scrAzure)
Azure Machine Learning (Microsoft-Azure-ML)
Destination: . ; .
e . CAS (GTP)
CAS (caslocal) v Details i
CAS [SAS-Cloud-Analytic-Service)

CAS (UKI)

MName Published Name Status Output

Forest (Pipeline 1) Forest__Pipeline_1_ () Published successfully Log

Tags:

Press Enter after each tag. Git |G itRe =le) MAS )
Git (GMP_AndreyKhmyrov)

S5AS Micro Analytic Service (maslocal)

ITEMS TO PUBLISH

Forest (Pipeline 1) (2.0)
Model version to publish:
2.0 (champion)

bl e Example with multiple

Forest_Fipeline_1_ publishing destinations
r‘) Replace item with the same name I

Publish Cancel

0sas
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Model Performance Reports
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Model Performance Reports

* Now that the model has been deployed, we must govern it and check for model degradation. Here, we assume new data has been
collected over the following four quarters from deployment and has been placed in four new data sets (BANKINGPERF_1 Q1,
BANKINGPERF_2 Q2, BANKINGPERF_3 Q3, BANKINGPERF 4 Q4). These data sets are already loaded in the “Public” library. You can
locate and view them using the “Manage Data” application.

* Now go back to the Model Manager project, select the “Performance” tab, and click “New Definition.” (If the project is already created
for you, then select “Edit” from the top right of the “Performance” tab.

* Move to Step 2, on the “Tables tab” of the definition and choose “Use a library that contains tables with a specified prefix.” Choose the
Public library where the data sets have been loaded. Set the prefix to the prefix for the four data sets, ‘bankingperf’ and click “Save.”

* The rest of the inputs in the definition should be set automatically for you.

Copyright © SAS Institute Inc. All rights reserved.

New Performance Definition

Input Variables Basic format: prefix

Output Variables © Use a library that contains tables with a specified prefix

Target Properties CAS library:

cas-shared-default/Public (]
Prefix: * I
\
CAS library for output tables: *
cas-shared-default‘ModelPerformanceData [}

0sas



Model Performance Reports

Run Now or Schedule Job

On the “Run” tab of the Performance page, you can “Run now” or schedule a performance
report to be run in the future. Click “Run now” from the top right.

= = & Futurum < O i B Close
A W

i

53 Futurum_Performance Run Edit :
E:'] $8 Summary [*] Forest (Pipeline 1)(2.0 - latest)

Run now
Scheg:?ﬂe for later I I

i= & Futurum

Medels Variables Properties Files Scoring ") Performan ce Workflow History

The perfarmance job is currently running.
Select View job history from the Actions menu to view the
current status,

0sas
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Model Performance Reports

The initial report from running the performance definition provides details on the report. It scored 4,000
observations (1,000 for each quarter) and the overall misclassification rate. Now, select the model’s name to
view the performance reports in detail.

i= | & Futurum

Meodels  Veriables  Properties  Files  Scoring  Performance  Workflow  History

Futurum_Performance

HE Summary I:J Forest (Pipeline 2) (1.1 - latest) I
Scored Observations Definition Details Model Performance Rank
Created by: Jordan.Bakerman@sas.com 1 Forest (Pipeline 2)
4 000 Lest updated: Apr 11,2024, 02:59:23 PM
I Models: Forest (Fipeline 2)(1.1 - latest)
Forest (Pipeline 2) @
21.00%

Misclassification

9.49%

False paositive rate

57.14%
Reca

0sas
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Model Performance Reports

* Select the model’s name next to the “Overview” tab on the page. This brings you to the performance report, which is one the most

important capabilities of SAS Model Manager as it streamlines model performance reporting in an automatic and comprehensive way. It
shows the metrics and graphics for each quarter scored against the champion model and also describes each graphic in natural language.

* The report automatically generates the following graphics for each quarter (Input variable distribution, input variable binning, input

variable characteristic, PSI out-of-bounds indicators, output variable stability, lift, ROC, Gini, KS trend, KS, feature contribution, standard
KPI trend, PSI out-of-bounds indicators, and FCl out-of-bounds indicators).

* Forsome of the graphics, you can switch between variables to look for variable distribution drift. For some others, like below, you also

get guidance regarding the metrics, how to interpret them and when action needs to be taken. See the example below.

OUTPUT VARIABLE TRACKING

Deviation Index

0.04

Output Variable Stability

This chart evaluates changes in the distribution of scored output variable values as models score
data over time. It also detects and quantifies shifts in the distribution of output variable values in the
data that is produced by the models.

If an output variable from the training data and the output variable from the input data have identical
distributions, then that output variable's deviation index is equal to 0. An output variable with a
deviation index value that is greater than 0.10 and less than 0.25 is classified as having a mild

deviation.

Copyright © SAS Institute Inc. All rights reserved.

Time Label

A variable that has a deviation index value that is greater than 0.30 is classified as having a significant
deviation. Too much deviation in predictive variable output can indicate that model tuning,

retraining, or replacement might be necessary.
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Model Performance Reports

* Graphics like Lift and ROC look for model degradation. For example, the accuracy of the champion model according to the ROC chart is
larger for Q1 than the following three quarters. Therefore, this may be a signal to retrain the model if the degradation is significant

enough.

* Another useful capability for the MLOps Engineer is taking this graph and embedding it into custom reports. This can be done by clicking
“Explore and Visualize," where the user can take the underlined data used in creating this graph and create custom graphs. We won’t do

that in our example, and we’ll move to retraining the models instead.

SAS® Model Manager - Manage Models

fm = B Futurum < O ¢ B | Close
& Meodels Variables Properties Files Scoring Performance Workflow History

&)

R Futurum_Performance Run ~ Edit

[:] H Summary [*] Forest (Pipeline 1}(2.0 - latest)

ROC

Explore and Visualize iperating Characteristic (ROC) chart shows the predictive accuracy of a model that has
a binary target. The plot displays sensitivity information about the Y axis and 1-Specificity information
about the X axis.

Sensitivity
1.0

Sensitivity is the proportion of true positive events.

Specificity is the proportion of true negative events.

0.4 .

0.2

D.O H
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

L L wid L

5 &«

Copyright © SAS Institute Inc. All rights reserved.
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Retraining
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Retraining

The actions button (three vertical dots) from the main project view allows the user to retrain models if
degradation is significant. In this case, choose “Retrain now” with a new data table, which is already available
and is called ‘BANKING_RETRAIN’ in the “Public” Folder. Click send. The entire pipeline with the retrained
model is rerun on the new data set.

SAS® Model Manager - Manage Models = ? b x
; . . at
ctrain.. Retrain Project
un ¥ it : -

= Select an option and send a request to the Model Studio application for retraining.
ROC (O Set the project retrain state to needed
- The Receiver Operating Characteristic (ROC) chart shows the predictive accuracy of a model that has H '
?Znsmwty a binary target. The plot displays sensitivity information about the Y axis and 1-Specificity information 0 Re-t rain NOw Wlth a new data ta bl =
) about the X axis.
0.8 Sensitivity is the propertion of true positive events. CES_SHarEd_d e{aulﬂpu blidBAN KlNG_R HRA'N D

Specificity is the proportion of true negative events

0.0

1 - Specificity

0sas
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Retraining

The run may take some time, and you can track its progress in the “Build Models” application. When the

models are rerun, go to the “Models” tab and refresh the view. In the “Version” tab, select “All versions.”

You should be able to see two models now. Click the boxes next to the models, and from the top right,
select “Compare.”

{= i= G Futurum_SP <1 B Close
& Models Variables Properties Files Scoring Performance Workflow History
&
T £ Search name Version: | All versions v

g [] Name T Role Meodel Fun... Project Ver... Score Code... Algorithm Date Modi... Modified By Tags -

. - ) spyridon.pota
[  Forest(Autotunit [ Classification ‘Eu;e(r]s;on 2 522; mul Forest OASPr'l?BQS?'Z(I]:‘ﬁ mitis@sas.co
' T m
. . ] spyridon.pota
L] Logistic Regressi @ Classification E\};el-(r]s;on 1 DATA step Irjm:g(;grlzzsion ggroigéggﬁ' mitis@sas.co
m
:= & Futurum_SP < ¢! H Close

Models Variables Properties Files Scoring Performance Workflow History

£ Search name Version: | All versions v Compare ublish

Name T Role Model Fun... Project Ver... Score Code... Algorithm Date Modi... Modified By Tags £

idon.pota
Version 2 DS2 multi- Apr29,2024,  SPYTEORP
Forest (Autotunit [ Classification (;g;on type S Forest {}?1 5.5r7 PMr mitis@sas.co
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Retraining

* Automatically, you will get a comparison of the two models. The older one and the new one. Click “Show differences” and
investigate the results and the plots generated.

* After you compare the models, you can go back to the “Models" tab. Click on the new version of the model you created, and
then click on the three-bullet icon as you see below. Now, you can set the new model as a champion in production or as a
challenger to run in the background, and you can keep measuring the results as new data comes in.

 When you are happy with the performance of the new model, you can set it as a champion and move it to production.

SAS® Model Manager - Manage Models

1= Futurum_SP > Compare Close
- Show All | Show Differences & = B Futurum_SP < 0 i H | Clos
=l ; isti ; : el A s Variabl P Fil s Perf Workflow  History
Models Forest (Autotuning) (1.0) Logistic Regression (SAS Automatically Generated Pipeline) (1.1) Models arables roperties les coring eriormance  WWorkilow i)
R 5
a &
4 Plots |
2 s} P Search ! All Compare Pub\ism
Cumulative Lift/Cumulative Lift Best Cumulative Lift/Cumulative Lift Best e8| [1 Name T Role Model Fun... Project Ver... Score Code... Algorithm Date Modi... Modified By Tags Setas champion
o ——— . Set as challenger
\ \ " q Spyrldon‘pot e
\ \ Forest (Autotunit [* Classification (VZEIOS)‘O” 2 5226 multi Forest ggr“ ig\r’)?z?jzl\j’ amitis@sas.co @
. o m
\ \
Del
\ \ . . spyridon.pot
\ : \ [0  Logistic Regressi @ Classification (\/16105;011 ! DATA step t:;‘:z;on QEBZSQZ’E%ZJ" amitis@sas.co Rename
m Export as ZIP

0 4 0 0 0 0 4 0 0
P t P t
Test: C Lift Tes | Lift B Test: C Lift T | Lift B
T wulative Lift  we we me + Training: C I Lift B Trai wilative Lift  we me mm + Training: C I Lift B

»
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Versioning

Now, navigate to the “History” tab in the project view, which displays all the events for the project to ensure that the project is

well governed and all the activities are tracked. To ensure regulatory purposes are met, you cannot modify this table. For
example, the table shows when and who imported models, when champions are set, and model versions if they have been

retrained.

Iy

G Futurum

odels Warnakles Froperties

D

Event

Project version created

Project createc

Model imported

Madel set as champion
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Files

Scorning Performance Waorkflow History
Project Ver... Model
1.0
1.0 Forest (Pipeline 2)(1.0)

1.0

Forest (Pipeline 2)(1.0)

[

[

Publishing Destination

Event Date

Apr 8, 2024, 03:37:36 PM

Apr 8, 2024, 03:37:36 PM

Apr 8, 2024, 03:37:59 PM

Apr 8, 2024, 03:38:20 PM

EF | Close

Performed ... &

Jordan.Baker
man@sas.co
m

Jordan.Baker
man@sas.co
m

Jordan.Baker
man@sas.co
m
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m
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Alerting

* Select the “Properties” tab in the Model Manager Project and then select “Model Evaluation.” Under “Model Evaluation,”
SAS has generated the metadata for the alerting evaluation. The user can change the table if desired.

* Under “Model Assessment Criteria,” we can set an alert. Use the drop-down to set the assessment indicator to
“Misclassification,” set the alert condition to “Greater than,” and type the Alert Threshold as “0.2.” SAS will now send alerts
if the misclassification is greater than 0.2. You can trigger this rule via the Workflow Manager or call it an APl from other

applications.

Models Wernahles

General

Froperties

Model Evaluation

User-Defined

ags

b=
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Performance Workflow History

Model Evaluation

Default training cas-shared-default/Public/BANKING _NEWY
table:

Target variable: Churn

Target level: Binary

Target eve ue 1

Targe ue

Output event P Churni

proabllity variaole:

MODEL ASSESSMENT CRITERIA

Assessment Indicator

Misclassification v

Priority

High

Occurrences

&

Clear

Alert Condition

Greaterthan -

Alert Threshold

0.2
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Scheduling

* Since we have published a model in the previous step, we are ready to use this model in deployment. Move to the
Applications Menu and select “Develop Code & Flows.” This will take us from SAS Model Manager to SAS Studio.

» Start by making a connection to the CAS server. To do that, we’ll use the Snippets option on the left of the screen.
Snippets are lines of commonly used code or text that you get out of the box. (You can also create your own.) Navigate to
Viya Foundation -> Cloud Analytics Services -> Generate SAS librefs for caslibs. Double - click on this option. This will

generate a SAS program for you.

New Options View [3J Open =] Save All

By  Snippets

[ -

'T‘

L Type to filter list

©)

SASS

nippets : My Snippets

& “[ Viya Foundation

Cloud Analytic Services
[} Create CAS Connection
5 Delete caslib

5} Delete Table or File from cas. ..

[53 Disconnect CAS Session

5 Generate SAS librefs for casl. ..

<«

[6 StartPage x +

GET STARTED
[# Program in SAS
P Build a flow
Y lmport data

@ Query data

@ Explore new features in SAS Studio

LEARN

Learn SAS Studio - videos, tutorials, and

[

“ra
&
4

> ra
Start Page
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L - [
| e JCBIUII‘ 1G]

[ List CAS Sessions for SASCI...
55 List CAS Sessions for User ID

5 Load Data to caslib

5 New CAS Session

55 New caslib for Path

3 Reconnect CAS Session
55 Save Table to caslib

55 Terminate CAS Session

Image Processing

fs for caslibs

‘training

Learn SAS programming
STAY CONNECTED

Join the community

Request a feature

SAS5® Studio - Develop Code and Flows

RECENTS

SCORING_TEST_JD
i CASUSER

)

(v)

CASScoring.step
ascontent:/dataFlows/steps

(

°p -SJOH ng_Flow_SP.flw

Users/spyridon.potamitis@sas.com/My Folder

SCORING_TEST_GB
i CASUSER

SAS_MODEL_TABLE
= PUBLIC

BANKING_SCORED
i CASUSER

op E:mo_Flow_SP.flw

content:/dataFlows/dataFlows

B) Recover (3)

(i ] CAS Formats service compute context

33 Submission (0)
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Scheduling

Don’t run the program yet, as we want to create a flow that includes two tables in the program for scoring
purposes. Press the “+” sign as below to generate a new “Flow.” Now go back to the SAS Program you created

before and click “Code to Flow”

5AS5® Studio - Develop Code and Flows

> “Flow.”

SAS® Studio - Develop Code and Flows

New Options ~ View [3 Open [l Save All

@_] Snippets « [§ Start Page [# Generate SAS librefs for caslibs.sas +
S program
e 7T : Ml - ‘
2 Run E [ CopytoMySni Python program
S
D Type tofilter list Code
Flow
-@. SAS Sni " My Sni . 1 /**K****K**K****'ﬁ**********K****K**i* ¥
HIPPES y HIPPE S R
2 /* Create a default CAS session and , USTY i
) ) 3 /¥ so that they are visible in the S
9 “[ Viya Foundation 2 JEERER R RO RO KRR K Custom step [
8 Cloud Analytic Services 5 Quick import
3; [ Create CAS Connection 6 cas; . Job >
B Del m 7 caslib all assign;
_ 3 Delete casli g Task
= [ Delete Table or File from cas... 9
[ Disconnect CAS Session 10 More file types ¢
_ 11
4 ‘ [ Generate SAS librefs for casl...

B3 List CAS Session Options

(3 List CAS Sessions for SAS Cl...
[ List CAS Sessions for User ID
[} Load Deta to caslib

New CAS Session

[ New caslib for Path
Reconnect CAS Session

[ Save Table to caslib

> 8 |mage Processing

Terminate CAS Session

Generate SAS librefs for caslibs.sas [temp]
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0 CAS Formats service compute context
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Line 7 Column 21 UTF-8 B) Recover (3)

£} Submission (0) ¥

New

Options  View [3 Open (@ Save All

Snippets
- T
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SAS Snippets My Snippets

4% Viya Foundation

“[8 Cloud Analytic Services
Create CAS Connection
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53 Delete Table or File from cas...

Disconnect CAS Session

3 List CAS Session Options

5
i
23 New CAS Session

New caslib for Path

List CAS Sessions for User ID
Load Data ta caslib

Reconnect CAS Session
[ Save Table to caslib

Terminate CAS Session

* 8 |mage Processing

Generate SAS librefs for caslibs.sas [temp]

Generate SAS librefs for casl...

"3 List CAS Sessions for SAS Cl....

«

[§ StartPage

2 Run

Code

W NG AW N

e
=

0 CAS Formats service compute context

[# Generate SAS librefs for caslibs.sas Flow.flw +

is]] & Copy to My Snippets + Code to Flow = bed Debug

Flow

R R R R

/¥ Create a default CAS session and create SAS
/* so that they are visible in the SAS Studio Libraries tr

[RESRRRRRORR R RRR R OO R R R

Stk Rk oK RORRROE

(&) Errors (0) | | N\ Warnings (O)‘ (D Notes (0)
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Scheduling

*  Now, navigate to “SAS Steps” on the left of the screen to create our flow. To be able to view CAS tables, it’s time to run the “Generate SAS
librefs for caslibs” step. Right-click on this and select “Run Node.” You'll see a green checkmark that indicates that the step was run

successfully.

* Now select “Data [Input and Output]” from the Steps menu and double-click on the “Table” option. Do this again, as we’ll need two
tables for scoring: one that includes the data we want to score and one that includes the Model that we’ll score the data with. Use your
mouse to connect the “Generate SAS librefs for casilbs” step with the first table icon. Now, click on the first table you have joined with the
first step as below to see the options of the “Table.” Then click the little icon next to the “Select a library.” box.

SAS® Studio - Develop Code and Flows

SAS® Studio - Develop Code and Flows

New Options View [ Open E_ﬂ Save All o CAS Formats service compute context New Options View [ Open @ Save All @ [El CAS Formats service com pute context
@] Steps « (6 StartPage [# Generate SAS librefs for caslib: P *Flowflw x + @_‘ Steps « [§ StartPage [# Generate SAS librefs for caslib: P *Flowflw x +
- 0 : B Run - = B O ) Add - View + A : - 9] : B> Run - & o ) Add View ¥ 0= Apr 25,2024, 1:46:41 PM  §
0 Type to filter list . o dCode  Submitted Code and Resu! £ Type tofilter list Al G dCode  Submitted Code and Resul
B

SAS Steps © Shared .
EL 0

G
E - ‘ o el D Generate SAS Table
- = » 8 Develo ofs =
Generate SAS =S| & P librefs for.. =
librefs for... ! » 8 Transform Data
> 8 Manage Models
=
= > 8 Enrichment g
p > 8 Prepare Data Table
* (8 Statistical Process Control
> F@ -
[# Generate SAS librefs for caslibs -0 C2 Statistics Table - O
> 8 Econometrics
Code Node MNotes = fiey
> 8 Prepare Data B Toxt Analytics Tzble Properties Options Published Columns Preview Data Node Notes
» P8 Siatistical Process Control 1 AR R R R R R AR B R R R R R R R R R R R R R 7 > M8 Visualize Data Library: *
» M8 Siatictics 2 /* Create a default CAS session and create SAS librefs for existing caslibs */ > P8 Machine Learning | Select a library ®‘|'§l
. . } R . B a y
> 8 . 3 /* so that they are visible in the SAS Studic Libraries tree. / & o .
Econometrics a JERERER R RS RE R AR R R RE R K KRR RE KRR R E R R R R RER KKK R HRERERRARAR AR / »r8 OPU””ZET'O” and Network Ana\ysm
'~ .k
> (8 Text Analytics 5 > 8 Examine Data Table name:
> P8 visualize Data 6 cas; | Enter a table name @‘ (%]
& 7 1ib _all assign;
> [8 Machine Learning 3
P8 Otiization and MNetwear Analeic 9 )
P > Properties
Flow.flw [temp] B) Recover (4) | % Submission (0) ¥ Flow.flw [temp] B) Recover (4) | # Submission (0) ¥
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Scheduling

* Navigate to “Public” and double-click the “Banking For Scoring” data. This data includes the observations that we want to
score. Going back to the flow, right-click on the table step you created and select “Run to node.”

* Now move to the other “Table” step that we brought into the flow. Again, we must select the library and table where this

data resides. This time, we’ll need to select the model to score the data. Navigate to “Public” and select
“SAS _MODEL_TABLE.

x x
Library and Table Name Library and Table Name

O Filter O Filter
S L i 4 Libraries
= L{'ﬁ”z;‘;zsm BF BANKING_ACCOUNT & CASUSER BF BANKING_ACCOUNT

- FORMATS fF BANKING_CUSTOMER 3 FORMATS B¥ BANKING_CUSTOMER
8 MAPS BF BANKING_FOR_SCORING 28 MAPS F# BANKING_FOR_SCORING

=6
8 MAPSGFK B BANKING_NEW Dﬂ MAPSGFK BF BANKING_NEW
= 8 MAPSSAS
8 MAPSSAS BF SAS_MODEL_TABLE R ¥ SAS_MODEL_TABLE
& MODELS 2

<2 PUBLIC
preT 2 SAMPLES
& SAMPLES i
= 5 SASDQREF
&3 SASDQREF .
X =
8 SASHELP ot
- {8 SASUSER
8 SASUSER =
- 5 WORK
5 WORK

Library: Table:
Loy Jeble PUBLIC SAS_MODEL_TABLE
PUBLIC
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Scheduling

*  Now, we need to bring in our next step, which includes the scoring. In “Shared Steps,” drag and drop the “CASScoring” step to the flow. Connect the two
table steps that we created to the two ports of the “CASScoring” step, as shown below. Click the CASScoring step, and in the “Options,” select the model
name you created when you published your model in the previous steps (“Forest. MIOps,” for example.

* The final thing you need to do is to connect the output of the “CASScoring” step with a new “Table” step so you can save the output of the flow. Go back
to your “SAS Steps” pane and double-click on the “Table” step. Connect this with the “CASScoring” step. Select the library to save your output files.
Select “Public” and then in the table field, “Banking_Scored_Current,” so you can create a new table and always save the latest version. Click OK. Then
right-click on the final step you created and select “Run to Node.” After the run is complete, click on the final table step and select “Preview Data.” You
should be able to see that your table is scored with the probability of churn for each customer.

= SAS® Studio - Develop Code and Flows Q 4o ? @
New Options View [0 Open Iiﬂ Save All © [ CASFormats service compute context
B Steps « [6 StartPage [# Generate SAS librefs for caslibs.sas °F *Flowflw x °F Scoring_Flow_SPflw L
- @ O : B> Run = B o ) Add ~ View v 2 Apr 25,2024, 4:38:20 PM  }
S
P Typeto flter list Flow Generated Code Submitted Code and Results

(©

SAS Steps Shared i
_
E; @ _\-\—‘-‘-_\--k-

&
i | @ CASScoring Generate SAS BANKING_FO . —_— .
librefs for... R_SCORING iy =]
E; _,-/ (:.3.555\')"“@ Ba"-""r_i_ Banking_SCORED
@’ RED )
= SAS_MODEL_
TABLE
'
B¥ Banking_SCORED - 0O
9
Table Properties Options Published Columns ode Notes
Banking_SCORED Table rows: 1000 | Columns: 64 of 64 Rows 1 to 200 + 4 (SR
Y | Enter expression jo;
@® EM_EVENTPROBABILITY @ Age & EM_CLASSIFICATION @& Amount_avg ® EM_PROBABILITY
1 ‘ 0.1280331128 46 0 50 0.8719668872 |
2 ‘ 0.3321218533 52 0 53 0.6678781467
| —————
Flow.flw [temp] B) Recover (4) | # Submission (0) X
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Scheduling

It’s time to schedule the flow to run in a regular cadence based on our business needs and score new data. Click on the top
right menu, as in the picture below, and select “Schedule as a job.” Here, we can schedule our job to run at the interval we need
(from the minute to any date we want), and our job will run automatically based on the settings in this pane. At this stage, the
work of the MLOps Engineer is done.

SAS® Studio - Develop Code and Flows

X
New Options View [0 Open & Save All (i ] CAS Formats service compute context
New Trigger
«

@_] Step [§ StartPage [# Generate SAS librefs for caslibs.sas % *Flow.flw x P Scoring_Flow_SPflw +
F- @ O : B> Run = <) Add - View ¥ e Apr25,2024, 4:38:20 PM 1 Frequency: Weekly ¥ | Interval: 1 ~ weeks
» Type to fikter list Flow Generated Code Submitted Code and Results Schedule as a J Minutes .
| On: Hourly [] Friday
= SAS Steps Shared ! Daily [J Saturday
o) EL @\ Open in a browsertab > il [J Sunday
= .
< CASScoring Generate SAS  BANKING_FO — ‘ Monthly
librefs for... R_SCORING o ) Print ’ Yearly

. / CASScoring Banking_SCO Download > Date List

@ RED
5 Flow tab layout > Time: * 04:42 ®

SAS_MODEL_

TABLE Previewtablayour > Timezone: @ (UTC+02:00) Athens ®

'
. Start date: Apr 25,2024 o)
End: Never
On the flow canvas, select a node to view its details.
R Cancel

Flow.flw [temp] E) Recover (4) | & Submission (0) ¥
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Thank you!

SAS
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