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plt.
for

plt.
plt.
plt
plt.
plt.
plt.
plt.
plt.

figure(figsize = (7, 5))

m in models:

model = m[ 'model’]

fpr, tpr, thresholds = metrics.roc_curve(y_valid, model.predict_proba(X_wvalid)[:,1])
auc = metrics.roc_auc_score(y_wvalid,model.predict(X_valid))

plt.plot(fpr, tpr, label="%s ROC (area = %B.2f)' % (m[ label’], auc))

pll:lt([a, 1]J [9, 1]).[,.__.)

xlim([@.8, 1.0]1)

.ylim([@.8, 1.85])

xlabel('False Postive Rate’)

ylabel( True Positive Rate')

title('ROC Curve (using validation data)’)
legend(loc="lower right")

show()

y- »

True Positive Rate

ROC Curve (using validation data)
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GUI - SAS Model Studio

Run SAS & Open-source model
pipelines:

* Create multi-language pipelines
between SAS, Python & R

* Al generated diagnostics for SAS &
open-source models

 Open APIs to access SAS algorithms
in Python & R
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Cumulative Lift

The VALIDATE partition has a Cumulative Lift of 5.5 in the
10% quantile (depth of 10) meaning there are 5.9 times
more events in the first two quantiles than expected by
random (10% of the total number of events). Because this
value is greater than 1, it is better to use your model to
identify responders than no madel, based on the selected
partition.

The TRAIN partition has a Cumulative Lift of 8.11 in the 10%
guantile (depth of 10) meaning there are 8.11 times more
events in the first two quantiles than expected by random
(10% of the total number of events). Because this value is
greater than 1, it is better to use your model to identify
responders than no model, based on the selected partition.

The TEST partition has a Cumulative Lift of 5.76 in the 10%
guantile (depth of 10) meaning there are 5.756 times more
events in the first two quantiles than expected by random
{10% of the total number of events). Because this value is
greater than 1, it is better to use your model to identify
respenders than no model, based on the selected partition.

Cumulative lift is calculated by sorting each partition in
descending order by the predicted probability of the target
event P_Default1, which represents the predicted
probability of the event "1" for the target Default. The data is
divided into 20 quantiles (demi-deciles, with 5% of the data
in each), and the number of events in each quantile is
computed. The cumulative lift for a particular quantile is the
ratio of the number of events across all quantiles up to and
including the current quantile to the number of events that
would be there at random, or equivalently, the ratio of the
cumulative response percentage to the baseline response
percentage. The cumulative lift at depth 10 includes the top
10% of the data, which is the first 2 quantiles, which would
have 10% of the events at random. Thus, cumulative lift
measures how much more likely it is to observe an event in
the quantiles than by selecting observations at random.
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IDEs - SAS & Open-Source

Script in SAS & Open-Source:

» Ability to use IDE of choice for user ftlexibility
 Model and write in language of choice
* Register models through APls

Flow Genersted Code Submitted Code and Results
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1 @ DATA & outputl;
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4 RUN;
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plt.

for

+

pl

plt.
.ylim([@.2, 1.05])
plt.
plt.
plt.
plt.
.show()

plt

+

pl

True Positive Rate

Python 2022 @ | +

7 » m C » Code v # Python 3 (ipykemel)

figure(figsize = (7, 5))

m in models:

model = m['model’ ]

fpr, tpr, thresholds = metrics.roc_curve(y_valid, model.predict_proba(X_valid)[:,1])
auc = metrics.roc_auc_score(y_walid,model.predict(X_ valid)})

plt.plot(fpr, tpr, label='%s ROC (area = %B.2f)' % (m['label’], auc))

'plOt([@J 1]J [er j-]).r‘__l)

xlim([8.0, 1.0])

xlabel('False Postive Rate’)

ylabel('True Positive Rate')

title('ROC Curve (using validation data)’)
legend(loc="lower right")

ROC Curve (using validation data)
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SAS Model Manager

Govern and deploy all models

i
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Manage SAS & Open-Source
Models

Centralised model repository to govern

all model types:

 Manage, score and monitor SAS &
open-source models

 Deploy into variety of different
endpoints and execution types, from
batch to API-based containers

 Qrchestrate MLOps workflows to

evaluate, update and retrain open-
source models

Copyright © SAS Institute Inc. All rights reserved.
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SAS ModelOps Deployment

The last mile?

Jonathan Butow
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Process Flow)
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Deployment and Publishing

Deploy Get software up and running in an Deployment is a process involving integration of components
environment. Can apply to models, and testing. Code and other objects are typically deployed to a
jobs, applications or the software staging environment for testing before being deployed to
of the SAS platform itself. production. Deployment may be automated using pipelines.

Osas
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ModelOps Deployment

Model Formats

Common modeling languages and the
outputs they generate

Execution Runtimes

Engines which are able to
run these outputs

Conceptual Architecture

The processes which move models to
execution runtimes
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Model Formats
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Coding Language

Python

Framework

(actionset, package, ...)

_ Python packages

Copyright © SAS Institute Inc. All rights reserved.

e.g. scikit-learn

Model Format

Python (.py)

Python (pickle)

For scoring:

Model gets deployed to a run-time
engine which needs to have the

same framework

0sas



Which model output format can be generated by which coding language (using which framework)?

Coding Language Framework Model Format
: (actionset, package, ...) :

DATA Step
g SAS proc v
SAS )
’ DS2
SAS CAS 5 k

N
actionsets i -
' ASTORE
- Python packages )
e.g. scikit-learn % ' Python (.py)

Python ‘} N
PyTorch :

N TensorFlow i Python (pickle)

-

Keras, Caffe \
. R score file
- ~ g Spark MLlib
Spark ML) \

~

PMML

R packages

ONNX

)
4

Osas
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Coding Language

SAS

Copyright © SAS Institute Inc. All rights reserved.

(actionset, package, ...)

Framework

-

~

SAS proc
J
N
SAS CAS
actionsets

Model Format

DATA Step

DS2

ASTORE




proc forest data=&dset. ntrees=10 minleafsize=5

seed=1859355710;

Coding Language

SAS

Framework
(actionset, package, ...)

SAS CAS

\ 4

Model Format

|

- J

target &target. / level=nominal;
input &nom_input. / level=nominal;
input &int _input. / level=interval;

partition rolevar=_partind (train='0"

validate='1");

output out=mycas.ap_scored forest
copyvars=(_partind_&target);
title "Random Forest";

savestate rstore=mycas.model forest

run;

Copyright © SAS Institute Inc. All rights reserved.

actionsets

Decision Tree Action Set

dtreeCode
dtreeExportModel
dtreeMerge
dtreePrune
dtreeScore
dtreeSplit
dtreeTrain
forestCode
forestScore
forestTrain
gbtreeCode
gbtreeScore
gbtreeTrain

{

ASTORE

SAVESTATE RSTORE=CAS-libref.data-table;

0sas



Coding Language

SAS

.

Framework
(actionset, package, ...)

SAS CAS

\ 4

Model Format

|

J

SAS visual interfaces

interact with the same

action sets

Copyright © SAS Institute Inc. All rights reserved.
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actionsets

Decision Tree Action Set
. dtreeCode

. dtreeExportModel
. dtreeMerge

. dtreePrune

. dtreeScore

. dtreeSplit

. dtreeTrain

. forestCode

. forestScore

. forestTrain

. gbtreeCode

. gbtreeScore

. gbtreeTrain

{

ASTORE

SAVESTATE RSTORE=CAS-libref.data-table;

0sas



Coding Language

Copyright © SAS Institute Inc. All rights reserved.

Framework

(actionset, package, ...)

SAS CAS
actionsets

J

Python packages
e.g. scikit-learn

\

PyTorch
TensorFlow
Keras, Caffe

Spark MLlib
Spark ML)

Model Format

DATA Step

DS2

ASTORE

Python (.py)

Python (pickle)

0sas



Framework
(actionset, package, ...)

Coding Language

Model Format

DATA Step

SAS CAS

actionsets

R packages

Copyright © SAS Institute Inc. All rights reserved.
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Execution Engines

Osas
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Mapping output formats to execution engines

Which engine can ingest which model format?

DATA step
DS2
ASTORE

Python .py
Pickle file

R score file
PMML
ONNX

Osas
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Mapping output formats to execution engines

Which engine can ingest which model format?

Batch On demand

e
o Ceanst g

DATA step
DS2
ASTORE

Python .py
Pickle file

R score file

0sas



Mapping output formats to execution engines

Which engine can ingest which model format?

Common arrangement
for batch processing

Batch On demand

ASTORE

Python .py
Pickle file

R score file
PMML
ONNX

0sas
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Mapping output formats to execution engines

Which engine can ingest which model format?

Batch On demand

e
. st uangen)

I
| Dps2 [ | (usingEP)  (using EP)
I | (usingEP)  (using EP)
Python .py _ Common arrangement for -

Pickle file on-demand processing -
R score file _

PMML

DATA step

ONNX

0sas
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Mapping output formats to execution engines

Which engine can ingest which model format?

Batch On demand

e
o arse)

DATA step

bs2 | (usingEP)

ASTORE I | (usingEP)
Python .py PYMAS _ For running a > PYMAS -
pickle file PyMAS _ Python model PYMAS -

0sas
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Mapping output formats to execution engines

Which engine can ingest which model format?

| DATAster [ | (singEP)  @singER)
o2 | (singEP)  @singER)
Python .py PyMAS | PyMas [
Pickle file - PyMAS _ PyMas [

R score file You can run PyMAS _
from CAS too
PMML

0sas
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Mapping output formats to execution engines

Which engine can ingest which model format?

o

DATA step
DS2
ASTORE

Proc SCOREACCEL

Python .py PyMAS

Run in Hadoop or
Pickle file Teradata using PyMAS

Model Manager or
Proc SCOREACCEL

R score file
PMML

ONNX

0sas
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Mapping output formats to execution engines

Which engine can ingest which model format?

Batch On demand

e
o Ceanst g

DATA step
DS2
ASTORE

Python .py
Pickle file

R score file

0sas



Conceptual Architecture

Osas
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Sandbox

Create Decision Flow
Diagram Test

Copyright © SAS Institute Inc. All rights reserved.

Deploying decision logic

dation

Decision Logic Test
Decision Performance Test

Package Declaration Inputs :

osvrgecope

Submit

Probability that our package s suspicious : 73.526%
Automated Decision » e
Response time : 625ms.

Production Execution

SaS



Example
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Scientist  SAS Model Studio

Model
Registration

Data Scientist Ssas
2 Jenkins
Programmers Check & Test
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SAS Model Manager
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\§
Model
Publishing

v

Personal Git Repo
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Pull

Central Git Repo

Automatic
Trigger

Jenkins

Prod Environment
/Instance/Container

Jenkins

Jenkins
Check & Test

\ 4

Preprod Environment
/Instance/Container
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