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SAS® Visual Data
Mining and Machine

Learning is an end-to-end
machine learning solution
on the most advanced
analytics platform.



Collaboration and Personas

Data Engineers
Data Management

Data Scientists

and Programmers
Machine Learning
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Business Analysts
Exploration and Discovery

Statisticians

and Citizen Data Scientists
Predictive Analytics
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SAS Visual Data Mining and Machine Learning
What does it include?

Visual Statistic

34 025 $111M $2(
Visual Analytics GUI

Py’thon, Java;-Lua, R,
s RESTAPIS ...




SAS Visual Data Mining and Machine Learning

What do you get?

w,'_““" U | ;“; |"-“.‘ |

Visualizations

FOREST
GRADBOOST
NNET
SVMACHINE
FACTMAC

* TEXTMINE
TMSCORE
BOOLRULE
ASTORE
CAS
NETWORK
BNET
FASTKNN
more...

* Forest

* Gradient Boosting

* Neural Networks

* Support Vector Machines
* Factorization Machines

* Bayesian Networks

* Interactive Decision Tree

From Visual Statistics

* Regression (linearand logistic)
DecisionTree

* Clustering
Nonparametric Logistic
Generalized Additive Model
Generalized Linear Model

MLEARNING
TEXTMINE
DMMLVISSET
CRSBOOLRULE
CRSNEURALNET
CRSSVM
CRSTKFACTMAC
TKCAS
CRSNETSOC
CSRNETCOMMON
CRSASTORE
CRSCMPTRVSN
CRSDTREEADVN
CRSTXTMINADV
more...

Copyright © SAS Institute Inc. All rights reserved.



Visual Interface
SAS Visual Analytics
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SAS Visual Data Mining and Machine Learning
Visual Interface

Machine Learning Techniques

Forest

Factorization Machine
Gradient Boosting
Neural Network
Support Vector Machine

Bayesian Network

Common Features
Training-Validation
Model Assessment
Model Comparison
Score Code or Astore Table

Ability to export model statistics

Copyright © SAS Institute Inc. All rights reserved.
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SAS® Drive

Explore and Visualize Data

SAS® Drive - Share and Collaborate

®

Click on
applications
menu and
select Explore

and Visualize e
Data 6855 Carer

—
K

SAS Videos My Tasks

Prep

My Folder

My Snippets My Tasks SAS Videos Callcenter

EM to VDMML 3 HMEQ Demo HMEQ Demo
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Classification
Our example today

 The dataset is from a financial institution Elie
with customer demographics and
loan/credit behavior.

13

* The goal of this modeling exercise is to
predict which people are likely to default 6053 K3
on a home equityloan. B

e The data are at the customer-level
(subject-level).

* N=5960
e columns=13
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Visual Interface Demo
SAS Visual Analytics



Visual Interface
Model Studio - Pipelines
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SAS® Visual Data Mining and Machine Learning
Pipelines

Drag-and-drop pipelines including
preprocessing and machine learning
techniques

Customizable and portable nodes and
SAS best practice pipelines (Toolbox)

Support for SAS coding (macro, data
step, procs, batch Enterprise Miner)
within pipelines

Collaboration using the “Toolbox” —a
collection of SAS Best Practice
Pipelines, in addition to user-
generated templates



https://github.com/sassoftware/sas-viya-dmml-pipelines

SAS® Visual Data Mining and Machine Learning
Pipelines

Imputa

Int

Vining

Tran S"FIZ:ZI rmati
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SAS® Viya

Pipelines
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Build Pipelines
e prebuilt templates or automatically generate the pipeline

Template Name T Description Last Modified

. Jan 28, 2021
vanced template for class target :

| a class target that contains autotuned
vanced tem class target with autotuning o
= = rk, and gradient boos

© select a pipeline template

Blank template Browse
vanced tem
O Automatically generate the pipeline
2021, 3:36:45
vanced Tuning + XGB Au coder and a XGB node v

1:59:02
ratemaking.frequency.template.name

. 1:59:05
.purepremium.template.name

Copyright © SAS Institute Inc. All rights reserved.




Build Pipelines
Use prebuilt templates or automatically generate the pipeline

peline2 <+

() Select a pipeline template

Copyright © SAS Institute Inc. All rights reserved.



Automated Insights & Interpretability
Model Interpretability — What and Why?

A machine learning algorithm’s
interpretability refers to how easy it
is for humans to understand
the cause of a decision




i= | HMEQ test(1)

Pipeline Comparison Insights

Project Summary

The champion model for this project is Gradient
based on the Miscl ation Rate (Event) for th
using the Gradient Boosting medel. The five mg
MORTDUE.

Project Target: BAD
Event Percentage: 80.0503%

Pipelines: 7

Most Common Variables Selected Across All N

Automated Insights & Interpretability

Description in simple language

B g O &

Dmenmad £m LIRAS A b mdf AN

Project Summary

The champion model for this project is Gradient Boosting from the "ML with Exloration” pipeline. The madel was chosen
ased on the Misclassification Rate (Event) for the Test partition (0.08). 91.78% of the Test partition was correctly classified

using the Gradient Boosting model. The five most important factors are DEBTINC, CLAGE, VALUE, DELING, and
MORTDUE.

Project Target: BAD Project Champion: Gradient Boosting
Event Percentage: 80.0503% Created By:
Pipelines: 7 Modified:

Melodie Rush

December 8, 2022 06:43:29 PM
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Automated Insights & Interpretability
Model Interpretability Charts

To better understand model

inputs/outputs

* VariableImportance Plots and
Rankings

e Partial Dependence (PD) Plots

* LIME (Local Interpretable Model-
agnostic Explanations)

e |CE (Individual Conditional
Expectation) Plots

» Kernel SHAP Method (Shapley
Values)

Copyright © SAS Institut



Automated Insights & Interpretability
Model Interpretability Charts

IMP_DEROG

Each interpretability chart has insightsincluded

PD Plot

Prediction

Imputed DEROG

Copyright © SAS Institute Inc. All rights reserved.



Click on
applications
menu and

select Build
Models

SAS® Drive
Model Studio Pipelines

SAS® Drive - Share and Collaborate

H—
[

SAS Videos My Tasks HMEQ Demo

My Folder S ’ [&] HMEQ Demo

My Snippets My Tasks SAS Videos Callcenter

t

EM to VDMML i Results.py HMEQ Demo HMEQ Demo
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Visual Interface Demo
Model Studio - Pipelines



SAS Programming Interface
SAS Studio & CASL
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Cloud Analytic Services Language (CASL)

 CASLis the language —

specification that enables you | e s
to access the CAS server. . '

Getting Started with CASL Programming

e Designed to offer easy access
to SAS Viya functionality

* Modeled after DATA step and
IML

e Available via PROC CAS

Copyright © SAS Institute Inc. All rights reserved.
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CAS Actions Hierarchies

Action Sets
L Parameters

table.attribute <result =results> <status=rc> /

attributes={{

column="string",
* key="string",

value="string

Copyright © SAS Institute Inc. All rights reserved.



PROC versus CAS Action

proc treesplit data=PUBLIC.HMEQ maxdepth=10;
input LOAN MORTDUE VALUE YOJ DEROG NINQ CLNO DEBTINC / level=interval;
input REASON JOB / level=nominal;
target BAD / level=nominal;
grow 1igr;
prune none;

proc cas;

action decisionTree.dtreeTrain / table={name="HMEQ"}

target="BAD" inputs={"LOAN", "MORTDUE", "VALUE", "YOJ",
"DEROG", "NINQ", "CLNO", "DEBTINC", "REASON", "JOB"}

nominals={"BAD", "REASON", "JOB"}

maxLevel=11

crit="GAINRATIO"

var Imp=TRUE

missing="USEINSEARCH";

Copyright © SAS Institute Inc. All rights reserved.



SAS® Drive
SAS Studio Programming

SAS® Drive - Share and Collaborate

®

Click on
applications
menu and
select

Develop Code e
and Flows 6855 Carer e

—
K

SAS Videos My Tasks

Prep

My Folder

My Snippets My Tasks SAS Videos Callcenter

EM to VDMML 3 HMEQ Demo HMEQ Demo
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SAS Programming Interface
SAS Studio



Autotuning
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Automating

Autotuning: Hyperparameters
Training a model involves using an algorithm to determine model parameters or other logic to
map inputs to a target

Tuning a model involves determining the algorithm hyperparameters (tuning options) that
result in the model which maximizes predictability on an independent data set

; 7 Algorithm

Tuning options = hyperparameters

Model

|n uts - Regression coefficients
P - Neural netweights Ta rget
- Treesplittingrules
- Etc

Very data/problem dependent

Copyright © SAS Institute Inc. All rights reserved.
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Autotuning f
Methods r.
e SAS Visual Data Mining and Machine Learning offers: J’

 Random search (highly parallelizable)

e Latin Hypercube (highly parallelizable)

*  Genetic Algorithm - LH + proprietary SAS/OR algorithm (sequential in nature)
* Bayesian — builds a kriging surrogate model, used in search process

*  Grid Search — uses all combinations

Autotuning Documentation

Copyright © SAS Institute Inc. All rights reserved.


https://go.documentation.sas.com/doc/en/vdmmlcdc/v_014/vdmmladvug/n0qns21st1lscpn193aethl4zwi2.htm

Autotune Statement
How SAS proprietary tuning is done

Decision tree: PROC TREESPLIT
» Depthof tree

. Splitting criterion _ Uses Standard Grid,

* Numberofbins for interval variables .
B EEOCIEOREST NI Random Search or Latin
- Numberoftrees statement Hypercube to seed

* Numberoflevels in each tree g 5

. Bootstrap Samp“ng rate the GenetIC algorlthm

* Numberofinputs used for splitting a node
Gradient Boosting: PROC GRADBOOST

* Numberofiterations (trees)

+ Sampling proportion

* LASSO (L1) regularization

* Ridge (L2) regularization .
«  Numberofinputs used for splitting a node (e.g max time, max

+ Learning Rate models, max iterations,

- LOOP until stop criterion
Neural Networks: PROC NNET . .

+  Numberofhidden layers _ population size etc.)
* Numberofneurons in each hidden layer

* L1 regularization

* L2 regularization

» SGD options (annealing rate, learning rate)

Support Vector Machines: PROC SVMACHINE

* Polynomial degree

* Penaltyvalue

Factorization Machine: PROC FACTMAC

* Number offactors

» Step size (learning rate) Ssas

* Number ofiterations

Copyright © SAS Institute Inc. All rights reserved.



SAS Programming Interface - AutoTuning Demo
SAS Visual Analytics & SAS Studio

2
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Open Source Interface
Jupyter Notebook
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SAS® Scripting Wrapper for Analytics Transfer (SWAT)
Python and R
* Integration of SAS® Analytics in Python and R
code

* R Studio and Jupyter Notebook support

* SWAT packages are available for Python and R
free on GitHub or developer.sas.com.

* Download and install SWAT, connect to a CAS
server, then write code to drive CAS actions.

* The SWAT package mimics much of the APIs of
the native packages making it an easy addition
for programmersfamiliar these languages.

O

Copyright © SAS Institute Inc. All rights reserve

Open to SAS®




Programming Interfaces
CAS Actions Hierarchies

Action Sets

\—> Parameters

sas.datapreprocess. impute (
table = dict(),
inputs = value list,

methodContinuous = “median”,
methodNominal="mode”,

casOut = dict ()
replace=TRUE)

Copyright © SAS Institute Inc. All rights reserved.



How SAS Viya Single Code Source Works

proclogselect data=public.hmeg;

classjob reason;

model bad=debtincjob reason;

selection method=forward details=all plots=all;
run;

Controller _

c—— 4

proccas;
regression.logistic/ table={name='hmeq', caslib="public'},
class={{vars={'job’, 'reason'}}},
model={depVars={{name="bad’}},
effects={{vars={'job', 'reason’, 'debtinc'}}}},
selection={method="forward', details="ALL};
run; quit;

Translated Action

actionregression.logistic/
table={name="hmeq’', caslib="public'},
class={{vars={'job', 'reason'}}},
model={depVars={{name="bad’}},
effects={{vars={'job', 'reason’, 'debtinc'}}}},
selection={method="'forward', details="ALL'};

sas.regression.logistic(table={'name":'hmeq'},
classvars=['job','reason’],
model={'depvar':'bad’,
'effects":['job','reason’,'debtinc']},
selection={'method':'forward','details':'all'})

curl -X POST http://.../cas/sessions/.../actions /regression.logistic \
-u sasdemo:XXXXXXX-H 'Content-Type:application/json'\
-d ="{\"table\":{\"caslib\":\"public\",\"name\":\"hmeq\"}
N\'class\":\"C\",\"model\":{\"depvar\":\"“bad\",\"effects\":[\"job\",\“reason\",\"“debtinc\"]}
\"selection\":{\"method\":\"forward\",\"details\":\"all\"}}"

sas.regression.logistic(sas,
table =list(name =castbl),
class=c("job", "reason"),
model =list(depVar="bad’,
effects=c('job','reason’, 'debtinc'),
selection=list(method="FORWARD",'details'="all')))

— » m >
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Open Source Interface Demo
Jupyter Notebooks



Other Exciting Features in SAS VDMML

Additional Analytical Algorithms and Options

Tensor Factorization
Neural Network Autoencoders
Clustering mixed variables

Deep Learning and Reinforcement Learning algorithms - Deep forward
neural networks (DNNs), convolutional neural networks (CNNs) and
recurrent neural networks (RNNs)

Bayesian Network
Market Basket Analysis

Image Processing (CAS Actions)
— Load images recursively & at random
— Retrieve Image labels across all folders when importing

— Convert image table action (wide format)

— Support image processing with Deep Learning

Copyright © SAS Institute Inc. All rights reserved.



Resources

Whereto learn more
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Overview, Training,
SamplesandTips

SAS' Viya’

SAS Viya

Resources

Overview Extended Capabilities For Your Whole Team

Gsas viya

SAS just reinvented analytics. Again.

Try SAS for Free

Copyright © SAS Institute Inc. All rights reserved.


https://www.sas.com/en_us/software/viya.html
https://www.pharmasug.org/proceedings/2018/AD/PharmaSUG-2018-AD23.pdf

SAS® Visual Data Mining and Machine Learning

Where to Learn More

SAS® Visual Data Mining and Machine Learning Overview  Featureslist  Learn & Support Try SAS Viya for Free

9sas viya

SAS Visual Data Mining and B &
Machine Learning

Solve the most complex analytical problems v 7 l"'
with a single, integrated, collaborative . 4}

solution - with its own automated modeling s /
APL -

Try SAS Viya for Free 4 ‘
. O :

SaS

2
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https://support.sas.com/en/software/visual-data-mining-and-machine-learning-support.html
https://support.sas.com/en/software/visual-data-mining-and-machine-learning-support.html
https://support.sas.com/en/software/visual-data-mining-and-machine-learning-support.html

SAS® Visual Statistics

Where to Learn More

Documentation

Getting Started
Learning Resources

SAS Visual Statisti

Discover, predict and act

Video Tutorials T“YSASW‘"’*°IF*€G

Copyright © SAS Institute Inc. All rights reserved.


https://support.sas.com/en/software/visual-statistics-support.html
https://support.sas.com/en/software/visual-statistics-support.html
https://support.sas.com/en/software/visual-statistics-support.html

Resources r’
Autotuning r
e Local search optimization for hyperparameter tuning J’
e Optimization for machine learning and monster trucks

e The OPTLSO procedure

e SAS communities discussion — check out some of the current
problems with auto-tuning, long run-times and SAS Studio locking you
out etc.



http://blogs.sas.com/content/subconsciousmusings/2016/09/20/local-search-optimization-for-hyperparameter-tuning/
http://blogs.sas.com/content/subconsciousmusings/2016/06/22/optimization-machine-learning-monster-trucks/
http://support.sas.com/documentation/cdl/en/orlsoug/68155/HTML/default/viewer.htm
https://communities.sas.com/t5/SAS-Visual-Data-Mining-and/SAS-Viya-observations-PROC-FOREST-auto-tuning-and-long-run-times/td-p/301353

DLPy Resources

README.md

DLPy - SAS Viya Deep Learning API for Python

Introduction to DLPy and examples
(YouTube):

An efficient way to apply deep learning methods to image, text, and audio data.

Overview

DLPy is a high-level Python library for the SAS Deep learning features available in SAS Viya. DLPy is designed to
vide an efficient way to apply deep learning methods to image, text, and audio data. DLPy APIs created following
the Keras APls with a touch of PyTorch flavor.

What's Recently Added

* Text, audio, and time series support in addition to image

¢ New APIs for:
o RNN based tasks: text classification, text generation, and sequence labeling
> Object detection
> Image segmentation

o Time series processing

Copyright © SAS Institute Inc. All rights reserved.


https://sassoftware.github.io/python-dlpy/index.html
https://github.com/sassoftware/python-dlpy
https://blogs.sas.com/content/subconsciousmusings/2019/03/13/sas-deep-learning-with-python-made-easy-using-dlpy/
https://www.youtube.com/watch?v=RJ0gbsB7d_8
https://www.youtube.com/watch?v=RJ0gbsB7d_8&start=125
https://www.youtube.com/watch?v=RJ0gbsB7d_8&start=390
https://www.youtube.com/watch?v=RJ0gbsB7d_8&start=627
https://www.youtube.com/watch?v=RJ0gbsB7d_8&start=943
https://www.youtube.com/watch?v=RJ0gbsB7d_8&start=1185

Communities

Community ¥ Learn ¥ Programming ¥ Analytics ¥ Administration ¥ Solutions ¥ Hubs v @Ssgn In

SAS SUPPORT COMMUNITY

This community of SAS experts is here to help you succeed. Get SAS tips, share your knowledge, and find out about upcoming SAS-related events
3

& %
5 Pl
.-:(".5\&&1- ]

oo »

52,690 Solutions || 5,703 Library Aricies | 1,382 Users online ' -y

RECENT SOLUTIONS @ FEATURED ARTICLE FEATURED WEBIN

Creating new variable assigned as an existing variable Time to REST: An Overview of SAS APl Use Cases on Getting to Know SAS
by conditions GitHub Recording
: e e
@ Poisson Regression for Complex Surveys: Applicable to An Overview of SAS API
3 & Use Cases on GitHub
Negative Binomi
- ' e provides a window into our API project.

Connection Error to Workspace Server attributes and how users in

Why global macro variable changed when calling

Copyright © SAS Institute Inc. All rights reserved.
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https://communities.sas.com/
https://github.com/sassoftware
https://developer.sas.com/home.html

Questions?
Thank you for your time and attention!

Connect with me:
LinkedIn:

Sas.com

6Sas


https://www.linkedin.com/in/melodierush

