The New Languages of SAS 9.4 and
SAS Viya:
A SAS Programmer's Primer




SAS OPEN TIMELINE
Evolution of the analytics market
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Using SAS/IML to Interact with R

« Send IML matrices and SAS data sets to R
« Submit R code in the IML script
« Return R results as IML matrices or SAS data sets



Using SAS Enterprise Miner with Python and R

 Leverage SAS advanced analyticsin a easy-to-use GUl environment
« Leverage R & Python modeling packages from a SAS environment
« Compare & Ensemble R, Python, and SAS models in one interface

- —

— == _l == e R T
e B - & B - Saresim
T . E= EL £ F v H



Using SAS Model Manager to Organize R and Python

SAS* Decision Manager
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PROC LUA

PROC LUAlets you submit Lua code from within a SAS program

proc lua;
submit;
local fish=sas.read ds(“sashelp.fish)
print(""fish=", table.tostring(fish))
endsubmi t;
run;
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Calling Code and Exchanging Data and Results
Ggsas
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« Provides Python APIs to the SAS system

« Run SAS code from Python

« Run analytics from Python using
object-oriented methods

« Can transfer between SAS data sets
and Pandas data frames

SASPy
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SASPy

In [13]: #import SAS package and start 5SAS Session
from saspy import *

In [14]: #move the pandas GT:-_T to a 545 dota object
sas_dta=sas.dataframe2sasdata(dta, 'dta’)

In [15]: sas_dta.head()

Out[15]:

SAS Output

The SAS System

The PRINT Procedure
Data Set WORK.DTA

Obs | rate_marriage age | yrs_married children | religious | educ | occupation occupation_hushb affairs affair
1 3 32 9.0 3 3 17 2 5] 011111 1
2 3 27 13.0 3 1 14 3 4 3.23077 1
3 4 22 25 0 1 16 3 g 1.40000 1
4 4 a7 16.5 4 3 16 5] g 0.72727 1
5 5] 27 9.0 1 1 14 3 4 4 BBEET 1




SASPy

:: J u pyte r Untitled28 (unsaved changes)

: J u pyter july31_python Last Checkpoint: 07/31/2015 (autosaved)
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Viewing the SAS Code Behind SASPy

In 12t 535 teach_me SAS(True)
sas_dta.hist('educ',title="Histogram of Education', label="Education Level')

sas.teach_me SAS(False)
Lastly executed on Fri, Oct 30 2015 8t 11:35 AMin O s

proc sgplot data=work.dtaj
histogram educ / scale=count LegendLABEL='Education Lewel®;
title "Histegram of Education™}
density educ;

run;

title ™"}




SASPy Available on GitHub

O Features Business Explore Marketplace Pricing This repository  Searc Sign in or Sign up
L] sassoftware / saspy © Watch | 19 W Star | 45 ¥ Fork = 25
<> Code Issues 6 Pull requests 0 Projects 0 Insights «

A Python interface module to the SAS System. It works with Linux, Windows, and mainframe SAS. It supports the sas_kernel
project (a Jupyter Notebook kernel for SAS) or can be used on its own. https://sassoftware.github.io/saspy

© 617 commits ¥ 2 branches > 3 releases 22 4 contributors

Branch: master — MNew pull request Find file Clone or download ~

:_: tomweber-sas clean up trailing blank in type column Latest commit a@42918 10 days ago
Bl saspy clean up trailing blank in type column 10 days ago
&l .gitignore add gitignore back in 3 months ago
El CONTRIBUTING.md Add contributing file after learning a little markup 11 months ago
E] ContributorAgreement.txt This got lost somewhere along the way 11 days ago
El MANIFEST.in fix manifest 3 months ago
El README.md remove saspy from doc per legal 29 days ago
= _init__.py update setup.py for win and osx installs plus version numbers 3 months ago
[E] saspy_example_github.ipynb example saspy Jupyter notebook 2 months ago
El setup.py fix typo 25 days ago




VY SAS Viya
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The SAS 9.4 platform

Support for any analytics
use case

Broad and extensive
customer base in production

Modernization needed to
adaptto changing
technology, business trends

SAS 9.4 productsand Uls

Customer-written
code

database
runtime




Prior to 9.4M5 architecture

SAS 9.4 productsand Uls

Customer-written
code

atabase
runtime

“bridge” to
SAS Viya

Customer-
written code

SAS Viya products
and Uls

Viya MVA
runtime
limited
functionality




Today’s architecture

SAS 9.4 productsand Uls

Customer-written
code

ya productsand Uls

MVA runtime

full functionality

database
runtime




The SAS Platform — Projected Architecture

Single platform blending v9,

Viya features SAS productsand Uls Customer-written code

e Support for pre-existing 9.4,
Viya-based code

o Support for single, multi-user Services-based mid-tier
scenarios (multi-tenant)

* Simplified, updatable MVA In- ES'P
deployment ~  database runtime

runtime runtime ¢ ) in-
runtime (in stream or
on-device)

e Elastic, fault-tolerant operation




SAS Viya
APls

9sas



. §sas |

SAS Viya

An Example

proc print data =hmeq (obs = 10);

run;

APIs [ c: ]
python

df = s.CASTable(‘hmeq)
df.head(10)

R

df <- defCasTable(s, ‘hmeq’)
head(df, 10)

Translated Command

[table.fetch]
table_name = “hmeq”
from = 1 to = 10




Simple CAS Actions Example

loadtable/path=""datasources/cars.csv'’
importOptions={fileType="csVv''},
casl ib=""CASTestTmp";

run;

histogram result=hist result/nBins=1
table={name=""datasources.CARS*
caslib=""CASTestTmp*
varList={{name="'sales""}}};

run;




CAS Actions Hierarchies

'_

_table.attribute <result =results> <status=rc>/
attributes~(
column="string",
* key="string",

value="string" | 64-bit-integer | integer | double | binary-large-object

L3



PROC versus CAS Action

proc factmac data=mycas.movlens nfactors=10 learnstep=0.15
maxiter=20 outmodel=mycas.factors;
input userid i1temid /level=nominal;
target rating /level=interval;
output out=mycas.outl copyvars=(userid i1temid rating);
run;

proc cas;
action factmac result=R / table={name="movlens'},
outMode I={name=""factors_out', replace=true},
inputs={"'userid”, "itemid"},
nominals={"'userid"”, "1temid"},
target="'rating"’,
maxlter=20, nFactors=10, learnStep=0.15,
output={casout={name=""score_out', replace="TRUE"},
copyvars={"'userid","1temid","rating'}};

run;




Cloud Analytic Services Language (CASL)

« CASL is the language specification that enables you to access the CAS
server.

« Designed to offer easy access to SAS Viya functionality
« Modeled after DATA step and IML
« Available via PROC CAS

- SAS® Viya™ 3.2 Action Programming / Getting Started with CASL (=8 @
» Getting Started with SAS Viya for R = =
- Getting Started with CASL Getting Started with the CASL Programming Language
3.2
Requirements
Connect and Start a Session Requirements
Connect and Start a Session
About Your Connection and Server About Your Connection and Server
Example: Train Gradient Boosted Trees with kfold Cross Validation

Example: Train Gradient Boosted
Trees with k-fold Cross Vvalidation

Copyright @ SAS Institute Inc. All Rights Reserved.
Last ated: March 15, 2017
 CAS Procedure
- CAS Procedure
PROC CAS Statemen t

ACTION Statement

ASSIGNMENT Statement

(2



CASL Example — Expression Parser

print "MRSP[1] (expression ) ="
findtable( fetch{table={name=""carssashelp"”}})[1," MSRP'];




CASL Example — Broken Down

proc cas,

fetch result=f / table={name=""carssashelp'};
tablel = findtable(f);

print ;
print "MRSP[1] (raw data) = " tablel[1,"MSRP"];
print "MRSP[1] (sorted) = " sort(tablel, MSRP')[1,""MSRP'];

print "MRSP[1] (expression ) = "
findtable( fetch{table={name="carssashelp"}})[1,""MSRP"];
row = tablel[1];
print;
print "print the row";
print;
print row;
run;

MRSP[1] (raw data) 36945
MRSP[1] (sorted) = 11939

MRSP[1] (expression ) = 36945

print row

{_Index_=1,Make=Acura s Model= MDX s Type=3SuUv s Origin=Asia
,DriveTrain=A1l1l ,MSRP=36945,

INnvoice=33337,EngineSize=3.5,Cylinders=6,Horsepower=265,MPG_City=17 ,MPG_Highway=23,Weight=4451
sWheelbase=106,Length=1889}




CASL Example — Broken Down

proc cas; |
fetch result=f / table={name="carssashelp"}; | Get the 15t 20 rows of
tablel = findtable(f); ) carsashelp
print .

print "MRSP[1] (raw data) = " tablel[1,"MSRP"];
print "MRSP[1] (sorted) = " sort(tablel,"MSRP')[1,""MSRP'] ;
print "MRSP[1] (expression ) = "

findtable( fetch{table={name="carssashelp"}})[1, " "MSRP"];
row = tablel[1];

print;
= e = LI -

print "print the row";

print;

prlnt row,;
run;
MRSP[1] (raw data) = 36945
MRSP[1] (sorted) = 11939
MBSP[1] (expression ) = 36945
print row
{_Index_=1,Make=Acura s Model= MDX s Type=3SuUv s Origin=Asia
,DriveTrain=All ,MSRP=36945,
Invoice=33337,EngineSize=3.5,Cylinders=6,Horsepower=265,MPG_City=17 ,MPG_Highway=23,Weight=4451
sWheelbase=106,Length=1889}




CASL Example — Broken Down

proc cas;

fetch result=f / table={name="carssashelp};

tablel = findtable(f);

print ;

print "MRSP[1] (raw data) = "

print "MRSP[1] (sorted) = " s

print "MRSP[1] (expression ) ="
findtable( fetch{table={name="carssashelp"}})[1, " "MSRP"];

row = tablel[1];

tablel[1,"MSRP"];

[1,"MSRP']:

print;
print “print the row”; Printthe value at row
B:::E:’row_ 1, column MSRP

run,;

MRSP[1] (raw data) 368945
RSPl 1] (sorted) = 11039

MRSP[1] (expression ) = 36945

print row

{_Index_=1,Make=Acura s Model= MDX s Type=3SuUv s Origin=Asia
,DriveTrain=A1l1l ,MSRP=36945,

Invoice=33337,EnginesSize=3.5,Cylinders=6,Horsepower=265,MPG_City=17 ,MPG_Highway=23 ,Weight=4451

sWheelbase=106,Length=1889}




CASL Example — Broken Down

proc cas;
fetch result=f / table={name=""carssashelp'};
tablel = findtable(f);
print ;
print "MRSP[1] (raw data) = ' tablel[l,"'MSRP'];
print "MRSP[1] (sorted) = " sort(tablel, MSRP*™)[1,""MSRP'"];

findtable( fetch{tabIe={name:"carssasheIp"}})[l,"MSRP"j;
row —taoie1ifiy;
print; \
print “print the row"”; Nest the actionand
print; function calls to get
print row;
run- the same result
MRSP[1] (raw data) = 36945 ‘/////,///////,
"N bl 3 9
MRSP[1] (expression ) = 36945
print row
{_Index_=1,Make=Acura s Model= MDX s Type=3SuUv s Origin=Asia

,DriveTrain=Al1ll , MSRP=36945,
INnvoice=33337,EngineSize=3.5,Cylinders=6,Horsepower=265,MPG_City=17 ,MPG_Highway=23,Weight=4451
sWheelbase=106,Length=1889}




CASL Example — DO Loop

/* list fTiles 1n caslib path */

table.fileinfo result=Fileresult / caslib="&mycaslib" ;
run;

describe(fileresult);

Tilelist=fFindtable(fileresult);

/* loop Tiles 1In caslib path and load them into CAS */
do cvalue over filelist;

print (cvalue.name);

/* drop the table i1f 1t 1s In memory */

table.droptable / caslib="&mycaslib' name=scan(cvalue.name,1,".')
quiet=true;

table. loadtable / caslib="&mycaslib' path=cvalue.name
casout={name=scan(cvalue.name,1,".")}

promote=true;

end;




CASL Example — DO Loop
/> list files in caslib 'n;:nfh */

table.fileinfo result=Fileresult / caslib="&mycaslib" ;

run;
|describe(fileresult); ‘\\\\

Tilelist=Findtable(fileresult);
- - - _ Get a list of all files in
/* loop files in caslib path and load them into CAS */ the path

do cvalue over fTilelist;
print (cvalue.name);

/* drop the table i1f 1t 1s In memory */
table.droptable / caslib="&mycaslib' name=scan(cvalue.name,1,".')

quiet=true;
table. loadtable / caslib="&mycaslib' path=cvalue.name

casout={name=scan(cvalue.name,1,".")}
promote=true;

end;



CASL Example — DO Loop

/* list fTiles 1n caslib path */
table.fileinfo result=Fileresult / caslib="&mycaslib" ;

run; .
describe(fileresult); Dynamically load to
filelist=Findtable(fileresult); CAS all the tables

/* loop files In caslib path and load them into CAS */ x////

|[do cvalue over filelist;

print (cvalue.name);

/* drop the table i1f 1t 1s In memory */

table.droptable / caslib="&mycaslib' name=scan(cvalue.name,1,".')
lquiet=true;

table. loadtable / caslib="&mycaslib' path=cvalue.name

lcasout={name=scan(cvalue.name,1,".")}
promote=true;

lend;
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v Ju pyter Data Mining WOrkInow Lest Checkpont 7 hours ago (sutosaved)

Viaw i Ce K

Create ROC Curve and Lift Chart

& Plot ROC curve

plt.figure()

for key, grp in all_recinfo.groupby([Medel"]):
plt.plot(grp[ "FPR"], grp["sensitivity"], labelskey)

plt.plot([o,1], [0,1], "k--"

plt.xlabel("False Positive Rate®)

plt.ylabel{"True Positive Rate")

plt. legend{loc="best™)

plt.title("R0C Curve (using validation data)")

plt.show( )

& plot Lift charts

plt.figure()

for key, grp in all_liftinfo.groupay(["Model"]):
plt.plot(grp[“Depth”], grp["Lift"], label=key)

plt.xlabel("Depth”)

plt.ylabel{"Lift")

plt.legend(loc="best")

plt.title("Lift chart (using validation data)")

plt.show()

ROC Curve (uging validation datal
— £

— GathentBoosting
— logisticRegression
.t HeuralNetwork
rd SVM
nge”
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False Positve Rate




SAS Scripting Wrapper for Analytics Transfer (SWAT)

« SWAT packages are available for Python, R and Lua 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 programmers familiar these languages.
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SAS code

libname locallib '/opt/sasinside/DemoData’;

libname mycaslib cas caslib=casuser;

%1f not %sysfunc(exist(mycaslib.bank raw)) 3%then %do;

data mycaslib.bank raw;
set locallib.bank_;aw;

rrun;,

Zend;

proc cardinality data=mycaslib.bank raw

outcard=mycaslib.varsummarytemp
out=mycaslib.leveldetail temp;

ruan;,




SAS code

Partial Output
Obs  Variable name Widih of the | Type of the  Recommendexd Have more Hurnbar Humber of finimum Maximum Mean Standard
variable formatted | raw values  lewvel for analyics unreponed of levels  miszing values nurmeric  numeric value deviation
value lewels value
1 b 12| n CLazs i 2 il 0 T OHES2HETAE | [ FHAEAERERE
T oeat_inputl £ C CLASE B 3 0
3 cal_inpuid 1| CLaZS M = 0 . . . .
4 or_gt 12| CLAZE M v 1 0 6 DANVEE0EA | DERAEEEE0
5  dernog_sge 12 | IMTE R ki 0 ZEEEE] -1 B0 SE.FISIF0092 | 16.050TETAZE
G demog_fo 12N CLazs M 2 o 1] T 055025048 | 04T 0D
7 dernog_pr 12| nl INTERWAL b 0 0 0 101 305EAE72041  11.S2E00R1S
B inl_ig 10| 1 IMTERWLL ki . CAECzD 0 SO0DOD M235.0a7221 | 430050400
8 r_demog_homesal 12N IMTE Rt i el 124133 7436 BO00GT 10733204375 | B3T3 181214
10 | r_demag_inc 12 | hl INTERAL ki o0 roc el 2493 200007 53040535201 | 1897E B11E4E
Obz  Varlable Lewel Level | Percentage of the frequency of cinment Percentage of mon missng Raw namerc  Paw character Foirmatted value of &
name inilex fraquency level walues value walue wariahle
1 higl 1 fi45 2004703505 2l 4705505 0 ]
2 b_tp 2 211509 1885206295 1985295325 1 1
3 cat_input 1 313 T 42f4 1453 il 42641453 B A
4 cst_inputt 2 i 7237333357 73437333357 ki ki
G cat_inputl 3 18050 14 2277 RTER4 14 237791534 Z i
6 cat_inputd 1 =k = 17. 77275900 17 7727598 A A
FooaEl_input? 2 15255 15148584573 1814554673 & B
8 est_inputd 2 j==== 15884709524 15504702524 C C
9 cal_input? 4 T 11 635024755 11 535624156 I 0
10 cat_inputd = EREeS 26548312419 EL4B3129 . E E
11 oot 1 Fid5.4 A0 047 03505 BOLC7 111565 0 ]




An Example Flow for Python SWAT Interface to CAS

Import Packages

L CAS Session and CAS Data
Load

\—> Import CAS Action Sets

Use CAS Action Sets for
Printing and Cardinality

Use Python to Plot

Resulting Tables



SWAT Python

In [1]: from swat import *

import pandas as pd
import numpy as I

from sklearn import linear model

In [23]: sess = CAS{cashost, casport, authinfo="~/.authinfo", caslib="casuser")




SWAT Python

gess_actionsetinfofall=Truea)

Partial Output

v

sess.loadactionset {actionset="cardinalitvy")

NOTE: Added action set "cardinality'.

actionset

BCCEss

—

accessControl

Access Controls

agyregation

astore

autotune

boolRule

huiltins

System

cardinality

clustering

LT - T I — - T Y T I O - B X

configuration

Server Properlies

-
=

dataFreprocess

Data Preprocess

—
-

dataStep

DATA Slep

12

decisionTrae




SWAT Python

indata dir="/optisasinaide/Demobata”
indata="bkank raw"

if not =ess.table.tableExists {table=indata)l .exists:

tbl = sess.upload file{indata dir4+"/"+indatat".sas7hbdat”, casout=|"name=":indata]}

MoTE: Cloud Rnalytic Services made the uploaded file available as table BRANE RAN in caslib CASUSER (viyauser) .
NGTE: The table BAMNK _RAKM has been crsatsd in caslib CREUSER (wviwvsuszer) from binary data uploaded to Cloud Anslyti
o Services.

thl.head(1l0)

Partial Output:
b_tgt | cat_input1 | cat_input2 | ent_tgt | demog_age | demog_ho | demog_pr |int_tgt (r_demog_homeval |r_demog_inc
0(1.0 |X A NaN  |NaN 0.0 240 7000.0 |57600.0 521060
101.0 |X A 2.0 NaN 0.0 240 7000.0 |57587.0 52106.0
z2l10 X A 20 NaN 0o 00 15000 0 441670 42422 0

Gsas



SWAT Python

thl dats_card=3sssz.CA5Tabls ["dats _card', replace=True)
tbl.cardinality.summarize [cardinality=tbl data card)]
tbl data card.wvars=[" WARNAME ' * T¥EFE ', * MMI=ZZ " ' WoES ', ' MEAN ', " MIN ', " MAX ° _ETDOEV "]
df_data card=thl_data_card
df_data _card.head{z5}
NOTR: Writing cardinality.
NOTE: =ztatusz = 0.
NOTE: The Cloud Analvtic Serwvices ssrver processed the reguest in 0. 001606426 seconds.
Partial Output
_VARNAME_ _TYPE_| NMISS_| NOBS_ | MEAN_ _MIN_ | MAX_ | _STDDEV_
0 |b_tgt N 0.0 1060038.0 | 0.199530 0.00 1.00 0.399647
1 |cat_input1 C 0.0 1060038.0 | NaN NaM NaN NaN
2 |cat_input2 C 0.0 1060038.0 | NaN NaN NaN NaN
3 |cnt_tgt N 1.0 1060038.0 | 0.311756 0.00 6.00 0.699682
4 |demog_age N 266861.0 | 1060038.0|58.716371 -1.00 89.00 16.850767

Gsas




SWAT Python

df data card=tbl data card.to frame ()
df data card['PFERCENT MISSING']={(df data card[’' NMISE ’];‘df_data_card[f MoRS T])+100
df data card=df data card_sort velues{by=['FERCENT MISSING'], ascending=False)

thl forplot=pd. Series [list {df data card["PERCENT MISSTHNG']), index=11st tdf data card[" VARNAME

Percentage of Missing Values
ax=thbl forplot.plot| 20 - -
kKind="bar", BO
title="Percentags of Missing Values"'
70
!
= 60
aX.5et_¥label('Percent Missing') 2 5o
ax.set xlabel('variable Names') —
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Pipefitter

- Python API for developing pipelines for data transformation and model

fitting
« Works with SAS 9.4 or SAS Viya

« Uses Python SWAT and SASpy under the covers

Transformer 1 —— Intermediate ——>
Tabled

Transformer 2

pipeline model

Intermediate
Table2

Estimator

---------------------------------------------------------------------------------------------------------------------



Pipefitter Available on GitHub

O Features Business Explore Marketplace Pricing This repository Sign in or Sign up
I sassoftware / python-pipefitter © Watch = 10 *star 6 | YFork 2
<> Code Issues 0 Pull requests 0 Projects 0 Insights +

The SAS pipefitter package provides a Python API for developing pipelines for data transformation and model fitting as stages
of a repeatable machine learning workflow in either SAS v9 or SAS Viya.

P 17 commits ¥ 2 branches & 1 release 22 2 contributors s Apache-2.0
Branch: master ~ New pull request Find file
i kesmitl3 Remove xrange for Python 3 compatibility Latest commit f9f1a9f 19 days ago
i doc Update line endings 2 months ago
Bl examples remove redundant lines 25 days ago
Bm pipefitter Remove xrange for Python 3 compatibility 19 days ago
E) .gitattributes Add git config files 2 months ago
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E] Repasitories

Pinned repositaries

Welcome to SAS Support Communities

sas_kemel

Stuck on a problem? Ask the community for help.

While you're here, get a SAS tip and share what you
know. This community of SAS experts is here to help
you to succeed!

sas-prog-for-r-user Join Now >

Latest Activity

Popular Posts Unanswered Questions MEMBERS | CNLINE POSTS.
115,545 | 1,574 309.408

S EIJMI!X!QI' authorization in & cube o L3 o ( %S
i Admirisiration nd Deskoyment | Latest pestty: o Grgis Hew Raplies Likes Post a Question \)
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developer.sas.com

Ggsas

Home SAS REST Python Java Lua R

SAS for Developers

D

Use the power of SAS Viya in your applications.

SAS Viya is an open analytics platform providing developers access to SAS services.
One underlying code base, programmable in the language of your choice.

Gsas { REST }

SAS Viya uses PROC CAS to run REST APIs for any client language
CAS actions in to access SAS analytics, data and
SAS Cloud Analytic Services. services.

&
Java

Java APIls for using Lua APIs for using
SAS Viya CAS actions. SAS Viya CAS actions.

@& python

Python APIs for using

SAS Viya CAS actions.

R APIs for using

SAS Viya CAS actions.
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