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What is Missing Data?

Definition

In statistics, missing data, or missing values, occur
when no data value is stored for the variable in an
observation. Missing data are a common occurrence
and can have a significant effect on the conclusions
that can be drawn from the data. - Wikipedia
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https://www.google.com/search?q=definition+for+missing+data&rlz=1C1CHBF_enUS750US751&oq=definition+for+missing+data&aqs=chrome..69i57j0.4543j1j9&sourceid=chrome&ie=UTF-8

What is Missing Data?
SAS

Missing Value

- is a value that indicates that no data value is stored for the variable
in the current observation. There are three kinds of missing values:

* numeric
* character
* special numeric

By default, SAS prints a missing numeric value as a single period (.)
and a missing character value as a blank space. See Creating Special
Missing Values for more information about special numeric missing

values.

Ggsas


http://support.sas.com/documentation/cdl/en/lrcon/62955/HTML/default/a000992455.htm

Why is the data missing?

Missing Completely At Random (MCAR)
The probability of missingness doesn't
depend on anything.

Missing At Random (MAR)
The probability of missingness does not
depend on the unobserved value of the

missing variable, but it can depend on any
of the other variables in your dataset

Not Missing at Random (NMAR)

The probability of missingness depends on the
unobserved value of the missing variable itself

GSsas



When should you be concerned?

@ Reporting

May draw inaccurate conclusions or
inference about the data k

@ Predictive Modeling

Bias in the estimation of parameters
Significant effect on the conclusions

gsas



Remove observation(s)
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Useful Functions
Character
MISSING(expression)

- Returns a number that indicates whether the argument contains a missing value.
* missing_flag = missing(gender);

CMISS(argument-1 <, argument-2,...>)
- Counts the number of missing arguments.
« char_miss = cmiss(BP_Status, Chol_Status, Smoking_Status, Weight_Status);

COALESCEC(expression|, ...expression])
« Returns the first non-null or nonmissing value from a list of character arguments.
« charvar = coalescec(charvar, "***NOT ANSWERED***"):

Function Documentation
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https://go.documentation.sas.com/?cdcId=pgmsascdc&cdcVersion=9.4_3.3&docsetId=allprodslang&docsetTarget=syntaxByType-function.htm&locale=en

Useful Functions
Numeric
MISSING(expression)
- Returns a number that indicates whether the argument contains a missing value.

» missing_flag = missing(income);

NMISS(argument-1<,... argument-n>)
« Returns the number of missing numeric values.
* num_miss = nmiss(AgeAtDeath, AgeAtStart, AgeCHDdiag);

COALESCE(argument-1<..., argument-n>)
« Returns the first nonmissing value from a list of numeric arguments.
* numvar = coalesce(numvar, 1000);

Ggsas



Useful Functions
Numeric

Both return zero for missing values
* y=sum(x,0);

o y:coaIeSCE(X,O)}

In SQL use the mean or coalesce function
+ case when missing(varl) then mean(varl) else varl end as varl

 coalesce(varl, mean(varl)) as varl

Ggsas
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Procedures
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Remove observations
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In data steps, proc SQL, and procedures

@w

In data steps

> CASE

proc SQL

Ggsas



Replace Value(s)
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Replacing Missing Values
PROC STDIZE

» Replace all numeric missing values with zero

PROC STDIZE data=tablel out=table2 reponly missing=0;
run;

- Replace all numeric missing values with the mean

PROC STDIZE data=tablel out=table2 reponly method=mean;
var _numeric_;
run;

PROC STDIZE Documentation

reponly —only
replace; do not
standardize

missing — can be
any constant

method -
includes MEDIAN,
SUM and others
for doing
standardization
activities
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http://go.documentation.sas.com/?docsetId=statug&docsetTarget=statug_stdize_toc.htm&docsetVersion=14.3&locale=en




Replacing Missing Values
PROC STANDARD

- Replace all numeric missing values with mean

PROC STANDARD data=table 1 out=table2 replace;

run;

PROC STANDARD Documentation 6sas


http://go.documentation.sas.com/?docsetId=proc&docsetTarget=p1baz760758nn2n1arzklv8yrbhw.htm&docsetVersion=9.4&locale=en

Use Imputation Method
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Replacing Missing Values

PROC HPIMPUTE

proc hpimpute data=sampsio.nmeq out=outl;

run;

input mortdue value clage debtinc;

impute mortdue / value = 70000; L mpuation
impute value / method = mean; MORTOUE | 1_MORTOUE
impute clage / method = random; e e

CLAGE M_CLAGE

impute debtinc / method = pmedian; DEBTINC | M_DEETINC

Imputation Results

Imputed N

Variable Missing
IM_MORTDUE 518
IM_VALUE 112
IM_CLAGE 308
IM_DEBTIMC 1287

MEAN, RANDOM, PMEDIAN or Constant Value

HPIMPUTE Procedure Documentation

Type of Imputation

Imputation Value [Seed)
Given value T0000
Mean 101778
Random 5.00000
Pseudo Median 34 81698
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http://support.sas.com/documentation/cdl/en/prochp/66409/HTML/default/viewer.htm#prochp_hpimpute_examples01.htm




Multiple Imputation In 3 Steps
Using PROC MI & PROC MIANALYZE
1. Imputation

Make M=5 to >25* copies of incomplete data
set filling in with conditionally random values

2. Analysis
Of each data set separately

3. Pooling

e Point estimates. Average
across M analyses

eStandard errors. Combine
variances

PROC MI Documentation
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https://go.documentation.sas.com/?docsetId=statug&docsetTarget=statug_mi_toc.htm&docsetVersion=14.3&locale=en

Oxygen

44.609
54.297
49.874

39.442

Multiple Imputation
Step 1 Proc Ml Example: Imputation

RunTime RunPulse

11.37
8.65

9.22 .

11.95
13.08

50.541 .

44.754
51.855
40.836
46.774
39.407
45.441

11.12

10.33
10.95

10.25 .

12.63
9.63

178
156

176
174

176
166
168

174
164

PROC MI data=mi example out=outmi
seed=1234;
var Oxygen RunTime RunPulse;
run;
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Oxygen

44.609
54.297
49.874

39.442

Multiple Imputation

Step 2:
Analysis

Step 1:
Imputation

RunTime RunPulse

11.37
8.65
9.22 .

11.95

13.08

50.541 .

44.754
51.855
40.836
46.774
39.407
45.441

11.12
10.33
10.95
10.25 .
12.63
9.63

178
156

176
174

176
166
168

174
164

PROC MI data=mi example out=outmi
seed=1234;
var Oxygen RunTime RunPulse;
run;
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Oxygen
44.609
54.297
49.874

39.442

Multiple Imputation

Step 1 Results: Imputation

RunTime RunPulse

11.37
8.65

9.22 .

11.95
13.08

50.541 .

44.754
51.855
40.836
46.774
39.407
45.441

11.12

10.33
10.95

10.25 .

12.63
9.63

178
156

176
174

176
166
168

174
164

-

Multiple imputed
datasets created

Oxygen RunTime RunPulse
44.609 11.37 178
54.297 8.65 156
49.874 9.22 169.856
48.987 11.95 176
39.442 13.08 174
50.541 10.932 178.697
44.754 11.12 176
51.855 10.33 166
40.836 10.95 168
46.774 10.25 157.241
39.407 12.63 174
45.441 9.63 164

Oxygen RunTime RunPulse
44.609 11.37 178
54.297 8.65 156
49.874 9.22 173.309
50.095 11.95 176
39.442 13.08 174
50.541 11.769 158.932
44.754 11.12 176
51.855 10.33 166
40.836 10.95 168
46.774 10.25 161.803
39.407 12.63 174
45.441 9.63 164
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Multiple Imputation
Step 2:
Analysis

PROC REG data=outmi outest=outreg covout noprint;
model Oxygen = RunTime RunPulse;
by _Imputation_;

Other model options: Reg, Logistic, Genmod, Mixed, GLM

Ggsas



PROC PRINT data=outreg (obs=8);

Multiple Imputation

Step 2 Results: Parameter Estimates & Covariance Matrices

var _Imputation_ Type Name_ Intercept RunTime RunPulse;

run,

Obs _Imputation_ _TYPE_ _NAME_  |Intercept| RunTime | RunPulse
1 1 PARMS 82.9694 | -2.44422 | -0.06121
2 1 COoVv Intercept 65.1698 | 0.26463 | -0.39518
3 1 COVv RunTime 0.2646 | 0.14005 -0.0101
4 1 COV RunPulse | -0.3952 | -0.0101 0.00293
5 2 PARMS 85.1831 | -3.0485 | -0.03452
6 2 COoVv Intercept | 85.3406 | -0.44671 | -0.46786
7 2 COV RunTime | -0.4467 | 0.13629 | -0.00581
8 2 COVv RunPulse | -0.4679 | -0.00581 | 0.00308
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Multiple Imputation
Pooling
PROC MIANALYZE data=outreg;
modeleffects Intercept RunTime RunPulse;

Replaces var Notice the dependent variable is
not included here

run; \

Multiple Imputation Parameter Estimates
Parameter Estimate Std Error | 95% Confidence Limits DF Minimum | Maximum | Pr>|t|
Intercept 92.696519| 12.780914| 65.35758|  120.0355| 14.412| 82.969385] 101.288118(<.0001
RunTime -2.915452 0.48346|  -3.90873 -1.9222|  26.264| -3.146336 -2.444217|<.0001
RunPulse -0.086795| 0.070425|  -0.23209 0.0585  24.163| -0.13547 -0.034519| 0.2296
PROC MIANALYZE Documentation 9sas



https://go.documentation.sas.com/?docsetId=statug&docsetTarget=statug_mianalyze_toc.htm&docsetVersion=14.3&locale=en




PROC SURVEYIMPUTE
Brand new in SAS/Stat 14.1

The SURVEYIMPUTE procedure imputes missing values of an item in a sample survey by replacing
them with observed values from the same item. Imputation methods include single and multiple hot-deck

Imputation, Approximate Bayesian bootstrap (ABB) imputation, Fractional hotdeck imputation (FHDI), and fully
efficient fractional imputation (FEFI)

/* Joint imputation for Department and Response*/
proc surveyimpute data=SIS_Survey Sub method=fefi varmethod=jackknife;
class Department Response;
var Department Response;
strata State NewUser;
cluster School;
weight SamplingWeight;
output out=SIS_Survey_Imputed outjkcoefs=SIS_JKCoefs;
run;

PROC SURVEYIMPUTE Documentation
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http://support.sas.com/documentation/cdl/en/statug/68162/HTML/default/viewer.htm#statug_surveyimpute_overview.htm
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SAS Studio
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Replacing Missing Values 3 Ways
Data—> Describe Missing Data
SAS Studio . Data = Standardize Data

« Omit row
- Replace Value

« PROC STDIZE - documentation

« PROC STANDARD - documentation

« PROC HPIMPUTE - documentation
« SAS/STAT PROC MI - documentation

Ggsas


http://support.sas.com/documentation/cdl/en/statug/63347/HTML/default/viewer.htm#statug_stdize_sect004.htm
http://support.sas.com/documentation/cdl/en/proc/67327/HTML/default/viewer.htm#n1hmips60w5w3yn1hj9klna7aplw.htm
http://support.sas.com/documentation/cdl/en/prochp/66409/HTML/default/viewer.htm#prochp_hpimpute_examples01.htm
http://support.sas.com/documentation/cdl/en/statug/63962/HTML/default/viewer.htm#statug_mi_sect001.htm

4 |8 Tasks

4 B Data
[@ List Table Attributes
[& Characterize Data

Describe Missing Data Task

Frequencies
Missing Data Frequencies
Legend: ., A, B, etc = Missing

Default or seriously delinguent
BAD | Frequency Percent

Describe Missing Data

Mon-missing 5BG0 100.00

B st Data

i% Transpose Data

gif Stack/Split Columns
Y Filter Data

i Select Random Sample
1 Partition Data

13 Sort Data

i1 Rank Data

B Transform Data

X Standardize Data

Amount of current loan request
LOAM  Frequency | Percent
Mon-missing 58G0 10000

Amount due on existing mortgage
MORTDUE @ Frequency Percent

518 B.60

Non-missing Hd42 81.31

Home improvement or Debt Consolidation

REASON Frequency Percent
[ 252 423 ]
MNon-missing 5708 o577
ProfiExeciOffice! SelfiCther
JOB Frequency @ Percent
278 488
Hon-missing AEE1 g5.32

Years on current job
¥OJ | Freguency | Percent
515 2.84
Hon-missing H445 81.36
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Default or | Amount

serioushy of
delingquent current
loan

request

Maon- Mon-
missing missing
Maon- Mom-

missing missing
Maon- Mom-
missing missing
Man- Mon-
missing missing
Maon- Mon-
missing missing

Mon- Mon-
missing missing

Man- Mon-
missing missing
Man-

Amount
due on
existing
muortgage

Value of
current

property

Describe Missing Data Task

Home
improvement
or Debt
Consolidation

Maon-missing

Maon-missing

Mon-missing

Mon-missing

Missing Data Pattern

Missing Data Patterns across Variables

Legend: ., A, B, etc =

ProfiExeciOfficel SelfiCrther Years
on

current

job

Man-
missing

Maon-missing Man-
missing

Man-
missing

Mon-
missing

Maon-missing

Maon-missing Mon-

LSSl I ST

Missing

Mo. of
major
dercgatory
reports

Mon-
missing
Mon-
missing
Mon-
missing

Mon-
missing

Mo. of
deliquent
credit
lines

MNon-
missing
Man-
missing
Maon-
missing
MNon-
missing

Age of
oldest
credit
line in
maonths

Mon-
missing
Mon-
missing

Mon-
missing

MNao. of
recent
credit
inquiries

Mon-
missing
Mon-
missing
Mon-
missing

Mon-
missing

Mo. of
trade
credit
lines

Mon-
missing
Mon-
missing
Mon-
missing
Mon-
missing

Debt to
income
ratio

Man-
missing

Maon-
missing

Frequency

Percent

0.0338

0.1007

0.01G8

0.01G8

0.0338

0.01G8

0.0338

0.0338

VRS S S
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Standardize Data Task

Select Missing Values Method & How to replace missing values

Tasks m Frogrem zes X - Sandarcize Qetacth =

B‘ :‘1’: ? E 5 . s H & ¢r‘-dc‘

PO Filte o AT

b §E My Tasks v METHODS

B8 SAS Tasks (J Centerdatac
4 Lﬁ Data Standardizaton method
[B List Table Attributes
= . * TREATMENT OF MISSING VALUES
[E Characterize Data v TREATMENT OF MISSING VALUES
Regenbe: Missing Data Missing values method: , 1
EE List Data Missing values method:
£ Transpose Data Omit observations with missing v: Replace missing value v
B8 Stack/Split Col . . . L
% Hac Dp s > Omit observations with missing Replace missing values with:
ilter Data
T . f |
B3 ‘Select Randoin Samiple Replace missing value Default location measure v
# Partition Data > S(Default location measure \
13 SortData 1 Mean
Ins Rank Data
Median

B3 Transform Data

I X otandardize Data I Minimum

x=y Recode Values & ” A ]
kpecn y custom value J

%Y Recode Ranges

Gsas



SAS Enterprise Guide
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Replacing Missing Values 3 Ways

. Query Builder using Computed Column —>
SAS Enterprise Guide Replace Values (numeric & character)

Data = Standardize Data (numeric only -
replaces with mean)

« PROC STDIZE - documentation

« PROC STANDARD - documentation

« PROC HPIMPUTE - documentation
« SAS/STAT PROC MI - documentation

Ggsas


http://support.sas.com/documentation/cdl/en/statug/63347/HTML/default/viewer.htm#statug_stdize_sect004.htm
http://support.sas.com/documentation/cdl/en/proc/67327/HTML/default/viewer.htm#n1hmips60w5w3yn1hj9klna7aplw.htm
http://support.sas.com/documentation/cdl/en/prochp/66409/HTML/default/viewer.htm#prochp_hpimpute_examples01.htm
http://support.sas.com/documentation/cdl/en/statug/63962/HTML/default/viewer.htm#statug_mi_sect001.htm

Query Builder Task

Replace Value or Replace Condition for Character Variable
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Query Builder Task

Replace Value or Replace Condition for Numeric Variable

| S— Specify o Repleacement *
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Standardize Data Task

Uncheck New mean & New standard deviation

Tasks | s Progam  Took Hep 8- - Wl G

Graph

ANOVA
Regresson
Multiveriste
Survival Anabysic
Capsbiity
Centrod Charts

i Pareto Chart.,
Time Senes
Data Mining
OLap

| Tekvomps

nect ) Scp

%5  Flerand Son..

&y Query Builder.,

[% Aspend Table..

[ SortData..

3% Creste Format..,

A% Create Format from Data Set_.
B Tenspose..

i Spit Columms..

@ sucklolmns.

ft  Random Semple...

y e

[ CompareData..

% Delete Data Sets and Formats...
5%  Uploadto LASK..

% Uplosdto CAS..,

B Uplosd Data Files to Server_
BE  Doandoad Data Files to PC..
& CopyFiles..

& import IMP file...

o import SPSS fie...

o Impont Stats file-.

X Standwiize Data for Locak WORK, TWO

Daa |
Sandardize
Qandandze
Fesuts
Proparties Sardedoe 1o
[ Now
[ New staretand deviation

Ewmmmm—nm

0
1

Sandardizes the andyss
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et |

The “Analysis varables” role must have at boast 1 variabile assigeed 1o it
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SAS Enterprise Miner
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Replacing Missing Values 3 Ways

1.
- Missing values with constants

SAS Enterprise Miner

- Class variables — count, default constant value,
distribution, tree, tree surrogate

- Target variables — count, default constant value,
distribution

- Interval variables — mean, median, midrange,
distribution, tree, tree surrogate, mid-minimum spacing,
Tukey’s Biweight, Huber, Andrew’s Wave, default
constant

- PROC STDIZE - documentation
PROC STANDARD - documentation
PROC HPIMPUTE - documentation
SAS/STAT PROC MI - documentation

Ggsas


http://support.sas.com/documentation/cdl/en/statug/63347/HTML/default/viewer.htm#statug_stdize_sect004.htm
http://support.sas.com/documentation/cdl/en/proc/67327/HTML/default/viewer.htm#n1hmips60w5w3yn1hj9klna7aplw.htm
http://support.sas.com/documentation/cdl/en/prochp/66409/HTML/default/viewer.htm#prochp_hpimpute_examples01.htm
http://support.sas.com/documentation/cdl/en/statug/63962/HTML/default/viewer.htm#statug_mi_sect001.htm

Replacing Missing Values

.
. -

Ejﬂ Replacement ‘ ]“H““ [,w_* e
Used to interactively specify replacement ;__’":" — Wﬂg =
values for class and interval levels = =
« Trim outliers ——— —

« Replace Missing

« Use to generate score code to process ‘—““‘—’1—1—11: v:—’mj—————h""""‘“' f‘——o ”"”"F"'—"—m—“
unknown levels when scoring A I . W— | DeraiT.
 Pro€e W € ProfEre
Ofice e © o
o L
34 e S
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LMo ) ie 'A L | DEFALLT,
DevtGon 2928~ C  DemdCon | |
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Replacing Missing Values
Impute Node

[it(_) Impute

* Used to replace missing values
* Many modeling techniques will
drop rows of data that have

any missing values
* Creates imputation indicator
variables

H

Mon Missing Variables

Missing Cutoff
Class Variables

-Default Input Method

-Default Target Method

-Mormalize Values

Default Constant Value
Distribution

Median
Midrange

-Default Number Value Distribution
= Method Options ree
-Random Seed ree Surrogate -|—

-[Tuning Parameters

-[Tree Imputation

Indimtur Variables

-[Type Mone
-Source Imputed Variables
-Fole Rejected

E > Class Variables

> Interval
Variables

Ggsas



SAS Viya

Visual Statistics, Visual Data Mining and Machine Learning

gsas



What is SAS Viya?

SAS Viya is a cloud-enabled, in-memory analytics engine that provides
quick, accurate and reliable analytical insights.

Systeos Status 206075 1573
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SAS Viya Products

SAS Viya takes advantage of a cloud-enabled, open platform. Most offerings
include both a coding interface as well a visual interface.

SAS Visual Analytics
SAS Visual Statistics

SAS Visual Data Mining and
Machine Learning

SAS Visual Forecasting
SAS Visual Text Analytics
SAS Optimization

SAS Econometrics

SAS Model Manager

SAS Data Preparation

SAS Visual Investigator

SAS Business Analytics

SAS Intelligent Decisioning

SAS Cybersecurity

SAS Detection and Investigation

« SAS Event Stream Processing

And more...

Ggsas



MULTIPLE INTERFACES, SINGLE CODE BASE

Visual Interfaces
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Visual Interfaces
Explore and Visualize Data
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Visual Interfaces
Explore and Visualize Data

v General

Event level: ®

Extends the mode! to inciude observations with

missing values. A continuous effect is imputed with the
observed mean, and an indicator variable that denotes
missingness is created. A classification effect treats
missing values as a distinct level.

p-value

Options

B
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Available for

Logistic Regression
LOGSELECT

Linear Regression
REGSELECT
Generalized Linear
Model GENSELECT
Neural Network NNET
Support Vector
Machines SVMACHINE

Visual Interfaces
Explore and Visualize Data

Ggsas



Visual Interfaces
Explore and Visualize Data

= SAS® Visual Analytics - Explore and Visualize Data = SAS® Visual Analytics - Explore and Visualize Data

Demo VDDML Demo VDDML

Forrest GB e

Data : Data :

ously delinquent (event

@l

HMEQ v

Y Available T .
! s Add data source... .
= & * Filter out S

New data source join... Objects
= =+ New data item H H |
Outline Save data view... I I n ISSI n g Va u eS :
= 4+ New data item
v Category Dita views:: e Re P lace with Oiting
M Default or seriously delinqu... -2 ;i "
Join data to HMEQ Hierarchy...
M Home improvement or Deb... -3 ConStant delingu -2
A Remove data source I Custom category... Q=2
™\ Partition - 2 =
Change data source... orDeb... -3
. . . & | Calculated item... ]
M Prof/Exec/Office/Self/Cther - 7 E E)
Refresh data source
& Geography item...
v Measure
Apply data source filter . f/Other -7
x . o ' PY = Parameter...
& Age of oldest credit line in months
9 r .
¢ Amount due on existing mortgage &8 Interaction effect...
Set unique identifier data item... r
& Amount of current loan request %Y Spline effect... line in months
View measure details...
& Debt to income ratio ting mortgage

New aggregated data source... C
emewd@N request )SaS

& Frequency S



Visual Interfaces
Prepare Data

Use Code or Calculated | s 6 il REREESTR
Column © £ TSR (i ook} e
* Replace with Constant - EER TR

or Zero -
e Code for imputation
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Visual Interfaces
Prepare Data
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Visual Interfaces
Prepare Data
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Visual Interfaces
Build Models - Pipelines
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Visual Interfaces

Build Models — Pipelines — Imputation Node

»
Imputation E @

Description:

Imputes missing values for class and
interval inputs using the specified
methods.

v Interval Inputs

[l Impute non-missing variables

Missing percentage cutoff:

| 50

Reject original variables

[] Summary statistics

v Class Inputs

Default method:

| Count v

(none)

Cluster count

Constant value
v Count

Distribution
Uerguit meuog;

Default method:

| Mean

(none)

Cluster mean
Constant value
Maximum
Mean

Median
Midrange
Minimum

[ Sinale indic~tar

{ Constant Values I

Constant character value:

| |

Constant number value:

C |

v Indicaters

[] Single indicator

[] Unique indicators
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Visual Interfaces
Build Models — Pipelines — Replacement Node

Replacement = @

Pescription The Replacement node is a Data Mining
Replaces data values such as outliers and Preprocessing node. It is used to generate
URKBCHIT ot faumi Wl Epatiee score code to replace outliers and unknown
— class levels with specified values. In some
b - cases, you might want to reassign specified

1 tHC 1 - nonmissing values (trim your variable's
distribution) before performing imputation
- — calculations for the missing values. This is a
Sancard GeVERI B IRO s ¥ typical task for the Replacement node.
lissing value v

Osas






Programming Interfaces

SAS Studio — Develop SAS Code

New Options View = Open & Save A
Tasks
* o | 7| B
D Eils

=

e Same options as

. “ BB 5ASTasks )
described for SAS 9
[:;,:), List Table Attributes e S C r | e O r
E = Characterize Data
Describe Missing Data I

B ListData
&5 §% Transpose Data P I—l | S
& Stack/Split Columns

l Y Filter Data I

#22 Select Random Sample
#E Partition Data
13 SortData
In: Rank Data
j Transform Data
X Standardize Data

x=y Recode Values

—% Recode Ranges Ssas




Programming Interfaces
SAS Studio — Develop SAS Code

f R Sis Viya Prepare and Explore

% Summary ¥ DATA
.
B3 Transform Data FUBLICHMEG -
. ) Y Filter:  (none)
W Variable Selection
v ROLES

#2 Sampling
F Partitioning
> Binning

Imputation ]

¥ Interval Variables
Replace missing values with the mean:

O & Loan
O & MORTDUE

Replace with

* mean
* median

* random number
* mode

Replace missing values with the median:

O @ vaLUE
] & DErROG
O & DEBTING

L

L

Eh

=]

Replace missing values with a random nu...

] & cLace
O & nina

O Random number seed

¥ Nominal Variables

Replace missing levels with the mode:

*

+ o +

O & vou
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Programming Interfaces
SAS Studio — Develop SAS Code

DATA QUTPUT INFORMATION

v OUTPUT DATA
The following table must use a CAS engine libref:

Save imputed data proc varimpute data=PUBLIC.HMEQ;
input LOAN MORTDUE / ctech=mean;

T A £ 4 Ee:* OI ?_ dat B u
UiSpesitys CAS ble:Y Eli/Ovowoin. cata input VALUE DEROG DEBTINC / ctech=median;
PUBLIC.HMEQ?2 - input CLAGE NINQ / ctech=random;
1 , input Y0l / ntech=mode;
| g:::cliev§r:blesfromthe input CAS table: | output out=PUBLIC.HMEQ2;
All variables

run;
(O Variables used in the analysis

(®) No variables
(O Selected variables

Ggsas



Variable
LOAN
MORTDUE
VALUE
DEROG
DEBTINC
CLAGE
NINGH

Programming Interfaces
SAS Studio — Develop SAS Code

Imputation | Number of

Method Variables | Seed
Maan 2

Random 2 | 1879166545
Median 3

Mode 1

Imputed Values for Interval Variables

Imputation | Result Number of
Label Method Variable N Missing
Amount of current loan request Mean IM_LOAMN 5860 o
Amount due on existing mortgage | Mean IM_MORTDUE | 5442 513
Value of current property Median IM_WAaLUE 5543 112
No. of major derogatory reports Median IM_DEROG 5262 703
Debt to income ratio Median IM_DEETINC 4383 1267
Age of oldest credit line in months | Random IM_CLAGE 5852 303
No. of recent credit inquiries Random IM_NING 5450 510

Imputed Values for Hominal Variables

Imputation = Result Number of | Imputed
Variable | Label Method Variable N Missing | Value
YOl Years on current job | Mode IM_¥OJ | 5445 515 | O

Imputed
Value

185608
TaTG0.8
88231
0
34.8182

Ggsas



Programming Interfaces
Develop Code using CAS Actions
CAS — Cloud Analytic Server
CAS actions are the tools used to interact with data on the CAS server.
CAS actions are wrappers for parallel processing algorithms.

CAS actions can load data, transform data, compute statistics, perform
analytics, and create output.

Python Functions = SAS 9.4 Procedures = CAS Actions

CASL - Cloud Analytic Server Language

Ggsas



Programming Interfaces
CAS Actions Hierarchies

PEIEINEIEE

v

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

attributes={{

column="string",

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

LT 9sas



Programming Interfaces
Develop Code using CAS Actions
DataPreprocess Action Set
« Actions
« impute

« transform

Ggsas



Programming Interfaces
CAS Actions Hierarchies

- The functionality mimics the look and feel of Python syntax, making it easy for
Python users to take advantage of CAS.

! Parameters

—

sas.datapreprocess.impute (
table = dict(),
inputs = value_ list,
methodContinuous = “median”,
methodNominal=“mode”,
casOut = dict()
replace=TRUE

Ggsas



Programming Interfaces
Develop Code using CAS Actions

PROC CAS;
datapreprocess.impute / The SAS System
table={name="carsInfo"} Results from dataPreprocess impute
inputs={"msrp”, "invoice"”, "make"} imputation Information for CARSINFO
methodContinuous="median" , Imputation = Result Continuous = Nominal
Variable Method ; Variable ‘ N | N Miss . Imputed Value . Imputed Value
methodNominal="mode MSRP | Median IMP_MSRP | 428 0 27835
casout={name = "outImpute” replace=True}; Invoice | Median | IMP_invoice | 428 o 252045
Make Mode IMP_Masake 428 0 Toyota
run; !

methodContinuous="MAX" | "MEAN" | "MEDIAN" | "MIDRANGE" | "MIN" | "MODE" | "RANDOM" | "VALUE"
methodNominal="MAX" | "MEAN" | "MEDIAN" | "MIDRANGE" | "MIN" | "MODE" | "RANDOM" | "VALUE"

Ggsas



Jupyter Notebook

Programming Interfaces
Develop Code using CAS Actions

M In [18]:
table=hmeq,

r=sas.dataPreprocess.transform(

casOQut={"name":"hmeq_prepped"”, "replace":True},

copyAllVars=True,

outVarshNameGlobalPrefix="1IM",

requestPackages=[

{"impute":{"method":"
{"impute"”:{"method":"
{"impute”:{"method":"
{"impute":{"method":"

MEAN"}, "inputs":{"clage"}},

MEDIAN"}, "inputs":{"delinqg"}},
VALUE", "valuesInterval":{2}}, "inputs":{"ning"}},
VALUE", "valuesInterval":{35.8, 7, 2}}, "inputs":{"debtinc", "yoj"}}

]

)
render_html(r)

Using SWAT
available
from GitHub

Variable Transformation Information for HMEQ
Variable | Transformation Name | ResultVariable = Number of Observations | Number of Missing | Imputed Value
CLAGE "] IM_CLAGE 5652 308 17977
DEBTINC ] IM_DEBTINC 4593 1267 35.0000
DELING "] IM_DELING 5380 530 0
MIMNC IM IM_NINCG 5450 510 2.0000
YO IM IM_Y0OJ 5445 515 2.0000

Gsas


https://github.com/sassoftware

Resources

Where to learn more

gsas



Where to learn more?
SAS Documentation

Working with Missing Data in SAS

Proc HPIMPUTE Documentation

SAS Enterprise Miner Impute Missing Values

Proc M| Documentation

Proc MIANALYZE Documentation

Ggsas


http://support.sas.com/documentation/cdl/en/lrcon/62955/HTML/default/viewer.htm#a001292604.htm
http://support.sas.com/documentation/cdl/en/prochp/67530/HTML/default/viewer.htm#prochp_hpimpute_syntax05.htm
http://support.sas.com/documentation/cdl/en/emgsj/67981/HTML/default/viewer.htm#p067358imf26jtn1ntxi6gon3lrg.htm
https://go.documentation.sas.com/?cdcId=pgmsascdc&cdcVersion=9.4_3.3&docsetId=statug&docsetTarget=statug_mi_toc.htm&locale=en
https://go.documentation.sas.com/?cdcId=pgmsascdc&cdcVersion=9.4_3.3&docsetId=statug&docsetTarget=statug_mianalyze_toc.htm&locale=en

Where to learn more?
Book

Multiple Imputation of Missing Data Using SAS

Ggsas


https://amzn.to/2OSFkYB

Where to learn more?
Videos

Getting Started with SAS Enterprise Miner: Exploring Input Data and

Replacing Missing Values

SAS Enterprise Miner Tip: Imputing Missing Values

Handling Missing Values in Survey Data

SAS Missing Data

Missing Values in SAS Data Step

Ggsas


https://www.youtube.com/watch?v=EBFtrPKQ0zg
https://www.youtube.com/watch?v=4VAIhWUYrWo&t=40s
https://www.youtube.com/watch?v=7kNGOrZgHYs
https://www.youtube.com/watch?v=JQHAA_AGxrE
https://www.youtube.com/watch?v=G6E_ZWZEumQ

Where to learn more?
Papers

* Managing Missing Data Using SAS® Enterprise Guide®
http://support.sas.com/resources/papers/proceedings14/SAS257-
2014.pdf

* Hot-Deck Imputation: A Simple DATA Step Approach
https://analytics.ncsu.edu/sesug/1999/075.pdf

* Imputing Dose Levels for Adverse Events
https://www.lexjansen.com/pharmasug/2013/HO/PharmaSUG-2013-
HOO3.pdf

* |dentifying and Overcoming Common Data Mining Mistakes
http://www?2.sas.com/proceedings/forum2007/073-2007.pdf

« A SAS® Macro for Single Imputation
https://www.lexjansen.com/pharmasug/2008/sp/SP10.pdf

Ggsas


http://support.sas.com/resources/papers/proceedings14/SAS257-2014.pdf
https://analytics.ncsu.edu/sesug/1999/075.pdf
https://www.lexjansen.com/pharmasug/2013/HO/PharmaSUG-2013-HO03.pdf
http://www2.sas.com/proceedings/forum2007/073-2007.pdf
https://www.lexjansen.com/pharmasug/2008/sp/SP10.pdf

SAS® Viya

Resources

Videos

- 6 minutes getting started video
- 5 minutes getting started video
- 8 minute demo video

-« Feature Engineering video

L

B LJIILHJMJ T

Using the Automated Analysis Feature in  Getting Started with Data Mining and Building and Using Pipelines in SAS?
SAS? Visual Analytics in SAS® Viya® Machine Learning Pipelines on SAS® Visual Forecasting
Viya®

Ggsas


https://video.sas.com/detail/videos/sas-visual-data-mining-and-machine-learning__/video/5833973420001/getting-started-with-data-mining-and-machine-learning-pipelines-on-sas%C2%AE-viya%C2%AE?autoStart=true
https://video.sas.com/detail/videos/sas-visual-data-mining-and-machine-learning__/video/5686614912001/getting-started-with-data-mining-and-machine-learning-pipelines-on-sas%C2%AE-viya%C2%AE?autoStart=true
https://video.sas.com/detail/videos/sas-visual-data-mining-and-machine-learning/video/5679057425001/sas%C2%AE-visual-data-mining-and-machine-learning-demo?autoStart=true
https://video.sas.com/detail/videos/sas-visual-data-mining-and-machine-learning/video/5839971901001/feature-engineering-in-sas-visual-data-mining-machine-learning?autoStart=true

SAS® Viya

Resources

SAS Visual Statistics User’s Guide

http://support.sas.com/software/products/visual-statistics/index.html#s1=2

SAS Visual Data Mining and Machine Learning User’s Guide

http://support.sas.com/software/products/visual-data-mining-machine-learning/index.html#s1=1

Overview, Training, Samples and Tips

«  SAS Viva Overview

«  SAS Viva Training

« A Beginner’s Guide to Programming in the SAS® Cloud Analytics Services Environment

GSas


http://support.sas.com/software/products/visual-statistics/index.html#s1=2
http://support.sas.com/software/products/visual-data-mining-machine-learning/index.html#s1=1
https://www.sas.com/en_us/software/viya.html
https://www.pharmasug.org/proceedings/2018/AD/PharmaSUG-2018-AD23.pdf

Resources
Programming

SAS Studio

CAS actions documentation

SAS Github page for SWAT-Python

SAS Github page for SWAT-R

More example scripts for using SWAT-R & SWAT-Python

Ggsas


https://support.sas.com/documentation/onlinedoc/sasstudio/#viya
https://go.documentation.sas.com/?cdcId=pgmcdc&cdcVersion=8.11&docsetId=allprodsactions&docsetTarget=titlepage.htm&locale=en
https://github.com/sassoftware/python-swat
https://github.com/sassoftware/R-swat
https://github.com/sassoftware/sas-viya-programming

Where to learn more?
Training

https://www.statistics.com/missing-data/

https://uisug.org.uiowa.edu/sites/uisug.org.uiowa.edu/files/wysiwyg upl

oads/Handling%20Missing%20Values%20with%20SAS.pdf
https://statisticalhorizons.com/sensitivity-analysis

https://stats.idre.ucla.edu/wp-content/uploads/2017/01/Missing-Data-
Techniques UCLA.pdf

Ggsas


https://www.statistics.com/missing-data/
https://uisug.org.uiowa.edu/sites/uisug.org.uiowa.edu/files/wysiwyg_uploads/Handling%20Missing%20Values%20with%20SAS.pdf
https://statisticalhorizons.com/sensitivity-analysis
https://stats.idre.ucla.edu/wp-content/uploads/2017/01/Missing-Data-Techniques_UCLA.pdf

Questions?

Thank you for your time and attention!

Connect with me:
LinkedIn:
Twitter: @Melodie_Rush

Sas.com



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

