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GENERAL PROCESS FOR DATA ANALYSIS
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METADATA DRIVEN APPROACH

New Study

- xx% CDISC std
- xx% JnJ std New Study-Specific patt OCCcurs
- xx% TA std - frequently (and widely)

- xx% Compound std => Standard (in higher |e\@!)
- xx% From some previous j

studies
= xx% Study specific -

Source: PhUSE 2017 Paper SI02 Clinical Metadata — Metadata Managementwith a CDISC Mindset
cx ® Exact match (rule-based system)
= = ® Fuzzy match
® Smart match

-
janssen )’ | o




METADATA DRIVEN APPROACH
- MODULES

» Digitization & Structuralization
Human readable
-> Machine readable




WHY NLP (NATURAL LANGUAGE PROCESSING) ?

v’ Future trend
v" Document orientated process
v Standard input and output

v’ Table data, general data manipulation

- SAS/R Tidyverse




WHY NLP ?

Future Trend

e Strategic Planning Assumptions

By 2020, augmented analytics — a paradigm that includes natural language query and narration, augmented
data preparation, automated advanced analytics and visual-based data discovery capabilities — will be a
dominant driver of new purchases of business intelligence, analytics and data science and machine learning
platforms and of embedded analytics.

By 2020, natural-language generation and artificial intelligence will be a standard feature of 90% of modern
business intelligence platforms.

By 2020, 50% of analytical queries will be generated via search, natural-language processing or voice, or will be
automatically generated.

From <https://www.gartner.com/doc/reprints?id=1-3TXXSLV&ct=170221&st=sb>

* Satya Nadella, CEO of Microsoft, said artificial intelligence will be crucial for the coming age in which Speaking
and texting will be “the new U.L.” for software.

From https://blogs.wsj.com/digits/2015/11/13/microsofts-satya-nadella-for-one-welcomes-our-new-ai-overlords/
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WHY NLP ?

Documents/Data/Codes
Corporate standard
(@@ @[ *
n:-& @) E
(=) ﬂ @.
Therapeutlc area 1
'ﬁs.n @) g %] Analysis algorithm
ﬁ-n ”:_ ”_ % specification documents
PrOJ.ect-1 " are ready before coding
(@@ @ (A (SOP)
@' "u{fu;:_l\”n i %]
Study 1 & @@E  Study2
@@ @E)E]D @)@ (@) (El[(#])
@@ @E)E) = @) @) z)
& @DE) = @83
AnalySiS1 ~__Analysis 2 ~ Analysis 1 Analysis 2
(@@ [ @)@ wg‘;j (@@ @) E] nawg.
mnwEl mum@l mn@@.
& © ®OF G @bF ©® @Bg

Source: PhUSE 2017 Paper SI02 Clinical Metadata — Metadata Management with a CDISC Mindset
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WHY NLP ?
Documents/Data/Codes

Standard input and output

Input Set - SDTM Data Standard | Output Set - ADaM Data Standard

- naming convention / structure

SDTM Variable Category ~ Count Count of Variable Name Data Structure Name |~
®GroupingQualifier 6 Variable Group " Basic Data Structure Subject Level Analysis Dataset Grand Total

. . Analysis Descriptor Variables 1 1
#IdentifierVariable 7 Ana!;&s Paran~'9191 Variables 7 2
#RecordQualifier 54 Analysis Visit Windowing Variables 6 6
+HResultQualifier 3 Data Point Traceability Variables 3 3
#SynonymQualifier 7 Flag Variables ) L
L. A Lab Related Analysis Variables 8 8
#TimingVariable 24 Population Indicator(s) 7 7
HTopicVariable 3 Study Identifiers ) 6
®VariableQualifier 21 Subject Demographics 6 6
Subject Identifier Variable 4 4
# (blank) 3 Tm‘)je to Event Variables 3 3
Grand Total 128 Timing Variables 56 56
Treatment Variables 8 13 21
Trial Dates 31 31
Study Data Tabulation Model (SDTM) Grand Total 142 63 205

Analysis Data Model (ADaM)

https://www.cdisc.org

N
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WHY NLP ?

Documents/Data/Codes Common Data manipulation Set: -
S AS Proc/DataStep

One data structure: Table Table
Two data types: Char/Num Sort
Implicit Loop in data step Subset/Split/Combine
Set/Merge/Join
s te S0 G ot v Summary
2 Alice F 13 565 84
3 Barbara F 13 653 sg
Sl ey W s wes Record(Row)
1) James M 12 573 83
7 | Jane F 12 59.8 245 Select
e NewRecord
10 | John M 12 59 995
11  Joyce F 11 513 505
12 Judy F 14 643 S0 -
13 | Louise F 12 56.3 77 var|ab|e(C0|umn)
14 Maﬁ,’ F 15 66—,5 112
Wl fooe: | 2 e o Select
S A NewVar/NewValue
19 William M 15 665 112
Transpose

Source: SAS® Studio 3.71 with SAS® 9.4 and SAS® Viva® Programming Documentation/ SAS® Studio 3.71: Task Reference Guide

-
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https://documentation.sas.com/?activeCdc=webeditorcdc&cdcId=sasstudiocdc&cdcVersion=3.71&docsetId=webeditorref&docsetTarget=p0g4gxq9q4b9won1ntls80du69c2.htm&locale=en&docsetVersion=3.71

WHY NLP ?
Documents/Data/Codes

R

reshape data Data transformation

- gather()
—  select() relevant variables
- spread() —  filter () out unnecessary observations
- mutate() new variables, or change existing ones
- separate() — arrange() inan easy-to-digest format
. em —  group_by () groups the data according to some variable
- unite() [ pd = - summarize() aggregates values in each group
combine data sets using a given function (n(), mean(), etc.)

inner_join() right join()
Right

R &R BEE 5 zéé
Ko o

BRER
z

Aly3

full join() left join()
Full

& & gz & §§ 1:
EReY | R SR ™ B
0 e

Source: https://jjrsvp.slack.com/ Channel: #tidyverse
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NLP (NATURAL LANGUAGE PROCESSING)
- Map human language to Code

},"“"' : v Lemma [ Mo
"lemma": "VS."

})

{

-"text": {
"content™: "VSDTC",
"beginOffset": 49 {

| S WL oL W L Word, Phrase, Sentence, Paragraph
-"éependencyfdse"= {

"headTokenIndex": 9, ADTM is equal to the date and time portion of VS. VSDTC

"label": "POBJ" -
NOUN VERB ADJ ADP DET NOUN CONJ NOUN NOUN ADP NOUN PUNCT
2
"lemma": "VSDTC"
Y proc sort data=_adablflbl;
L by usubjid paramcd prev adt adtm;
run;
data _outdsn (drop=prev);
set _adabilflbl;
by usubjid paramcd prev adt adtm;
) if last.prev and prev=1 then ablfl="Y";
(ADTM); al to th t time (portion)y of (VS.VSDTC)y t SAS)10( )5 | run; - "
r L 10 (ARFSTDT)7; otherwise (ADY)6=(ADT-ARFSTDT);7. I (EGSPID)1q { tain (UN gabalStatement 5 globaiStatementd <EOF>
(UNSCHEDULED)g in the (end)y of o { T3 I ¢ )3 contains (UNSCHEDULED)s 1 WF qu
procSort data datasenTlempm N dataStepStatementList 2 ifStmt2 run
T S—
proc sort procSortOptionList /kjamelompm set it expression2  then  expression3
procSortOption:1 by usubjid paramcd prev adt adtm ; dataset set -1alzsell_|snnput/7byN expression’7 and expression3 abifl = expressiond
https://cloud.google.com/natural-language/ | N | N T ITN I

procSontOptionData _outdsn ( -latasetclwpuanust) datasrnnpm by usubjid paramcd prev adt adm | last prev  prev = expressiond lterat1
data = datasetinput datasetOption:2 dataset lterat2  stringLiterald
dataset drop = prev _adabifibl numbertiteral ' Y
_adabifol

http://www.antlr.org/

Variable, Function, Data Step, PROC, Macro, Program
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http://www.antlr.org/
https://cloud.google.com/natural-language/

NLP (NATURAL LANGUAGE PROCESSING)
- Map human language to Code

ADaM Planning Sheet

DATASET |VARNAME | VARLABEL ORIGCOM DERVCOPYY SASMCR

v v v

Set to 'MW if minute is missing and imputed,
ADAE  |AENDWF  |Analysis End Time Imputation Flag|Set to 'H' if hour and minute are missing and|Derived  |%ADAEDT
imputed.

ASTDY = ASTDT - ARFSTDT + 1 if ASTDT )=
ARFSTDT, or ASTDT - ARFSTDT if ARFSIDT is
after ASTDT. If the dates are missing ASTDY

will he missing

ADAE  |ASTDY Analysis Start Relative Day Derived  |%ADAEDT

AENDT-ARFSIDT+1 if on or after ARFSTDI,

ADAE  |AENDY Analysis End Relative Day othervise, ABNDI-ARESTIL.

Derived  |%ADAEDT

, Stdt=astdt
ADURN is the duration of the AE in days from ,exdizeaendt
- Joasvarsadarn
AME DAY A Duration () onset dat.e to AR stopvdate. AE. AEEN)& Derived  IVADADURY rwtinie
AR AESTDY + 1. If using the numeric dates ,uzit=Day
AENDT - ASTDT + 1 then check that the ':i‘.':-’:;’f“
If ADSL. ARFSTDT=(ASTDT=CADSL. TRTEDT + [xx] ' o

days then TRTEMFL="Y'. See
supplementaldefinitions. pdf for derivation of

the flag in case of missing dates

ADAE  |TRTEMFL |Treatment Emergent Analysis Flag Derived  |%ADTRTEMFL

| Code AE. ABSEV to mumeric value. Low intensity
AME ABSEW  [Severity/Intensity () o 0 MUIETIC Ta-ue. LOW AMenSIy ived  [WADSEV

should correspond to low value.

| Instructions | ADM Dataset | ADAE | ADM Codelist | Release History |  (3) {

PHARMACEUTICAL COMPANIES




NLP - Unsupervised vs. Supervised

Similar sentence to similar code More Reusable Patterns
TECWETEET B — meaningful pieces
t ' |%’9 X 3 (TS
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Movable type
flexible components to reproduce the elements of a document

Woodblock printing
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NLP - Unsupervised approach - Similar sentence to similar code

* Fuzzy String Matching
 Word Embedding

* Word Mover's Distance(\WWMD)

« Sentence Embedding




Unsupervised approach

Fuzzy String Matching

Simple Ratio Partial Ratio

>>> fuzz.ratio(“"this is a test”, "this is a test!™) >>> fuzz.partial_ratio("this is a test™, “this is a test!")

100
97
Token Sort Ratio Token Set Ratio
>>> fuzz.ratio("fuzzy wuzzy was a bear”, "wuzzy fuzzy was a bear") >>> fuzz.token_sort_ratio("fuzzy was a bear"”, "fuzzy fuzzy was a bear")
Cal 84
>>> fuzz.token_sort_ratio("fuzzy wuzzy was a bear", "wuzzy fuzzy was a bear") >>> fuzz.token_set_ratio("fuzzy was a bear", "fuzzy fuzzy was a bear")
100 100

from fuzzywuzzy import fuzz

textA = "'Y' if index(ATRTRF, 'BEFORE/DURING') or ASTDT=AP@1SDT"
textB = "if index(atrtrf, 'BEFORE/DURING') or astdt =ap@lsdt then ablfl="Y"'"

fuzz.ratio(textA.upper(),textB.upper())/100

0.82

https://www.neudesic.com/blog/fuzzywuzzy-using-python/
https://github.com/seatgeek/fuzzywuzzy

-
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https://www.neudesic.com/blog/fuzzywuzzy-using-python/
https://github.com/seatgeek/fuzzywuzzy

Unsupervised approach

Word Embedding

DOG CAT BANANA & similarity: similar (higher is more similar)
similarity: dissimilar (lower is less similar)

similarity: identical

DOG 1.00 @ 0.80 0.24 @
CAT 0.80 1.00 @ 0.28 @

BANANA VECTOR
BANANA 0.24 @ 0.28 Q 1.00 @

array

DATA ) | Points: 21779 | Dimension: 100 ' Selected 101 points Show All Isotate 101 Clear
Data points selection
1.3
ur L. 4 y
M ® dose A dose * label ~
‘\ tensce found iy label dose
W - medium neighbors @ @ 10c
label v Tag selection as e COSINE EUCLIDEAN
Load Dowmnload

Nearest points in the original space:

Sphereize data @

Checkpaint: C:\NLP\models\origcom\tf
model.cpkt
Metadata: model\metadatatsv =
| PCA

Component #1 ~  Component #2 ~

Component #3  ~

https://spacy.io/usage/vectors-similarity

-
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https://spacy.io/usage/vectors-similarity

Unsupervised approach
Word Mover's Distance(WMD)

'
document | | ’ ‘greets’ document 2
Obama Obama '/V‘ The
- .
speaks e , ‘speaks’ President
to President areets
the the
media ‘Chicago’ press
in ° ‘media’ in
Ilinois ‘s o8 Chicago
Illinois® press

word2vec embedding

import textacy.similarity
import spacy
nlp = spacy.load('en_vectors_web_lg"')

textA = "Defined aq
textB = "Defined as\neares

textacy.similarity.word_movers(nlp(textA), nlp(textB), metric=u'cosine")

0.8109184230589997

PHARMACEUTICAL COMPANIES




Unsupervised approach

Sentence Embedding

~ Similarity Visualized

Here we show the similarity in a heat map. The final graph is a 9x9 matrix where each entry [1, j] is colored based or
sentence i and j.

[7] messages = [
# Smartphones
"I like my phone”,
"My phone is not good.™
"Your cellphone looks g

# Weather

Will it snow tomorrow?",

a lot of hurricanes have hit the US",
warming is real”,

# Food and health

"An apple a day, keeps the doctors away"”
"Eating strawberries is healthy™,

"Is paleo better than keto?”,

>

# Asking about age
"How

]

similarity_input_placeholder = tf.placeholder(tf.string, shape=(None))
similarity_message_encodings = embed(similarity_input_placeholder)
with tf.Session() as session:
session.run{(tf.global_variables_initializer())
session.run(tf.tables_initializer())
run_and_plot(session, similarity_input_placeholder, messages,
similarity_message_encodings)

Semantic Textual Similarity

10
| ike my phone
My phone is not good
08
Your cellphone looks great
Will it snow tomorrow?
Recently a lot of hurricanes have hit the US 0.6
Global warming is real
An apple a day, keeps the doctors away 04
Eating strawberries is healthy
Is paleo better than keto? 02
How old are you?
what is your age?
0.0

e
d
t

Universal Sentence Encoder - Google Colab

-
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https://colab.research.google.com/github/tensorflow/hub/blob/master/examples/colab/semantic_similarity_with_tf_hub_universal_encoder.ipynb

NLP - Unsupervised approach

Find similar sentence, copy & tweak correspondent codes
Text Similarity Matrix

© : ABLFL set to "Y" on last record within each PARAMCD where ADT <= DS.DSSTDTC where DS.DSDECOD='RANDOMIZED'.

1 : Baseline is defined as Closest Non-Missing value on or prior to the date of first study agent administration (including ti
me if available).
2 : Baseline measurement is defined as the closest non-missing measurement taken on or prior to the date of first study agent
administration (including time if available). If the first study treatment date is missing, the corresponding visit date should
be used.
3 : Flag the record derived as the average of AVAL for the screening and baseline recor _ Lo
baseline record. Added records are identified by DTYPE=Baseline.
4 : Set to Y on last non-missing record within PARAMCD where ADT <= ARFSTDT.
5 : The AVAL taken at the sa o 1 2 3 4 s 0 7 s -09
6 : The average of the [thre o 1000000 0489793 0472665 0496263 Wr 0579195 0572269 0536683 0491077
gged with ABLFL = 'Y'. 1 0489793 1000000 0830546 0611791 OBZT491 0632433 0632803 0586422 0737165 o8
;1: The average of ﬂ‘we.scree 2 0472665 0830545 1000000 0619473 0493505 0639215 0632892 0601555 0685916 ]
8 ?gg‘:gewtl)g;e??tzl-i: t:e.clos 3 0496263 0611791 0619473 1000000 0479932 0600633 0697870 0714156 0573942
° . The baseline is the clos * 0897357 0521401 0493505 0470932 1000000 0548658 0544126 0499075 0553750 a7
10 : The baseline measuremen S 0579195 0632433 0639215 0600833 0548658 1000000 0753995 0638446 0641830
inistration. If there are mor © 0572260 0632803 0632892 0697870 0544125 0753995 1000000 0780217 0620583
e used as the baseline value. 7 053683 0586422 0601555 0714156 0499075 0638446 0780217 1000000 0603604 06

8 0491077 0737165 0685016 0573942 0563750 0641830 0620583 0603604 1.000000

9 0484180 0720011 0701358 0618789 0550547 0680406 0659032 0601753 0859198

05

10 0470768 0740544 0801246 0645277 0465441 0647403 0650800 0645384 0672573

©: ABLFL set to "Y" on last record within each PARAMCD where ADT <= DS.DSSTDTC where DS.DSDECOD="RANDOMIZED'.
===> 4: Set to Y on last non-missing record within PARAMCD where ADT <= ARFSTDT.

/e e e o o e e e e e o o e e e e e e e e e e e e e e

Macro to crx

input datas iable added to
OUTDSN.
Vi 1 : ABLFL
— e
$ADABLFL(indsn = xxx
,outdsn = xXxx
,Subset = %str(.<ADT<=ARFSTDT)

,adrule = VERSION1);

Tweak the code if needed!

e
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MORE REUSABLE PATTERNS - meaningful pieces

Baseline is defined/Set to Y /The baseline is/flagged /ABLFL =Y’
last /closest

Dosing/Study Day 1/first dose date/first reference date/ARFSTDT
within each PARAMCD/of PSA

average of
VARVER VERDESC ORIGCOM SASMCR
1 Closest Non-Missing  Baseline is defined as last HORCMISSING assessment PROMIBIAosing %ADABLFL
Value to
Set to Y on last NOREMISSINGIrecord within PARAMCD where ADT BJARFSTDT. %ADABLFL
The baseline is the closest Ron=missing value BHOBIGIBNOAIStudy Day 1 %ADABLFL
ABLFL set to "Y" on the closest HOnEmissing value PROMISIBHON first dose date (or randomization date if subject is not treated) within %ADABLFL
each PARAMCD.
Set to Y on lastiNOnEMissINgrecordiwithin PARAMCD where ADT JEJARFSTDT. %ADABLFL
The baseline is the closest Ron-missing value of PSAIBHOMIGIONON Study Day 1. %ADABLFL
2 Average of all values The average of the [three] replicate ECG parameters taken_eferenoe date. The new record is created and flagged with %ADABLFL
prior ABLFL ="Y'.
3 Average of screening  Flag the record derived as the average of AVAL for the SEfEERINGANGIDASENNE records [BMMBNrst reference date as the baseline record.  %ADABLFL

and baseline _ are identified by DTYPE=Baseline.

The average of the SCIGENINGIANGIDASEING £ CG values is used as the baseline for each subject. Alnew recordiscreated and flagged with  %ADABLFL

ABLFL="Y".

-
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MORE REUSABLE PATTERNS - meaninaful pieces

Proc sort datas
by usubd paramed prov adt adtm,

Max of MACSEQ STUDY v PrgNan-¥ _RE v
2 -Compound
T 7 oeotsflab0l  -tsflab04 - tsflab05
‘ MACNAME +1 PARAM ~T EQU. ¥ PARAMVAL o IATACENTI DATACENT DATACENTE
| PrgName ) 4 - %DATA - assignment == %str(avisit="ANY POST-BASELINE VALUE';) 1
%str(avisitn=10;) 1
tstecid ':'J %str(indent=2;) 5
tsfael? = by 3= %str(by by_orderl by_order2;) 6
tsflab0l ‘ %str(by paramn;) 1
= if == %str(if avisitn<=1 or aval=. or avisitn=5999) 1
tsflab02 %str(if avisitn<=1 or aval=. then delete;) 1
tsflab03 = indsn ==  a_in.adlb 2 1
tbl 5 6 6
tsflab04 - outdsn o= adlb 2 1 1
tsflab05 tbl 5 6 6
tsf1ab06 -'where 3= %str(where avisit ne " & anl01fl="Y' and index(avisit,ENDPOINT') eq 2
= %PROC_SORT - by -= %str(by anbr roworder by_orderl by_order2;) 5 3
tsicmst01 %str{by avisitn;) 2
tsidemo6 %str(by paramn;) 3
= indsn 3= a_in.adlb(where=(critl*=" or crit2*="" or crit3*=")) 3
tsidemst01 adlb 2
tsids01 tbl 5 3
tsidvol [ = outdsn o= avisit(keep=avisit avisitn) nodupkey 2
: param(keep=paramcd paramn) nodupkey 3
tsidv02 § = %RMTGENTBLO1 - fileid 2= tsflab0l 7
tsienri01 L] TSFLABOA 7
TSFLABOS 7
- grpvar -= groupl 7
labgrp 7 7

-
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PATTERN ALGORITHMS
Complex-algorithm decomposed into pattern algorithms

Level 3 Level 2 Level 1 Level 0
DataProc Pattern ADMacName  productionCode
Sort subset/where %adablfl
Subset equal to source value %adadurn ADXX.sas 3
DTC to datetime %adady
S(l;;n’\:na y asﬁgn %adaecqnam
a ew seq/code/group/category
split IF-THENELSE logic ::::Zf;x
relative day, before/after]
combine ighest| | %6adageg
merge/join | |lowest/worst %adanl01fl
transpose min/max/average/total || %adaoccf|
formula calculation %adarfstdt
non-missing/censored %adatpt
external mapping file %adavisfl
""" %adavisit
;/ %adbdsavisit
%adblvars
%adbmi
%adbsa
%adchg
%adclear
%adcmcgnam
%adcmdt / //
%adcmfupfl -
%adcmontrtfl Q
%adcmprefl

e Assignto Y on 25t non-missing record within PARAMCD where ADT <= ARFSTDT.

%AsSign indsn=xxx value= Y ,by=PARAMCD jselect= non-missing ,subset=%5tr(A<ADT<:ARFSTDT) )

%SUBSET( )
%SUBSET(not missing(AVAL))

%SORTBY(PARAMCD ADT)

%SUBSET( PARAMCD)
HASSIGN(ABLFL="Y")
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NLP - Supervised approach

1) Split algorithm texts into pieces
- NLP tools (NLTK and spaCy) with manually reviews
- Train model to auto split

# Extract Keywords using noun chunks grammar =r
text = str(Origcom) NP
doc = nlp(text) ’
§5¥w2;3§k=iﬁoggze:éan chunks: {('*)+} " (hunk everything
keywords[ chunk. lemma_] += 1 }((<WP |WDT|WP$ |WRB| IN>)+){ # Chink sequence
keywords.most_common(50) o
[("the average', 3), HWDT wh-determiner which
E:.;E{i;ezc‘? sfte;; 3> #WP wh-pronoun who, what
("the baseline’, 3), HWPS possessive wh-pronoun whose
' '} 2 E
E-{he d;te-, 2), HWRB wh-abverb where, when
EE;Zt 5;‘)"“’ agent administration®, 2), N (Prepositions and Subordinating conjunctions)
('the screening', 2), . Do
E';he close non - miss value’, 2), Set to Y on last non-missing record within PARAMCD where ADT (= ARFSTOT.
'last record’, 1), ' | ol | [ !
(*each paramcd’, 1), = ['set toy', 'last non-missing record', 'paramcd’, 'adt < = arfstdt .']
('where adt < = ds.dsstdtc', 1),

N
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NLP - Supervised approach

2) Parse codes and decompose to smaller building blocks
-ANTLR

proc sort data=_adabilflbl;
by usubjid paramcd prev adt adtm;
run;

data _outdsn (drop=prev);
set _adablflbl;
by usubjid paramcd prev adt adtm;
if last.prev and prev=1 then ablfl="Y"; L

run; file
globalStatement 5 globalStatementd4 <EOF>
i - S
procSort data datasetlistOutput dataStepStatementList2 iStmt2 run ;

proc sort pro»:Son|0pmJnL|st /k’mefmm /st\ % then %ssn\na .
pro‘:SoTOpn'Jnl by usubjid paramcd prev aot W dalasetlrsunpul /r\ émWM and W o = emreslszand

procSonOptionData _outdsn ( datasetOptionList ) datasstinput by usubjid paramed prev adt adm  last prev  prev = expres|smn4 ftzral 1

data = datasetinput datasetOption2  dataset lterat2  stringliterald
dataset drop = prev _adabifibl numberLitzral 'Y "
_adabifhl 1

N
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NLP - Supervised approach

3) Map algorithm text pieces to code pieces
- training data

Assignto Y on non-missing record within PARAMCD where ADT <= ARFSTDT.

<,

%ASSign(indsmxxx,value=‘Y‘ by=PARAMCD select= non-missing ,subset:L:{‘S'[r(.<ADT<fARrSTDT) )

4) Train an RNN model

many to many

N—
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Conclusion
Key Success Factors
« Data

« Standard

« Technology

Moore’s Law provides exponential growth in...
Storage capacity per dollar
Analytical bandwidth per dollar
Data production per dollar

Moore’s Law provides near-zero growth in...
Labor pool
Individual programming ability
Individual visual acuity
Hours in the day

Possible Solutions?
Better automation
Higher-level abstractions for humans
Combinations of the two

Source: http://conferences.oreilly.com/strata/strata2014/public/schedule/detail 3295

2250
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NLP - NATURAL LANGUAGE PROCESSING

Dependency [% Part of Speech

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

Assign to Y on last non-missing record within PARAMCD where ADT < = ARFSTDT
VERB ADP NOUN ADP ADJ ADJ NOUN  ADP NOUN ADV  NOUN PUNCT X  NOUN

source: https://cloud.google.com/natural-language

e s =
value first I W= dose
record non triplicate . record

visit dosest specific . \alue
y last skeletal - isit
measurement Jabl same ————
available recent -
baseline same other 1=
dose local original 1=
normal
study corresponding new 1+
anl01fl central multiple +—
administration frozen most 17
period which mean
maximum
agent unique lowest
day multiple local
time pre latest +—
|ast -f—
start double inclusive
parameter blind higher
sample specific genegjal:
flag above first
section ambient derived +—
treatment unscheduled corresp: 9
score valid dosest
central
version that baseline e
observation latest average
medication Emm_NOUN equal = AD) avallat;lse‘ =
k T T T T T T | T T T T T
0 200 400 600 800 1000 1200 0 250 500 750 1000 1250 0 100 200 300 400
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Max of MACSEQ _STUD' ¥ Prg

- -Compound
- tsflab04
'MACSEQ ¥ MACNAME | ¥ PA ¥ PARAM |~ EQUAL ¥ PARAMVAL v DATACENTER_
PrgName ) 4 =1 =%DATA =1 =outdsn o= adlb 1
22 aif B= %str(if avisitn<=1 or aval=. then delete;) 1
tsflab02 = . .
=3 =assignmen == %str(avisitn=10;) 1
tsflab03 24 = assignmen == %str(avisit="ANY POST-BASELINE VALUE";) 1
- 27 @ %PROC SORT 21 =inden A= adlh 2
tsflab)
| Max of MACSEQ _STUDY ¥ PrgNan-¥ _RE v
tsflab4 - -Compound
tsflab) - tsflab01 -tsflab04 - tsflab05
P— MACNAME ~T PARAM -T EQU. ¥ PARAMVAL ~T| DATACENTI DATACENT DATACENTE
'_ PrgName : A 4 - %DATA - assignment == %str(avisit="ANY POST-BASELINE VALUE";) 1
tsider %str(avisitn=10;) 1
1 -~
tsider, tsfaeld "'J %str(indent=2;) 5
. tsfael? = by o= %str(by by_orderl by_order2;) 6
tsias %str(by paramn; 1
[ tsfiabo1 _ r(by paramn;)
t51dv0_ = if 2= %str(if avisitn<=1 or aval=. or avisitn=9999) 1
wsidvg | 1571ab02 %str(if avisitn<=1 or aval=. then delete;) 1
- tsflab03 =/indsn o= a_in.adlb 2 1
tS|em- tbl 5 6
tsiexs| tsflab04 - outdsn o= adlb 2 1 1
tsiexs tsflab05 tol 5 6 6
- t<f1ab06 -lwhere o= %str(where avisit ne " & anl01fl="Y' and index(avisit,'ENDPOINT') eq ' 2
‘5"30_ = %PROC_SORT -by 2= %str(by anbr roworder by_orderl by_order2;) 5 3
—| tsicmst01 %str(by avisitn;) 2
tsidem06 %str(by paramn;) 3
- = indsn 3= a_in.adlb(where=(critl*=" or crit2*=" or crit3*=")) 3
tsidemst01 adlb 2
tsids01 tbl 5 3
: r - outdsn 5= avisit(keep=avisit avisitn) nodupkey 2
tsidv0l
param(keep=paramcd paramn) nodupkey 3
tsidv02 - %RMTGENTBLO1 = fileid o= tsflab01 7
tsienri0l LI TSFLABO4 7
TSFLABOS 7
= grpvar - = groupl 7
labgrp 7 7
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MODULES
- 1. PDE (PowerDataExplorer)

_Nievel Variable_Na...:
298 B -
27 ADY
Ee) CAT
) ooMAN
- DOSE
% DOSFRM
% DOSFRQ
5 00sy
1 oNoTe
2 ENOY
3 EPOCH
5 GFPD
Com o
2 ot | & J| o s
: % T tched
ADAM Types 3 ypesMal
APHASEN®APHASE*APERIOD*AVISITN® AVISIT* AVISITDY* ATPTN* ATPT*PARCATY *PARAMCD *PARAM Al | | APHASETAVISITN®AVISI..
| APHASE*AVISITNAVISI...
APHASE*AVISITN*AVISI...
APHASE*PARAMCD*PA.
PARAMCO*PARAM
=
(Multiple items)
- v= M = M Moooooo ADEFF ADLB ADLB ADLBCI ADLBN ADVS ADVSM
~DOUBLE-BLIND -0 # BASELINE 1186 2697 2697 2697 2697 3590 3590
12 s WEEK 12 1182 1287 1287 1215 1275 1214 1204
= 18 #WEEK 18 1182 1202 1292 1217 1217 1235 1226
<26 9 WEEK 26 1182 1274 1274 1241 1241 1202 177
23 9 WEEK 3 112§ 47 7 40 40 1215 1207
6 “WEEK 6 182 1223 1223 1213 1213 1315 1306
9999 <ENDPOINT  + Antibody 9 9 5 5
« BMI 182 174
+ C-peptide and Insulin 1 1 1 1
« DIABP 182 1174
l] + Differentials 1118 1118 1052 1082
+ Dipstick/Macroscopic 15 15 13 13
«FPG 174 1174 1161 1161

e
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MODULES
- 2. PME (PowerMacroExplorer)

®e ADJSUPP

® RMSTATS

® RMTTRANSFCSE

2 oot
’ R T T e
. ® RMGDIFFPDAT,

RNGOIEFMDATA
= RDATA
=, !uwmg:v.:aas 8. AN
. 3

FMANESR

h* RMARELAISKDIFFSUS

Count of PARAM ~
MACNAME [~ PARAMN ~ | PARAM -~ PARAMVAI ~ AN EDIGEIGEILU(LYF MA MR MR MR MR MR MA MA MR MR MR MA MA MA MR MR MR NK SMR
+%MACRO ABLFLPRO a a
“%MACRO ABLFLVS 2
“%MACRO ABLFLXC 2
“%MACRO ABPLSCEC 2
~%MACRO ADABLFL =1 =indsn 11 1 1 11 1
=2 =outdsn 11 1 1 11 1
=3 =adrule 11 1 1 11 1
=4 —debug OFF 11 1 1 11 1
“%MACRO ADABLFL2 7 7
+%MACRO ADABLFLBMK 4
+%MACRO ADABLFLIS 6 -
“%MACRO ADABLFLPK 6 LOT
+%MACRO ADADTBL a
“%MACRO ADADURN 12 12 13 12 12 12 13 12
“%MACRO ADADY 8 8 8 8 8 s 8
+%MACRO ADADY1 s s . or
R DA NAM Fieriam -1 =1 Sl LU M ML MMM ME LALLM TSP -
M R A DA Y S adchem TSADTRTA T Sdebug O 1 1 1
—aummy  S&dumm: 1
“%MACRO ADAETOX no v 1 1
SEMACRO ADAGEOR S I RTOIA TRTOIAN /-TRTA TRTAN * 1 *
“%MACRO ADANLO1FL o % - L
SADTRTDT debu OFF 1 1
“%MACRO ADAOCCFL Feepvars TRTSOT TRTEDT 1
“%MACRO ADAPERIOD TRTSOT TRTSTM TRTSDTM TRTEDT TRTETM TRTEDTM TRTEDY 1
“%MACRO ADAPHASE “ADTRTP debug  OFF 1 1 1
#%MACRO ADARFSTDT =dummy  &dummy N . 1
“%MACRO ADATPT ~keepvars TRTO1P TRTO1PN 1 1
+%MACRO ADATTRIB TRTO1P TRTO1PN /-TRTP TRTPN-/ 1
“%MACRO ADAVISFL SAPERIOD at aat 1
“%MACRO ADAVISIT =pref 3 A
SAPHASE Bin abin 1101111111111 1101 1
“%MACRO ADAY —evaldt  adt 1111 11 1
“%MACRO ADAYINFC SsAvVISIT paramed %strCCACR" "CA” ) 1
+%MACRO ADBDSAVISIT CA/CACOR CAION Lt
“%MACRO ADBDSAVISITN =
“%BSLCHG “byvi basetype paramcd 1
“%MACRO ADBLVARS | Paramed 10101 11 11 1111 1111
“%MACRO ADBMI ~%PARAM - prefix I 1111111 111111111
| ~%MACRO ADBSA SPARAMVAL  — auvalcvar  Ihstresc 1111111 111111131 1
+%MACRO ADCACOR —avalvar  Iostresn 1111111 111111111
prefic [ 1111111 111111111
SWMACRO ADCANSUB STOXGRDVA birthat 1 111 11 111111111
MAC | PGMAC =by STUDYID USUBJID BASETYPE LECAT LETESTCD LEBMETHOD LBSPEC VISITNUM L8 1
TU oD e 1 1
OO LesPe 1 1
OD LBSPEC VISITNUM LETPTNUM LBSPI 1 1
UBJID LBCAT LETESTCO LEBMETH] 111 1
© USUBJID LECAT LETESTCD LBMETHOD LEBSPEC VIS| 1 1
EY 1 11 11111111 1
1 111 1 1113 12
1 1 1
inchicatr 1 11111 1 1111 1 1
~inrance 1 11111 111111111
Ibtox Ibtoxor 1 11111 11111131311
MAC | PGMAC )
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Demo
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1_datastep.gif 2_proc.gif 3_macro.gif 4-combined.gif
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MODULES
- 2. PME (PowerMacroExplorer)
parse data steps + procs + macros

Antlr: Complex SAS codes with datasteps, macro calls and procs can be structuralized into XML and converted into database.

- <stepStatement>
- <procFormat>
- <formatName:=>
proc format; value primary
. - <expressions>
value pPrimary <expressionl>1</expressionl>
l'”P . £ <operator>=</operator>
= rrimary eIri( <expression2=""Primary efficacy outcome™ </expression2>
4=". .. Symptomat: </expressions>
- <expressions>
. <expressionl>4</expressionl>
run: <operator>=</operator>
. <expression2="...Symptomatic lower extremity DVT" </expression2>
</expressions>

</formatName=>
KK RO K KRR K OR KR K K KK K </procFormat>
" . . </stepStatement>
* »
Create dummy treatment ¢  Z({ S{atements

00 300 000 0 0 8 8 8 6 R R RO Rk R R R <Stmtcomment>‘*********l***********‘li*********‘*‘*t*******ﬁ****"*********‘****t**‘******)ﬁ** create dummv tmi
tlﬁlﬁt“&&#*ﬁ&‘#*lﬁt#t**l&&l‘ttl&‘#‘ﬁt#*)l“llll*lﬁ‘&tlﬁ#**#*lt!hl.ll“k)ll&#‘*l***ii‘**#lﬁttt##‘i;</stmtcomment>
<stmtComment>*_testComplex datastep; </stmtComment>
* - , . </stepStatement>
_testComplex datastep; . <stepStatements
data data; - <dataSet>
<outdsn>data</outdsn>
set set; <ipdsn>s?t.:</indsn>f
C . . <ifstmt=if if > 0; </ifstmt>
if if > 0: - <assignment>
and = 1; <idx>and</idx>
- <operator>=</operator>
where where="Y and ar <expression>1</expression>
run: </assignment>
* <wherestmt>where where="Y" and and; </wherestmt>
</dataSet>
¥*_testComplex macro call; _ Zéfgﬁ%ﬁi;ﬂi’;?
%calpIexIacCaI](dsn = <macroComment>9%*_testComplex macro call; </macroComment>
</stepStatement>
text= a b tr (- <stepStatement>
- <macroCall>
<MACRONAME> % complexMacCall</MACRONAME >
- <macexpressions>
<param>dsn</param>
<operator>=</operator>
<paramval>tbl</paramval>
</macexpressions>
- <macexpressions>
<param>text</param>
<operator>=</operator>
<paramval>a b c %str(,) %str(=) "quoted,String’ %ostr(>xxxx%str(% " )xxx a=b=c,,,, "quoted,String’ %str(unblanced parenthesis
</macexpressions>
=/marraCall~
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