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Disclaimer and Disclosures

* The views and opinions expressed in this presentation are those of the author(s)
and do not necessarily reflect the official policy or position of CDISC.
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promoting the use of standards to improve the quality and efficiency of research

&7« CDISC does not endorse any specific vendor or technology in the use of its
R standards.

 The author has no conflicts to disclose
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Introduction
The CORE Concept




« Rules: Complete set of aligned, open
and unambiguous machine-readable
conformance rules for each standard
including CDISC, Regulatory, and
Industry needs

« Governance: Well-defined governance
model for the evaluation, development,
and publication of rules from all
stakeholders

Governance

« Engine: Open-source rules engine
available for testing and community use

eoe
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CORE Conformance Rules




51';;;:-:'ff CORE Conformance Rules

i+ Ahuman-readable Rule specification

* i+ isinterpreted by the Rule developer
=i and authored in the CORE Rule Editor
using a structured language (YAML).

-« Rule Editor:
» Web-based application

S  Structured document (YAML), 1 CORE rule
e per file containing rule’s metadata and check
o logic

» Real-time syntax checking
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The CORE Engine




The CORE Engine

« Open-source software application whose purpose is to execute the Rules
against clinical data and return results.

« The CORE Engine is made available to the CDISC Community in GitHub
(https://github.com/cdisc-org/cdisc-rules-engine)

* The Engine is written in the Python programming language and comes with
a permissive MIT open-source license

« Can be deployed in a variety of processing environments

* The Engine accesses the Rules from the CDISC Library via a Library API
when it executes

» Users may also add custom Rules for processing

oe®
Cd ISC 2024 US CDISC+TMF Interchange | #Clear DataClear Impact

10


https://github.com/cdisc-org/cdisc-rules-engine

The CORE Engine

* There are several ways to run the CORE Engine

: i » As a CLI (Command Line Interface)
-t - compiled packages available for Windows, Mac, Linux-Ubuntu

« Download - Unzip - Run
§hooch * .\core.exe validate -s <standard> -v <standard version> -d <datasetpath>
e .\core.exe validate -s sdtmig -v 3-4 -d .\data\

i+ Runin Python

k% * Clone the repository and run python core.py from the root of the CORE project with
appropriate parameters.

| e o Import the rules engine library in Python (available as a package on PyPi) and
run rules against data directly (without needing your data to be in .xpt format) in
your own environment or tooling

L
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The CORE Engine - Running as a CLI

https://qithub.com/cdisc-org/cdisc-rules-engine/releases

C m 25 github. di rg/cdi

O cdisc-org / cdisc-rules-angine

<> Code () Issues 183 i1 Pull requests 3 ) Discussions (O Actions [ Projects [0 Wiki (@ Security [+ Insights

Releases Tags Draft a new release

3 weeks ago V0.8.1
&) sFohnson24
v

= What's Changed

* Bug: Fix MEDRT install by @nhaydel in
¢ Bug: updated pyinstaller build command by @SFJohnson24 in

Full Changelog:

Contributors

L
nhaydel and SFJohnson24

v Assets &

[~ )

(~g

= =D
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https://github.com/cdisc-org/cdisc-rules-engine/releases

The CORE Engine - Running as a CLI

C:\_Projects\CDISC_CORE\core_v@81> .\core
Usage: core [OPTIONS] COMMAND [ARGS]...

Options:
—help Show this message and exit.

Commands :

list-ct Command to list the ct packages available in the...

list-dataset—-metadata  Command that lists metadata of given datasets.
list-rule-sets

list-rules

test

update—-cache

validate Validate data using CDISC Rules Engine
version

eoe
Cd Isc 2024 US CDISC+TMF Interchange | #Clear DataClear Impact

13



The CORE Engine - Running as a CLI - Commands

* list-ct - List the Controlled Terminology packages available in the cache
* list-dataset-metadata - Lists metadata of given datasets
* list-rule-sets - Lists rules sets available in the cache

test - Test Rules using the CDISC Rules Engine

update-cache - Update the local cache folder
validate - Validate data using CDISC Rules Engine

version - Show the version of the CDISC Rules Engine

oe®
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The CORE Engine - Running as a CLI - validate

C:\_Projects\CDISC_CORE\core_v@81> .\core validate —help
Usage: core validate [OPTIONS]

Validate data using CDISC Rules Engine
Example:

python core.py -s SDTM -v 3.4 -d /path/to/datasets

Options:

-ca, ——cache TEXT Relative path to cache files containing pre
loaded metadata and rules

-ps, —pool-size INTEGER Number of parallel processes for validation

-d, —data TEXT Path to directory containing data files

-dp, —dataset-path TEXT Absolute path to dataset file

-1, ——log-level [info|debug|error|critical|disabled|warn]
Sets log level for engine logs, logs are
disabled by default

-rt, ——report-template TEXT File path of report template to use for
excel output

-5, —standard TEXT CDISC standard to validate against
[required]

-v, —version TEXT Standard version to validate against
[required]

-ct, ——controlled-terminology—-package TEXT
Controlled terminology package to validate
against, can provide more than one




The CORE Engine - Running as a CLI - validate

-0, —output TEXT Report output file destination

-of, ——output—format [XLSX|JSON]
Output file format

-rr, ——raw-report Report in a raw format as it is generated by
the engine. This flag must be used only with
——output—format JSON.

—-dv, —define-version [2-1]|2-8|2.8]|2.1]
Define-XML version used for validation

——whodrug TEXT Path to directory with WHODrug dictionary
files

——meddra TEXT Path to directory with MedDRA dictionary
files

——loinc TEXT Path to directory with LOINC dictionary
files

——medrt TEXT Path to directory with MEDRT dictionary
files

-r, —rules TEXT specify rule core ID ex. CORE-080081. Can be
specified multiple times

-lr, —Llocal_rules PATH path to directory containing local rules.

-lrc, ——local_rules_cache flag to run a validation using the local
rules in the cachemust be provided with a
local rules id -lri to specify the local
rules to use

-lri, —local_rules_id TEXT local rule ID of rules to use from the local
rules cachefor the validation run. Must be
provided with the -lrc flag

-p, ——progress [disabled|percents|bar|verbose_output]
Defines how to display the validation

progress. By default a progress bar like
g

78%"1is printed.
-dxp, —--define-xml-path TEXT Path to Define-XML
——help Show this message and exit.




The CORE Engine - Running as a CLI - update-cache

« The CORE Engine stores rules and standards metadata from the CDISC
Library in a local cache folder.

* Rules get added to the CDISC Library on a regular basis

« At any moment in time, the locally stored cache can be updated with the
update-cache command

oe®
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The CORE Engine - Running as a CLI - update-cache

C:\_Projects\CDISC_CORE\core_v081> |.\core update-cache ——help
Usage: core update-cache [OPTIONS]

Options:

-c, ——cache_path TEXT Relative path to cache files containing pre
loaded metadata and rules

—apikey TEXT CDISC Library api key. Can be provided in the
environment variable CDISC_LIBRARY_API_KEY
[required]

-lr, —Llocal_rules TEXT Relative path to folder containing local rules
in yaml or JSON formatsto be added to the
cache. Must be provided in conjunction with
-Llri

-lri, —local_rules_id TEXT Custom ID attached to local rules added to the
cacheused for granular control of local rules
when removingand validating from the cache.
Must be given when addinglocal rules to the
cache.

-rlr, —remove_rules TEXT removes all local rules from the cache

—help Show this message and exit.
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Implementing the CORE Engine in SAS




Running the CORE Engine in SAS

SAS has various techniques to execute commands

« X statement

« SYSTASK statement

« %SYSEXEC statement

« CALL SYSTEM statement

« SYSTEM function

* FILENAMEC statement with the PIPE option

Relevant SAS options:

« XSYNC - Controls whether an X command or statement executes
synchronously or asynchronously

« XWAIT - Specifies whether you must type EXIT at the command prompt
before the shell closes

oe®
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Running the CORE Engine in SAS

%let project folder = / _github/lexjansen/cdisc-core-sas;
%let core_exe = \_Projects\CDISC CORE\core ve@81\core.exe;
%let core_log = %sysfunc(pathname(work))/core;
%let core_options =
-ca &project_folder/resources/cache
-dp &project folder/testdata/sdtm
-rt &project folder/resources/templates/report-template.xlsx
-s sdtmig -v 3-3
-ct sdtmct-2023-12-15
-dv 2.1
-0 &project_folder/develop/sdtmig-3-3-report
--whodrug &project_folder/testdata/dictionaries/whodrug
--meddra &project_folder/testdata/dictionaries/meddra
-r CORE-000266 -r CORE-000356;

systask command "&core exe validate &core_options" wait
taskname=core_task validate status=core_result_validate;
%put &=core result validate;

eoe
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Running the CORE Engine in SAS

It works:

46  systask command "&core_exe validate &core_options”

47 wait taskname=core_task validate status=core_result_validate;
NOTE: Task "core task validate" produced no LOG/Output.

48  %put &=core_result validate;

CORE_RESULT_VALIDATE=0

or it does not work:

46  Systask command "&core_exe validate &core_options"
ERROR: Insufficient authorization to access SYSTASK COMMAND.
47 wait taskname=core_task validate status=core_result validate;

eoe
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“." Running the CORE Engine in SAS

 The assumption is that the SYSTASK command is valid in the current SAS
i session.

... * This may not be the case especially in shared SAS environments.

.~ < In certain SAS environments SAS administrators do not allow command line
: execution using Base/SAS

¢.s » Some users have found ways around this in their SAS environment:

» Write Java code that can execute the CORE commands.
This Java code can be compiled into an executable jar and wrapped into a SAS macro to
support CORE execution via SAS

* In some SAS environments R can be executed, and has not been locked down.
Write an R script that can execute the CORE commands

» Since CORE is written in Python, and SAS supports execution of Python
code, why not call the Python CORE functions directly in SAS?

L
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Running the CORE Engine in SAS

Solution:
» Implement the CDISC CORE CLI commands as Python functions extracted
from the CORE Python entry point (core.py)

» Pass parameters and code to the Python interpreter and return the results to
SAS

» These Python functions can be called and executed by user-defined SAS
functions that are defined in the SAS Function Compiler (PROC FCMP)

» These user-defined SAS functions can be called from the DATA step or any
context where SAS functions are available.

» Wrap the user-defined SAS functions in SAS macro to work around FCMP
limitations:
» define named parameters
» optional parameters
 default parameter values

L
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Running the CORE Engine in SAS - via Python

* Details of a Proof of Concept on GitHub
https://qgithub.com/lexjansen/cdisc-core-sas

* SAS 9.4M6 (May 2019 update) or later

* Python installed -
The CDISC CORE engine requires Python 3.9 or Python 3.10

» Set the MAS_M2PATH and MAS PYPATH environment variables
« MAS_M2PATH - absolute path to mas2py.py file in your SAS installation
« MAS_ PYPATH - absolute path to the Python executable

« The CORE_PATH environment variable needs have the absolute path to a
clone of the cdisc-rules-engine GitHub repository

» The cdisc-core-sas repository (https://github.com/lexjansen/cdisc-core-sas)

comes bundled with the source code of the v0.8.1 release (September 24,
2024) of the CDISC CORE engine

oe®
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https://github.com/lexjansen/cdisc-core-sas
https://github.com/lexjansen/cdisc-core-sas

Running the CORE Engine in SAS - via Python

l cdisc-core-sas

= B e

Lo l cdisc-rules-engine
l doc

l j5.|:|r|

l macros

o [l etadata

l prograrms
l python
. reports
l resources
. cache
. schema
l ternplates
l testdata
l dictionaries
l rules
l catm

B e
l cdisc-rules-engine

l doc

l json

l FRacros

l metadata

l prograrms

l pythaon

l reports

l FESOUrCES

l testdata

I .gitignore

i corepy

B core_nocli_081.py

B LcEnsE

. LICENSE-CDISC_RULES_ENGINE
af README.md

O requirements.tet

virtual Python environment

Source code from the v0.8.1
cdisc-rules-engine release

Requirements file with Python
packages to be installed
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= Running the CORE Engine in SAS -
B cdisc_rule tester Vi a Python

. cdisc_rules_engine

. FEsoUrces

l scripts

. TestRule

. tests

B flakes

B funcignore core.py is the interface to the CORE Engine commands
B .gitignore « Contains the definitions of the CORE commands

E*Ft”' - Contains a Python function to be called for each
B dockerfle CORE command

B hostjson « Defines the parameters for the commands, including
B LicensE defaults and required/optional

I pytest.ini

README.md

O requirements.bt

@ requirements-rule-tester.txt

f@ setup.py

B update_version.py

E‘ version.py 2024 US CDISC+TMF Interchange | #Clear DataClear Impact 27
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e Running the CORE Engine in SAS -

. __pycache

. B cdisc_rule_tester Vl a Pyth on

o. . cdisc_rules_engine
' . resources
R W sciipts From core.py create Python functions that can be called

=T_Ef.tf:_u|e and executed by user-defined SAS functions, which will
Tl . be called by SAS macros

oo [l JREETES

i I funcignore EX core list ctsas
[ D o . . - UL L T 2w B
.gitignore .
=9% . gihignere %] core_list_dataset_metadata.sas
E Jpre-commit-config.yam| B core validate_data.py EA core list rule sets.sas
Pt B corepy @ core_update_cache.py %) crnrv.'-_-_lir-t_rule:- cae

W dockerfile B core list_rules.py ¥ core_funcs.sasThdat E? core_update_cache.sas

B host.json B core list_ct.py Sf core funcs.sasThndx EA core validate data.sas
. LICEMNSE B core list_dataset_metadata.py Bl diverist.ca

. B EXISL.53%
I pytest.ini B core version.py

README.md B core_list_rule_sets.py P RO C F C MP B setcore e
@ requirements.txt use I’-defl ned
@ requirements-rule-tester.bt Python SAS fu nCt|0nS
£ setup.py functions

SAS macros

B update_version.py
B version.py
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Running the CORE Engine in SAS - FCMP Functions

proc fcmp outlib = macros.core_funcs.python;

unction core_validate data(

cache $, pool size, data §, dataset path %, log level %, report_template §,

standard %, version %, output $%, output format %, raw_report,

controlled _terminology package %, define_version %, define_xml_path §,

whodrug %, meddra %, loinc %, medrt %, rules %, local rules %, local rules cache, local rules id) § 128;
length message $ 128;

submit into py(“&project folder/python/core_validate data.py”);

rc = py.publish();

rc = py.call('core validate data’,
cache, pool size, data, dataset path, log level, report template, standard,
version, output, output format, raw report, controlled terminology package,
define version, define xml path, whodrug, meddra, loinc, medrt, rules,

local rules, local rules cache, local rules_id);
message = py.results['message return_value'];
return(message);
endfunc;
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Running the CORE Engine in SAS - Macros

%macro core validate data(
cache path = ¥sysfunc(sysget(CORE_PATH))/resources/cache,
poocl size = 18,
data =,
dataset_path =,
log lewvel = disabled,
report_template = ¥sysfunc(sysget({CORE_PATH))/resources/templates/report-template.xlsx,
standard =,
wversion =,

** Parameter checks =;

a5 80 R 900 R SRR R B0 R B0 R B0 0 R R R R R R R RO RO R RO R RO R R R R R
¥

data _null_;

message = core_validate_data("&cache_path”, &pool_size, "&data”, "&dataset_path”,
"&log lewvel”, "&report_template”, "&standard”, "&version”, "&output”,
"&output_format”, &raw_report, "&controlled_terminclogy_package™ ,
"&define_wversion"”, "&define_xml_path", "&whodrug”, "&meddra"”, "&loinc”, "&medrt”,
“&rules”, "&local rules”, &local rules cache, "&local rules id");

if not missing{message) then putlog "ERR" "OR: " message;
run;

%mend core_validate_data;
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Running the CORE Engine in SAS




Running the CORE Engine in SAS - Update local cache

#let project folder = <Root of your project:;
#include "&project folder/programs/config.sas";

%* API key specified in environment wariable CDISC LIBRARY API KEY.
#* If not, you can specify the API key in the macro call.

%core_update_cache Update local cache with latest
cache _path = &project folder/resources/cache ;
y: CDISC Library rules
%core_update_cache Update local cache with
cache_path = &project folder/resources/cache, local custom rules
remove rules = CUSTOM123
¥

Xecore_update_cache(
apikey= <your API key>,

cache path = &project folder/resources/cache, Remove custom rules from
local rules = &project_folder/testdata/rules, the local cache

local rules id = CUSTOM1Z3

F

L
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Running the CORE Engine in SAS - Run Validation

#* update this macro variable to your own location;
#let project_folder = <Root of your project>;
#include "&project folder/programs/config.sas”,;

%core_validate_data(
cache_path = &project folder/resources/cache,
data= &project folder/testdata/sdtm,
standard = sdtmig,
version = 3-3,
controlled terminology package = ¥str(sdtmct-2823-12-15),
output= &project folder/reports/CORE-Report-sdtmig-3-32 &today,
define xml path = &project folder/testdata/sdtm/define.xml,
whodrug = &project folder/testdata/dictionaries/whodrug,
meddra = &project folder/testdata/dictionaries/meddra,
rules =

);

L
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Running the CORE Engine in SAS - Get CORE Rules

#let project_folder = <Root of your project:;
#include "&project folder/programs/config.sas";

.-

£ %core_List_rules(

i output = &project_folder/json/core_rules_sdtmig-3-2.json,

.. standard = sdtmig, Get CORE rules
version = %str(3-2), | from local cache
' cache_path = &project_folder/resources/cache

);

%core_Llist_rules(
output = &project folder/json/core rules sdimig-3-Z-custom.json, Get custom CORE rules

standard = sdtnis, from local cache
version = %str(3-2),

cache_path = &project_folder/resources/cache,
local rules = 1,

local rules id = CUSTOM123
)5

L
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Running the CORE Engine in SAS - Get CORE Rules

core_standard core_ core_id sensitivity  description nile_type message standards classes_include classes_exclude domains_include  domains_excluc  datasets

1| sdtmig 32 |CORE-0DODO1 Record Raise an emor when |ECA... | Record Data |IECAT equals "INCLU... |SDTMIG 3.2;5DTMIG 3.... |FINDINGS IE

2 sdtmig 32 |CORE-000D02 Record Raise an emor when SES... |Record Data SESTDTCis required. | SDTMIG 3.2;5DTMIG 3.... | SPECIAL PURPOSE SE

3| sdtmig 32 |CORE-0D0003 Dataset Raise an emor when TRL... |Record Data TRLOC iz pregent whe... | SDTMIG 2.2;5DTMIG 3.... |FINDINGS TR

4| sdtmig 32 |CORE-0DODO4 Record When ECOCCUR indicate ... | Record Data ECOCCUR indicates d... |SDTMIG 3.2.5DTMIG 2.... [INTERVENTIONS EC

5| sdtmig 32 |CORE-0DODOS Record When EXTRTis PLACEB... | Record Data EXTRTis PLACEBO, ... |SDTMIG 3.2.5DTMIG 2.... [INTERVENTIONS EX

€ | sdtmig 32 |CORE-0DODOG Record Raise an emor when DTH... | Record Data DTHFLis not "Y" ernull |SDTMIG 3.2:5DTMIG 3.... | SPECIAL PURPOSE oM

7 | sdtmig 32 |CORE-0DODO7 Record Raise an emor when DTH... | Record Data DTHFLis nat "Y", wh... |SDTMIG 3.2;5DTMIG 3.... | SPECIAL PURPOSE oM

8| sdtmig 32 |CORE-0DODO8 Record Raise an emor when DTH... | Record Data DTHFLis not "Y", wh... |SDTMIG 3.2.5DTMIG 3.... |FINDINGS 55 DM
9| sdtmig 32 |CORE-0DODOS Record Verfy that ELEMENT valu... | Record Data ELEMENT variable ha... |SDTMIG 3.2.5DTMIG 3.... | SPECIAL PURPOSE SE

10 | sdtmig 32 |CORE-0DODMO Record Verfy ARMCD walue lengt... | Record Data ARMCD value lengthi... |SDTMIG 3.2:SDTMIG 3.... | SPECIAL PURPOSE:TRIALD... DM TA

11| sdtmig 32 |CORE-0DOD11 Record Verfy the value for IEOR... |Record Data IEQORRES =Nforane... |SDTMIG 3.2.5DTMIG 3.... |FINDINGS IE

12 | sdtmig 32 |(CORE-00OD12 Dataset Raise an emor when AEQ... | Record Data AEQCCUR is present i... |SDTMIG 2.2,SDTMIG 2.... |EVENTS AE

13 | sdtmig 32 |(CORE-00OD13 Dataset Raise an emor when AES... |Record Data AESTAT variable is pr... |SDTMIG 2.2,SDTMIG 3.... |EVENTS AE

14 | sdtmig 32 |CORE-0DOD14 Record Raise an emor when —FR... | Record Data —~0CCUR should only ... |SDTMIG 3.2.SDTMIG 3.... | EVENTS:INTERVENTIONS AE.DS.DV:EX
15 | sdtmig 32 |(CORE-00OD15S Dataset Raise an emor when —-PR... | Record Data —-PRESP is missingin ... |SDTMIG 2.2,SDTMIG 2.... | EVENTS;INTERVENTIONS AE.DS.DV:EX
16 | sdtmig 32 |CORE-0DODM6 Dataset Raise an emor when —OC... | Record Data —~PRESP should be po... |SOTMIG 3.2.SDTMIG 3.... | EVENTS:INTERVENTIONS AE.DS.DV:EX
17 | sdtmig 32 |CORE-0DOM7 Record Verify RDOMAIM is not nu... | Record Data RDOMAIN has a missi... |SDTMIG 3.2,5DTMIG 3.... | SPECIAL PURPOSE co

18 | sdtmig 32 |CORE-0DODNS Record Raise an emor when —FR... | Record Data -0CCUR is blank whe... | SOTMIG 3.2.SDTMIG 3.... | EVENTS:INTERVENTIONS AE.DS.DV:EX
19 | sdtmig 32 |(CORE-00OD1S Record Raise and emor if Variable ... | Varable Metadat... | Variable label length s... | SDTMIG 3.2,5DTMIG 3.... [ALL ALL
20 | sdtmig 32 |CORE-000020 Record Raise an emor when ETC... | Record Data TAETORD should be ... |SDTMIG 3.2,50TMIG 3.... | SPECIAL PURPOSE SE
21 | sdtmig 32 | CORE-DD0021 Record Raise an emor when the v... |Record Data -STRESC should not ... |SDTMIG 3.2;50TMIG 3.... | FINDINGS ALL
22 | sdtmig 32 |CORE-0DO0Z2 Record Raise an emor when AES... |Record Data At least one of the Seri... | SOTMIG 3.2;SDTMIG 3.... |EVENTS AE
23 | sdtmig 32 |CORE-DD0O0Z3 Dataset Raise an emor when =T0... |Record Data ~TOX present in datas... | SDTMIG 3.2,SDTMIG 3.... | EVENTS;FINDINGS ALL
24 | sdtmig 32 |CORE-000024 Record Raise an emor if ~-BODSY ... | Record Data -BODSYS is not empt... |SDTMIG 3.2,SDTMIG 3.... | EVENTS ALL
25 | sdtmig 32 |CORE-000025 Record IESTRESC is not equalto... | Record Data |IESTRESC is not equa... | SDTMIG 3.2,5DTMIG 3.... |FINDINGS IE
26 | sdtmig 32 |CORE-000026 Dataset When ~TPT is present in ... | Record Data The ~TPTNUM variabl... | SODTMIG 3.2,50TMIG 3.... |ALL ALL
) [P T n FEnIr ey Meeoa Fal o TR o Trml Mmoo d Mioao MLleed e LTI RIMY COTI, A O TRIE 0 TRIAL DEeERl T
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Running the CORE Engine in SAS - Run Validation

/¥ Example of selecting rules */

EJ@r.. zlproc sql noprint;

i s select distinct core_id into|:core_rules |separated by °,

P, from metadata.core rules

Gisid where (domains include in ("ALL® "AE" 'DM')) and

L (domains_exclude ne 'DM’) and (domains_exclude ne "AE') and
éi ----- é (core_standard = "sdtmig" and core_standard_version = "3-3")
G oigpiay order by core_id;

quit;

%core_validate_datal(
cache_path = &project_folder/resources/cache,
dataset_path = Xstr
(&project folder/testdata/sdtm/dm.xpt,
&project folder/testdata/sdtm/ae.xpt),
standard = sdtmig,
version = 3-3,
controlled terminology package = ¥str(sdtmct-2023-12-15),
output= &project folder/reports/CORE-Report-sdtmig-3-3 dm ae &today,
whodrug = &project_folder/testdata/dictionaries /whodrug,
meddra = &project folder/testdata/dictionaries/meddra,
rules =|"&core_ rules”

);
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