Performance Benchmarking of FHIR Terminology Operations

Performance Benchmarking
of FHIR Terminology
Operations in ETL Jobs

Joshua WIEDEKOPF, Cora DRENKHAHN, Josef INGENERF

Institute of Medical Informatics
University of Lubeck, Germany

Medical Informatics Europe 2023, Gothenburg, &= NN s



U7 S UNIVERSITAT ZU LUBECK Performance Benchmarking of FHIR Terminology Operations

INSTITUTE OF MEDICAL INFORMATICS

Consortia and participants

Motivation during the development and networking phase

- National initiatives demand data from
Healthcare providers for selected use cases

- ETL jobs perform data mapping for these
iniatives into standardized formats

— Syntactic mapping: transfer a datum into a
standardized data structure (e.g. from
relational data, HL7 v2, ... to HL7 FHIR profile, m P B

i ) @ Network partner
openEHR template, ...) A
— Semantic mappings
= Unit conversions (e.g. from internal unit codes to

UCUM)
= NLP and other Al methods

= Mapping of coded data (e.g. from internal laboratory viokiteil F & ebicaL
codes to LOINC) SHTH fo S NITTNE

Coordination office GERMANY

Image: https://www.medizininformatik-initiative.de/en/about-initiative 2
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HL7 FHIR Terminology Module

« Groundwork for terminology servers

« Framework has seen broad use, even outside of
HL7 FHIR

+ Definition of resources for terminological content

- Definition of operations between a client system
and a server/system providing these resources ConceptMap

Mappings between code system concepts
— Is a code a member of a CodeSystem/
ValueSet? (CS/$validate-code)

. sy . . ValueSet
— What is the definition of a code in this Selection of |
CodeSystem ? (CS/$|OO kup) codes for use pamy
— Map from this code to this code using this _ CodeSystem in Pa'gcui{ar
ConceptMap (CS/$translate) A S S contex
Identifiers of a code or concepts with

identifier system coherent
meaning Element (instance)

Coded Data Type

Image: https://www.hl7.org/fhir/terminology-module.html [simplified] 3
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Benchmarking FHIR Terminology

. . 1] HL7 v2 .
- Use Case: ETL job for a partner in the : Primary | &3
. systems ~
Use Case Infection Control of the ’
HiGHmed consortium of the MI-I
- We have access to a high- 1 2 | openEHR openEHR 3| AQL 2
performance terminok)gy server ETL Process ‘\‘ > repository ™! Visualisation
(locally), but... I I
— Dependency on server during all
phases of development and el ﬁ 2}
dep|oyment service (?) R = &

— Performance impact/bottleneck of
continuous HTTP requests to the
server?

— Importance of caching?

Emoiji: Google Noto Color Emoji, OFL 4
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Benchmarking FHIR Terminology

1| HL7 v2

« Use Case: ETL job for a partner in the Primary £
Use Case Infection Control of the e Y
HiGHmed consortium of the MI-I
- We have access to a high- 1 2 | openEHR openetr | [ 3] A 2
performance terminology server ETL Process “‘ > repository | Visualisation
(locally), but... I I
— Dependency on server during all
phases of development and Terminology | _ _ _ ﬁ 3],
deployment service (7) a A

— Performance impact/bottleneck of

continuous HTTP requests to the How do | integrate

server? terminology services into my
~ Importance of caching? ETL job without incurring a
Emoji: Google Noto Color Emoji, OFL Slgnlflcant bOttleneCk? 4
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Benchmarking setup

measurement of ops/s for two operations
— CodeSystem/$lookup
— ConceptMap/$translate

«  Multiple implementations of the same
functionality benchmarked one after the
other

- Several different approaches to caching

« Generation of test dataset from real-world
resources

- OpS/Sinput

> ops/s

operations

https://github.com/openjdk/imh


https://github.com/openjdk/jmh
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Benchmarking setup

- measurement of ops/s for two operations
— CodeSystem/$lookup
— ConceptMap/$translate

«  Multiple implementations of the same
functionality benchmarked one after the
other

- Several different approaches to caching

« Generation of test dataset from real-world
resources

- OpS/Sinput

> ops/s

operations

https://github.com/openjdk/imh

- JMH: Java Microbenchmarking Harness


https://github.com/openjdk/jmh
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Benchmarking setup

- measurement of ops/s for two operations - JMH: Java Microbenchmarking Harness

— CodeSystem/$lookup

+ Industry-standard setup for generating
— ConceptMap/$translate

reliable benchmarks

«  Multiple implementations of the same
functionality benchmarked one after the
other

- Several different approaches to caching

« Generation of test dataset from real-world
resources

- OpS/Sinput

> ops/s

operations

https://github.com/openjdk/imh 5
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Benchmarking setup

measurement of ops/s for two operations
— CodeSystem/$lookup
— ConceptMap/$translate

«  Multiple implementations of the same
functionality benchmarked one after the
other

- Several different approaches to caching

« Generation of test dataset from real-world
resources

- OpS/Sinput

> ops/s

operations

https://github.com/openjdk/imh

JMH: Java Microbenchmarking Harness

Industry-standard setup for generating
reliable benchmarks

JMH greatly simplifies benchmarking
setup, but caveat emptor


https://github.com/openjdk/jmh
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Implementations

File RAM HashMap
D @ [# D @ [
Setup Bench Serwce Setup Bench Service

|
|  do nothing

1

load CodeSystems
into HashMap

I
I
I
I
I
$lookup L

|

|

|

I

|

|

I

into HashMap :

e .} D |

e load ConceptMaps
File
$lookup
linear scan
get from HashMap
Result
I I
I

result
Result | —i—<—|
|
| [

-
I
I
I

Icons: Material Design Icons via https://pictogrammers.qgithub.io/@mdi/font/6.9.96 6
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Implementations

. . HTTP
Redis / SQLite
O @ @ v Setup Bench Serwce FHIR Terminology Server

Setup Bench Servnce DB I I I :

I
ﬂ I I I | setup HTTP | | |
lient | | |

I load data | ¢

| | >, 1 ! | |

I I I
) I I $lookup _IL :

—
| ! |
$lookup o | | HTTP GET I
I $looku |
. [ p >
Redis API/
SQL SELECT _!_ internal
> logic
internal logic, :I
indices, ...
OperationOutcome

:I < P T
I
result parse result I
< T |
| :I |
result I I
- < | | < result |
I I
| I
I

Icons: Material Design Icons via https://pictogrammers.qgithub.io/@mdi/font/6.9.96 7
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Results
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Performance Benchmarking of FHIR Terminology Operations

« HTTP is the slowest, while RAM is the

fastest
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Results
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Results

« HTTP is the slowest, while RAM is the
. fastest

5.8e6
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g™ F o . — Implementation of the cache is not as
tes- e o - important
L T ' ' ' * Network operations may hurt
NI A M A A A performance (Redis vs SQLite)

Input (baseline) -+~ RAM HashMap -+ Redis

Implementation ., - saLite HTTP
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Results

« HTTP is the slowest, while RAM is the
. fastest

5.8e6
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ot rasctine) BB Ras Hestviep B Rock - $translate is more involved than
s e $lookup, but pattern is similar

Implementation
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Discussion
« Obvious limitations of this study

- Caching is important!

 Local solutions will often perform better than querying a FHIR TS across the Internet
— Need for national and supranational provision of relevant resources for local deployment
— Rolling your own solution is not trivial!

« Requirements and circumstances of the individual deployment must be taken into
account when incorporating local terminology operations
— Maybe even perform your own benchmarks on your own hardware

— Consider hybrid approaches: delegate complex operations and implement simple ops
yourself

10
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