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Deploying KNIME to the Enterprise
Reshaping Data & Architecture for Healthcare
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We were founded in 1876 by Colonel Eli Lilly, a man committed to creating high-quality medicines
that met real needs in an era of unreliable elixirs peddled by questionable characters. His charge to
the generations of employees who have followed was this: “Take what you find here and make it
better and better.”

More than 140 years later, we remain committed to his vision through every aspect of our business
and the people we serve starting with those who take our medicines, and extending to health care
professionals, employees and the communities in which we live.

OUR PROMISE

Lilly unites caring
with discovery to
make life better for
people around the

OUR MISSION

We make medicines
that help people live
longer, healthier,
more active lives.

OUR VISION

We will make a
significant
contribution to
humanity by

OUR VALUES

Integrity, excellence
and respect for
people.

world. improving global
health in the 21st
century.



Drug
discovery

Pre-clinical
development

Phases

0 Effect on body
Clinical development

Effectiveness at
! . .
treating diseases

m Larger scale safety
and effectiveness

IV Long term safety

Regulatory approval

y 1 compound (>$1 Bn)



Stable

Reliable,
Reproducible,
Transparent for
development
work

Secure

Providing the
right data at the
right time to the
right people

.

Specific

The right
analytics for my
specific
business
problem

Scalable

Can it handle
the volume and
variety of our
data




Stable

eCapabilities Team: Lilly Web Monitor Reliable,
Reproducible,

. Monitors over 500 Lilly external websites =+ : Transparent for
+ Gets status (Live/Dead/Re-Directed) e development

+ Creates basic stats on this information - WOI'k E SH'pp'NG DATA V|A WEBPAGE

Method:

1. KNIME workflow auto run by server
Ping each website and get status response code (i.e. 404, 200)
Manipulated into region based data
Write to DB for live display by further tool

ol

= 1. Research IT co

develop/support workflo®w -

with GSM in Development | 3. Contractor needing

8 limited Inventory data
e.g.: shippingcodes and

environment

sample info but no
structures - retrieved

Working with ADME group to web-enable

Analvtical Technologi : complex workflows merging in-vitro, in-vivo —————
;' r:a;glslca kﬂec n;:horgles cor; and in-silico data to produce rich reports... >
<Ly WOTKIIOWS, Wi esearc ...All with correct data security model
IT to maintain a DB of — - " S
instrumentation diagnostics : (suthiorise dataatsource) e C u r e
Instrumentation =
t Dashboard @ e
; — : Providing the
T ry : right data at the
azxﬁgwgz S| s rlght R eRE
3 [ I : 3 )
nightly e e e - o Mobs Search wsing =3 =
scheduled task : - Tnput Crtea 1 i i right people
&
3. Spotfire driven webpage tracks — DF? ’_T DE' 'G ﬁ
all AT Labs instrumentation & —— == S| =3 &=
highlights issues (e.g.: column £01 Crecentas f ioridion OO propect.
degredaion) Tw* =
=
© Spotfire ez
Answers That Matter.
Work by: Stuart Morton / Tom Wilkin

Reshaping Data: Example Production Capabilities



y

Jenkins sonar ,"
&% REDMINE

« Rapid/ ‘Agile’ development
* 1 Production KNIME version per year
(2.6/2.9/2.1213.3)
« >130 internal nodes
e 340 Features/Bugs in 2016 (heavily focused
on data and data security — NTLM/OAuth)
* 6 internal updates
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Mirror Lilly installer

Create new '
Add Version Fixed Lilly installer fo US/UK/Spain
Vendor and =
Community Plugins
@Spotfge’
KNIME Open L.
Source install e
A

Add Lilly specific config
file specific to Lilly laptop
defining mem usage etc.

Add Lilly internal Plugins

Packaging



100’s of nodes for data manipulation

Data augmentation using calls to ‘best of
breed’ cluster side algorithmic search methods
Encapsulation of best analytics practice for
problem x, towards automated reasoning

Dialog - 2:606 - Get Molecules (Select Input) * o o

File

QuickForms | Job Manager Selection B

Enter Project Name |Find things better than my drug

Enter Date | 2015-06-01T15:24:50.352

Results Falder  Z:\MySpecalProject

Use Pasted LSN's

S— N
Dialog - Z:1169 - Annotate Other Distances (Config.. 2 A= e

File

QuickForms | Job Manager Selection

Remove Screened (exact)?

@ Yes I 5 Yes
“) o @ No
I Remove Bias Away (exact)?
123456 N ) Ves
234587 A D.a\ug—zmm—MemM@@E‘g - . 7
Enter Seed LSN's | 345678 F“E— L
456789
567890 QuickForms | Jb Manager Selection 1232
I Use GFP search module e a 2388
Use Sriles? @ Yes L [ 3454
| I - N 3
SMILES Fle [2:\ny_search_input Use OFP search modue i
@ Yes
I 987654
Use SDF files from Folder? [ )3
Enter Bias Away Compounds
Use ECC4 search module
SDF Folder - @ ves B
@ No m
ok [ ey J[ cance | ok [ sy ][ Concel ok J[ Appty ][ cancel
. ¢ L
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g: MetaNode
Select Input . Anm_mﬂe Other | Output
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2D - — =
o C R S S S
— — »
~ Formatting 250 Methods Mode 1159 Configure Report Ina
Chemical Sketcher — and RDW Caodes Selections Node 1183
bibg— — Parents or Bias Away
<,
FANS "‘. Cant Compounds
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® Node 832 2D+13D
Methods

Enter
Substructure
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“Here be dragons”

* Download e.g.: Medline, JAPIC-Q, JMed

* Clean, De-duplicate, Augment, Join

« Text Mine (Cogito for taxonomies and ontologies)
« Select, Alert (Email)

...simple so far
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“Here be dragons”
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Automated Structure Verification:

Lilly Screening Collection representing all compounds made internally or
purchased for projects. Routinely used to screen new disease targets for
possible starting points.

1. Extract data from multiple DB’s to prepare instrument run files
2. Acquire data from instrument

3. Analyse using call to external tool server MestreLabs

4. Check results against criteria to score Pass/Fail/Review

5. Publish results to the Corporate DB

Multi year project to retrospectively check quality of all compounds run in
months using KNIME
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Complex and specific scientific needs only available from one vendor
integrated through dedicated server build, serving predictions to KNIME via
webserver APl (SOA)

KNIME now analyses all new compound registrations daily (scheduled
server task) to check (a) Analytical data is available and (b) is consistent
with the registered structure and (c) emails submitter on Falil
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Reshaping the Architecture: >140
RESTful Webservice API endpoints
deployed in 2-3 years primarily for data
retrieval and augmentation by KNIME

a4 # Lilly Data Access

i [l Assays
» 4 Mobius /-
5 lh Samples Apmgche RESTful API
b Structures

@ Curve Service

IARE FOUNDATION
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Many legacy, new and vendor applications
deployed internally with webservice
endpoints for KNIME integration. Team also

built many API's (& nodes) for many data ”
sources '-, :

Apache RESTful API

SOFTWARE FOUNDATION

i
t |
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Multiple other internal systems
now utilising KNIME, but also
iIndependently accessing the
SOA layer for programmatic
data access




Integrating via SOA:

Data-load/Volume
Streaming




Timeouts and retries

Recursive

Table Creator Loop Start  Try (Data Ports)

-
Hoyr—»C»

L] L] L ]
Node 647 Node 644 Node 635

{ S

Active Branch  Variable to Table Row Flow Variable IF Switch Wait...
Inverter Table Row Rule Engine to Variable Merge Variables (Flow Variable Value)
~® ) &~ Fiow Variable
/ *——O \ i
(-1} Vi {— ! I I
—0 e o5 > L= 8 W ® = . . EndF
/ 4 e e %, :
/ Node 653 e
|/ MNode 648 Mode 649 Mode 650 Node 651 / Mode 652 Mode 655 ——————— " ]
Mobius Search u:ﬁng =
Input Criterid Catch Errors Nede 657 |
[ (Data Ports) j Recu{fEeLoopEnd
> &> > > S »
—»> >
Node 45 Table Creator = =
Node 645

ﬁ+ >

L ]
Mode 656

Node 636

* Thanks: Jason Ochoada



URL Over-ride and data truncation:

Table Creator NGR
EII[ [=
o
(eeg) :
Mode 2 (*5#)

| ¢, URL from node configuration is overriding the default value from the preferences,

Table Creator NGR
[=
@ m‘i[ n

|! data truncated ﬁ




Trade offs: Downstream configure...

Table Creator Chembl
.
Hoe——>
Compound GetAssayld
CHEMBL_ID By Compoundid
[ Dialog - 0:1 - Chembl (Get Assayld) [ =TACT éjj
File
Settings | Web Service I Flow Variables I Job Manager Selection | Memory Policy|
Select Method Type
:Get Assay Chembl Id By Compound Chembl Id -
Compound CHEMBLID | § COMPOUND CHEMBL ID -] I
[ Append

| [ Cancel |

[ —

GroupBy

=

» Internal Mirror of many external
data sources for secure querying

» Between version APl changes
(schema upgrades) break nodes if
return columns are hard coded

» Alternate flexible column
specification on return breaks
downstream configure



Bottlenecks and frequent https calls:

Rule-based Rule-based Compute
Table Creator Row Filter ID to Molecule Property Prediction Row Filter Synthesizability Clustering
@—Dﬁﬂ[mgb—b&[}xb@—b%b—b ;%H‘xbana.
(LI

ll

data HPC tools




How to break streaming:

Rule-based Rule-based Compute
Table Creator NGR Row Filter  ID to Molecule Property Prediction Row Filter Synthesizability Clustering
@—p i i\LD =2 8
=9 =9 =9

Heavy compute calls to custom
internal algorithmic code push a
lot of data back and forth
between compute layer and node

Even with a high number of HPC
calls, frequent breaks for data
processing/filtering prevents
application of streaming.




Scalable

Can it handle the
volume and variety
of our data
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Video feed Meta data for KNIME Analytics

I/\I @:‘ flesult Register
A — \\ Video Master File

Archive Recording L] I | |
S Archive Result

KNIME processes
and integrates
additional data
streams alongside
video feed

Result Register

Meta

Enumerate and Process

Assay Results Service

oflow
User front end @
(INSTANT] provides Archive Elecirophys Dot
interactive analysis

",_ ElectroPhys Master File
| |

1
Archive Result ;ld}

f‘ﬁ"':

A

|
: Browger KMNIME
of meta data and ad- | QuickLink Protocol Automation
hoc analytics via Enumarate and Process Meta |
. |
KNIME automation ks !
= Direct Access LIRLs = = = = - - - -
- »
Data Capture INSTANT
EMIME View

INSTANT
Batch



Scaling out Orchestration with Parallel Chunk

Archive Recording
Archive Result

Enumerate and Process Meta

KNIME
List Files with Parallel
Authentication Chunk Start Proccess List Parallel Chunk End
ar eer oLF e
Node 20 e
Node 1 Node 34 Node 35

Variable to
«Java Edit Variabldable Row CSV Writer

~E-—E—E

L]}
Node 16

Parallel

Variable to
-Java Edit Variable Table Row  CSV Writer

‘-‘ Node 15 Node 17

Table Row
N ik}
Chunk 5tart | e -
= PO e
Node 13 Node 14 Node 8 / \
Download Files with \
Try (Data Ports) Authentication Node 3 Node 6 External Toot”
s Table RowTo  Variable to oo~
Variable Loop Start  Table Row > > By e
I = O L1 \
Node 11 Node 2 Node7
Node 3 Node 10

Video Master File

KNIME orchestrates file

movement from secure file store,

runs Lilly proprietary signal

processing code then writes meta

data (result) back to disk or DB:

* Custom node to correctly
handle protected file shares

« Call external Lilly code

* Loops & schedule to automate

Variable to
Java Edit Variable Table Row CSV Writer
O e ON M- ﬂ
(] L] (]
Node 20 Node 19 Node 13
Variable to

Catch Errors Table Row Loop End
(Var Ports)

—g B e

®
/= | L] []

\ / | Node 26 Node 28

 Active Branch Node 27 |
\ Inverter N
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0%%e Java Edit Variable Table Row CSV Writer
|
: e me ol
Node 24 @ ° °
Node 22 Node 21 Node 23



e, Eli Lilly & Company &
LillyPad

2 Follow

Real-world evidence helps us discern all the
ways a medicine can be used. elil.ly/534g
#pharma
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RWD is PATIENT data

Lab/Biomarkers o
Pharma data

{ , data
(observational) &UUU |
3 Mortality
Consumer { \ data
data K ) ' \ ‘ Social
) ; media data
: \ & N\
Disease & g F=- N 4 L‘A \ \.

registries

(B,

% 2 2
/ 1 ~

4 \ \ Pharmacy

\
— i L \ o~ G
VW (=)  Hospital
Electronic medical K= ! Clai 7 data
aims
- databases

and healthrecords

DOI: 10.7365 / JHPOR.2015.2.4

How is an existing

medicine X and A R | .
treatment Y working . e AN ———————

in the health care - T e T

.
Lz Connection

® Database drivi -

Database URL jdbc:nebezza:fm

Authentication

system?

() Use credentials

I ‘ (@ Use username & password
G e W e ——— "

Querying Netezza (IBM
Pure Data) Store: Metrics,
Sentiment, Outcome...

Stuart Morton / Jeramy Brewster / Malika Mahoui



Research: Research IT:

Dave Evans Luke Bullard
Lewis Vidler Thomas Wilkin

David Thorner Nathan Roberts

Jason Ochoada
Christos Nicolau

Stuart Morton
Malika Mahoui

Beth Wright Jeramy Brewster
Gary Sharman
Sylvain Demanze Other API & System Owners:
Natalie Franklin Hongzhou Zhang
Steve Green Jim Hughes
Christos Nicolaou
James Rimell

... and the many other users and developers who broke things, fixed
things, and did neat things with KNIME



