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Forward-Looking Statements

During the course of this presentation, we may make forward-looking statements regarding future events or
the expected performance of the company. We caution you that such statements reflect our current
expectations and estimates based on factors currently known to us and that actual events or results could
differ materially. For important factors that may cause actual results to differ from those contained in our
forward-looking statements, please review our filings with the SEC.

The forward-looking statements made in this presentation are being made as of the time and date of its live
presentation. If reviewed after its live presentation, this presentation may not contain current or accurate
information. We do not assume any obligation to update any forward looking statements we may make. In
addition, any information about our roadmap outlines our general product direction and is subject to change
at any time without notice. It is for informational purposes only and shall not be incorporated into any contract
or other commitment. Splunk undertakes no obligation either to develop the features or functionality
described or to include any such feature or functionality in a future release.

Splunk, Splunk>, Listen to Your Data, The Engine for Machine Data, Splunk Cloud, Splunk Light and SPL are trademarks and registered trademarks of Splunk Inc. in
the United States and other countries. All other brand names, product names, or trademarks belong to their respective owners. © 2017 Splunk Inc. All rights reserved.
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Overview
What we'll be talking about

» About Recursion

* Mission: Accelerate Drug Discovery

* Process: Robotics, Deep Learning, Al
» Challenges of rapid growth

* Scaling and improving existing processes

* Implementing new procedures and automation
» How Splunk helps

* ETL

* Manufacturing Metrics Tracking
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August Allen

» Work Experience
* Joined Recursion in June 2016
* Johnson and Johnson Co-op 2015
* Bristol Myers-Squibb Co-op 2013
» Splunk
* Dec 2016-Present

» Education
* Rochester Institute of Technology
* B.S. in Biomedical Engineering
» Recreation
* Soccer, snowboarding, biking

* Co-host podcast on space exploration

() nttps://www.linkedin.com/in/august-allen-a8239841
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Ben Miller

» Work:
* Recursion: Director of High Throughput Science
* Myriad Genetics
* Velocity11
* GlycoFi
» Splunk:
* Dec 2014-Present

* 2016 Innovation award

» School:
* Dartmouth College: MS Genetic Engineering
* BA Engineering

» Fun:
* Biking, Skiing, Hiking, Climbing

@ linkedin.com/in/bentonjmiller
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Recursion
Pharmaceuticals

o Our Mission and Process
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Our Mission
Reverse Eroom’s Law of Drug Development

FDA tightens
regulation
post-thalidomide

: ' FDA clears backlog
following PDUFA

regulations plus small
bolus of HIV drugs

First wave of
biotechnology-
derived therapies

Number of drugs per billion US$ R&D spending*

0.1
1950

T T T T T T
1960 1970 1980 1990 2000 2010
Scannell, et al. Diagnosing the decline in pharmaceutical R&D efficiency. Nature Reviews Drug Discovery, 2012 .
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Recursion Technology

Turning cell biology into a facial recognition problem

Healthy child Healthy cells

Child with rare Genetic disease

genetic disease model cells
(Cornelia de Lange Syndrome) (Cornelia de Lange Syndrome)
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Artificial Intelligence In Drug Discovery

Automated high-dimensional feature extraction

Biological tools Computer vision and
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Generating Massive Data Sets

Automated biology leveraging advanced robotics
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SHORT TERM

RARE GENETIC
DISEASE

100+ genetic
disease treatments
in 10 years

Our Vision

INTERMEDIATE TERM

EXPAND
FOCUS

Disrupt drug discovery
across new disease areas
and new applications

© 2017 SPLUNK INC.

VISION

SYSTEMS
BIOLOGY

Leverage technology to
build a map of human
biology
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Recursion
Pharmaceuticals

X Challenges of Rapid Growth and the Evolution of a
6 Splunk implementation
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OCt 2016: » 34 Plates per week max

P| atform 10 » Limited instrumentation
» Manual labor splunk> m



Laboratory Information Management
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Acoustic Transfers Over Time (1,366,340)

index="instrument_logs" host=echo* sourcetype=echo_transfer_xml All time v Q
timechart count “"transfers"
v 1,366,340 events (before 8/5/17 12:16:53.000 AM)  No Event Sampling v Job v » & 4 B Verbose Mode v
Events (1,366,340) Patterns Statistics (11) Visualization
# Line Chart v ZFormat v
350,000
311,818

300,000

250,000
200,000
4
&
]
c
o
~ 150,000 — transfers
100,000
50,000
9290
October December February April June August
2016 2017

_time



[0 Barcodes Processed by Echo all time

index="instrument_logs" host=echo* sourcetype=echo_transfer_xml
| eval barcode ='record.DestPlateBarcode’
| timechart dc(barcode)

v 1,366,340 events (before 8/5/17 12:15:47.000 AM)  No Event Sampling v

Events (1,366,340) Patterns Statistics (11) Visualization

4 Line Chart v ZFormat v

1,000
800

600

dc(barcode)

400

20 -

October December
2016

February
2017

time

April

June

Job v

820

Save SaveAsv View Close

Alltime~  Q

n m » & % B Verbose Mode v

— dc(barcode)

August
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April 2017:
Platform 1.5

» 100 Plates per week max

» Multiple instruments allow parallel processing
» Manual processes streamlined
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Drug Reports

Laboratory Information Management

@ Image Analysis

TIFF
100,000's

@

. (= ] Acoustic (= ] Acoustic
— ) Dispenser —_J Dispenser

CSV, XML

Jj 2] System Scheduler #3

logs

|! . [= ] Microscope . (= ] Microscope . [ ] Microscope

logs
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Acoustic Transfers Performed Over Time By Machine

Q. New Search SaveAsv  Close

index="instrument_logs" host=echo* sourcetype=echo_transfer_xml All time v Q
| timechart count as “"transfers" by host

v 1,366,340 events (before 8/5/17 12:05:49.000 AM)  No Event Sampling v Jobv I ®m » & L B Verbose Mode v

Events (1,366,340) Patterns Statistics (11) Visualization

& Area Chart v ZFormat v

350,000
300,000

250,000

" 200,000
S
c
g M Echo-02
150,000 I Echo-03
I echo-01

100,000

50,000
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2016 2017




© 2017 SPLUNK INC.

CERPRAe o

] &5 —
v B ‘y ’-‘ - “.. ..'
. S EA

J UIy 2017: » 165 Plates per week Max

P|atform 20 » Instrumentation re-allocated
» Processes automated splunk‘> m



Drug Reports

Laboratory Information Management

Q Image Analysis

TIFF
100,000's

@ 2] System Scheduler #1 L2\
> | System

logs _ @

5

CSV

EI! System Scheduler #2 %
logs

:
— — | —_) Dispenser —_J Dispenser

CSV, XML

E|! System Scheduler #3 g%
logs
E

logs
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Dispenser QC

Volume chart with outhers

- vl
Estimated well volumes (uL) - NOTE: PLATE IS INVEATED, A1=P24
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~ wo ne Y »: Jlll oo |04 o ne new ne ne na ns 0A na xes ne 06 ve e ne AR en

nn T nu ne NN e " ___ ne I3 s X o £
well = Al, 977 = 0.2308, 900 = 0.0620, path = 0.9378, vol = 69.47, : '~ " in& «=Inetnsne ! ns ~» [ ne ns EENEEEITEETTEE -

nw

O8138:34.9249 TRACE Disgnostic - well = BI, 977 = 0.2350, 900 = 9.0620, path = 0.9¢ 9, rescurce = Combi dispenser = E)6-19445N, cassette = §32057409
PRAINISA.024Y INTO DUageostio = wall = CTl, 977 = 0.2002, %0 = 0.0812, pa» » I, wol = 89,55, rescurce = Conlbl_02, dispetser = SJ-I04EN, cassatte = B)295740Y
SRIRINA. N0 TRACE Diagnastie ~ we - Cl, "7 = 2.200%, W0 » S12, path = 0.908%, wol = 45,55, resource = Combi 02, dlspensar = B)E-D048n, cassette = 102057400
INFO Dlagsostic - well = DI, 977 = 0.2348, 930 = 0.062%, path = 2.9600, vol = 71.11, rescurce = Combi 02, dispesser = 0)6-IP44SN, . = 02037639
tie « wall = DI, 977 = 0.2048, Y00 » 420, path = 0.9400, vol = ¢ dispenser = B)E-04MN, o = 132057400
10 = well = El, 977 = 0,2)3), 990 = 0.0630, path = 0.9461, vol = 70.08, rescurce = Conbl_02, dispesser = $16-)9448N, cassette = $)2957609
SHIIRISE.ITHD TRACE Diagnostie - well = Bi, 977 = 0,233, 908 = path = 0.9461, vol = 70,04, rescurce = Combi 02, dispenser = B)6-)9448N, cassette = #1I057409
SH138:56.9740 INFO Slagnoets 11 = F1, 977 = 0.2317, 900 = tte = 812057629
CR130:34.9%910 TRACE Diag tie « wall = Fi, 977 = 0.2317, 200 = 0.0604, path = 0.9517, wol = 70.49, = 132057400
138154,9900 INPO Dlagee well = Gl, 977 = 0,2269, 990 = 0.0601, panh = seatte = B)2957609
130157.0071 TRACE Disgnestie -~ well = G3, 977 = 0.2240, 902 = 1, path = 0.9217, wol = 68,27, resource = Combi
08338:37.0071 INFO Dlagnostic - well = El, 977 = 0.2317, $00 = 0.0392, path = 2.938), vol = 70.99, rescurce = Comdbi 02, dispezser = 8)6-I944SN, c
08:38:37.0201 TRACE Disgnostic - well = NI, 977 = 0.2317, 900 = . dlspenser = B3E-1044SN, ©

ot

source = Combi

08:38:34.9%79
L AR LS

604, pathk = 9.9317, wol = 70.49, rescurce = Combi 02, dispezser = §16-IP44SM, ca
dispenser = BIE-I9448N, ©
dispesser = 834-39448N,
dlopenser = BE-DI044EN, cassette = 132057400
ette = 812937629
sette = §32037409

source = Combi

9217, wol = $4.27, rescurce = Combl_02

9392, path = 0.938), wvol = 70.99, rescurce = Combi
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[) Barcodes Processed by Host all time Save  SaveAsv  View Close

index="instrument_logs" barcode=* experiment_id=* All time v Q
| eval barcode =coalesce('record.DestPlateBarcode', barcode)
| timechart dc(barcode) by hostl

+ 1,378,841 events (before 8/5/17 12:29:10.000 AM)  No Event Sampling v Jobv 1l m » & 4 8 Verbose Mode v

Events (1,378,841) Pattems  Statistics(11) ~  Visualization

4 Area Chart v ZFormat v
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2,000
Il CELLARIO-3-MC699
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1,000
500
October December February April June August
2016 2017

_time
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[ Cellario Errors Over TIme Save  SaveAsv View Close

index="instrument_logs" host=cellario* log_level="ERROR" All time v Q
| timechart countl ’

+ 27,976 events (before 8/5/17 1:20:21.000 AM)  No Event Sampling v Jobv 11 m ~» & I B Verbose Mode v

Events (27,976) Patterns Statistics (8) Visualization

# Line Chart v ZFormat v

7,000

6,000

5,000

4,000

count

3,000 — count

2,000

1,000

January March May July
2017

_time
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Workstation Usage Edt || Export v
v0.2

experiment_id
[ Last 30 days v J . Hide Filters

Summary Stats by Workstation:

host © total_plate_orders - total_duration_hr ° uptime_percent ° experiments © orders © average_plates_per_hour ° average_minutes_per_plate °
1 CELLARIO-3-MC699 691 11+19:11:11.3238 3863918490 14 23 2.4400882516 24.589274573
2 Cellario-1-MC684 1435 3+01:10:18.8534 9.983890224 24 30 19.61135254 3.059452420
3 Cellario-2-MC698 1457 4402:33:35.3197 13.44792583 35 34 1478290172 4058743076

All Time:

Distinct count of barcodes by host per hour:

75

: e e b ML hL _....mthM

_time
I CELLARIO-3-MC699 M Cellario-1-MC684 M Cellario-2-MC698

Timeline view of Cellario orders by workstation:

03/01/2017 04/01/2017 05/01/2017 06/01/2017 07/01/2017 08/01/2017

cecavo-3-mcess... || INIES (FIMEICHION 0 (1 /B | DOCHEmE 0 (0 i@ 0 1 /I OO/ eS et =0 'n p
Cellario-1-MC684... | SO/ LU I (I B LI TIE T LI
Cellario-2-MC698... AU U {1 | | || | 1| I M



[) Echo Exceptions over time Save  SaveAsv View Close

index="instrument_logs" sourcetype="echo_transfer_xml" “"record.XferStatus"!="Duplicate*" All time v Q
| timechart count

~ 88,090 events (before 8/5/17 1:24:00.000 AM)  No Event Sampling v Jobv 11 m » & L B Verbose Mode v

Events (88,090) Patterns Statistics (11) Visualization

4 Line Chart v /Format v

22,500
20,000
17,500

15,000

12,500

10,000 - count

— values(record.XferStatus)

5,000

2,500

October December February April June August
2016 2017

_time

splunk> EETFTD




Echo Exceptions, Transfers, And Error Rate Over Time

Save As Close
.New Search Save As v
index="instrument_logs" sourcetype="echo_transfer_xml" All time v Q
eval status ‘record.XferStatus', vol ‘record.ActualVol’
eval status if(match(status, "Duplicate.*"), null(),status)
eval status = if(vol>0 isnull(status) ,"Transfer"”,K "Exception")
timechart count status
eval percent_failure 100*Exception/Transfer
v 1,366,340 events (before 8/6/17 7:23:48.000 PM)  No Event S: ng v Job v » & 4 8 Verbose Mode v
Events (1,366,340) Patterns Statistics (11) Visualization
al Column Chart v ZFormat v
450,000 18
400,000 16
350,000 14
300,000 12
250,000 10
200,000 8
150,000 6
100,000 4
50,000 2
R e e — — e [—
October December February Apri June August
2016 2017
time

I Exception Transfer — percent_failure

ainrej uadad



Drug Reports

Laboratory Information Management

______

______

Metrics

S Image Analysis

TIFF
100,000's

System Scheduler #1 %

Fluorimeter
—

System Scheduler #2

Fluorimeter Acoustic Acoustic
— | —_) Dispenser —_J Dispenser

System Scheduler #3

Q
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Microscope Microscope Microscope
= — | —
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Raw Data

avg_channell_intensity +

25808.1469727

21852.8208008

20721.7006836

19697.0734863

19629.8933105

avg_channel2_intensity

12194.8449707

10148.588623

13160.0712891

12475.0661621

11648.0418701

Stain Intensity

avg_channel3_intensity

19789.0744629

18187.9821777

18416.5869141

16913.873291

19421.2907715

avg_channel4_intensity

16661.4907227

13255.1413574

14442.5844727

13995.5244141

11859.1444092

avg_channel5_intensity

28730.1542969

32997.8261719

25518.8139648

20908.534668

18833.6164551

© 2017 SPLUNK INC.

avg_channel6_intensity

249499677734

23067.0234375

22767.4267578

22823.34375

20804.0861816

barcode

mSBXhh

XK4smS

cGELoq

LPSf2G

vkNcjq

cell_type disease_reagent
U20S s27484

U20S $29290

U20s s195324

U20S 18292

U20S $533397
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Stain Intensity Principle Component

| foreach *_intensity [ eval norm_<<MATCHSTR>> = <<FIELD>> / n_cells]
| fit StandardScaler norm_*
| fit PCA SS_* k=1

| stats avg(metric) as average max(_time) as _time by barcode

PC_1 by barcode over time

3
2

1

average
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Stain Score

stain_inconsistency_score by last event time

1
v
S 0.75 f '
2 | !
5 \ | | l l“ | & )
£ LM I Y | |
& 05 ‘-‘ [/ T #' ‘1\‘Jl [ ! h i
g “ \‘ ‘ | [ ‘ | | ‘ ‘ I | ‘ ‘ v staln_lnconststency_score
£ | | ' [ | :
£ 0.25 M [ ] 1B ‘ NIl L 1 A | oA
- ‘ Al | | 1 ‘ ‘ | ! " "' ' "‘ | ‘e AALY A A [l ) ‘h. A U

experiment_plate_name

dbxquery query="select wm.*, e.execution_date from metrics.well_metrics AS wm INNER JOIN design.experiments AS e ON wm.experiment_id = e.experiment_id where wm.barcode IS NOT null and e.execution_date > now

splunk> m
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Plate Flathess

| table _time well fine_position site axotrace_barcode acquisition_name host
| streamstats last(acquisition_name) as acquisition_name last(well) as well last(site) as site by host global=false

———— .
| r‘/// - Plate Flatness e
. . s o
| Iteration, 0, Fine Position, 0, 0.00, - B o
: : : : Last T v 0 L] o - Moy o o et S Aoy
l Iteration, 0, Fine Position, 1, 10270.64, - - e -
Site Elapsed Time: 1" Plate Flatness: vertical axis is distance from Autofocus laser in microns. Horizontal Axes are well site positions laid out spatially
L : : : o : : 0, Fine Posit
:f’Iteration, 0, Fine Position, 0, 0.00, 2:“1”“‘
t) | Time: 1”
71 Tteration, 0, Fine Position, 1, 10269.92, 0 Fise rosi
17:) 0, Fine Posit
‘"1 Site Elapsed Time: 2" | Times 2°
171] 0, Fine Posit
1711/71406.9 U3DZY4YSU1l, LAF Faraneters, Hesult, Kesult, Fine rounda, surrace, U, iteration, O, Fine Posit
171 - .
3: 0, Iteration, 0, Fine Position, 0, 0.00, (/==
' 0, Iteration, 0, Fine Position, 1, 10269.98, ¢
Site Elapsed Time: 3"
0, Iteration, 0, Fine Position, 1, 10268.80, ¢
N N Summary Table
Site Elapsed Time: 4"
e narme bascode | rumber o LAF messuements - wells S meanaes e well frw postion o - average e pos widev fre pos | min feepos | man fee pos nge fee.pos
‘\Oo.wdwdl gl 130¢ e anen 200083219 11298 0082 RS ) nnes Nz e

Well Elapsed Time: BO07"
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What’s Next:

» More functionality » More Data
* Alerts with Slack integration * Inventory control
* Scheduled Reports * Protocol changes
» More Metrics: * Application performance
* Define control limits » More automation
* By Experiment * Integrating reports to schedule
- By Well workloads

* Using alerts for automation

» More connections control

* Incubation timing
* Environmental monitoring
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Don't forget to rate this session in the
.conf2017 mobile app
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