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If a tree falls in a forest and no
one IS around to hear it, does it
make a sound?
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If you create a model and use it in
an experiment, and nobody can
access it (& repeat!), does it exist?
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Model
Path to the Emp€ald City

|. Community and culture
> Galvanize, incentivize, & educate
» Review, mandates, funding, expectations
» Governance, policy & procedures
» Work with existing practices to push boundaries

ll. Technology

> Ease effort to accelerate research

> Leverage for higher quality, new discovery
> Path of least resistance is “right one”
» Work with existing methods to push boundaries
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Technology: Workflow Systems

A place to do experiments

» Computational experiments (model + data + compute)
» Setup your own, or use one that is available

Accelerate your research

» Focus on research rather than the infrastructure
» Leverage shared data, models, & other resources
» Capture & document experiment (FAIR)
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Workflow System
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Workflow System

(1) Capture

Front-end User Interaction
o Create & edit workflow

o View & manipulate results
o User workspace
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Workflow System

(1) Capture (2) Engine

| Middle-End Management

“» o User interface
o Generate & dispatch
o Repository (database)
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Workflow System

(1) Capture (2) Engine (3) Workers

\

Hinmaunm
Hineunm
e unm
e unm

' Back-End Compute

o Model/simulation workers
o Compute servers
o Local, private HPC, cloud
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Workflow

Sequence of computational steps
> Directed acyclic graph (DAG)
» Nodes: Process (executes), data (input/output)
» Edges: data flow of one step to the next
» Operators: of the language (e.g., transformation)

By itself, workflow is a specification

» Realized: Program, script, visual language
» Represents experiment structure, data, steps
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Workflow Pattern: Process

e“g _AE
data model data
\-|
May be typed
Process
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Workflow Pattern: Pipeline

-«

<

W
n_) model  —> visualize _)\
\-|

2"d input Intermediary
parameters data
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Workflow Pattern: Pipeline

harmonize —> model ——> reduce —— visualize

Format Summarize

filter / ROI
volume

transform for
model
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Workflow Pattern: Fork & Join

mput_ 5 model 5 outpu_t
harmonize A harmonize
ensemble
mput_ E model 5 outpu.t
harmonize B harmonize Join
multi source

to one sink
Fork

One source
to multi sink

Format

same format
to combine
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Capture: How to Specify

o [ext

Specification
print.cwl

Data Input
print.cwl

Execution

Output

cwlVersion: cwl:draft-3
class: CommandLineTool
baseCommand: echo
inputs:

- id: message
type:string
inputBinding:

position: 1
outputs: []

message: Hello World Modelers!

Scwl-runner print.cwl mesg.yml
Hello World Modelers!

Credit: CWL 3.0 hello world example
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Capture: How to Specify

o000 exp100 [experiment] - OCCAM x

B & Secure https://occam.cs.pitt.edu/worksets/a9e6c084-b5bd-11e7-9e8d-000af7451cc2/experiments/b03cfb2e-bSbd-11e7-9¢cc1-00

o [ext
e Draw (visual) [EpSpssers

Edit Description

R Detis Fles Outpu

Select Object

Type DSMS ace-generator
Agsios2.0 TracerPin
or by
HMMSim
." select object - trace generator
bl TracerPin

Recently Used Objects

None

Editor

Drawing Workflow
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Capture: How to Specify

o [ext
e Draw (visual)
e Generate

Problem Size

Opftions

Yol tele
00006
e
o

O
O
Resources Generator O ’O ’O
O
O

elelelele

Configuration

Example generators:

1 Montage: Image stitching for astronomy

O CyberShake: Earthquake modeling for So. California
Q LIGO: Analyze gravitational waveforms
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Capture: How to Specify

o [ext

e Draw (visual)

e Generate
e Program

input_file <- "data/data.csv"
output_file <- "data/results.csv"”

# read input

input_data <- read.csv(input_file)

# get number of samples in data

sample_number <- nrow(input_data)

# generate results

results <- some_other_function(input_file, sample_number)
# write results

write.table(results, results_file)

Credit: SW Carpentry Programming with R
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Workflow Execution

Need to run (i.e., “conduct experiment”)
» Workflow (few steps to 100Ks of steps)
» Actual input and configuration values
» Resources (e.g., machines)

Workflow engine handles the “magic”
» Compute scheduling: dispatch processes to resources
» Data orchestration: input, intermediary, result
» Management: Monitoring, logging, error recovery
» Metadata for experiment, workflow preserved
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Workflow Execution (Simple)

Simple scheduling on non-distributed resources
Order imposed by workflow
Inputs and resource available to execute step
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Workflow Execution (Complex)
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4y figshare

» 0
P

\§
Data
VA
N sources : ‘

Data sources and sinks
Grouping computational steps & allocate resources
Failure and recovery
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Some Factors to Consider

e Science domain

e Interactivity (vs. generated)

e Scalability

e Resources (e.g., laptop vs. distributed cloud)
e Collaboration (e.g., workspaces, identifiers)
e Metadata & preservation
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Application Notable features

Galaxy Genomics Commons, HPC, repeatability
Pegasus General science Data-centric, scalability, community
Kepler Astronomy, others Derived embedded systems modeling
Traverna Biomedicine, others Workbench, provenance

VisTrails General science Provenance, visualization, exploration
CK Machine learning Packaging, comparison, auto-tuning
ReproZip Data science Record & replay for repeatability
Pachyderm General science Repeatability, provenance, commercial

CodeOcean General science Publication, editing & run, commercial
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OCCAM: Experiment System

e Workflows @

e Research life cycle @C &

e Contributory & collaborate ." @
a

e Preservation, provenance g <X ¢

e FAIR metadata @

é{; H @ python GitHub

Java e 33 Dropbox Q)git @
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Demo! #1

e Start of research lifecycle
» Creating, running & sharing an experiment
» Influenza model with FRED
» Visualize results

.MP4 |

Gen Model FRED Visualize

© 2018 BRUCE CHILDERS



() occam

( 142.4.212.185:9292

Login Signup
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() Childers - OCCAM X (3]

5 C ® 142.4.212.185:9292/people/89913¢c08-5b97-11e8-a919-4¢c72b9434eda or Q Y

Childers S

Childers

Collection

Add a New Object

® &9 workset name add

- tCStl O collaborators

Workspace
Experiments
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() test1 [workset] - OCCAM X 6

< C  ® Not Secure | 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4c72b9434eda/19c227b8e4f5ea7b1791be661389833774e5... @ W

WORKSET

A testl e

fork

oI Details  Files Output  History  Access

2. Authors 2+ Collaborators
@ username add @ username add
Directory 2
» fred NeW
Experiment
» fred2

Add a New Offject

experiment

Prior
Experiments
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() fred3 [experiment] - OCCAM X e

& C  ® 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4c72b9434eda/cdcdelcf2fc20e6ab0f6b47831d7e087517de7de/2?link=8 @ v

8 OCCAM Childers

test1

‘ EXPERIMENT
fredg bookmark

fork

Workflow

Canvas
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() fred3 [experiment] - OCCAM X 9

& C' @ Not Secure | 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4c72b9434eda/cdcdelcf2fc20e6ab0f6b47831d7e087517de... @ ¥

Contents Details Run Files Output History Access

Select Object

Type
simulator
Name
@ FRED
FRED simulation FRED result
Simulation Output
FRED simulation FRED result
Simulation Output simulator
. FRED
simulator

FRED

Workflow Templates

Recently Used Objects

None

Instantiated

FRED
(1 of 4)
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() fred3 [experiment] - OCCAM X e

5 C @ Not Secure  142.4.212.185:9292/94f48412-5bdb-11e8-a324-4c72b9434eda/cdcdelcf2fc20e6ab0f6b47831d7e087517de7de/... W

Contents Details Run Files Output History Access

FRED simulation FRED result

Simulation Output

simulator
FRED
FRED simulation FRED result
Simulation Output
simulator
FRED

FRED simulation FRED result =

Simulation Qutput |nStantlat9d

simulator FREDs

FRED
(4 of 4)
FRED simulation FRED result
Simulation Qutput
simulator
FRED
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() fred3 [experiment] - OCCAM X

e

& C @ Not Secure  142.4.212.185:9292/94f48412-5bdb-11e8-a324-4c72b9434eda/cdcdelcf2fc20e6ab0f6b47831d7e087517de7de/... W

IIHHIHHHI Contents Details Run Files Output History Access

Select Object

Type

simulation

Name

& vaccine

FRED simulation
Simulation Params

simulation
vaccine

Workflow Templates
Recently Used Objects

None

FRED simulation FRED simulation FRED result
Simulation Params Simulation Output
simulator
FRED
FRED simulation
Simulation ParamsFRED simulation
Simulation
simulation
vaccine simulator
FRED

RED simulation FRED result
Simulation Qutput

Model

Generator
(config)

FRED

FRED result
Qutput

FRED result
Qutput
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() fred3 [experiment] - OCCAM X

C @ Not Secure | 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4c72b9434eda/cdcdelcf2fc20e6ab0f6b47831d7e087517de...

simulation
vaccine

simulation
vaccine

FRED simulation FRED simulation FRED result
Simulation Params ~ Simulation Output
simulator
[ ) FRED
I
FRED simulation
Simulation ParamsFRED simulation
. . Simulation
simulation
vaccine simulator
FRED-simulation—— FRED
Simulation Params ;
FRED simulation FRED result
Simulation Output
simulator
FRED
I A i
FRED simulation FRED simulation
Simulation Params  Simulation
simulation simulator
vaccine FRED
A\ y \

Visualization

(video gen)

FRED result
Output

FRED result

Nagb:East |
NpRi West
JuEsEast

South-West

application
FRED Movi...

FRED result
Output

e

Q ¥

video

Stitched Vic
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() fred3 [experiment] - OCCAM X e

5 C ® 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4¢c72b9434eda/6fd72ebb1f0582613afabfb5e1b3bb9c2ad0b2f7/2?link=8 Q W
_va;:c_mé simulator
FRED simulation FRED FRED result
Simulation Par jorth-E
LS FRED Simulation FRED result ’\FBE‘S resauﬁ; video
slmlation Simulation Qutput Ne&%‘ﬁé’&i Stitched Video

. A = preélit application
Configuring ZEaEEGvss

RED si | Model
skudation Generator

vaccine

Configuration

vaccine
Simulation  Vaccine Vaccine Events Household
e Confinement -
Influenza model
State - Infected and Symptomatic
Visualize v

Probability of household confinement
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() fred3 [experiment] - OCCAM X

C ® 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4c72b9434eda/6fd72ebb1f0582613afabfb5e1b3bb9c2ad0b2f7/2?link=8 Q %

Simulation Vaccine Influenza Vaccine Events

Vaccines become available

Vaccines become available

Start of event

Candidates

End of event Vaccinated
Maximum number of events
Percentage of candidates vaccinated
Center latitude of circle of exposure
Center longitude of circle of exposure
Radius of exposure (km)

Fips code of affected region (zero - disabled).
Minimum age

Maximum age

10

10

999
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() fred3 [experiment] - OCCAM X 9

< C  ® 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4¢c72b9434eda/6fd72ebb1f0582613afabfb5e1b3bb9c2ad0b2f7/2/run?lin... @ ¥

f re d 3 bookmark

fork

Workflow Contents Details m Files Output History Access

PR

Run
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() fred3 [experiment] - OCCAM X

e

< C  ® 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4¢c72b9434eda/6fd72ebb1f0582613afabfb5e1b3bb9c2ad0b2f7/2/run?lin... @ ¥

Workflow Contents Details m Files Output History Access

vaccine

vaccine

Progress

Simulatidn Tere

vaccine

FRED simulation
Simulation Par]

simulator
FRED

FRED simulation

Next
(2 workers)

FRED simulation

Simulation ParamsFRED simulation
Simulation

e «e May21,2018 11:08

FRED result
Output

simul:
FRE

FRED result
Output

FRED simulation
Simulation Params Simulation

© 2018 BRUCE CHILDERS



e o () fred3 [experiment] - OCCAM x ()

< C © 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4¢c72b9434eda/6fd72ebb1f0582613afabfb5e1b3bb9c2ad0b2f7/2/run?lin... & v

- - - - (53 °11] U LU -

O Queue

«o® May21, 2018 11:08

FRED simulation FRED simulation FRED result
Simulation Params Simulation Output

vaccine FRED

FRED simulation
Simulation ParamsFRED simulation

vaccine
FRED simulation
Simulation Params
FRED simulation
. Simulation
vaccine
simulator
FRED

FRED simulation FRED simulation
Simulation Params  Simulation
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() fred3 [experiment] - OCCAM X

C  ® 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4c72b9434eda/6fd72ebb1f0582613afabfb5e1b3bb9c2ad0b2f7/2/run?lin... @& ¥

O Queue

vaccine

vaccine

May 21, 2018 11:08
FRED simulation FRED simulation FRED result
Simulation Params Simulation Output
FRED
FRED simulation
Simulation ParamsFRED simulation Com o] leted!
Simulation
vaccine
FRED simulation FRE
Simulation Params
FRED simulation FRED result
Simulation Output
FRED
FRED simulation FRED simulation

vaccine

Simulation Params

Simulation

FRE
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() fred3 [experiment] - OCCAM X e

< C  ® 142.4.212.185:9292/94f48412-5bdb-11e8-a324-4c72b9434eda/6fd72ebb1f0582613afabfb5e1b3bb9c2ad0b2f7/2/output?link... W

f re d 3 bookmark

fork

Workflow Contents Details Run Files JeTGII@ History Access

¢ Preview H m

s FRED simulation FRED simulation . FRED sirpulation
e Simulation Params Simulation Params g Simulation Params
& FRED simulation s FRED FRED result

W Simulation Params R Outp Output

#. FRED result s FRED result video ]

W Output W Output StitchedVideo
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() Stitched Video [video] - OCC/ x e

@ 142.4.212.185:929: 'f29ee-5ce0-11e8-a603-4c72b9434eda/9c7c4aa26a59193862d391¢c46¢c0ce9c1302759¢c6 W

Alleghney
\ County
(1 of 4)
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Summary

Workflow systems!

» Accelerate research progress
» Leverage models, data, experiments
» Collaboration for modeling

Part of solution to “reproducibility crisis”

Collaboration, sharing, metadata as well
Community and culture are equally important
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