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Information Lifecycle Management: the Gold Old Days
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New Demand of Reproducible Research

"We need a paradigm that makes it simple [...] to

perform and publish reproducible

computational research. [...] A Reproducible nature
Research Environment (RRE) [...] provides
computational tools together with the ability to
automatically track the provenance of data, I"uminating the black box
ﬂnal}-'ses, and results and to package them (or
pointers to persistent versions of them) for

www.nature.com/nature Vol 442 | Issue no. TO9E | & July 2006

Mote to biologists: submissions to Nature should contain complete
descriptions of materials and reagents used.

" " ]
redistribution."

- ]11]_ Mesirowv, Chief Informatics Officer of the and thowght- provoking, bul reproducible and aseful. [n order  would jeopardize s radson dBrre. This kind of stalernate matters,

to do this, novel matertals and reagents need to be carefully  because it prevenis the replication of experiments and inhihits the

}fﬂT,f Harvard Broad II'lStlh:l.i'E, A% SCIE'I‘LCE", ]mmr}r described and sradily available tomterested sclentisis. selection of appropriate controls in sabsequent work.
2010 That might seem obvious. But despite the efforts of our editors Some authors caim replication is possible without full sequence
and referees, papers in the biologizal sciences are still being submit-  informatbon or the details of novel compounds. They say that the

Thn.]uuu'.al.‘:u:’ls'.u publish papers that are notonly interesting established dido’twant the author io reveal the sequences, as this

prachice, wed

[lustrates the need for “Somearin
provenance for
reproducibility and i s

verification of processes rewp—— Science

Timeas: Home - Sie Index - Archive - Help

COMPUTER SCIENCE

As use of compulation In ieeaich grovs,

Accessible Reproducible Research ey i

fepartiig, and reproducthon of mesvods
and dala,

Nobel Laureate Retracts Two Papers Unrelated to Her Pri:

By KENNETH CHANG
Putlished: Septemiber 23, 2010

Linda B. Buek, who shared a 2004 Nobel Prize in Physiclogy or Medicine, apolopgized for

W3C Provenance XG http:/ /www.w3.org/2005/ Incubator/ prov/wiki ovember 30, 8
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3 NYSDS - MPO




FEB 28 2013 THE NEW OSTP POLICY & WHAT IT MEANS
4 COMMENTS

BY CDLUC3  broader access to federally funded research. | was curious as to whether this policy had any teeth,

Last week, the White House Office of Science and Technology Policy (OSTF) responded to calls for

so | actually read the official memorandum. Here | summarize and have a few thoughts.
DATA SHARING, OPEN ACCESS

ETC.  The overall theme of the document is best represented by this phrase:

cdlib.org

...wider availability of peer-reviewed publications and scientific data in
digital formats will create innovative economic markets for services
related to curation, preservation, analysis, and visualization.

Funding

A q e n C | eS OSTP must have fielded early concerns from journal publishers, because several times in the

memo there were sentiments like this:

Demand

er 'O d UCI b I e The Administration also recognizes that publishers provide valuable

services, including the coordination of peer review, that are essential
Qes earc h for ensuring the high quality and integrity of many scholarly
publications. It is critical that these services continue to be made
available.

ceee| B DIH=D  [5ad
) NATIONAL FUSION FACILITY I:,

4 NYSDS - MPO


https://datapub.cdlib.org/2013/02/28/the-new-ostp-policy-what-it-means/
http://www.gpo.gov/fdsys/pkg/FR-2014-07-29/pdf/2014-17761.pdf
http://www.gpo.gov/fdsys/pkg/FR-2014-07-29/pdf/2014-17761.pdf
http://www.gpo.gov/fdsys/pkg/FR-2014-07-29/pdf/2014-17761.pdf
http://www.gpo.gov/fdsys/pkg/FR-2014-07-29/pdf/2014-17761.pdf
http://www.gpo.gov/fdsys/pkg/FR-2014-07-29/pdf/2014-17761.pdf

Example 1: Earth System Grid Forum (ESGF)

 The Earth System Grid Federation (ESGF) develops the
software infrastructure for global climate research community

« ESGF has a distributed and federated architecture

« Participating agencies: IPCC, DOE, NOAA, NASA, NSF
« Data size: CMIP5 10PB

NYSDS - MPO


https://books.google.com/books?hl=en&lr=&id=9rTMBQAAQBAJ&oi=fnd&pg=PA121&dq=ESGF+Williams&ots=8SseMbadfv&sig=EainP0uZs2mhkUCRX6mJyaeOWLQ#v=onepage&q&f=false

Example 2. HEP Experiment Data Analysis

Analysis Framework Grid Collector Servers Remote Storage Systems
Event Catalog  wu. etal 2005

e L CERN:Qutside Resource Ratio ~1:2
= [T ~PByte/sec Tier0:(Z Tier1):(= Tier2)  ~1:1:1 Levels of HEP data

Online System
|‘, Sy | < GBytes/sec Tag S 1 KB

Experiment

Analysis Object 100 KB

~10 Gbits/sec

Tier 1

Event Summary 1 MB
Tier 0: DAQ, reconstruction, archive RAW DATA 5MB

n
[$)]
e ;
T e
®n

S Tier 1: Reconstruction, simulation,
Physies data cache /| 4 archive, mining and (arge scale) analysis
: P __j O Tier 2+: Analysis, simulation
I Workstations S diom. Tier 3+: Interactive analysis NYSDS - MPO



http://escholarship.org/uc/item/8xc4m8r7.pdf

Information Lifecycle Management

* Policy

— Storage and processing policy, business objectives,
compliance with regulations

« Operations

— Storing and retrieving data records, archiving,
backup, recovery, retention, ...

* Infrastructure
— Data centers, security, protection

Sy
coecec| 0 DI~
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Metadata and Provenance Capturing

« Approach: automated vs manual
« Level of detail: application, user program, system library
* Objects: data granularity, process

 Integration: how and when to fuse information collected from
different locations/systems

« Example system with extensive metadata capturing:
— Condor: Reilly & Naughton, 2009
— Kepler: Altintas et al, 2006
— FireWorks: Jain, et al, 2015
— ESGF: Williams et al, 2012

Sy
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http://static.usenix.org/legacy/events/tapp09/tech/full_papers/reilly/reilly_html/
http://download.springer.com/static/pdf/55/chp:10.1007/11890850_14.pdf?originUrl=http://link.springer.com/chapter/10.1007/11890850_14&token2=exp=1471226531~acl=/static/pdf/55/chp:10.1007/11890850_14.pdf?originUrl=http://link.springer.com/chapter/10.1007/11890850_14*~hmac=cbb02d2544848f5a951a7cf3afcfea20d5528a0cc633f654ddd5e1881b350d45
http://onlinelibrary.wiley.com/doi/10.1002/cpe.3505/full
https://books.google.com/books?hl=en&lr=&id=9rTMBQAAQBAJ&oi=fnd&pg=PA121&dq=ESGF+Williams&ots=8SseMbadfv&sig=EainP0uZs2mhkUCRX6mJyaeOWLQ#v=onepage&q&f=false

MPO Objectives: Document Scientific Workflow

* Provenance: Preserve meaning of data by documenting all of
the steps taken to produce the data

— Capture both data and process — automate as much as
possible

— Support more systematic management of analysis and
simulation data

* Provide and preserve answers to two key questions:

— Where did a particular piece of data come from?

« Assumptions, inputs, parameters used for calculation

» The origin of inputs; reasons for assumptions & parameters
— Where was this data used?

 Other calculations

« Publication or presentation

 Contributions to databases

]
ceceeet| 0 DE=D
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Use Cases

« How did I get the data plotted in Fig.6 of my 2014 Phys.
Plasmas article?
« A calibration error was found in Thomson Scattering data
taken during 2011 - the data has now been recalculated.
— Where was the old data used?
— What publications used that data?
— Did we contribute that data to an international database?

« Arecently graduated PhD student left behind output from
thousands of gyrokinetic simulations
— Which of these were used in her thesis?
— Which might be useful in the future?
— What were the inputs and parameters used in the interesting

runs?

- )
A
oo W DI=-D
B NATIONAL FUSION FACILITY
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Capabilities of the MPO system

« Support all types of the scientific workflow — both
experimental and computational

— Typically involves processing of raw data, with small or large
codes whose output requires processing as well

« Allow users to record as much or as little info as they need
* Function in a heterogeneous environment and interoperate
with workflow tools people are already using

— Researchers use many different languages (Shell scripts,
Python, IDL, Matlab, etc.) and tools to get their work done

— Many different computing platforms — laptop to supercomputer
— Data is stored in different formats (MDSplus, HDF5, ASCII)

— It would be futile to insist that researchers change all of that to
get the benefits that we propose

* Once set up, needs to work as automatically as possible
. — Best suited for scripted rather than one-time use

A
recceerc| |

, Dil-p
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The MPO System is Based on a Multi-Tier
Software Architecture

Native | qummmm Multicast Event
Application Server
Client
API Routes I
Web ! i >
B owsal Interactive API
Client l Ul ' g Server €» Database
Web Server API
URLs Routes L »
. = \
ceeced] B DI~ID
LA DS [( . e




Basic Components of the MPO System

« Database
— Captures metadata, location of data & all processing steps

e API| server
— Mediates all communication with database
— Uniform language-independent interface for clients

 Interactive Ul Server
— Provides interactive interface to discover and explore workflows
— Allows users to enter new comments about any object

* Event Server
— Enables automatic updates of workflow information

 Clients
— Instrument MPO calls

A
e I DS [
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MPO System Entities and Data Model

Data Object: Description of a data
Including a pointer URI (Uniform
Resource ldentifier)

. Any process that creates,
moves or transmutes data from one
form to another

Workflow: A series of connected Nz:256
Data Objects and Activities, which can{ C— }
be organized as a Directed Acyclic
Graph (DAG)

Connection: Internal data model to
represent DAGS.

Metadata: Text-based, arbitrary MonteCarlo
name-value pairs

Comment: User annotation as
unstructured text

Collection: Simple lists of Data
Objects, Collections, Workflows

— A
pHED |(fire

A regression
test for a new
code release.

14 NYSDS - MPO



MPO Objects Are Uniquely Identified

e Each MPO object is given a global unique numerical identifier
- UID (GUID/UUID) - Universally Unique ID (we use UUID v.4)
- 128 bit, pseudo random numbers ~103 possible values
- Example: 08d2f5db-97d8-49¢9-bd99-85303b079e2

 Data objects are also given a URI (Uniform Resource Identifier)
- The URI is the pointer to the data object - implies a persistent storage.
- URlincludes the data protocol name and the path to the data.
- Examples: mdsplus:///magnetics/550335&path=\magnetics::ip, file://host.edu/path/toffile.h5

« Workflows also can be identified by composite ID that is easy to
remember (as opposed to UIDs)

- Examples: doej/EFIT/52, smitha/OMFIT/1002

» Searching is enhanced by defining a “controlled vocabulary”
- User-defined, hierarchical ontology

— A
’% DINn-D e

BERKELEY LaAB
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MPO and Persistent Data Store

« Underlying model is an assumption that data objects will be
maintained

— If the underlying data are allowed to change in untracked ways,
the descriptions and provenance are corrupted

— Data can be moved to a new location or converted to a new
format — as long as this is written down into MPQO database
— MPO does not dictate the implementation of the persistent store
« Data objects can be a reference to a user’ s file system
« Data objects can be a description of how to retrieve the item from
a database or record store or file
« A set of methods is available to manage data in a persistent
store in a manner consistent with maintaining the integrity of
MPQO database

]
ceceeet| 0 DE=D
o NATIONAL FUSION FACILITY D s [ (
BERK E
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Extract Provenance from Recorded Metadata

« MPO records
Information about
parent/child relationship

* Provenance information
IS extracted from the
lineage information

cecen) ‘iﬁ‘ DIII-D

NATIONAL FUSION FACILITY D s [(
BERKELEY LaAB

def getTreePath(bottom, top):

# get a connection, if a connect cannot be
made an exception will be raised here conn =
mypool.connect()

cursor =
conn.cursor(cursor_factory=psyext.RealDictCur
sor)

cursor.execute("with recursive
tree_depth(child_guid,parent_guid,path) as
(select
child_guid,parent_guid,child_guid||'.'||parent
_guid as path from workflow_connectivity
where child_guid=%s union all select
td.child_guid, c.parent_guid, td.path ||
c.parent_guid || ." as path from
workflow_connectivity as c join tree_depth
as td on c.child_guid=td.parent_guid) select
path from tree_depth where
parent_guid=top",(bottom,top))

records = cursor.fetchall()

# Close communication with the database
cursor.close()

conn.close()
return records

NYSDS - MPO 17



Visualize Provenance as DAG

* Directed Acyclic Graphs
(DAG) provide a
mathematical structure to
trace inheritance and
ancestry of provenance

* Ancestry

PTDATA

Read Input Files Read PTDATA

“What simulation results /
used a particular input?” ’

° I N herltan ce EFIT Data averaging
“What results were E—
affected by a bad ,
calibration?” Wit EFIT Outputs

Sy
' A
Frereee

DIin-D g
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Interactive Search: Workflow List

A MPO Home <> Workf

MPO Workflows

type ALL |Z|
time

name

description

last name

first name

user

ACTIMITY
GEMERIC
Status
quality
WORKFLOW
Type
EFIT

Code Characteristics

bit_size

documentation

purpose

source

kflows B Collections < Data Objects Q Search Current DB: | Test Database E|

CompositelD Description Creation Time  Comments Quality
johnsonm / OMFIT /31 Multiple kinetic EFIT runs for 158152 2015-03-11 ji
UID: | SbdB133e-T2be-41d3-8b61-c83101TE 132524

4’[ Input a new comment ]

Submit

d3daute /| EFIT / 30 EFITO2 for 161322 2015-03-11 E
UID; | 2784832 b113-4cle-bide-T2250154 1323119

No MSE data after t = 5200 ms [ Dlsplay related comments ]

4 N N

Enhanced “Controlled
Vocabulary” Search:
User-defined,
Hierarchical Ontology

Comments can be
inserted/viewed directly
on this listing page

X /

i)

Frerrerer ‘m

BERKELEY LaAB ‘
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Interactive Search: Workflow Detalls

A MPO Home < Workflows Collectio

List of nodes and their corresponding

Current DB:  Test Database

© d3dauto / EFIT/ 30 =1 details: UID, URI, metadata, comments,

Description: EFITO2 for 161322

UID: | 2f64832e-b113-4cDe-bidc-T225015d

other linked workflows

Green's Table
Green's table files

2015-03-11 13:23:20

Green's Table

® uri: filesyedinkiefithpf01. d3d

® uid: 5d5f3396-3f7b-415e-5f3=-0232235=e0eb

Calibrate Data

Blue nodes \ I

are used in
Oth er Y
WO rkfl ows Fit equilibrium

- )

Write EFIT Outputs

EFIT Data averaging

- ]

| .
\\ DINn-D |

BERKELEY LaAB
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Workflow Details:

<»d3dauto | EFIT / 30 3112015, 1:23:23 PM
Comments:

Pu No MSE data after t = 5200 ms by carterp 2015-04-07 14:18:23

s shot 2015-03-11 13:23:20
> Snap file 2015-03-11 13:23:20
Description: EFIT input file mdsplug:/iifefit02/1580258path=\efit02:namelist
UID: | f3cH1TT4-84T2-4d2e-b5f 522517003

Metadata:

- last_update: 20150211 d3dauto 2015-03-16 16:16:15.336422
== owned_by: leexia d3dauto 2015-03-16 16:16:39.372713

(> Green's Table 2015-03-11 13:23:20

Description: Green's table files filesys:Mink/efit/rpfl1.d3d

UID: | 2d5f3356-6Tb-412e af%e 0220e05e

L View linked Workfilows

1 Read Input Files 2015-03-11 13:23:20.908132
> Plasma Current 2015-03-1113:23.21
> PTDATA 2015-03-11 13:23:21
1 Read PTDATA 2015-03-11 13:23:21.726229

NYSDS - MPO
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Interactive Search: Collections List

A MPO Home < Workflows Collections O Data Objects Q Search Current DB:  Test Database
MPO Collections
Name Description Username Creation Time
OMFIT kinetic EFIT OMFIT kinetic EFIT runs for shots 158634-158640 smitha 2015-03-11 14:25:19.223908
uiD: | 3 ElE
Johnson [AEA talk April 2015 Collection of elements referenced in Johnson |AEA talk johnsonm 2015-03-11 14:25:28 355386

uID- | #454acic-Tedd-42:3-bETa-157,

smitha's EFIT runs

EFIT runs and snap files of interest from 6/2014 smitha 2015-04-07 135337 678777
uiD-: | 91
Collection of snap files EFIT snap files used for 2014 MSE runs smitha 2015-03-11 14:25:22 843804

Select to view details

- ]

irrrrrr I:} D”’-D -

NATIONAL FUSION FACILITY
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Interactive Search: Collection Detalls

# MPO Home & Workflows Collections < Data Objects Q Search

== Back to list of collections
MPO Collection: smitha's EFIT runs

Description: EFIT runs and snap files of interest from 6/2014

Name Description

<» EFIT Rerun of EFITO1 for shot 158016 with jta_f snap file
uID: | dbfes: 5 Tea-43a3-95a4-foel2205

< EFIT Rerun of EFITO1 for shot 158020 with jta_f snap file
UID- | $058calb-T2fe-4bfB-53ad-2T5ed35

> Snap file EFIT input file
UID: | 44255561-12a5-46b0-beTa 55485

> Snap file EFIT input file

uID- | 42Tcalda-alcT-41el-acleeTolddat

Collection of snap files EFIT snap files used for 2014 MSE runs

uID: | fbefalTe-a82c-4896-0043-Sdd23=38

Current DB:

Creation Time

2015-03-11 132212

2015-03-1113:22:34

2015-03-1113.21.51

2015-03-1113:22:34

2015-03-11 14:25:22

Sample collection including multiple
workflows, multiple data objects and
another collection

- ]

oo W DI=-D
o NATIONAL FUSION FACILITY D s [(
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Test Database

Comments

a B8 B8
1 « -1 «

«
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Programming API: a RESTful interface

* Clients only need HTTPS POST and GET
operations to access the MPO.

« Ease of implementation but puts complexity in API

server.
* Oriented around construction of URI resources
« Examples:
— GET /workflow?user=jwright
— POST /comment
{‘content’ ;" This is a comment’,” parent_uid’:" 3d55-4..." }
— GET /workflow/:uid/graph

Sy
coecec| 0 DI~
- ‘ NATIONAL FUSION FACILITY D s [(
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Programming API: Workflow Instrumentation

 Routes for workflow creation and annotation
— /workflow, /activity, /dataobject, /comment, /metadata

— Each route supports POST for object creation and GET:uid for
object retrieval

— Objects are encoded in JSON for POSTing and GETting

* POST /workflow
BODY: { "name":"GYROQO”,
"description™:”Important ITER run”}

 GET /metadata?work_uid=f20b23ec-aefb-481c-8c08-6443f
Returns: {"target_uid":” f20b23ec-aefb-481c-8c08-6443f",
"key": “Te(kev)”,
"value": 3,
"uid": “e1b13f63-97ca-490d-9218-15c8f5caeld5”,
"time": 2013-03-14 19:44:34.235565,
"ur"; http://mpohost/metadata/elb13f63-97ca-490d-9218-
15c8f5caeldb)}

]
ceceeet| 0 DE=D
) NATIONAL FUSION FACILITY D s [ (
BERK E
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MPO Records Workflows on HPC Systems

« Example above is from a workflow to extract Atmospheric
Rivers from global climate simulation output

« This workflow was executed on Edison @ NERSC and
recorded on an external MPO server using the API over
HTTPS

= A
’% DINn-D e

BERKELEY LaAB
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Plans to Extend MPO

« Data and workflow discovery in an environment where a
modeling code or an experiment can generate large
collections of heterogeneous data of up to 10*10 objects.

« Metadata evolution with particular attention paid to schema
and ontology evolution

* Import/export workflows in standard formats (e.g. PROV)
* Provenance and structure inside more complex data objects.

EG array inside na HDF5 file or ; N
a profile in the ITER IMAS database. ~ & L
 Fine grained authorization .y e -
» Ul methods for very large workflows . '~ o —Y W
and real time monitoring. L :;
| A gy | gy e e
_ H’!’GN-D" 26 \~ g NYSS; - MPO




Beyond MPO

« What to do when you can not
Instrument the workflow?

« Can MPO be extended to say
something intelligent about the
shell script on the right?

.
ccece?| N DII-D
et DS T(

p——
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Beyond Instrumentation: Utilize Job Logs

 Example on the
right: extracting
operational profile
from job logs fvents

LOG FILE

Filter Noise

Replace Events | Save Transformation

Integer | Event to
Representation [€ > Integer Map
of Events
Construct SA| Construct LCP J -
M Find _ Operational
A 4 \ 4 ’\Aj Patterns PI"Ofi|e
J_

SA | LcP
I I

Nagappan, et al, 2009
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http://dx.doi.org/10.1109/ISSRE.2009.23

Summary

* Funding agencies are demanding reproducible research

— MPO attempts to capture metadata and provenance of existing
distributed workflows

— Non-intrusive. Use what features you want.
— Augments your existing workflows - where ever they are.

 Production workflows have been MPO instrumented

— Tokamak Experiment Between Pulse Workflow at DIIID, Fusion
Simulations in SWIM and AToM frameworks, CASCADE project
from climatology

« Challenges/additional work
— Needs to manual instrumentation
— Manage otonology evolution
— Interoperate with other provenance systems

A
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How to get started with MPO.

« mailto:mpo-info@fusion.gat.com

https://mpo.psfc.mit.edu

Select “Try MPQO”, read the tutorial and try it out:

# Home < Workflows Collections ~ © Data Objects Q Search X mpodemo

Documenting Scientific Workflows

Welcome to the MPO Demo Website!

To get started, please review these instructions on how to use the MPO Demo Website.

Here is a list of available views:

<> Workflows: view all available workflows

Collections: a custom group of workflows, activities, data objects and other collections
< Data Objects: view all available data objects

Q Search MPO: search MPO data

i)

A
\H DINn-D |

BERKELEY LaAB

30

NYSDS - MPO



