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Outline

 The US Exascale Computing Initiative
« Small Team Models, Challenges

 Agile workflow management for small teams
— Intro to terminology and approaches

— Overview of Kanban
— Free tools: Trello, GitHub.

« Hands-on example of project management using GitHub
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The US exascale strategy includes four major

elements within the Exascale Computing Initiative
(Ff\l\

US DOE Office Accelerate R&D, Delivery of “capable”
of Science and acquisition, and exascale computing:
National Nuclear deployment to deliver Enduring computing
Security exascale computing capability for use
Administration capability to US by a wide range
national labs by the of applications of
early- to mid-2020s importance to the US
for essential scie
and mission
simulations
Exascale
systems
Computer Exascale procurement
facility site Computing activities
preparation Us Project
investments computer (ECP)

vendor R&D
investments
(NRE)



ECP is a critical component of the broader US ECI
strategy

ECP depends on other major ECI elements for success

» Deploying exascale systems quickly enough to impact schedule-
sensitive mission problems

« Maintaining and advancing the “HPC ecosystem” after ECP

* Developing US industry and academia partnerships to ensure that

the benefits
of advanced computing have broad and enduring impacts



Enabling future US revolutions in technology development,
scientific discovery, energy and economic security, and
healthcare

Deliver exascale-ready applications Accelerating innovation with exascale

and solutions that address currently simulation and data science solutions

intractable problems of strategic that enhance US economic

importance and national interest competitiveness, improve our quality
of life, and strengthen

Create and deploy an expanded and our national security

vertically integrated software stack
on DOE HPC exascale and pre-
exascale systems, defining the
enduring US exascale ecosystem

Leverage US HPC vendor R&D
activities and products into DOE
HPC exascale systems



ECP is a Collaboration Among Six US DOE National

Laboratories
 The ECP draws from the Nation’s 6 premier °
computing national laboratories Exascale
Computing

* A Memorandum of Agreement for the ECP Project

was signed by each Laboratory Director
defining roles and responsibilities

Core
partners

» Funding comes from two sources: DOE Office
of Science and NNSA Advanced Simulation
and Computing (ASC) program




ECP is a large, complex project
Spanning the nation and structured for success

Develop technology advances for exascale

Hardware
and integration and deploy ECP products

Develop the exascale software stack

Software and deliver using Software Development Kits (SDKs)
technology

Prepare key applications for exascale,

Application execute challenge problems, measure performance
development

Measure progress and ensure execution

Project within scope, schedule, and budget
management




Hardware and integration (Hl)

Develop technology advances for exascale and deploy ECP products

Vendor R&D for Evaluation Software Pre-exascale Community
Hardware exascale systems of hardware deployment and exascale training and
and integration (PathForward) technology and and application system utilization productivity
performance integration measurement
at HPC facilities and tracking




Software technology (ST)

Develop the exascale software stack and deliver using Software Development Kits (SDKs)

—
g Programming Development Mathematical Data and Software
models and tools libraries visualization ecosystem and
Software runtimes delivery
technology




Application development (AD)

Prepare key applications for exascale, execute challenge problems, measure performance

Chemistry Energy Earth and Data National Co-design
and space analytics and security centers
materials science optimization

Application

development



Project management (PM)

Measure progress and ensure execution within scope, schedule, and budget

U Project Project Business Procure- Information Commun-

. planning controls and manage- ment technology ication and
Project risk ment manage-  and quality ~ outreach

management ment manage-
. ment




Relevant US Pre-Exascale and Exascale Systems for ECP

Pre-Exascale Systems

2018

Exascale Systems

2021-2023

Argonne Argonne
IBM BG/Q Intel/Cray KNL
ORNL
IBM/NVidia H—BB’\BL
P9/Volta

ORNL LBNL
Cray/NVidia K20 Cray/Intel Xeon/KNL

LLNL LANL/SNL LLNL LANL/SNL

IBM/NVidia
IBM BG/Q  Cray/Intel Xeon/KNL P9/\olta 78D

Argonne
Intel/Cray TBD

ORNL
TBD

El Capitan

LLNL
TBD



Exascale Computing Project

20

Project Management
21

Application Development

Software Technology
23

Hardware and Integration

Project Planning
and Management
2.1.1

Project Controls and Risk
Management
21.2

Business Management
2.1.3

Procurement Management
214

Information Technology
and Quality Management
21.5

Communications
and Outreach
2.1.6
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ECP Software Technology Leadership Team

Mike Heroux, Software Technology Director
Mike has been involved in scientific software R&D for 30 years. His first 10 were at Cray in the LIBSCI and scalable apps groups. At Sandia he
started the Trilinos and Mantevo projects, is author of the HPCG benchmark for TOP500, and leads productivity and sustainability efforts for DOE.

Jonathan Carter, Software Technology Deputy Director
{ Jonathan has been involved in the support and development of HPC applications for chemistry, the procurement of HPC systems, and the evaluation
of novel computing hardware for over 25 years. He currently a senior manager in Computing Sciences at Berkeley Lab.

Rajeev Thakur, Programming Models and Runtimes (2.3.1)
Rajeev is a senior computer scientist at ANL and most recently led the ECP Software Technology focus area. His research interests are in parallel
programming models, runtime systems, communication libraries, and scalable parallel /0. He has been involved in the development of open source

software for large-scale HPC systems for over 20 years.

Jeff Vetter, Development Tools (2.3.2)
Jeff is a computer scientist at ORNL, where he leads the Future Technologies Group. He has been involved in research and development of
architectures and software for emerging technologies, such as heterogeneous computing and nonvolatile memory, for HPC for over 15 years.

Lois Curfman Mclnnes, Math Libraries (2.3.3)
Lois is a senior computational scientist in the Mathematics and Computer Science Division of ANL. She has over 20 years of experience in high-
performance numerical software, including development of PETSc and leadership of multi-institutional work toward sustainable scientific software

ecosystems.

Jim Ahrens, Data and Visualization (2.3.4)
Jim is a senior research scientist at the Los Alamos National Laboratory (LANL) and an expert in data science at scale. He started and actively
contributes to many open-source data science packages including ParaView and Cinema.

Rob Neely, Software Ecosystem and Delivery (2.3.5)

Rob has several leadership roles at LLNL spanning applications, CS research, platforms, and vendor interactions. He is an
Associate Division Leader in the Center for Applied Scientific Computing (CASC), chair of the Weapons Simulation and
Computing Research Council, and the lead for the Sierra Center of Excellence.




ECP ST efforts currently contribute to 89 unique products

Programming Models and Runtimes Pr

Development Tools (19)

SicM J j i 7
Legion hito:/lecion stanford.edu Ktsune higs. /it comfanltsune
ROSE Jiqi SCR https:/igithub com/linl/scr
Kokkos hitps.//qithub com/kokkos Caliper e linlicaliper
DARMA https://github com/darma-tasking mpiFileUtils Jlgi h ifileutit
Global Arrays hito://hoc pol.goviglobalarrays/ Gotcha hitoJ/qithub com/iinl/gotcha
RAJA https://qithub.com/LLNL/RAJA THBITS hitps:/Aribits org
CHAI httos://qi com/LLNL/CHAI Exascale Code Geneneration Toolkit
Umpire - - _PAPI i
MPICH Mathematical Libraries Products (16)
PaRSEC
af;n GhézlPM xSDK https://xsdk.info i
LLVM OpenMP compiler h ”;g’g’sl hitoJ/wwwlinl gov/casc/hvore %
7 htto//www flecsi.org
OpenMP V&V Suite MFEM http//mfem org/ //_’—
BOLT Kokkoskernels https://github. K mels/
UPC++ Trilinos https://github com/rilinos/Trilinos
GASNet-EX SUNDIALS m ion.linl. gov/projects/sundi
Qthreads b pETSCTAO http://www.mcs.anl.gov/petsc
TT—— | ibEnsemble hitos://github com/L ibensemble/ibensemble
STRUMPACK hitpJ//portal.nersc .gov/project/sparse/strumpack/
SuperLU hitto//crd-legacy.ibl gov/~xiaove/Superd U/
ForTrilinos hitps://trilinos qithub io/ForTrilinos/
SLATE hitpyficlutk edu/slate/
MAGMA-sparse https://bitbucket. magm:
DTK Maithub.com/OR L
Tasmanian i



Small Teams

ldeas for managing transitions and steady work.




Small team interaction model

« Team composition:

— Senior staff, faculty:
» Stable presence, in charge of science questions, experiments.
* Know the conceptual models well.
* Spend less time writing code, fuzzy on details.

— Junior staff, students:

Transient, dual focus (science results, next position).

Staged experience: New, experienced, departing.

Learning conceptual models.

Write most code, know details.

IDEAS t\(i\\) D st
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Large team challenges

« Composed of small teams (and all the challenges).
« Additional interaction challenges.
 Policies, regularly cultural exchanges important.

A =\ sxosnc
IDEAS t\{p\)IJ comine
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Small team challenges

 Ramping up new junior members:
— Background.
— Conceptual models.
— Software practices, processes, tools.

* Preparing for departure of experienced juniors.
— Doing today those things needed for retaining work value.
— Managing dual focus.

IDEAS t\(i\\) D st
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Research Team Member Lifecycle

Initiate project activities

| Star

Create initiation
checklist.

Team Member
Lifecycle

Quick ramp up
Disciplined activities
Sustained contributions

* Observe policies

Leave project activities

IDEAS ()P s

productivity
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Checklists & Policies

Team Member Phase

New Team Member Steady Contributor Departing Member
Checklist Policies Checklist

= New, departing team member checklists:

o Example: Trilinos New Developer Checklist.
o https://software.sandia.gov/trilinos/developer/sgp/checklists/index.html

-1 Steady state: Policy-driven.
o Example: xXSDK Community policies.
O https://xsdk.info/policies/

IDEAS [:\(\’C\\) > sxpscnee
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https://software.sandia.gov/trilinos/developer/sqp/checklists/index.html
https://xsdk.info/policies/

Your checklists & policies?

* Checklist: New team member?
* Policies: Ongoing work?
» Checklist: Before someone departs?

I D E A,, S COMPUTING
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Collaborative Work Management

Managing with Kanban




Managing issues: Fundamental software process

Continual improvement
* |ssue: Bug report, feature request

° ApproaCheS: Informal, less
— Short-term memory, office notepad training
— ToDo.txt on computer desktop (1 person)
— Issues.txt in repository root (small co-located team)

— Web-based tool + Kanban (distributed, larger team) - |
ormal, more
— Web-based tool + Scrum (full-time dev team) training

IDEAS b\(i\\) D st
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Kanban principles

 Limit number of “In Progress” tasks

* Productivity improvement:

and fix the bottleneck.

— Effective in R&D setting. Avoids a deadline-based
approach. Deadlines are dealt with in a different way.

* Provides a board for viewing and managing issues
« Can be applied to any existing software project immediately!

IDEAS b\(i\\) D st

- PROJECT
25 Better Scientific Software tutorial @ SC'18 pro du Cthlty




Basic Kanban

Backlog | __Ready | ____InProgress | Done

« Anytaskidea -« Task+ » Task you are workingon + Completed
e Trim description of right now. tasks.
occasionally how to do it. * The only kanban rule: » Record of your
« Source for * Could be pulled Can have only so many life activities.
other columns when slot “In Progress” tasks. « Rate of
opens. « Limitis based on completion is
» Typically comes experience, calibration. your “velocity”.

from backlog. + Key: Work is pulled.
You are in charge!
Notes:

» Ready column is not strictly required, sometimes called “Selected for development”.
» Other common column: In Review
» Can be creative with columns:

— Waiting on Advisor Confirmation.

— Tasks | won't do. IDE A b\(t\\) D s
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Personal Kanban

* Personal Kanban: Kanban applied to one
person.

— Apply Kanban principles to your life.
— Fully adaptable.

Perso

nl

r hork

Kanban

N

 Personal Kanban: Commercial
book/website.

— Useful, but not necessary.

http://www.personalkanban.com

/-;\\ EXASCALE
I D E ﬂS bk\%\) —, COMPUTING
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Kanban tools

* Wall, whiteboard, blackboard: Basic approach.

« Software, cloud-based:
—Trello, JIRA, GitHub Issues.

—Many more.

* | use Trello (browser, iPhone, iPad).
—Can add, view, update, anytime, anywhere.

IDEAS b\(i\\)l—’ Sxoscae

o, WWU /1 ProsecT
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Big question: How many tasks?

* Personal question.
« Approach: Start with 2 or 3. See how it goes.

» Use a freeway traffic analogy:
— Does traffic flow best when fully packed? No.
— Same thing with your effectiveness.

* Spend time consulting board regularly.
— Brings focus.
— Enables reflection, retrospection.
— Use slack time effectively.
— When you get out of the habit, start up again.

IDEAS b\(i\\)l—’ Sxoscae

o, WWU /1 ProsecT
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Importance of “In Progress” concept for you

 Junior community members:
—Less control over task.
—Given by supervisor.

* In Progress column: Protects you.

—|f asked to take on another task, respond:

e Is this important enough to become less
efficient?

« Sometimes it is.

IDEAS b\(i\\)l—’ Sxoscae

o, WWU /1 ProsecT
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Key Team Management Elements
* Checklists:

— Initiation, Transition, Exit

* Policies:
— How team conducts its work

* Issue tracking system:
— All work tracked, visible to team
— Milestones: Aggregate related issues.
— Kanban board
— Regular meetings, updates

IDEAS b\(i\\) D st
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Samples from Collegeville Org:

Policies, Initiation Checklist

32

€ Collegeville / Labora private ©Unwatch- 9 *Star 0 VYFork O

<« Code Issues 28 Pull requests 0 Projects 1 Wiki Settings  Insights «

Branch: master - Labora / TeamPolicy.md Find file Copy path

) maherou Fix formatting 51£30¢2 a minute ago

1 contributor

21 lines (18 sloc) 1.53 KB Raw Blame History © ~ #

Collegeville Research Team Policies

The foliowing policies are meant to guide team members in thelr activities, establishing expectations
for ongoing work.

1. Team members will conduct themselves in a professional manner, observing institutional policies
given to them at student and facuity orientation.
2. Initiation, transition and exit events will be guided by creating and following an event checklist.
. All work will be tracked in the organization issues-only repository Labora,
4. All work, notes and relevant content will be kept in a repository associated with the team GitHub
organization,
5. Each team member will have an individual Collegeville repository: Lastname-Firstname-Work,
This repo contains:
i. Thesis or dissertation, as appropriate.
. Annotated bibliography of resources.
iii. Personal notes from project meetings and research activities.
6. If work is appropriate for one of the team repos, it will be retain there. Otherwise, it is kept in the
team member’s individual repo.
7. Team members will update project Kanban board prior to team meetings, more frequently if
particularly active,
8. E ' to these policies are ble, but:
I, important exceptions should be approved before acting.
il. Other exceptions should mentioned at next team meeting or before.
iii. Exceptions should be infrequent.
iv. If an exception is frequent, actions or policies should be updated.
9. Any concerns not addressed by team policies shouk! be di d with Dr. Heroux.

w

prc

¢ Collegevitie / Labora private @ Unwatch- 9 *§

Code (@lssues 25 Pull requests O « Projects 1 Wiki Setting

Neil Lindquist Initiation Checklist 17

BAMITRE maherou opened thes issue on Mar 31 - 0 commems

n maherou commented on Mar 31 « edited by nedl-lindquist ® 7

This is the initial checklist for Neil's initistion into the Collegeville research
project:

+ Create a GitHub sccount (¥ you don't have one) and ask Dr Heroux to
add you to the Coliegevilie organizaticn,

+ Become a member of all appropriate repositories in the Collegeville
organization

< Identity any new repos that should be created, especially if your
research topic is new.

“ Learn LaTeX using the https://github.com/Collegevite/Scribe repository.

< At least one of your repos will be & LaTeX collection that will contain your
annotated bibliography and the starting point for at least one technical
report, which will be an crQoIng record of your progress.

< Sign up for a Udacity cnling laarning account at
nttps:{/waw.udacity.com, if you don't have one already. You wilk use
Udacity for some of your introductory training.

+ Take the Udacity course Software Development Proces at
nttps://classrocm udacity.com/cowrses/udiis,

+ Tae the Udacity course How 1o Use Git and GitHub a1
nttps://classroom udacity.com/coursesiud? 78,

< Take the online courses in C++:
ntip://www.cprogramming.com/tutarial/ces « -tutorial_htmi and
nupiwww.cplusplus com/doc Tutoria!

+ Redo CS200 lab exercises in C+«

4 @ maberoy assigned maherou and neil-lindquist oo Mar 31

T | maherou added this to the Nell Lindquist Initiation miesicne
on Mar 31

P @ maherou added to Ready in Collegevilie team Kanban board on Mar 31

N @ maherou moved from Ready o In progress in Collegeville team
Kanban board on May 15

- aall Uadalat soad lass la asamcnns ta Nana i Pallassdiia sasss




Samples from Collegeville Org: Kanban Board

O Colmgewim | Labors Privete =
Cote “mutd 26 P resvens © N Pogects 1 W Sottngs aighry -

Collegevile team Kanbden board o~
facalag 0 P sty 2 7 » I progress 14 7+ n Review & P Done 24 PR

1 Bwnlaate Japier for
sulomated workfiows

20 0peanad Ty MaNercu ! conned Sy mahero 3 f Seied? " 2ot #10 apenad try
ML operes ™ MW:’ w
Evsleate JollaSperse Assens the use of Laplare posaibiley of ratecc. ‘ ’

2R CONTET Dy Mo

Create Jula evaluation

T 4] o0ened by sottware 247 0000 T by Sungel?
# coenad oy matercs ) s fiteroring " 215 0pered By
ahercy m Guengeol) o » Finding correspond laks -

Capiore 1he use of
Compasitian of
comalners wth
Framorts a2d Trikao
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Oeavelog Sagatagan New -
Tedrn Mermber Chechiiat

Yarat ow 1or
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selection in scientifc
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moving dowriosd Taey
for Triieos and Nantevo
to Githaud

Make cxpendedle map
for Bemer Scrmarfig
Safvwere

530 ot by

Nigrate mantevo.org to
manievo github, o

Concept map project for ~
Datter scrcatits

Assoss resutrements for «
usng $I1hb le as dost
platicrm for Trikings.org
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Team Management Example

Team Policy
Checklists
Kanban Board




Step 1: Create Issues-only GitHub repo

» Go to https://github.com/username
— Example: https://github.com/maherou

» Create new repo:
— Click on “+” (upper right).
— Select New repository...
— Give repo a name, e.g., Issues
— Select Public. In real life, this repo is often private (requires $ or special status)
— Init with README.
— Don’t add .gitignore or license.
— Click Create Repository.

IDEAS t\(i\\) D st
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https://github.com/maherou

ssues 26 Pull requests 0 Projects 1 Wiki Settings Insights «

Step 2: Define Team Policy

. Branch: master - Labora / TeamPolicy.md Find file Copy path

hd C reate fl I e . |f maherou Fix formatting 51130e2 3 minute ago
1 contributor

- GO to neW repo' IssueS' 21 lines (18 sloc) 1.53 X8 Raw Blame History O ~ 10

— Select <> Code tab. , 3
Collegeville Research Team Policies
- Select Create neW fi Ie Tea m POI iCy' md The following policies are meant to guide team members in their activities, establishing expectations

for ongoing work,

. . 1. Team members will conduct themselves in a professional manner, observing institutional policies
hd Q u e Stl O n S to ad d re SS . given to them at student and faculty orientation

2. Initiation, transition and exit events will be guided by creating and following an event checklist.

_ H OW mem berS Su pport tea m? 3. All work will be tracked in the organization issues-only repository Labora,

4, All work, nates and relevant content will be kept in a repository associated with the team GitHub
organization.

— H ow tea m su p po rts mem be rs’? 5. Each team member will have an individual Collegeville repository: Lastname-Firstname-Work.

This repo contains
L. Thesis or dissertation, as appropriate,
° C . . . ii. Annotated bibliography of resources
0 m m u n Ity Ve rS I O n . §l, Personal notes from project meetings and research activities,
6. I work is appropriate for one of the team repos, it will be retain there. Otherwise, it is kept in the

— http://contributor-covenant.org s wonbis it

. Team membaers will update project Kanban board prior to team meetings, more frequantly if
particularly active.

8, Exceptions to these policies are acceptable, but;

[ POI icy iS I iVi n g d OCU m e nt: L. Important exceptions shouk! be approved before acting

ii. Other exceptions should mentioned at next team meeting or before.
i, Exceptions should be infrequent

- I nfO rmal gOOd pra Ctices added . Iv. i an exception is frequent, actions or poficies should be updated
9. Any concerns not addressed by team policies should be discussed with Dr. Heroux,
— Avoidable bad situations addressed.

IDEADS t\(\E\)l_’ EXTECRT
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http://contributor-covenant.org/

Step 3a: Create Issues

e Select the Issues tab. ST

MIQrINE SOMTmare, sandla gov/lramants 10 Lamonts. github. ko
Y P 4

* Click on New Issue. Moo etk

» Type in task statement 1 (from list). iy e e i e i o D
— Type in title only. memee—

Migrate manteve.org 10 mantevo.githud jo 5 |

* Click Submit new issue S e

Mode! 5peed increase from using mixed precision
® Re peat Evaluste the uses of Spack with xSOK in a Docker environment (e}
Record ol Adam Noack activity state in a repository prior to leaving for the summer TR0 VL

Consor Smith isitlation Checkist i3}

IDEAS t\(\i\\) > sxpscnee
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Step 3b: Create Initiation Checklist

e Select the Issues tab.
* Click on New Issue.
e Select a classmate.

Type in title: Pat Evans Initiation Checklist

Add checklist items:

— Use syntax:
- [ ] Description

Spaces required

38 Better Scientific Software tutorial @ SC'18

Collegev

> @ Unwatch -

Pull requests O Projects 1 Wik Setting

Neil Lindquist Initiation Checklist
maherou cpened thes issue on Mar 31

H maherou commented on Mar 31 « edited by nedl-lindquist

This is the initial checklist for Neil's initistion into the Collegeville resaarch
project

0 commems

+ Create a GitMub sccount (i you don't have one) and ask Dr Meroux to
add you to the Coliegevilie organization

+ Become a member of all appropriate repositories in the Collegeville
organization

¢ Idemtify any new repos that should Do created, especially if your
research topic is new.

< Learn LaTeX using the hitps://github.com/Collegevite/Scribe repository
“ AR least one of your repos will be 8 LaTeX collection that will contain your
annotated biblography and the starting point for at least one technical
ropory, which will be an cngoing record of your progress
Sign up for a Udacity onling laarming account at
nttps://waw.udacity. com, if you don't have one already. You wil use
Udacity for some of your introductory training.
* Take the Udacity course Software Development Proces at

ntps/classrocm udn

y.CON Z304/ucBOS

+ Take the Udacity course How 10 Use Git and GitHub &
attps://classroom. udacity.com/courses/ud? 7S,

< Take the online courses in C++

nttp://www.cprogramming.com/tutorial/ce « -tutorial_ntmi and

npiwww.cpius

Redo CS200 lab oxercises in C+«

4 @ maberou assigred maherou and neil-lindquist on Mar 31

T ) maherou added this 10 the Nell Lindquist Initiation miesicne

Y Mar 31
M @ maherou added to Ready in Collegevilie team Kanban board on Mar 31

N @ maherou moved from Ready o In progress in Collegeville team
Kanban board on May 15

= aall Hadalat soiad leass la asameans ta Nana loa Pallassdiia sase




Step 4: Create Kanbanl Bp_ard

» Select Projects tab — ST | 78
* Click New Project :
» Use title

— Team Kanban board

* Add these columns:
— Backlog, Ready, In progress, In review, Done.

 Click on +Add cards (upper right).
— Move each issue to the proper Kanban column

IDEAS
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Next Steps: Real Life

 Create a GitHub Org and set of repos for your team:

— Each team member has an individual repo.
— Each project has a repo.
— One special repo for issues.

 Track all work:
— Use checklists for initiation, exit, any big new effort.
— Create Kanban board. Keep it current.
— Aggregate related issues using milestones.

* Drive meetings using Kanban board.
« Adapt this approach to meet your needs.

 When you start to get sloppy, get back on track.
IDEAS
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Other Resources

B |
. . . . The Agile Samurai
* The Agile Samurai: How Agile Masters Deliver ke il
Great Software (Pragmatic Programmers), craise
Jonathan Rasmusson.
— http://a.co/leUGle95

— Excellent, readable book on Agile methodologies.
— Also available on Audible.

 Code Complete: A Practical Handbook of

Software Construction, Steve McConnell.
— http://a.co/leEgWVKj

ol the art of stress-free
Ei| productivity
— Great text on software. o Bviddllen
— Construx website has large collection of content. T 4

» Getting Things Done: The Art of Stress-Free
Productivity, David Allen

— http://a.co/22EPvt6

— Aclassic in the personal productivity literature
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