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What is NERSC? NERSC

National Energy Research Scientific Computing Center

The production user facility for high performance
computing and data for the Department of Energy’s
Office of Science.
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NERSC Resources

16x FOR I8
5,576 nodes, 133K 2.4GHz Intel “IvyBridge™ Cores, 357TB RAM
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2388 nodes, 76K 2.3GHz Intel “"Haswell” Cores, 2908TH RAM
8,688 nodes, with 1L AGH: Intel “KNL* Cores, 178 RAM

Data-Intensive Systems

PDSF and JGI —

Data Transfer Nodes
Science Gateways, SPIN a
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32x FOR 18
14x FOR I8

Ethernet &
IB Fabric

Science Friendly Security
Production Monitoring
Power Efficiency

WAN

® 7.1PB
DDN SFA12KE
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DDN SFA12KE

27578
NetApp 5460

150 PB stored, 240

PB capacity, 40
years of
community data

2x10Gb

SRS ESnet

Software Defined
Networking
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Who Uses NERSC?

7000 users

700 projects

2500+ publications/yr

10 billion “NERSC” hours
Diverse workload areas:

Fusion, Plasma Physics
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Experimental and Observational Data N%Sc
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Increased user presence at NERSC from EOD facilities.
Challenge: Supporting this workload alongside simulations.
Real-time, dynamic workflows, HITL analysis/steering.
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SHIFTER

Eb globus

DAaTAWARP

Processor Speed/Cores Peak # Nodes Aggregate Memory per
Type per Node Performance Memory Node
Haswell 2.3/32 1.92 PF/s | 2388 305 TB 128 GB
KNL 1.4/68 28 PF/s 9688 1.1 PB 96+16 GB

NVRAM Burst Buffer for 1/0 acceleration
Shared, real-time, interactive queues
Shifter for containerized HPC

Special-purpose large memory “extra login” nodes (512 & 768 GB):

DEEHAR TUASHY {

DEEHA R TR
¥ - 82W =

SODEHAR TS

164

ar

‘ FireWorkes:
_ Jupyter

Workflows, data management, bigmem queue, ... and Jupyter!
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Motivation for a JupyterHub Service N%SC

Users could run on login nodes and ssh tunnel:

X Users running their own notebook servers on a
supercomputer can be a security concern.

X Difficult to support and manage different kernels and
environments.

X Setting up ssh tunnels is inconvenient and annoying.
JupyterHub to rescue:

v Centralized service to deploy notebooks in a standard
authenticated manner.

v Package known kernels out of the box (Anaconda).

v Access to NERSC resources through single interface:
Filesystems, Batch Queue, Network, DBs

v Clarify expectations to users about what we bless & support.
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History

jupyter.nersc.gov jupyter-dev.nersc.gov

: Jupyter as a Access to JupyterHub
F. Perez (IP.ython Users running NERSC Cori via infrastructure JupyterLab Beta
creator) gives IPython via science “login node” moves to Soin enabled at
NUG Talk login nodes 9 pin, NERSC

gateway app

enabled cgroups
\ Wik | dok >

*| %
|
2013 2014 2015 2016 2017/ [ 2018 2019 2020

NERSC Talks, Papers,
IPython *Posters, and/or Demos: First Jupyter team
becEes SC16 » CUG17 » JupyterCon17 Irs receives ACM
Jupyter* IDEAS/ECP o ISC18 JupyterCon Software
JupyterCon18 e ECP2019 Systems Award
\_ Y, BlueWaters 2019 \_ W, \_ Y,
This year:

More compute resources for Jupyter
Access to computes in production
Extensions for HPC and NERSC
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Jupyter Matters to Our Users N%SC

Users appreciate Jupyter @ NERSC...

“... jupyter notebooks are very important for me:
The 3 most important things in life: food,
“I really like the jupyter interface.” shelter and jupyter... everything else is

“New jupyter notebooks are awesome!” optional.”
“Great interactive workflow (e.g. for postprocessing) via JupyterHub”

“| absolutely love the fact that | can use the Jupyter hub to

“... the ability to access data from the scratch directories access the Cori scratch directory. This allows me to analyze
through the Jupyter hub is very important to my workflow. data through the browser ... or to quickly check that

The Jupyter hub has been running more and more simulation runs are going as expected without having to
consistently, but it still seems to lag or stall sometimes. | transfer data to a different location. I actually also have
guess my only thought on how to improve (currently) access to other supercomputer clusters, but this is one
would be to improve the stability of the Jupyter hub.” of the biggest reasons | mainly use Cori and Edison for

debugging and production runs.”

...but need increased stability and to scale up.

“I would really appreciate it if jupyter.nersc.gov

wouldn't go down as much as it does.”
“MPI cannot be used in jupyter notebook as well, where the
jupyter hubs run on login nodes (unless when using the
compute nodes through SLURM.)”
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Single Dedicated Cori

Hundreds of unique users of
Jupyter on Cori per month. 56 ®

Every 5 minutes we sampled
process table & memory use
on the Cori Jupyter node.

150 -

users
100 A '

30% of the time less than 50
GB (10%) of memory free.

Number of Unique Users

50 -

Needed new+more resources.
Needed better management ni
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Jupyter @ NERSC Architecture

Web Browser

Key

Control
User

-

Spin

JupyterHub

[ Jupyter (Spin)

-
-

.‘ up ter -

' Compute Nodes

Services \(Jcl;g?/it%rN)
SSH Auth API
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JupyterHub Architecture

Browser

\ 4

Configurable HTTP Proxy

hub/

_ luser/[name}/

/api/auth
‘_._

—

Notebook

NERSC

Components are highly abstracted:
Authenticator
Spawner
Proxy

Pieces we’ve created:
GSlAuthenticator (retired)
SSHAPIAuthenticator

SSHSpawner (Had gsissh support)
NERSCSpawner
NERSCSlurmSpawner

Pieces we re-use/adapt and love:
WrapSpawner (NERSCSpawner)
BatchSpawner (NERSCSlurmSpawner)
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Jupyter @ NERSC Architecture

& C & https://jupyter.nersc.gov/hub/login?next=%2Fhub%2Fhome o Y Q e :

— Jupyter

NERSC'’s JupyterHub
Login Page

Username:
rhomas g — NERSC username
Password: |
.......... < Password
OTP: |
. | Multifactor Auth Token
NERSC template extension
m & custom Authenticator
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Jupyter @ NERSC Architecture €RSC

& (& & https://jupyter.nersc.gov/hub/home Yo Q (&S]

: Ju pyte I' Home Token Admin rthomas | ® Logout

Shared CPU Node

NERSC'’s custom JupyterHub
Console Page Cort <@——— Most users want this

Spi a
e El «— Back-up service

Resources Use anode shared with other users' notebooks but outside the
batch queues.

Arranges “ named” servers by Use Visualization and analytics that are not memory intensive and
[ ] System Cases can run on just a few cores.
e Service level
e Architecture

NERSC Customizations:
e SSH Spawners
e Pre-spawn quota check
e Back-end services
*Spin: NERSC’s containers-as-a-service platform
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Jupyter at
NERSC

Use cases
Extensions
Customizations
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Jupyter in Distributed HPC N%SC

Use Cases

e ATLAS - Distributed training and hyper-parameter optimization

e ALS and NCEM - Image processing pipelines

e TARDIS - Supernova Data exploration and comparison of simulation /
experimental data
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Deep learning Use Case [|© i {2
44

Y Neutral Networks (NN) with multiple Iayers 1xzi;::;zv 64x113x113 128654x54 187 128x13xo13 102421024 10;4:(2 2
— Highly non-linear; many weights

— Enabled by computing and architectures httos://arxiv.ore/abs/1711.03573
(e.g.(CNN))

— Leverage Industry/academic progress for
science

e Use case for this work: whole LHC detector
CNN classification

— Bin detector signals to form 64x64(x3) image
— Classification problem: New Physics RPV Susy

(signal) vs. Known physics (QCD)
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https://arxiv.org/abs/1711.03573

Why Interactive Distributed Deep Learning?

- Deep learning can enable scientific discovery

- Training of complex networks can take days

- Architecture design and parameter choice is an iterative process aided by
human intuition, brute-force scans and automated optimization

- Batch HPC submission means many slow iteration cycles

- Most DL frameworks are python-based: iterating within Jupyter
notebooks popular development environment for analytics

=> Interactive Distributed Deep Learning Using Jupyter!
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Distributed Learning Architecture

e Allocate nodes on Cori interactive queue and start ipyparallel or Dask cluster
— Developed %ipcluster magic to setup within notebook

* Compute nodes traditionally do not have external address
— Required network configuration / policy decisions
* Distributed training communication is via MPI Horovod or Cray ML Plugin

( )

é N
é h Cori Login Node

Cori Compute Nodes

docker

Server Process

Notebook l
[ )

ipyparallel
( kernel/ )T—I' or Dask

ipyparallel client Controller
Engine/

MPI
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https://docs.google.com/file/d/1P4uSaEOkN0nM29GymjTyJCHVJDVxBF9S/preview

JupyterLab SLURM

A JupyterLab extension that interfaces with the Slurm Workload Manager, providing
simple and intuitive controls for viewing and managing jobs on the queue

https://github.com/NERSC/jupyterlab-slurm

File Edit View Run Kernel Tabs Settings Help

= l [ E 1 Slurm Queue Manager X
CONSOLE Reload  Kill Selected Job(s)  Hold Selected Job(s)  Release Selected Job(s)  Deselect all Search:
%
JOBID - PARTITION NAME USER ST TIME NODES NODELIST(REASON)
@
regular 7zz.chev | fzzhao PD 0:00 8 (JobHeldUser)
=) regular shortuni fzzhao PD 0:00 8 (JobHeldUser)
New Console regular 7zzsynth fzzhao PD 0:00 8 (JobHeldUser)
: regular shortuni fzzhao PD 0:00 10 (JobHeldUser)
in Cell (f
’ I K regular REG.C.TH mwu PD 0:00 64 (JobHeldUser)
FILE OPERATIONS regular REG_I.TH mwu PD 0:00 64 (JobHeldUser)
+ Autosave Documents
regular REG_R.TH mwu PD 0:00 64 (JobHeldUser)
Close All
se Ot " regular Ndpd_k& fzzhao PD 0:00 16 (JobHeldUser)
Close Slurm Queue Manager ~Q regular Ndpd_k6 fzzhao PD 0:00 16 (JobHeldUser)
ose labsloHig: regular Ndpd k7 | fzzhao PD 0:00 16 (JobHeldUser)
Open From Path... I
Show 4 entries
>m Disk =+
heckpoint Showing 1 to 15 of 18,631 entries 1 row selected Previous 1 2 3 4 5 1243 Next

Show my jobs only

HELP

JupyterLab Reference
Launch Classic Notebook
Markdown Reference
Notebook Reference

Open FAQ

~
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https://github.com/NERSC/jupyterlab-slurm

Future Work N%sc

e Generalize work done in ATLAS DL case

e JupyterLab Tools and IPyWidgets for users to manage
interactive compute tasks and viz through Jupyter

e More Better Parallel Computing (Dask, IPyParallel ...)

e JupyterLab extensions for SLURM

e Superfacility Integration - manage workflows
distributed across facilities through Jupyter

e Project curated examples Notebooks that can be
cloned and modified. Extend to cloned
data/environments
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Future Work

Delivery in late 2020
Cray Shasta System providing 3-4x capability of Cori system

First NERSC system designed to meet needs of both large scale
simulation and data analysis from experimental facilities
Includes both NVIDIA GPU-accelerated and AMD CPU-only nodes

Cray Slingshot high-performance network will support Terabit rate connections
to system

Optimized data software stack enabling analytics and ML at scale

All-Flash filesystem for I/O acceleration

Robust readiness program for simulation, data and learning
applications and complex workflows
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Future Work

: jupyter Home Token  Admin master | @ Logout

NERSC JupyterHub Console

Shared CPU Node Exclusive CPU Node  Exclusive GPU Node Configurable

Perimutter m
Cori
Spin @

otat stot stat
start stat

Resources  ©On anode shared with other users' On a node by itself within an interactive job allocation One or more nodes within an interactive job
notebooks but outside the batch queues. using your default repo. allocation.

Use Cases  Visualization and analytics that are not Visualization, analytics, machine learning that is Large-scale data analytics, visualization, and
memeoery intensive and can run on just a few  compute or memory intensive but can be done on a machine learning: reservation or non-default
cores. single node. repository.
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Future Work N’%sc

JupyterHub needs to know and validate:
e What accounts can this user charge to?

e What queues can they submit to? master | @ Logout
e How many nodes can they use?
e How long can they run jobs?
e What containers can they run on each machine? é )
e Do they have any reservations? Configurable
e What about persistent burst buffer reservations? [start
e ... and other kinds of resources we have or think of?
star |
How? Need REST API(s) for: \. J
e Center resources, accessibility, & even availability.  nodes within an interactive job
e User’s resources (my images, my reservations, etc). |
e (... what if each center had standard APIs for this?) i s o v v

Many parts are there, they just don’t talk to each other yet.
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IF I HAVE SEEN FURTHER,
IT IS BY STANDING

ON THE SHOULDERS
OF GIANTS.

- ISAAC NEWTON ' [
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