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LLNL HPC Systems
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https://computing.llnl.gov/?set=resources&page=OCF_resources#ansel
https://computing.llnl.gov/?set=resources&page=OCF_resources#aztec
https://computing.llnl.gov/?set=resources&page=OCF_resources#catalyst
https://computing.llnl.gov/?set=resources&page=OCF_resources#cab
https://computing.llnl.gov/?set=resources&page=OCF_resources#herd
https://hyperionproject.llnl.gov/
https://computing.llnl.gov/?set=resources&page=OCF_resources#oslic
https://computing.llnl.gov/?set=resources&page=OCF_resources#sierra
https://computing.llnl.gov/?set=resources&page=OCF_resources#surface
https://computing.llnl.gov/?set=resources&page=OCF_resources#syrah
https://computing.llnl.gov/?set=resources&page=OCF_resources#vulcan
https://computing.llnl.gov/?set=resources&page=SCF_resources#cslic
https://computing.llnl.gov/?set=resources&page=SCF_resources#graph
https://computing.llnl.gov/?set=resources&page=SCF_resources#inca
https://computing.llnl.gov/?set=resources&page=SCF_resources#juno
https://computing.llnl.gov/?set=resources&page=SCF_resources#max
https://computing.llnl.gov/?set=resources&page=SCF_resources#muir
https://computing.llnl.gov/?set=resources&page=SCF_resources#sequoia
https://computing.llnl.gov/?set=resources&page=SCF_resources#zin
https://computing.llnl.gov/?set=resources&page=OCF_resources#rzcereal
https://computing.llnl.gov/?set=resources&page=OCF_resources#rzhasgpu
https://computing.llnl.gov/?set=resources&page=OCF_resources#rzmerl
https://computing.llnl.gov/?set=resources&page=OCF_resources#rzslic
https://computing.llnl.gov/?set=resources&page=OCF_resources#rzuseq
https://computing.llnl.gov/?set=resources&page=OCF_resources#zeus

Facility Resource Data: Good...

= Facilities data measured by , ;
0SISoft Pl T E—
— Big-picture power usage : ¢
— Temperature on cluster resources -:

= Provides
— PI provides on-demand reports
— Only allows single-variable plots
over time, simple correlation
— Minutes timescale
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More HPC Facility Data: Better

Packets
Sent/Received

Link Utilization
Rack
2 midplanes
1,2 or 4 l/O drawers

1/O Drawer
8 /O cards
Cle Gen2 slots

Bandwidth
FLOPS Data Traffic

Instructions
Cache Misses

== Compute Card
Module 1 chip module

X single chip 16 GB DDR3 memory
CREL 204.8 GF/s
Chip =

16 cores

Temperature
Humidity

System - Sequoia

96 racks
20 PF/s

Power

Node Card
32 compute cards, optical modules,
link chips, 5D torus

6.6 TFis

Consumption
-, Cooling Units

Job allocations
Runtimes

Processors

Nodes -

Application

Data
Sharing

Compiled Code
Linked Libraries
Phases/Iterations
Memory Allocations
Simulation Output

Message-
Passin
9 Data accessed
Access rate
Data motion

Message size/contents
Message routing
Communication rates

Lawrence Livermore National Laboratory

LLNL-PRES-749138

NIYSH

4
Aaleara’ W demr T by Asbenmes by



Better Data Driven Decisions

= Full Picture View Allows = Challenges
— Multiple paths to energy/power — Lots of data in different formats
usage goals — Data in different locations
— Prediction of power usage — Data collection
patterns with more information — Permissions for data
— Scheduling jobs with previous — Analysis of data

user/job data
— Monitoring for failures that could
cause sudden drops in power

draw
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Livermore Computing’s Solution: Sonar

Infrastructure for Analyzing
the Performance of our HPC Center

NYSE s
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Ingesting Data from Many Sources

Compute Lustre 2 Facilities

Applications Clusters Switches

LDMS

\

|

. Jupyter

Kafka Distributed Ingestion

Dashboards Sonar Data Cluster

Visualization

Analysis Cassandra (distributed storage),

Spark (distributed processing)
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Big Data Database: Apache Cassandra

= NoSQL = Decentralized

— Different types of data ingested — Robust to node failures

Compute B -
Clusters Lustre Suritalies Facilities
LDMS LDMS OMS Pl

= User/group permissions available

* If one or two nodes go down, the
others continue normally

Applications

= Scalable at multiple levels built in

XALT

— Nodes can be added without

. = Previously used Hbase, but you
downtime

had to choose either security or

— Add nodes of different architectures
performance!

» Phasing out old nodes for new ones

 Tune storage and cores

Lawrence Livermore National Laboratory N “ﬁ% 8
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Security

User Create Ingestion Point Create Shared Table

Requests:
Secure REST Server

Database LC User/Group Permissions
Access: LC User Propagated to Sonar DB
LC Group Member Cassandra
- LC User LC Group FC|.LIJ.Ste[r)+
Cluster/Facility Data Private Shared acility Data

Read-Only
Keyspace

Keyspace Keyspace
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Analysis
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.At.
jupyter
Jupyter upyte

De facto modern data science workflow

« “code” paragraphs:
* the code to run on the backend cluster

« “output” paragraphs:
« code output shown in web-based Ul
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Sonar: Demo
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Sonar: Demo

File Edit View Insert Cell Kernel Widgets Help Trusted | Sonar Python3 O

+ 32 @ B A ¥ MRin EM C W Code -] = DashboardView: [ > | 82 ~ @

In [ ): from sonar_auth.cassandra import SonarCassandraSession
session = SonarCassandraSession(['rzsonarB8']).session

In [ ): import pandas as pd
import matplotlib.pyplot as plt

# This lets us read rows directly in to a pandas dataframe
def pandas_factory(colnames, rows):
return pd.DataFrame(rows, columns=colnames)

session.row_factory = pandas_factory
session.default_fetch_size = None

In [ ): # Run a query and look at the resulting pandas dataframe
query = (
"SELECT * "
"FROM lcstaff_ k.rzgenie meminfo
"WHERE \"Time\" > 1.5354e+09"
"LIMIT 100 "
"ALLOW FILTERING" k

)

resultSet = session.execute(query, timeout=None)
totalDataSet = resultSet._current_rows.sort_values('Time')
totalDataSet.describe()

In [ ): # Plot
lines = totalDataSet.plot.line(x='Time', y='MemAvailable')
lines

In [ ]: nodes= ['rzgeniet$s' % s for s in range(6,49)]
means= []
# Get the means per node
for i in nodes:
query = (
"SELECT \"Time\",\"MemAvailable\",\"ProducerName\"
"FROM lcstaff k.rzgenie meminfo "
"WHERE \"Time\" > 1.5354e+09 "
"AND \"ProducerName\"='g8s' "
"LIMIT 10 "
"ALLOW FILTERING"
) %i
#print(query)
resultSet = session.execute(query, timeout=None)
means.append(resultSet._current_rows.sort_values("ProducerName")["MemAvailable"].mean())

Lawrence Livermore National Laboratory N " 13
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Data Integration with Scrublay

Job Queue Output Cab node => Rack lavou Cab temperature data

Job x TimeRange x Rack x Time X
: Node x Rack
Nodelist Temperature

Node x Job x
Time

Rack x Node x Rack x Time x Heat

Job x Time

Rack x Joblist x Time

3|Sle p|oD - 3|Sie 10H = JeaH

Rack x Joblist x Time x Heat

Query: Job X Rack Heat ?

Lawrence Livermore National Laboratory \J 14
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Data Integration - Results
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Scrublay Jupyter Integration

® © ® /5 0 Bandwidth * A Alfredo
&« (=] | & Secure | https://rzle.linl.gov/jupyterfuser/gimenezl/notebooks/local/sre/sonar/sonar-notebooks/10%20Bandwidth.ipynb?dashboard {‘r\ E
File Edit View Insert Cell Kernel Widgets Help Trusted ‘Sonar Python3 O

10 Bandwidths Per Node (Bytes/Second)

Date Range Selection:

—— Node 1 rate_rx_bytes__bond0_over_Time

——— Node 6 rate_rx_bytes  bond0_over_Time
500M —— Node 3 rate_rx_bytes__bond0_over_Time
——— Node 5 rate_rx_bytes_bond0_over_Time
—a— Node 9 rate_rx_bytes  bond0_over_Time
400M = Node 4 rate_rx_bytes___bond0_over_Time
=~ Node 8 rate_rx_bytes_ bond0_over_Time
Node 3 rate_... —es— Node 10 rate_rx_bytes_bond0_over_Time
300M == Node 2 rate_rx_bytes__bond0_over_Time
~—— Noede 1 rate_rx_bytes_ bondl_over_Time
——— Node 6 rate_rx_bytes  bondl_over _Time
200M = Node 3 rate_rx_bytes__bond1_over_Time
——— Node 5 rate_rx_bytes_ bondl_over_Time
—a— Node 9 rate_rx_bytes__bondl_over_Time
100M = Node 4 rate_rx_bytes___bond1_over_Time
=——— Noede 8 rate_rx_bytes_ bondl_over_Time
0 |L| | | L|| . L ~—=»— Node 10 rate_rx_bytes__bond1_over_Time
N = Node 2 rate_rx_bytes__bondl_over_Time
00:00 12:00 00:00 12:00 00:00
May 6, 2018 May 7, 2018 May B, 2018

Export to plot.ly »
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— Project Co-Lead
— Kafka
— Scrublay
— Pi Data
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= Kathleen Shoga
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— Cassandra Database
— Hardware
— LDMS
— Coordinating Data
Collection Efforts

= Todd Gamblin

— Project Manager

= Matt Legendre
— Project Manager

= Tim Meier
— Cassandra Security

— Network Data
(OpenSM)

= Danielle Sikich
— Slurm Prolog/Epilog
Data
— XALT
— Analytics

= Thomas Mendoza
— Jupyter Hub

= David Poliakoff
— Application
Monitoring

— SPOT & Caliper

= David Boehme
— Caliper

= Joe Chavez
— Web Dev SPOT

= Tapasya Patki
— LDMS Power Plugin
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United
States government. Neither the United States government nor Lawrence Livermore National
Security, LLC, nor any of their employees makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States
government or Lawrence Livermore National Security, LLC, and shall not be used for
advertising or product endorsement purposes.



