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LLNL HPC Systems
System 

(Program)

Processor

Architecture
Nodes Cores

Peak

(TFLOP/s)

CZ

Ansel (M&IC)
Intel Xeon EP 

X5660
324 3,888 43.5

Aztec (M&IC)
Intel Xeon EP 

X5660
96 1,152 12.9

Catalyst

(ASC/M&IC) 

****

Intel Xeon

E5-2695 v2
324 7,776 149.3

Cab

(ASC/M&IC)

Intel Xeon 

E5-2670
1,296 20,736 431.3

Herd (M&IC) 

**

AMD Opteron

8356, 6128

Intel EX E7-

4850

9 256 1.6

Hyperion

(computing 

industry 

collaboration)

Intel Xeon 1,100 13,216 112.7

OSLIC ***
Intel Xeon 

E5330
10 40 –

Sierra (M&IC)
Intel Xeon EP 

X5660
1,944 23,328 261.3

Surface

(ASC/M&IC) 

**

Intel Xeon 

E5-2670
162 2,592 53.9

Syrah

(ASC/HPCIC) 

**

Intel Xeon 

E5-2670
324 5,056 107.8

Vulcan

(ASC/M&IC/H

PCIC)

IBM 

PowerPC A2
24,576 393,216 5,033

System 

(Program)

Processor

Architecture
Nodes Cores

Peak

(TFLOP/s)

CSLIC ***
Intel Xeon 

E5330
10 40 –

Graph (ASC) 

** 

AMD Opteron 

8423
576 13,824 110.6

Inca (ASC)
Intel Xeon EP 

X5660
100 1,216 13.5

Juno (ASC)
AMD Opteron 

8354
1,152 18,432 162.2

Max (ASC)
Intel Xeon 

E5-2670
302 4,584 107

Muir (ASC)
Intel Xeon EP 

X5660
1,296 15,552 174.2

Sequoia

(ASC) **

IBM 

PowerPC A2
98,304 1,572,864 20,132

Zin (ASC)
Intel Xeon 

E5-2670
2,916 46,656 970.4

System 

(Program)

Processor

Architecture
Nodes Cores

Peak

(TFLOP/s)

RZ

RZCereal

(M&IC)

Intel Xeon 

E5530
21 169 1.6

RZHasGPU
Intel Xeon E5-

2667 v3
20 320 8.2

RZMerl

(ASC/M&IC)

Intel Xeon E5-

2670
162 2,592 53.9

RZSLIC ***
Intel Xeon 

E5330
3 24 –

RZuSeq

(ASC) ****

IBM PowerPC 

A2
522 8,192 100

RZZeus

(M&IC) 

Intel Xeon 

E5530
267 2,144 20.6

Stats

Max: 98,304 nodes in one system (Sequoia)

25 systems across open and closed zones

Various processor architectures

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
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 Facilities data measured by 
OSISoft PI
— 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 

Facility Resource Data: Good…
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Application
Resource 

allocator

Nodes
Processors

Application

Job

Message-

Passing

Data 

Sharing

Compiled Code

Linked Libraries

Phases/Iterations

Memory Allocations

Simulation Output

Job allocations

Runtimes

Message size/contents

Message routing

Communication rates

Data accessed

Access rate

Data motion

Network

Core
FLOPs

Instructions

Cache Misses

NodeBandwidth

Data Traffic

Packets 

Sent/Received

Link Utilization

Rack

Temperature

Humidity

Facility

Power 

Consumption

Cooling Units

More HPC Facility Data: Better
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 Full Picture View Allows

— Multiple paths to energy/power 

usage goals

— Prediction of power usage 

patterns with more information 

— Scheduling jobs with previous 

user/job data

— Monitoring for failures that could 

cause sudden drops in power 

draw 

 Challenges

— Lots of data in different formats

— Data in different locations

— Data collection

— Permissions for data

— Analysis of data

Better Data Driven Decisions
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Livermore Computing’s Solution: Sonar

Infrastructure for Analyzing 

the Performance of our HPC Center



LLNL-PRES-749138

7

Compute

Clusters

Ingesting Data from Many Sources

LDMS

Sonar Data Cluster

Cassandra (distributed storage), 

Spark (distributed processing)

Applications
Lustre

LDMS

IB 

Switches

OMS

Facilities

PI

Other

TBD

Caliper

XALT

Jupyter

Dashboards

Visualization

Analysis

Kafka Distributed Ingestion
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Big Data Database: Apache Cassandra

 NoSQL

— Different types of data ingested

 Scalable

— Nodes can be added without 
downtime

— Add nodes of different architectures

• Phasing out old nodes for new ones

• Tune storage and cores

 Decentralized

— Robust to node failures

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

 User/group permissions available 
at multiple levels built in

 Previously used Hbase, but you 
had to choose either security or 
performance! 

Compute
Clusters

LDMS

Applications
Lustre

LDMS

IB 
Switches

OMS

Facilities

PI

Other

TBD

XALT
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Security

LC User/Group Permissions 

Propagated to Sonar DB

Secure REST Server

Create Ingestion Point

LC User

LC Group Member

Cluster/Facility Data

Create Shared TableUser 

Requests:

Database 

Access:

LC User

Private

Keyspace

LC Group 

Shared

Keyspace

Cluster + 

Facility Data

Read-Only

Keyspace

Cassandra

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjCt7Ov09DYAhVTwWMKHWeaBDEQjRwIBw&url=https://www.microsoft.com/es-ec/store/p/app-locker/9wzdncrfhzk3&psig=AOvVaw1eForM3he0RrVGAkJ4u0gw&ust=1515785492927069
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjCt7Ov09DYAhVTwWMKHWeaBDEQjRwIBw&url=https://www.microsoft.com/es-ec/store/p/app-locker/9wzdncrfhzk3&psig=AOvVaw1eForM3he0RrVGAkJ4u0gw&ust=1515785492927069
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjCt7Ov09DYAhVTwWMKHWeaBDEQjRwIBw&url=https://www.microsoft.com/es-ec/store/p/app-locker/9wzdncrfhzk3&psig=AOvVaw1eForM3he0RrVGAkJ4u0gw&ust=1515785492927069
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjCt7Ov09DYAhVTwWMKHWeaBDEQjRwIBw&url=https://www.microsoft.com/es-ec/store/p/app-locker/9wzdncrfhzk3&psig=AOvVaw1eForM3he0RrVGAkJ4u0gw&ust=1515785492927069
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjCt7Ov09DYAhVTwWMKHWeaBDEQjRwIBw&url=https://www.microsoft.com/es-ec/store/p/app-locker/9wzdncrfhzk3&psig=AOvVaw1eForM3he0RrVGAkJ4u0gw&ust=1515785492927069
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjCt7Ov09DYAhVTwWMKHWeaBDEQjRwIBw&url=https://www.microsoft.com/es-ec/store/p/app-locker/9wzdncrfhzk3&psig=AOvVaw1eForM3he0RrVGAkJ4u0gw&ust=1515785492927069
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjCt7Ov09DYAhVTwWMKHWeaBDEQjRwIBw&url=https://www.microsoft.com/es-ec/store/p/app-locker/9wzdncrfhzk3&psig=AOvVaw1eForM3he0RrVGAkJ4u0gw&ust=1515785492927069
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjCt7Ov09DYAhVTwWMKHWeaBDEQjRwIBw&url=https://www.microsoft.com/es-ec/store/p/app-locker/9wzdncrfhzk3&psig=AOvVaw1eForM3he0RrVGAkJ4u0gw&ust=1515785492927069
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Analysis
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Jupyter

De facto modern data science workflow

• “code” paragraphs: 

• the code to run on the backend cluster

• “output” paragraphs: 

• code output shown in web-based UI
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Sonar: Demo
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Sonar: Demo
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Job x TimeRange x 

Nodelist
Node x Rack

Rack x Time x 

Temperature

Node  x Job x 

Time 

Rack x Node  x 

Job x Time 

Rack x Joblist x Time

Rack x Joblist x Time x Heat

Job Queue Output
Cab node => Rack layout

Cab temperature data
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Rack x Time x Heat

Data Integration with ScrubJay

Query: Job X Rack Heat ?
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Data Integration - Results

AMG

Rack 17

Time

H
e

a
t
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ScrubJay Jupyter Integration
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 Alfredo Gimenez
— Project Co-Lead
— Kafka
— ScrubJay
— Pi Data
— Analytics

 Kathleen Shoga
— Project Co-Lead
— 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

Meet the Team
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