HOW TO BUILD AN HPC
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WHAT IT TAKES TO BUILD AND CONTROL AN ARMY OF 200+ COMPUTE NODES
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LET'S GET A HPC CLUSTER!




CLUSTER SHOPPING LIST

Compute Servers

Network switches

High-Speed Interconnect

Storage
Management servers

Login servers

Cables




A MULTI-DIMENSIONAL OPTIMIZATION PROBLEM

CHANGING ONE HAS CONSEQUENCES
TO OTHERS

YOU NEED TO FIND COMPROMISES
AND MARRY DIFFERENT REQUIREMENTS

WHATEVER WE BUY, WE HAVE TO LIVE
WITH FOR UP TO 8 YEARS

= A LOT OF “WHAT IF2" DISCUSSIONS



OWL'S NEST 2

TEMPLE UNIVERSITY'S LATEST HPC CLUSTER



28 CPU cores

PROCESSING POWER & MEMORY

12 CPU cores
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A typical desktop PC Owl’s Nest 1 Owl’s Nest 2
normal node normal node




N N N N NN (RN N NN
UL R 5 5 5 F 8N
CC R O O L O RN

LN ]
L UL L
L B O O O O DR O O O O

- L - » &

- LI L] LI LI
L L L L L L O L O O L O O
- LD O O O R L
L IR O B B O R DR B BN BN DR N N N R N N

L




Owl’s Nest 2: 180 normal compute nodes

TOTAL TOTAL Parallel C '
5040 CPU cores 225 TB RAM ng?giedofcr;?E::l?ghput



28 CPU cores

Owl’s Nest 2
normal node



28 CPU cores

Owl’s Nest 2
normal node

180x

28 CPU cores / 7168 GPU cores

Owl’s Nest 2
gcd node

12x

exclusive for
Department of Physics
(quantum chromodynamics)

16 CPU cores / 7168 GPU cores
HEER

Owl’s Nest 2
large node

6X



16 CPU cores /
7168 GPU cores 32 CPU cores 16 CPU cores

Owl’s Nest 2
large node
()¢
Owl’s Nest 2
big node
6X

Owl’s Nest 2
huge node

2X



GLOBAL DISK STORAGE

Owl’s Nest 1 Owl’s Nest 2

4x NFS server DDN GridScaler Parallel Storage with GPFS
Bandwidth: 4x 1Gb/s Bandwidth: 4x 56 Gb/s FDR InfiniBand



GLOBAL DISK STORAGE

Owl’s Nest 1 Owl’s Nest 2

4x NFS server DDN GridScaler Parallel Storage with GPFS
Bandwidth: 4x 1Gb/s Bandwidth: 4x 56 Gb/s FDR InfiniBand



GLOBAL DISK STORAGE

Owl’s Nest 2 Owl’s Nest 2
DELL NFS server with ZFS DDN GridScaler Parallel Storage with GPFS
Bandwidth: 1x100Gb/s EDR InfiniBand Bandwidth: 4x 56 Gb/s FDR InfiniBand



Department of Psychology

Research based on the

HUMAN
CONNECTOME
PROJECT

DATA SET OF
64 TB

MRI scans of the human brain



CHALLENGES




48A/60A
17.3kVA

18x C14 plugs, 6x C19 plugs

POWER Total Initial Estimate: 108KW

19KW 19KW 19KW 13KW 12KW 14KW 12KW 6KW

32x C14 plugs  34x C14 plugs 32x C14 plugs 26x C14 plugs 24x C14 plugs 12x C14 plugs 15x C14 plugs 10x C14 plugs
4x C19 plugs

Needed:



CHALLENGES

Power

5 Logistics

66.7




Logistics: How to turn this...






...move around multiple metric tons of equipment...







High-Performance Computin

Building the new Owl’'s Nest



NETWORK OVERVIEW
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IPMI-NETWORK

e AN ISOLATED 1GBE ETHERNET NETWORK

e ONLY MASTER NODE CAN ACCESS IT

e ALL SERVERS HAVE A BOARD MANAGEMENT CONTROLLER (BMC) CONNECTED TO THIS NETWORK
e BMC IS ALWAYS ACCESSIBLE, EVEN IF SERVER IS OFF

e YOU CAN CONTROL A SERVER VIA ITS BMC
* POWER ON/OFF/CYCLE
e READ SENSOR DATA
o UPDATE BIOS/FIRMWARE

e CHANGE BIOS SETTINGS



NETWORK OVERVIEW

master = master2 loginl " login2

SSH-Network (1GbE)
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SSH-NETWORK

A CLUSTER INTERNAL 1GBE ETHERNET NETWORK

USED BY BATCH-SYSTEM TO CONTROL NODES

USERS CAN LOG INTO NODES THAT RUN THEIR JOBS

USED FOR PROVISIONING / NETWORK INSTALL OF NODES



NETWORK OVERVIEW

master = master2 loginl " login2

SSH-Network (1GbE)
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INFINIBAND FABRIC

e LOW LATENCY (0.7 MICROSECONDS), HIGH BANDWIDTH (100 GB/S)
e FOR PARALLEL COMMUNICATION DURING COMPUTATION
e ALSO USED FOR STORAGE TRAFFIC

e 2 LEVELS
e 33X CORE SWITCHES
e 9X LEAF SWITCHES

e NODES ARE CONNECTED TO ONE LEAF SWITCH VIA COPPER CABLES
o ALL LEAF SWITCHES ARE CONNECTED TO ALL CORE SWITCHES VIA MULTIPLE FIBER CABLES



NETWORK OVERVIEW
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InfiniBand Level 1

SSH-Network (1GbE)
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InfiniBand Level 2
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HARDWARE IS ONLY HALF OF THE STORY

’



PROVISIONING - INSTALL 200+ SERVERS

e AUTOMATED INSTALLATION
o KICKSTART SCRIPTS FOR AUTOMATING SERVER INSTALLATION
o USED TO SET UP FILESYSTEMS AND PARTITIONS ON SERVER
* INSTALL BASE OPERATING SYSTEM (E.G. CENTOS)
o CONFIGURE NETWORK INTERFACES

e BASE PACKAGES (RPMS)

e COBBLER (HTTP://COBBLER.GITHUB.IO/)
* A TOOL TO MANAGE A GROUP OF MACHINES AND PROVISION THEM USING KICKSTART
o STORES AND CONFIGURES DAEMONS FOR DHCP, TFTP (FOR NETWORK BOOT), DNS AND HTTPD

o AFTER EXPLORING MANY ALTERNATIVES, FOR US THIS HAS THE BEST BALANCE LOW LEVEL ACCESS
AND CONVENIENCE



PROVISIONING

TURN ON!




PROVISIONING

What is my IP?

192.168.100.1



PROVISIONING

What is my name?




PROVISIONING

Network Booting:
What should | do?

Boot into installer



PROVISIONING

What should | install?

Use this kickstart script
Qo

Step 1
Step 2

Reboot



PROVISIONING

DONE - REBOOT




PROVISIONING

What is my IP?

192.168.100.1



PROVISIONING

What is my name?




PROVISIONING

Network Booting:
What should | do?

Boot into local HDD



PROVISIONING

| am your father! o
Just kidding...



PROVISIONING

You are a “normal” node
You need to be configured following these rules:

(S



WHAT HAPPENS DURING PROVISIONING

e EACH SERVER BOOTS INTO INSTALLER VIA NETWORK BOOT

e BASED ON SELECTED PROFILE, SERVER DOWNLOADS KICKSTART SCRIPT

e« HDD IS WIPED AND NEW FILESYSTEMS ARE CREATED

e AFTER COMPLETION OF THE INSTALLATION = REBOOT

e L OCAL BOOT INTO INSTALLED OS

e SERVER REPORTS “|'M READY"

e SECOND STAGE OF PROVISIONING VIA CONFIGURATION MANAGEMENT (ANSIBLE)



name: Install ntpd daemon
yum:
name: ntp

ANS'BLE state: latest

name: Disable default ntp
lineinfile:

o HTTPS://WWW.ANSIBLE.COM/ dest: /etc/ntp.conf
e TOOL FOR CONFIGURATION regexp: "~(server [0-3]\.centos\.pool\.ntp\.org iburst)"”
MANAGEMENT backrefs: yes
line: "#\1°
e LANGUAGE TO WRITE CONFIGURATION state: present
CHANGES AS CODE
e |INSTALL PACKAGES name: Set up default default ntp server
lineinfile:
e dest: /etc/ntp.conf

e (CONTROL SERVICES regexp: "“server”

U Iinsertafter: "/Mserver
o SEFUL TO ENFORCE A CONSISTENT line: "server ntp.hpc prefer®
CONFIGURATION AMONG MULTIPLE
SERVERS

name: Restart ntpd daemon

e YOU CAN DEFINE ROLES AND APPLY service:
THEM TO MULTIPLE SERVERS USING name: ntpd
“PLAYBOOKS" enabled: yes

state: restarted
e ALTERNATIVE: PUPPET




WHEN THINGS GO WRONG

CLUSTER NODES AUTOMATICALLY DETECT IF HARDWARE HAS PROBLEMS

HEALTH CHECK SCRIPTS ARE RUN BEFORE AND AFTER A JOB
—> NODE IS MARKED OFFLINE IF THERE IS A PROBLEM

ADMINS CAN TAKE ACTION LATER, BUT REST OF THE CLUSTER REMAINS OPERATIONAL

THANKS TO AUTOMATION, REIMAGING (REINSTALLING) A NODE IS DONE WITHIN 10 MINUTES



owlsnest2 Cluster Report at Mon, 19 Feb 2018 23:11:36 -0500 Get Fresh Data

M O N IT O R I N G Last = hour 2hr | 4hr | day week month year decade job orfrom

HPC @ Temple Grid > owlsnest2 > | --Choose a Node ¥

Overview of owlsnest2 @ 2018-02-19 23:11

est2 Cluster Memory

e  COLLECT INFORMATION ABOUT YOUR - loneets Cluster Lod oot day
INFRASTRUCTURE! on: o

Current Load Avg (15, 5, 1m): g

74%, 73%), 71% 5

. 2 ilizati (last day): W

° B EN EFITS g Avg Utilization (last day): ]
77% 3

-

* DETECT ANOMALIES

O 1-min  MNow: 3k M ¢ Avg: 4.5k

E Modes  Mow: M1 Avg:211.0
e MAY HELP YOU DURING PROBLEM Server Load Distribution Bl iy e

|NVESTIGAT|ONS :5t2 Cluster CPU last day
e  WE USE GANGLIA MONITORING SYSTEM

owlsnest2 Cluster MNetwork
50 M

Percent

e HTTP://GANGLIA.SOURCEFORGE.NET/

sec

e EVERY NODE HAS A GMOND DAEMON
SOCBCIOK]

Bytes/

: ' 3 = el = O In leuz-(.).-::lm 1.1M
o MEMORY USAGE dle  Now 27.7% Min: 16.5% Avg: 23.0° D335 W out  MNow:

v GPU USAGE o1 2 st day sorted by name

Metric load_report caled: | Auto

Columns 4 v |(0

e NETWORK TRAFFIC
o DATA IS COLLECTED ON MASTER
e VISUALIZED ON EXTERNAL WEBSITE



WHY USE A BATCH SYSTEM®e

=> A BATCH SYSTEM ALLOWS YOU TO IMPLEMENT A USAGE POLICY
- MAXIMIZE UTILIZATION OF RESOURCES

—> GIVE USERS A FAIR AMOUNT OF COMPUTING RESOURCES

—> ENABLES USER MONITORING AND USAGE REPORTING



BATCH SYSTEM

WE USE: PBS/TORQUE + MAUI SCHEDULER (ALTERNATIVE: SLURM)

NODES ARE CONFIGURED IN QUEUES

JOBS CAN RUN ON A LIST OF COMPUTE NODES

HOW MANY JOBS MAY A USER RUN AT ONCE IN
THIS QUEUE¢

HOW MANY NODES CAN BE ALLOCATED IN ONE
JOB?

HOW MANY PROCESSORS/HOW MUCH RAM ARE
ALLOWED PER JOB?

HOW LONG CAN JOBS RUN?
ETC.

WE USE QUEUES TO SEPARATE DIFFERENT HARDWARE

NORMAL (28 CORE, 128GB RAM)

LARGE (16 CORES, 512GB RAM, 2x NVIDIA
P100 GPU)

BIG (32 CORES, 1500GB RAM)
HUGE (16 CORES, 3000GB RAM)



BATCH SYSTEM

Compute Nodes
e

Scheduler

Scheduler

Batch System

Job Script

Scheduler

Scheduler




USER SOFTWARE

SOFTWARE IS INSTALLED GLOBALLY ON SHARED
STORAGE AND PROVIDED VIA MODULES & ' }1

e WE USE LMOD, WHICH IS COMPATIBLE TO ORIGINAL OpenMM
MODULES BUT HAS BETTER DEPENDENCY MANAGEMENT

WE ARE EXPLORING NEW CAPABILITIES TO ENABLE
WORKFLOWS (E.G., CONTAINERS FOR MACHINE
LEARNING AND BIOINFORMATICS)

WE CONSTANTLY WORK WITH USERS TO IMPROVE
CLUSTER SOFTWARE OVER TIME

ot W =nvioin

CUDA

-

FAST. FLEXIBLE. FREE.

i O ANTUMESPRESSO

::C:LI:LbIE Molecular Dynamics

.S’pcmr‘lgZ

é’ Caffe?2




WEBSITE

e (GATEWAY TO THE CLUSTER
e SIGN UP FOR CLUSTER ACCOUNT
e DOCUMENTATION OF THE CLUSTER

e MONITORING OF CLUSTER STATE AND
USAGE

e USERS CAN KEEP TRACK OF THEIR JOBS
e DATA COLLECTION FOR REPORTING

~~--}0g0agg

HPC
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