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Who Are We?
» Georgia Advanced Computing Resource Center
» Collaboration between the Office of Vice President for Research (OVPR)
and the Office of the Vice President for Information Technology (OVPIT)
» Guided by a faculty advisory committee (GACRC-AC)

Why Are We Here?

» To provide computing hardware and network infrastructure in support of
high-performance computing (HPC) at UGA

Where Are We?
» http://gacrc.uga.edu (Web) http://wiki.gacrc.uga.edu (Wiki)
» http://gacrc.uga.edu/help/ (Web Help)
» https://wiki.gacrc.uga.edu/wiki/Getting Help (Wiki Help)
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Sapelo Cluster

MGACRC

» Cluster Structural Diagram
» Cluster Overview

» Computing Resources

» Storage Environment




The New GACRC Linux HPC Cluster Structural Diagram
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/db AMD Opteron 16-core /Iscratch

processor, 64 GB RAM
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Cluster Overview

Sapelo is a Linux high-performance computing (HPC) cluster:
» 0OS: 64-bit CentOS Linux 6.5

» You can log on to:

Login (username@sapelol.gacrc.uga.edu) : edit script, submit batch job

Transfer (username@xfer.gacrc.uga.edu) : transfer, compress, package data

Build (username@buildl1.gacrc.uga.edu) : compile, test
. glogin : : . : : : :
> Login === |Nnteractive Node : run interactive job, edit script, submit batch job

> Internodal Communication: InfiniBand network

compute nodes << compute nodes < storage systems, e.g., /home and /lustrel
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Cluster Overview

* Batch-queueing System:
> Jobs can be started (submitted), monitored,
and controlled
> Determine which compute node is the best
place to run a job
> Determine appropriate execution priority for

a job to run
* On Sapelo:
> Torque Resource Manager + Moab Workload
Manager

> Queueing commands: gsub, gstat, gdel
showjobs, showg
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Computing Resources

Node Total Processor Cores RAM (GB) Max RAM (GB) GPU Cards InfiniBand
Feature /Node /Node /Single-node Job /Node
112 128 126

» AMD

4 256 252

OA'ZIE)n 48 N/A N/A
P 512 (6) 504

batch  HIGHMEM 7 Yes

1024 (1) 997

GPU 2 Intel Xeon 16 128 126 AR 8

K40m
abcnode AMD
(buy-in) > Opteron 48 256 252 N/A N/A

Home: /home/username: 100GB
Global scratch: /lustrel/username: NO quota limit, auto-moved to /project if no modification in 30 days!
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Layer 1: Node
Node 167 » A standalone “computer in a box”

» Multiple processors, e.g. 4, sharing memory
~ Local disk storage, network interface, etc.

» Networked into a cluster

Processor 1 Processor 3

Local Layer 2: Processor

Storage » Asingle computing component
» Multicore processor, e.g. 12 cores

128 GB Shared RAM /0 Bus

/[Iscratch

Processor 2 Processor 4

Layer 3: Core

» Central processing unit (CPU) reading and executing
48 cores and 128 GB RAM instructions independently
per node » Each core is assigned to a software thread

10/3/2016
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Storage Environment
| dFilesystems | Role | Quota | Accessiblefrom | intendedUse | Notes

sapelol.gacrc.uga.edu (Login)
Interactive nodes (Interactive) Highly static data being
» /home/username/ Home 100GB  xfer.gacrc.uga.edu (Transfer) used frequently, e.g., Snapshots
scripts, local software
compute nodes (Compute)

Global Interactive nodes (Interactive) Temporarilv storing laree Auto-moved to
®) /lustrel/username/ No Limit xfer.gacrc.uga.edu (Transfer) porarty & 148 /project if 30 days no
Scratch data being used by jobs A
compute nodes (Compute) modification
/Iscratch/username/* St(r):taclh 250GB  Individual compute node Jobs with heavy disk I/O  User to clean up
. 1TB Long-term active data : :
» /project/abclab/ Storage (Initial) xfer.gacrc.uga.edu (Transfer) S— Group sharing possible

Note: /usr/local/apps : Software installation directory ; /db : Bioinformatics database installation directory
* denotes component or policy to be implemented in the future

10/3/2016 GACRC SAPELO NEW USER TRAINING




MGACRC

P T W W

Storage Environment - Data Storing Rule

1/O
Performance

/|

Fast IRV BNV € Current Data being used by jobs running on cluster, i.e., job data

LENOREIGEIG/AN € Static Data being used frequently, e.g., scripts and software

Slow /project/abclab/ € Non-current Active Data to be analyzed in the future, e.g., 1 month

User’s Local Storage | € Non-active Data, e.g., final outputs and results
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Storage Environment - Accessing Rule of 123

10/3/2016

/home/username

Landing

Landing

/lustrel/username

cd

cd

Interactive
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Landing

/project/abclab

cd
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Storage Environment

Login Landing Login or Transfer or /home/username (Home) (Always!)
Login /home/username (Home)
Batch Job Submitting /lustrel/username (Scratch) (Suggested!)
/home/username (Home)
Interactive | . < -
Interactive Job Running s USRI [Semic)
/home/username (Home)
Data Transferring, Archiving , Compressing Ml Ui (e
/home/username (Home)
Transfer
Long-term Active Data Storing /project/abclab
Code Compilation, Test /home/username (Home)
Job Data Temporarily Storing Compute sl US e (e

/Iscratch/username (Local Scratch)*

Note: * denotes component or policy to be implemented in the future
R R R R
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Job Submission Workflow

Next Page

\ 4




The New GACRC Linux HPC Cluster Operational Diagram

‘ | £ 1 B A N (| el 10 Gbit Etherne t=——
User
Build Node Transfer Nodes
buildl.gacrc.uga.edu xfer.gacrc.uga.edu AMD Compute Nodes
(code compilation) (data transferring, compression, looking into results) (running regular batch or interactive jobs)
@ ® - . =

A A A

Lustre Parallel
File System

/Lustrel

Job Scheduling

Seagate .
Queueing System

Torque Resource Manager
Moab Workload Manager

Job Submission to queue

NFS File System

/home >] glogin Login Node
/usr/local 5 . d—— . sapelol.gacrc.uga.edu
/db > (login, job submission, text editing)
Interactive Node
IceBreaker Login
NFS File System ssh UGAMyID@sapelol.gacrc.uga.edu
- (with UGA MyID credentials)
/project
IceBreaker (Longer-term data storage: ‘

1. Lifecycle too long for /lustrel U

2. Size too big for /home) ser
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Job Submission Workflow

Job Working Space is Global Scratch: /lustrel/username/

e Why? \

No quota limit + The |/O fastest filesystem

~t

rel

e How to access? lus
From Interactive Node, cd /lustrel/username/

 What need to pay attention?

Clean up! Non-current Active Data = /project/abclab/

, using Transfer Node
Non-active Data = local storage
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Job Submission Workflow

1. Linux/Mac user: Login Interactive
ssh username@sapelol.gacrc.uga.edu 2. glogin 3. cd /lustrel/username
‘ ‘—‘ : . 7. nano ./sub.sh
Windows user: | ——— 4. mkdir ./wofkDir
e A 5. cd ./workDlr
i

lustrel

6. Linux/Mac user:
scp file username@xfer.gacrc.uga.edu:/lustrel/username/workDir

Windows user: [

- Useful PBS headers:
— #PBS mem=200gb : use 256GB AMD nodes

Note: —r option of scp command will recursively copy a directory ppn=24 : request 24 cores for 24 threads
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Job Submission Workflow

1. Logonto Sapelo Login node: ssh username@sapelol.gacrc.uga.edu

2. From Sapelo Login node, transfer to Interactive node by issuing the command: glogin
3.  From Interactive node: Change directory to global scratch: cd /lustrel/username
4. Create a working subdirectory on global scratch: mkdir ./workDir

5. Change directory to workDir:cd ./workDir

6. Transfer data to workDir using scp or SSH Client File Transfer (with tar or gzip)

7. Make a Sapelo job submission script: nano ./sub.sh

8.  Submit job: gsub ./sub.sh

Useful PBS headers: #PBS -1 mem=200gb :use 256GB high-RAM AMD nodes
#PBS -1 nodes=1:ppn=24:AMD :request 24 cores for 24 threads, max 48!
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Work on Sapelo

Before we start:

GACRC Wiki: http://wiki.eacrc.uga.edu

GACRC Support: https://wiki.gacrc.uga.edu/wiki/Getting Help
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https://wiki.gacrc.uga.edu/wiki/Getting_Help
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Work on Sapelo

To submit a ticket to us?

> Job Troubleshooting:

Please tell us details of your question or problem, including but not limited to:
v Your user name
v" Your job ID

v" Your working directory

v The queue name and command you used to submit the job Note:

> Software Installation: It’s USER’s responsibility to

v' Specific name and version of the software make sure the correctness

v Download website EZ:th:;(je:JsblsO'emg A

v' Supporting package information if have

10/3/2016 GACRC SAPELO NEW USER TRAINING
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Work on Sapelo

User Account
Connect and Login
Transfer Files Using Transfer Node
Software Packages
Run Interactive Jobs
Run Batch Jobs
v" Submit Batch Jobs
v Serial, Threaded, and MPI Batch Job Submission Scripts
v" Check Job Status and Cancel a Job
v" Check Computing Resources Used by a Job

YV V. V V VY V
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User Account

e User Account: UGAMyID@sapelol.gacrc.uga.edu
A valid official UGA MylID is a MUST to create a user account! A

* To getauser account:

Computing Lab Registration: http://help.gacrc.uga.edu/labAcct.php (for Pl of a new group)

User Account Request: http://help.gacrc.uga.edu/userAcct.php (for Pl of an existing group)

New User Training: http://gacrc.uga.edu/help/training/

o N

Welcome letter with whole package of information about your Sapelo user account

10/3/2016 GACRC SAPELO NEW USER TRAINING 22
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Connect and Login

On Linux/Mac: use Terminal utility and ssh to your account:

or

(1 =X is for X windows application running on the cluster with its UGI to be forwarded to local
2 On Windows, use a SSH client to open the connection (next page))

* Loggingin: You will be prompted for your UGA MyID password:

(30n Linux/Mac, when you type in the password, the prompt blinks and does not move)

* Logging out: exit to leave the system:
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Connect and Login

- default - 55H Secure Shell [= [@][=]

|| Fle Edit View Window Help |

B sl a2 2ee[al a8 % e
f &1 quid] connect D] Profiles
S8H Secure Shell 3.2.% (Build 283) -
Copyright (c) 2000-2003 S55H Communications Security Corp
- http://www.ssh.com/ 1. To download.

This Copy Connect to Remote Host E_ versio

SO I ¥ = i = D N http://eits.uga.edu/hardware and software/software/

_'_ty. Uszer Mame: 3 IZhL’":'fEi Cancel | With your UGA MY|D and password
Port Murmber: I22
] Authertication Methodt: [<Profie Setfings> <] 2. After connection is built, working environment is

Linux, same as Linux/Mac users’

Mot connected - press Enter or Space to conne | 56x20 I_ @ I_ D
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Transfer Files Using Transfer Node xfer.gacrc.uga.edu

ssh username@xfer.gacrc.uga.edu with your UGA MyID password

Landing directory: /home /username (Sapelo home)
Move data into/out of Sapelo (scp, sftp, rsync, SSH Secure Shell File Transfer, FileZilla)
Compress or package data on Sapelo (tar, gzip)

Transfer data between Sapelo and zcluster (cp, mv)

N N X X X

Filesystems you can access:

> /home/username/ : Sapelo home (landing spot)
>  [lustrel/username/ : Sapelo global scratch

> /panfs/pstor.storage/home/abclab/username/ : zcluster home

>  Jescratch4/username/ : zcluster scratch

> /project/abclab/ : long-term active data storage

v" Most file systems on Transfer are auto-mounted upon the first time full-path access, e.g.,
cd /project/abclab/
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Transfer Files Using Transfer Node xfer.gacrc.uga.edu

User’s local - m ‘ Transfer (xfer.gacrc.uga.edu)

*  On Linux, Mac or cygwin on Windows : scp (-r) [Source] [Target]

E.g. 1: working on local machine, from Local =» Sapelo global scratch

E.g. 2: working on local machine, from Sapelo global scratch =» Local

 On Window: SSH Secure Shell File Transfer, FileZilla, WinSCP (next page)
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Transfer Files Using Transfer Node xfer.gacrc.uga.edu

User’s local - m ‘ Transfer (xfer.gacrc.uga.edu)

B:] 2 .uga.edu - default - S5H Secure File Transf (=l
&) - default - SSH Secure Shell ,\ =@ ]=] & 2ufen gacrcugeedu - defau ure il Transfer =
“ Fle Edit View Window Help / | “ Fle Edt Vew Operton Wndow Hep |
HaR 28 s a2 er a0 e 1@ areE &EE 0 &
( EI chleonneB}j Profiles ‘ “ &) Quek Comect. (] Profies ‘ 6
SSH Secure Shell 3.2.9 (Build 283) . |alome gx] A6 2| of X Rttt
Copyright (c) 2000-2003 SSH Communications Security Corp Local e /| see[Tpe | Modfed M TS (| sue|Tie [ Modfed | Atrbutes |
- http://www.ssh.com | - Libraries System F... 1 serial Folder 03/30/2016 03:38:3...  drwne------
- frra n Sfe rn Od €: A zhuofeihou System F.. - 09/22/201509:193.. 1 user_test Folder 06/20/2016 01:32:2...  drwaxr-r-x
. - & Computer System F... . work(624 Folder 07/06/2016 11:22:0...  drwexr-sr-x
Thiz c Connect to Remote Host versi 15 Compu ¥ J
This copy E vErsio i Network Sytem .. | workT14 Folder  OP/401608462.. dhwiruox
In.
. '] . L . @Contro\ Panel System F..,
This vers ! Host Mame: 2 |:-:fer.gacrc.uga.edu ‘m netiona et i ot
lity. == User Mame: 3 IZhUDfEi Cancel | & Control Penel System F..
] |22 ECygwinﬁ# Terminal 593 Shorteut  09/22/201508:125...
et vt BISHSecureFleTransfer G 2290 Shortcut  09/22/01507542.,
l Authentication Method: |<mei|e Settings> -] &]55H Secure Shel Clent 1332 Shortcut  09/22/201507:54:2...
c((\eaner 840 Shorteut  09/22/2015 08:44:5...
18 Computer - Shortcut 355 Shorteut  09/22/201507:34:2..
FHeZilla 984 Shortcut  09/22/201508:04:5...
_test 10 Tedt Doc..  04/26/201600:225..,
m\ﬁsiolﬂli 2847 Shorteut  09/22/200507:38:1..
(XXming 1035 Shortcut  09/22/201508:2240..
Mot connected - press Enter or Space to conne| | 56:20 l_ @ l_ l_é
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Software Packages

GACRC

* The cluster uses environment modules to define the various paths for

software packages

e  Current number of modules installed is ~300 and expanding daily!
e module avail to list all available modules (centralized installation):

[zhuofel@75-104 ~]3¥ module avail

moduleT . ne
e/moduleT

. 47
B.14/1ntel/15.0,2
.8.14/pgi/14.9

intel 14.@

intel/15.0.2

10/3/2016

1etcdf/3.6. 0.
letcdf/4.1.3/qcc/4.4.7
1etcdf/4.1.

1etcdf/4.1. G
letcdf/4.3.2/qcc/4.4.7
etcdf/4.3.2/pgi/14.9

GACRC SAPELO NEW USER TRAINING

openmpil/l.6.5/gcc
openmpl/Ll. 6.

openmpi/Ll. 8

openmpi/i
penmpl/Ll. 8.
openmpi/Ll. 8.
openmpi/l. 8.7

Fl'il'lif_

trinit

trinity/2.0.8 (D)
z1ib/gcc447/1.2.8




GACRC

Software Packages

. module list to list which modules currently loaded:
[zhuofel1@75-104 ~]3 module list

Currently Loaded Modules:
1) StdEn 2) moab/7.2.10

. module load toload the needed modules:

[zhuo fel@75-10
[zhuo fel@75-10 ]

[zhuo fel@75-104 ~]% modl
[zhuofel@75-104 ~]% modL

Currently Loaded Modules:
1) StdEn 2) moabh/7.2.10

[zhuofel@75-104 ~]%dnodule unload)R/A3.1.2
[zhuofel@75-104 ~]% module IIst

Currently Loaded Modules:
1) StdEn 2) moah/7.2.10 3) nchiblast+/2
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Run Interactive Jobs

* Torun an interactive job, using glogin command from Login node:

€ Now | am on n14, which is an interactive node

* When you are done, remember to exit the session
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Run Batch Jobs

e Components you need to run a job:
» Software already loaded. If not, used module load
» Job submission script to run the software, and specify computing
resources:
Number of nodes and cores
Amount of memory
Type of nodes
Maximum wallclock time, etc.

ENERA NI NI

e Common commands you need:

> qsub, gdel
» qstat -f, showjobs, showq

GACRC SAPELO NEW USER TRAINING 31
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Submit Batch Jobs

€ nl5: interactive node
€ /lustrel/zhuofei/: global scratch

gsub is to sub.sh is your job submission script
submit a job specifying:
v" Number of nodes and cores
v' Amount of memory
v Type of nodes
v' Maximum wallclock time, etc.
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Example 1: Serial job script sub.sh running NCBI Blast +

>
>
>
>
>4
>4
>4

7

Linux shell ( )

Queue name ( )

Name of the job ( )

Number of nodes (1), number of cores/node (1), node type ( )
Maximum amount of physical memory ( ) used by the job
Maximum wall clock time ( ) for the job, default 6 minutes

Use the directory from which the job is submitted as the working
directory

Load the module of ncbiblast+, version 2.2.29

Run blastn with ‘time’ command to measure the amount of time it
takes to run the application

10/3/2016
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Example 1: Serial job script sub.sh running NCBI Blast +

=>» Job will be dispatched to run on AMD
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Example 2: Threaded job script sub.sh running NCBI Blast+

=» Number of nodes (1), number of cores/node (24), node type (
Number of threads (24) = Number of cores requested (24)

=» Email address to receive a notification for computing resources

=» Send email notification when job aborts (2) or terminates ()

=>» Standard error file ( ) will be merged into standard
out file ( )

=>» Run blastn with 24 threads (
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Example 3: MPI job script sub.sh running RAXML

=» Number of nodes (2), number of cores/node (48), node type ( )
Total cores requested = 2 x 48 = 96
We suggest, Number of MPI Processes (50) < Number of cores requested (96)

=>» To run raxmIHPC-MPI-AVX, MPI version using OpenMPI 1.8.3/Intel 15.0.2

=» Run raxmIHPC-MPI-AVX with 50 MPI processes
( )

10/3/2016 GACRC SAPELO NEW USER TRAINING 36



=>» ppn number (27) fewer than 48 MUST be

~- New lines copied from GACRC Wiki

=» Run raxmIHPC-MPI-AVX with 50 MPI processes
( )

10/3/2016 GACRC SAPELO NEW USER TRAINING 37



Check Job Status (gstat) and Cancel aJob (gdel)

Job status:

R :job is running

C : job completed (or crashed) and is not longer running. Jobs stay in this state for 1h
Q : job is pending, waiting for resources to become available
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Check Computing Resources Used by a Job

Option 1: gstat -f JobID for running jobs or finished jobs in 1 hour
Option 2: showjobs JobID for finished jobs over 1 hour, but < 7 days

Option 3: Email notification from finished jobs (completed, canceled, or crashed),

if using:

#PBS -M jSmithQuga.edu
#PBS -m ae

10/3/2016
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gstat —f JobID forrunningjobs or finished jobs in 1 hour
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MGACRC

showjobs JobID forfinished jobs over 1 hour, but <7 days




MGACRC

Email notification from finished jobs
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MGACRC

Check Queue Status (showq)




Guideline Tips

* Do NOT use Login Node to run jobs = Interactive Node or the queue
* Do NOT use Login Node upload or download data to/from cluster

}Transfer Node
* Do NOT use Login Node to transfer data to the home dir

* NO large memory job running on AMD nodes = HIGHMEM nodes

NO small memory job running on HIGHMEM nodes = AMD nodes

* As ageneral rule, threads # = cores # requested
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Practical Tips

e Each directory should not have too many files inside! A rule of thumb would
be to try to keep no more than a few tens of thousands of files (<10000 would

be even better) in any single directory which is accessed frequently.

SR
(NI

N7

All files are in ONE single dir! K Files are organized in subdirs! \/
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Practical Tips

* Job name should have a specific computational meaning.

Good Examples: #PBS —-N blastn dataSetl trail2 ; #PBS -N M-10-1121
Bad Examples: #PBS -N Jjobl ; #PBS —-N bowtie ; #PBS -N 20160930
* Redirect standard output and error of the application to a file, instead of letting it be written
in the stdout .o file and stderr .e file of the job, e.g.:
time application >file 2>¢&1
* Monitor job progress from time to time, to catch if a job gets stuck
e Batch job deletion to cancel all your running and waiting jobs from queue

gdel $(gstat | egrep '~[0-9]’ | awk '$5!~/C/ {print S$1}"'")
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Useful Links

* GACRC Web: http://gacrc.uga.edu/

* GACRC Wiki: https://wiki.eacrc.uga.edu/wiki/Main Page

* GACRC Help : http://gacrc.uga.edu/help/

* GACRC Training: https://wiki.gacrc.uga.edu/wiki/Training

* GACRC User Account: https://wiki.gacrc.uga.edu/wiki/User Accounts
* GACRC Software: https://wiki.gacrc.uga.edu/wiki/Software

EITS HELPDESK: 706-542-3106

Georgia Advanced Computing Resource Center MONDAY — THURSDAY: 8AM — 10PM

4098C Stegeman Coliseum
University of Georgia

Athens, GA 30602 SATURDAY — SUNDAY: 1PM — 7PM

FRIDAY: 8AM — 6PM
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Thank Youl!




