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GACRC

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)



http://gacrc.uga.edu/
http://wiki.gacrc.uga.edu/
http://gacrc.uga.edu/help/
https://wiki.gacrc.uga.edu/wiki/Getting_Help
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Sapelo at GACRC

» Cluster Structural Diagram
» Cluster Overview
» Computing Resources

» Storage Environment
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The New GACRC Linux HPC Cluster Structural Diagram
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Cluster Overview

Sapelo is a Linux high-performance computing (HPC) cluster:

» 0S: 64-bit CentOS Linux 6.5

» You can log on to:
Login (UGAMyID@sapelol.gacrc.uga.edu) : edit script, submit jobs
Transfer (UGAMyID @xfer.gacrc.uga.edu) : transfer, compress, package data
Build (UGAMyID@build1.gacrc.uga.edu) : compile, test

glogin
> Login ™) |itcractive Node : run job interactively, edit script, submit jobs




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 OA’!\:S)n e N/A N/A Yes
4 & 256 252
AMD 512 (6) 504
batch  CAMEM ! Opteron = N/A N/A Yes
1024 (1) 997
Intel NVIDIA
GPU 2 Xeon e 128 126 KA0m 8 Yes
abcnode AMD
(buy-in) 2 oOpteron 256 252 N/A N/A Yes




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
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Storage Environment
" aFlesystems | Role | Quota | Accessilefrom | imendedUse | Notes

sapelol.gacrc.uga.edu (Login)
Interactive nodes (Interactive)

Highly static data being

/home/username Home 100GB  xfer.gacrc.uga.edu (Transfer) P T—— Snapshots
compute nodes (Compute)
Global Interactive nodes (Interactive) Ternporarilv storine laree Auto-moved to
/lustrel/username No Limit  xfer.gacrc.uga.edu (Transfer) Porarty 5 8IB /project if 30 days
Scratch data being used by jobs .
compute nodes (Compute) no modification
/Iscratch/username St(::'?clh 250GB Individual compute node Jobs with heavy disk 1/0 User to clean up
/project/abclab Storage Variable xfer.gacrc.uga.edu (Transfer) Long-term data storage E;(S):iglzharmg
Note: Jusr/local/apps : Software installation directory

/db : Bioinformatics database installation directory
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Storage Environment

Access Rule of 123:

[lustrel

Transfer
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What is the new cluster — Storage Environment

Login Landing Login or Transfer or /home/username (Home) (Always!)
Login /home/username (Home)
Batch Job Submitting |
e /lustrel/username (Scratch) (Suggested!)

/home/username (Home)

/lustrel/username (Scratch)

Interactive Job Runnin Interactive
8 /home/username (Home)

Data Transferring, Archiving , and /lustrel/username (Scratch)

Compressing TSI /home/username (Home)

: . /Iscratch/username (Local Scratch)
Job Data Temporarily Storing Compute ) TEem——
Long-term Data Storing Transfer /project/abclab
Code Compilation /home/username (Home)
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orkflow on Sapelo

The New GACRC Linux HPC Cluster Operational Diagram

‘ < finiBand = A1 0 Ghit Ethernet -
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 » accaman

Lustre Parallel
File System

/Lustrel

Job Scheduling

Seagate

Queueing System
Torque Resource Manager
Moab Workload Manager

Job Submission to queue

IR, N FS File System Prim——
/home
/usr/local

Login Node
‘ sapelol.gacrc.uga.edu

(login, job submission, text editing)

login
@ |[—

Yy

\/

/db

Interactive Node
IceBreaker Login
NFS File System ssh UGAMylID@sapelol.gacrc.uga.edu

y (with UGA MyID credentials)
/project

IceBreaker (Longer-term data storage:
1. Lifecycle too long for /lustrel

2. Size too big for /home) User
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Workflow — Global Scratch as Job Working Space

1. Linux/Mac user: Login Interactive
‘ ssh UGAMyID@sapelol.gacrc.uga.edu . 2. glogin ‘ 3. cd /lustrel/userID
E—
Windows user: [rrmm—— 4. mkdir ./woRKDir 7 nano ./sub.sh
e | 5. cd ./workDflr

lustrel

6. Linux/Mac user:
‘ scp input UGAMyID@xfer.gacrc.uga.edu:/lustrel/userID/workDir

Windows user: e o e

Useful PBS headers:
#PBS mem=200gb : use 256GB AMD nodes)
ppn=24 : request 24 cores for 24 threads

Note: inputDate could be files or data folder (scp -r)

14
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Workflow — Global Scratch as Job Working Space

1. Logonto Sapelo Login node: ssh UGAMyID@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/userID

4.  Create a working subdirectory on global scratch: mkdir ./workDir

5. Change directorytoworkDir: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

Connect and Login
Transfer Files Using Transfer Node
Software Packages
Run Interactive Jobs
Run Batch Jobs
v" Binary Code Compilation
v Submit Batch Jobs
v Serial, Threaded, MPI, and GPU-enabled Job Scripts
v" Check Computing Resources Used by a job

YV V V VY V
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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)

e Logging out: exit to leave the system:
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Transfer Files Using Transfer Node xfer.gacrc.uga.edu

ssh UGAMyID@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

e On Window: SSH Secure Shell File Transfer, FilezZilla, WinSCP
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Software Packages

* 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 ~]9¥ module aval

1e/moduleT . ne
|—I moduleT

: f-%'lnr -1/15 1)) 101 .9 trinit i
] 3, jetcdf/4.1.3/gec 4.4.7 10 1 .10 (D) trinity/r20140717
hdf5 l 14 ||1 14 jetcdf/4.1.3/intel/15.0.2 Jython/2.7.8-uUcs trinity/2.0.8 (D
§ qcc/4.4.7 inb/3.2 1etcdf/4. l /pgl/14.10 1ython/2.7 .8 zlib/gc 44' 1.2.¢
cufflinks l test intel/14.0 1etcdf/4 /gcc/4.4.7 : 3 (D)
cufflinks _.;.i (D) intel/15.0.2 (D) 1etcdf/4 .E 2 ||1 14.9
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Software Packages

* module list tolist which modules currently loaded:
[zhuofeli@75-104 ~]3Cmodule list

Currently Lo d Modules:
1) StdEn ;- moab/7 .2, 10

[ huo fel@75-104 ~]FCmodL
huo fel@7S-104 ~]F modol

[z
[zhuoTel@75-104 ~]% |||-:--:.
[z

huofel@7S-104 ~1%F mo

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

[zhuofel@75-104 ~]Fdnodule unloadO>R/3.1.2
[zhuofel@75-104 ~]% module IIstT

Currently Lo d Modules:
1) StdEn ;- mo 1L-T.“.1@ 3) nchiblast+/2.2.29
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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

« Components you need to run a batch job:
> binary compiled on build1 or interactive node (AMD Opteron)
» Job submission script to run the binary, specifying computing

resources:

v Number of nodes and cores
v' Amount of memory

v Type of nodes

4 Maximum wallclock time, etc.

« Common queueing commands:
> qsub, qdel
» gstat -f, showjobs, showq
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Binary Code Compilation

* Login to buildl.gacrc.uga.edu or go to Interactive node

* Load compilers, e.g.:

= PGI 14.9 compilers
= Intel 15.0.2 compilers

= MVAPICH2 2.0.0 using GNU 4.4.7 compilers
= OpenMPI 1.8.3, using PGI 14.9 compilers

1. Default GNU 4.4.7 compilers
2. No MPICH2, which uses Ethernet only

« Compile source codes into binary

https://wiki.gacrc.uga.edu/wiki/Code Compilation on Sapelo
https://wiki.gacrc.uga.edu/wiki/MPI



https://wiki.gacrc.uga.edu/wiki/Code_Compilation_on_Sapelo
https://wiki.gacrc.uga.edu/wiki/MPI
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Submit Batch Jobs

€ nl5: interactive node
€ /lustrel 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: sub.sh to run a serial binary

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

> 4
> 4
> 4
> 4
> 4
4
4

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

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

26
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Example 1: sub.sh to run a serial binary

=>» Job will be dispatched to run on AMD

27
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Example 2: sub.sh to run an OpenMP threaded binary

= Number of nodes (1), number of cores/node (10), node
Number of threads (10) = Number of cores requested (10)

=» 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 an OpenMP threaded binary with 10 threads

28
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Example 3: sub.sh to run an OpenMPI binary

=» Number of nodes (2), number of cores/node (48)
Total cores requested = 2 x 48 = 96

=» Run an OpenMPI binary with 96 MPI processes

29
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=>» ppn number (24) fewer than 48 MUST be
Total cores requested = 2 x 24 = 48

~ New lines copied from GACRC Wiki

=>» Run an OpenMPI binary with 48 MPI processes

30
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=>» Total cores requested = 2 x 27 = 54

=» Run an OpenMPI binary with 50 MPI processes

31
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Example 4: sub.sh to run a GPU-enabled binary

=» Number of GPU card (1), node type ( )

=» Load CUDA 6.5 module

=» Run GPU-enabled binary with 10 cores and 1 GPU card
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=» Number of GPU card (1), node type (

#To get a list of the numbers of the GPU devices allocated to the job, separated by a blank space:

#To remove the blank space between two device numbers in the CUDADEV variable above:
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Check Computing Resources Used by a Job

Option 1: gstat -f£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 jSmith@uga.edu

#PBS -m ae

T
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How to work with it — Run Jobs
gstat -f JobID for running jobs or finished jobs in 1 hour
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How to work with it — Run Jobs

showjobs JobID for finished jobs over 1 hour, but < 7 days
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How to work with it — Run Jobs

Email notification from finished jobs (completed, canceled, or crashed)
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Thank Youl!




