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Agenda

o Layout of a cluster.

o Connection and file transfer.

o Slurm resource manager.

o Intro to machine learning.

o Using KNN and SVMs with R and Python.

o Applying deep learning to the ESC data set from scratch with Java and
Python.
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1. Anatomy of a computer and of a computer cluster

o Fundamental computer parts

o Layout of different nodes in a typical research cluster
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Computer components

CPU/Processors Memory/RAM

Video Cards

Wireless Adapters

Memory Card Readers

DVD Burners

o CPU for computation
o RAM and CPU cache for intermediate process storage

o Hard drive for permanent storage
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Computing systems and software

o Different problems demand various CPU, RAM, and disk resources.

o Various software maybe useful (some requires hefty licensing fees).

Wolfram
Mathematzca

Manlesoft

MATLAB Mathematics « Modeling = Simulation
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Layout of the computational cluster

CLIENT I .
LOGIN &
TRANSFER
NODES

TESL.

BATCH JOB NODES SPECIAL e.g. GPU NODES

= Don’t run computations on login and xfer nodes. These are special nodes
used to process logins and for file transfer.
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2. Connection and file transfer
o Getting an account
o ssh connection fundamentals
o File transfer via scp and rsync
o XI11 server
o Windows and Mac OS specifics
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Getting an account on the cluster

o See https://it.tufts.edu/hpc.
o Email tts-research@tufts.edu.

o Your username and password will be the same as your Tufts credentials.

D@ hips/t tufts.edu/hpe

T'llfts ‘ Technology Services

. B Home & services £ support Sl

Academic Technology i Tchnloy > Rsent

Teaching and Learning High Performance Computing (Tufts
fesearch Research Cluster)

B Service Information

Descripton © Need Help?

cat 617.627-3376

staled on tham Emelk nQus ok

Quick Access:

8 Related Links

Bonefits and Features:
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Essential software

o SSH connection software.
o SCP/RSYNC file transfer software.

o X11 Xorg server software for tunneling graphical applications.

Client to server connection via SSH protocol

\

SSH client SSH server
1P 48.124.93.123 1P 130.64.48.140

ssh username@130.64.48.140
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fastX web interface
o Go to https://fastx-dev.cluster.tufts.edu:3443/.
o Contact Shawn Doughty shawn.doughty@tufts.edu.

o Your username and password will be the same as your Tufts credentials.

DED tufts.edu *Ee 9 34

FAST

X

User Name

Password

Use Public Key Authentication

Admin Login
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Using SSH with X11 via fastX web interface

Login and run xlock graphical application.
% X svoron01 x| X https://f..adbdf72e x | +

a tufts.edu:344 t 4 4e15 4 c Search

VY. ]
file Edit View Search Terminal Help

[svoronol@logindol ~]$

[svoronol@login0ol ~]$

[svorono1@loging0l ~]$

(svoron01@login00l ~)$

[svorono1@login06l ~]$ xclock &

[1] 26265

[svoron01@login00l ~]$ Warning: Missing charsets in String to FontSet conversion

[svoron61@login0el ~1$ []

For general cluster use, this is sufficient. But it is useful to know how to do
this on Windows, Mac, and Linux.

Sergey Voronin Connecting to the cluster 11/57



Using SSH with X11 on Mac OS X

& Firefox File Edit

View History Bookmarks Tools Window Help T %) Thu3i2PM Q
000 g ierwnsurne %/ e &
€ @ hitpsywwwxquartz.org

€ Q search wEdAO9 =

X Quartz

HOTS The XQuartz project is an open-source effort to develop a version of the X.0rg X Window System that runs on OS X. Together with supporting libraries
and applications, it forms the X11.app that Apple shipped with OS X versions 10.5 through 10.7.
Releases
Quick Download
Support
Download Version Released info
i & 9.4 27.9 2016-05-05

For 05 X 10.6.3 or later
Bug Reporting

License Info
GitHub

An XQuartz Installation consists of many individual pieces of software which have various licenses. The X.Org software components” licenses are

discussed on the X.0rg Foundation Licenses page. The quartz-wm window manager included with the XQuartz distribution uses the
Apple Public Source License Version 2.

Qe o
Distributed by

< JFrog Bintray
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Using SSH with X11 on Mac OS X

& Firefox File Edit

View _History _Bookmarks Tools Window _Help B el ThudiseM Q
000 g usrmxstre x/ X iz \ ok
€)@ @ | hips:wemvxquantzorg @ | Qsearch ve¥ae o0 =
_ xaunzazasm
uartz & 2ol e a
HOTS The XQuartz project is an open-source effort to develop a version of the X.0rg ) P arting libraries
and applications, It forms the X11.ann that Annia chinnad with OS X vercinns 10
Releases
. Opening Xauartz-2.7..dm
Quick Download c carcel
Support vertyng i
Download info
i & 9.4 279 2016-05-05

For 05 X 10.6.3 or later
Bug Reporting

License Info
GitHub

An XQuartz Installation consists of many individual pieces of software which have various licenses. The X.Org software components” licenses are

discussed on the X.0rg Foundation Licenses page. The quartz-wm window manager included with the XQuartz distribution uses the
Apple Public Source License Version 2.

Qe o
Distributed by

< JFrog Bintray
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Using SSH with X11 on Mac OS X

@ Installer File Edit Window Help B %) Thu3iaPM Q
@ veserrosmtrge % | X Xauariz *\ 4
D @ nitpswewxquantzorg @ Qsearcn we+hoeO =

N e a

LX) ‘w Install XQuartz 2.7.9 -
Home The XQuart, i X. Together with supporting libraries
and applica’ | ‘Standard Install on "Macintosh HD"
Releases o Introduction “This will take 187.5 MB of space on your computer.
Quick [ + ReadMe ik nstal o prform s standard instlation of this software
for sl users ofthis compute. Al uers of this computer il be
support o License able to s tis Sofvare
Download # Destination Select.
Contributing £ xQuartz: © Installation Type. 3 or later
nsalstion
Bug Reporting . ‘Summary
License
GitHub
An XQuartz re components’ licenses are
discussed o itribution uses the
Apple Publi¢
| GoBack | [ nstal | [

10O T aBBRO RO0MAE
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Using SSH with X11 on Mac OS X

@ Installer File Edit Window Help T M%) Thu316PM Q.
@ oo Frtorsnrase % [ % xauerz o\t
D @ | https:/jwww.xquartz.org € Q search wBe $+AhO9 =
) )
3 ‘w Install XQuartz 2.7.9 -

Home The XQuart, i X. Together with supporting libraries
and applica’ | Installing XQuartz 2.7.9.

Releases. * Introduction
Quick [

Support
Download § i Running package scripts.

Contributing £xQuartz: o Installation Type 3 or later
« Instalation -
Bug Reporting . ‘Summary

License

=D Instal time remaining: Less than a minute
An XQuartz re components’ licenses are
discussed o itribution uses the
Apple Publi¢

- B

EEBRO cHORAE
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Using SSH with X11 on Mac OS X

Installer File Edit Window _Help

2 %3 ThusePM Q.

@ vosia Frefoxstar

D@ hipswwixquanzorg

Support

Contributing

Bug Reporting

GitHub

The XQuart:
and applica’
Quick [

Download

£xQuartz:
License
An XQuartz

discussed o
Apple Publi¢

Xauariz x\ 4

@ Qsearcn

XQuartzpkg
You will need to log out and log back in to make XQuartz your
default X11 server.

ox

Destination Select  Running package Scripts...
Instalaton Type
Installaion

Summary

Install time remaining: Less than a minute.

EEERO cHOBA

wBe $a OO0 =

i X. Together with supporting libraries

3 or later

re components” licenses are
stribution uses the
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Using SSH with X11 on Mac OS X

Torminal Shell Edit View Window Help DT %) Thu322PM Q=

Tne authencicity of host login. Cluitartorts e (13a.oe 46,10 can't be esta
bisnec.

RSA Key Tingerprint L5 SHA2S6:2028uVG30Vesxcv/+/naDISVINC25HHSHL/GUGKNES.

Are you zure you went to continue connecing (ves/no)? yes

Warning: Pernanently adied - Login.cluster. (ufis. c0u, 130,64.40.140° (SR to the

ainctuster. 5 passuors
Tope AL binsrautne Ll Tusers/atodnin/ Rauthority docs not exist
Lost lagta: T
hu Sep 20 11:46:23 2016 fron resnet161-42.medford. tufts.edu
Red Hot Enterprise Linux Server release 6.7 (Santiago)
TAG: CLUSTER installed 03 Septenber 2014
patched 30 Mar 2036

This is the user login node for Tufts University's NEW Linux
Rescarch Cluster running RedHat Enterprise Linux § and SLURN.

shot

creen Shot
2016-09..6.41PM

Sereen Shot creen Shot
20600, BAOPM 20%6:00207 M

BARORO®3™ - AY
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Using SSH with X11 on Mac OS X

XQuartz _Applications _EditWindow _Help DT 0% Thu322PM Q

For further information, please see http://go. tufts. edu/cluster
I
XSEDE super computer sccess is now supported. Plesse see | =

http://it. tufts. eau/xsese

Screen Shot
2016-09..5.31 AM

scroonshot  scrsen Shot
gms.ns 40PN 2016-05.:9.51 AM

Sereen shot Screen Shot
2016-00..6.41PM 2016-09..2.27PM

Sereen Shot Screen Shot
2016-09..8.40PM 2016-09..2.07 PM

Bl BROmO®A > AF
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Using SSH with X11 on Windows 10

Download PuTTY -a free SSH. X | 4

€ O wwwputtyorg

Download PuTTY

PUTTY is an SSH and telnet client, developed originally by Simon T
source software that is available with source code and is developet

You can download PuTTY here.
82 PuTTY Configuration X
Category:
~ Basic options for your PuTTY session
Logging
romaral Specify the destination you want to connect to
| Keyboard Host Name (or IP address) Port .
Bell ‘\ogm cluster.tufts.edu ‘ ‘22 ‘
Feat
o Gonnection type:
Appearance ORaw O Telnet ORiogin @ssH O Serial
Load, save or delete a stored session
Translation
elocti Saved Sessions
olour [tufts1
=IConnection
Defautt Settings =
‘;a‘a tuftst
roxy
Telnet &30
Riogin
Ser Delete
Kex
 Cipher
Elauth Close window on exit:
o OAways O Never @ Only on clean exit
Tunnels

= =

Sergey Voronin Connecting to the cluster 19/57



Using SSH with X11 on Windows 10

Xming X Server for Windo... X | 4

€ https://sourceforge.net/projects/xming/ E1| & Q search
sourceforge | seacn Browse Enterprise Blog [[IEI Help
SOLUTION CENTERS  Go Parallel  Resources Newsletters Cloud Storage Providers ~ Business VoIP Providers  Internet Speec

med  10T: FROMSTART TO FINISH

See how Intel bridges the gap between concept

50““’3(9 and reality with this real-world example.

Home / Browse / Development / Terminal Emulators/X Terminals / Xming X Server for Windows
X Xming X Server for Windows

X Window System Server for Windows
Brought to you by: colinharrison

Summary  Files  Reviews ~Support

¥ 17,289 Downloads
[ Last Update: 2016-08-09

o o >

Browse All Files
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Using SSH with X11 on Windows 10

(B pownload Xming X Server... X | =

€ B)oOe

¢

https://sourceforge.net/projects/xming/files/latest/dow

saurcefarge Browse Enterprise Blog [JEJ Help

SOLUTION CENTERS ~ Go Parallel ResourdX Setup - Xming - X ped T

Welcome to the Xming Setup
Wizard
“This will install Xming 6.9.0.31 on your computer.

Itis recommended that you close l other applications before
continuing

A  Cick Nextto continus, or Cancal to exit Setup.

more. We'll take |

Problems with the download? P}

sourceforge

&3 -
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Using SSH with X11 on Windows 10

X Setup - Xming
Select Components
Which components should be installed?

Select the components you want to install; clear the components you do not want to
install. Click Next when you are ready to continue.

Full installation

Xming binary 4.1 MB
lon US Keyboard support 3.4MB
Launch wizard - frontend for Xming 1.0 MB|

un utility - start programs with hidden console window 0.4 MB

(@ Normal PuTTY Link SSH client 0.3 VB

OPortable PuTTY Link SSH client - use with Portable PuTTY 0.3 MB|

O Don'tinstall an SSH client

Current selection requires at least 9.3 MB of disk space.

<Beck Gance

Sergey Voronin Connecting to the cluster 22/57




Using SSH with X11 on Windows 10

Display settings

Select display settings
Choose how Xming displays programs.

® Multiple windows OFullsreen

(O One window (O One window
without titlebar

Display number

<oadk =
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Using SSH with X11 on Windows 10

X session type

Select how to start Xming
Choose session type and whether a dient is started immediately.

(@) Startno dient
This wil just start Xming. You will be able to start local dients later.

(O start a program

This wil start a local or remote program which will connect to Xming. You will be able to
start local dients later too. Remote programs are started using PUTTY/SSH.

(O Open session via XDMCP

This will start a remote XDMCP session. Starting local dients later is limited. This option
is not available with the "Multiple windows™ mode.

<Back Cancel
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Using SSH with X11 on Windows 10

Options controlling SSH X11 forwarding
Keyboard ey —
Bel orwarding

Features nable X11 forwarding

X display location localhost:0.0|
Appearance

Behaviour Remote X11 authentication protocol
Translation @ MIT-Magic-Cookie-1 (O XDM-Authorization-1
Selection Xauthority file for local display
Colours
=IConnection

| Browse...

More bugs

About
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Using SSH with X11 on Windows 10

&

c Information
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Linux and Mac
o In terminal: ssh -CX username @ server address
o ’-C’ option for compression
o ’-X’ option for X11 server forwarding

Fll Edit View Boolamart  Settings el

ssh -XC svoron@l@login.cluster.tufts.edu
>v0r0n01WLogin.(1U>t .tufts u's passwor
Last login: Sun Oct 30 18:08:09 2016 from 73.114.35.53
Red Hat Enterprise Linux Server release 6.7 (Santiago)
[TAG: CLUSTER installed 03 SPptembPr 2014
GROUP: prod patched 30 Mar 20

LOGIN.CLUSTER.TUFTS.EDU
This is the user login node for Tufts University's NEW Linux
Research Cluster running RedHat Enterprise Linux 6 and SLURM.
UNAUTHORIZED USE PROHIBITED
[ K %k o o ok ok ok o ok ok ok ok ok ok ok ok ok ok o ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

Attention cluster users:

Recently important RedHat and slurm updates to the Tufts cluster have been
ates are important to improve both security and to take advantage of new f¢
scheduling updates allows for better job placement efficacy.

To take advantage uf these updates requires a job duration default setting
ide on the clust A default time limit of 15 minutes 1 be set on May 2|
nfuse this tettlnq with a slurm partition maximum duration time limit which

What this means to you

Each submitted job nee to have a time timate of your job's dgration. Fo
job i xpected to run for 1 day and 2 hours, specify that in t¥e sbatch o
> sbatch .... -p batch --time :00:00 .....

. (svoron01) login.cluster.tufts.edu

{!‘ NLALIB : bash — Konsole (svoron01) login.cluster.tufts.edu B ¥
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scp and rsync for file transfer
o Two related protocols to transfer data between client and server.
o scp to transfer large files (all at once).

o rsync to transfer incremental changes or for backups.

WinSCP Downloads
[Download WinSCP] [WinSCP Release Notification] [Download PuTTY]

Advertisements

Download WinSCP
WinSCP 5.9.2
Installation package (8.6 M8; 858,736 downloads to date)

PRODUCTS.

©c o e
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scp and rsync for file transfer

o Similar syntax to ssh, transfer file via ssh protocol.
o scp username@server:/path/to/file/on/server /local/path
o The -1’ (recursive) option is used to transfer directories.

o rsync can be used to transfer incremental changes (only transfers what
has changed, useful for backups and code syncs). This can save a lot of
time over scp transfer!

o Use xfer node for file transfers. Avoid the use of the login node for this.

o Command line examples on Linux and Mac:

svoronin@linux-mhd0@:~> scp svoron@l@xfer.cluster.tufts.edu:~/scripts/socket_script.pl
svoronin@linux-mhd0@:~> scp -r svoron@l@xfer.cluster.tufts.edu:~/scripts/ .

svoronin@linux-mhd@:~> rsync -avp scripts/ svoron@l@xfer.cluster.tufts.edu:~/scripts/
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3. Slurm resource manager and examples

o Resource requests
o Interactive work and batch scripts
o Different partitions (interactive, batch, cpu)

o Examples with image denoising, matrix multiply.
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SLURM

Simple Linux Utility for Resource Management (getting cluster resources).
(Command table credit: thanks to David Lapointe).

Show running jobs squeue
Submit a batch job sbatch
Submit with allocations salloc

Start an interactive session  srun

List queues/partitions squeue

List nodes sinfo

Control running jobs scontrol

Kill a job scancel

User accounting sreport or sacct
Other functions srun
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Available Partitions

[svoron01@login001 ~]$ sinfo
PARTITION AVAIL TIHELIHIT NODES STATE NODELIST
up 00 2 idle alpha025,omega025
mix aIphd[@ZZ 023],0megal022-023]
alph 1
g omega
interactive u 3 0 idle alpha025,omega025
batchx* p down* alpha027
drain m3n[52,54]
0: mix alphal002-008,018,022-024,028-030],m3n[22-23,43-45
11, m4lmcm®1 nmcga[@l? 022 023 026 030]
* up 3-00: alloc alphal009-017,019-021,026,031],0megal002-011,024,0

up E m3n[01-21,24-38,40-42,46-48,53]1,0megal013-0211]

up : dov alpha027

up i alphal003-008,018,024,028-030],0megal012,026-030]
up :00: alloa alphal009-017,019-021,026,031]1,0megal003-011,024,0

up :00: idle omegal013-021]

up : alloc m4cl01-59]

up :00: idle m4cé60
[svoron01@login00l ~1$

The largemem nodes have 396 GB of memory.
The gpu nodes have an integrated gpu computational card.
The mpi nodes have fast interconnections.

Sergey Voronin Slurm resource manager and examples 32/57



Slurm node states

S0 | @ Simple Linux Utili... x | +

€)© slurm.schedmd.com/sinfo. bAG

slurm
st con
Version
About
® Overview
* What's New
® Slurm Team
* Meetings
* Testimonials

o Legal
Notices

Using
* Tutorials
 Documentatif

- ean

NODE STATE CODES

Node state codes are shortened as required for the field
size. These node states may be followed by a special
character to identify state flags associated with the node.
The following node sufficies and states are used:
*
The node is presently not responding and will not
be allocated any new work. If the node remains
non-responsive, it will be placed in the DOWN
state (except in the case of COMPLETING,
DRAINED, DRAINING, FAIL, FAILING nodes).

The node is presently in a power saving mode
(typically running at reduced frequency).

The node is presently being powered up or
configured.

ALLOCATED: The node has been allocated to one or more jobs.
DRAINED: The node is unavailable for use per system administrator request.
DRAINING: The node is currently executing a job, but will not be allocated

to additional jobs.
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Node details

[svoron01@login001 ~1$ sinfo -N -1
Mon May 8 00:19:37 2017
NODELIST NODES PARTITION STATE CPUS

alpha001 1 interactive idle 40
1 testing drained 40

mpi mixed 40

batchx* mixed 40

alpha004 mpi mixed 40

alpha004 batch* mixed 40

[svoron01@login001 ~1$ sinfo -o "%15N %10c %10m %25f %10G"
NODELIST CPUS MEMORY FEATURES
alpha025,omega® 40 128915 usnic,gpu
alphal001-021,0 40 128858+ usnic

15937+ M3

258130+ usnic,bigmem

387581 (null)

32079+ M4

[svoron01@login00l ~1%
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Available software

The cluster has many different installed libraries and software packages. Run
command: module avail to see available packages. The command module load
[package] sets up the environmental variables for the use of package.

[svoron@1@login0@1 ~]$ module avail

openmpi/1.8.6
OpenSees/r4985(default)
OpenSees/r4985-Mp
paml/4.8
pandaseq/2.5(default)
paraview/3.8.1
paraview/4.4

python/2.7.6
python/3.5.0

tophat/2.0.9(default)
transdecoder/2.0
trinity/10.15.15
trinotate/2.0.2
ufc/2.3.0(default)
umfpack/5.5.1
usearch/7.0.1001(default)
VASP/4.6

VASP/5.4.1
vcftools/0.1.12b(default)
velvet/1.0.19
velvet/1.2.10
ViennaRNA/2.1.6(default)
visit/2.6.2

vmd/1.9

Wavelab/850
weka/3-6-10(default)
wpp/1.1-2008.0/optimize
wpp/1.1-2008.0/optimize-min
wpp/2.0-2010.0/optimize
wpp/2.0-2010.0/optimize-min
wpp/2.1.5

yap/5.1.3
[svoron01@login0ol ~]$|

Sergey Voronin

Software

35/57




Using Maple

Maple is full featured package and CAS for analytical and
numerical analysis. We will use it for modeling pendulum motion.
(1) salloc -N1 -c4 -t 100 -p interactive

(2) squeue -u username;  ssh -XC granted_node
(3) module load maple
(4)

4) $ xmaple &
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Modeling pendulum motion

/
/

mg sin(0 )

F=ma = —av—mgsin(f) =ma = a= —%v — gsin(0) (1)

It remains to express the acceleration a in terms of [ and 6. Let us take s to be
the arc length along the circular direction of motion. Then we have that:
s 0 _ds do d?s _ d*6

bl = ar T = sy =y = o= m =l @)
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Plugging in for v and a in terms of 8, we obtain:

d*0 o, df . d*0 add g .
lﬁ = _Ela —gsin(f) = 2 T md ism(Q)
and the IVP:
2
40 add 90 =0 5 00) =0y and L (0) = (3)

dt2  mdt 1
We first rewrite the IVP as a first order system, by defining p = 6 and ¢ = 6"

dp

P q

dg _  a g
i A M)
p(0) = 6o and ¢(0)=wo

Next, we rewrite the system as a single first order ODE of a vector valued
function. Letting:

) =[] = [20] w10 = o)
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- Bl SE= 4s =

EQNI = diff (theta(t), ¢, ) =-)lll*xln[the!a(l) %

2
:TZ o(1) = ~9.8 sin(6(1)) o
FQN2 = diff (theta(1), (, ) =—)'Il*theta(r);
dZ
5 8(t) =-9.86(t [bd]
a2 (1) (1)
ics = theta(0) = theta_0, D(theta)(0) = v_0
0(0) = theta_0,D(8)(0) = v_0 @)
012 := dsolve({EQN2, ics})
o) = % J5vo sm[% J5 t] + theta_0 cos[% V5 t) @
solzoval = eval(solz, [0 = 0, theta.0 = *}%, g~ 08, 1-1)
6(1) = 1570000000 cos(% ‘g 1) ©




nEss sasE

i) B
plot(theta_sol, t=0..10)

alpha = 1I; m:=

| ¥

9.8 ™)
5 = areay | aifr (p(0), 0 = at0)),
= [arrcator, 0 =283 g0y ~Lsingpiry) || ):

fre=e print(SYS);

o =atn
Ay - _ealt) _ gsin(p(1)
e 90 =" 1

ics_sys = p(0) = theta_0, q(0) = v_0

p(0) = theta_0, q(0) = v_0




Modeling with maple

a;
diff (a(t), 0) = -q(t) = 9.8-sin(p(1));

Pphaseportrait ([ DE1, DE2],
[

pdl,

1=10..100,
[[p(0) =3.14/2, q(0) = 0]],
stepsize = .1,

color = blue,

linecolour = sin(t),

meth rkf49.
scaling = constrained,

title = Claxslcal RR45 method with dt=0.1");

ca =

T e o, D IIE T ICS0] DT ICLIAr S0 PRSCPOrTaly DONICArS, POySOr, POWeT CauIVAlent, TatOnaL Cquvaient, TAs0s, 1ea0ne, H
reduceOrder, reduce_order, regular_parts, regularsp, remove_RootOf, riccati_system, riccatisol, rifread, rifsimp, rightdivision, rtaylor, separablesol,
singularities, solve_group, super_reduce, symgen, symmelric_power, symmelric_product, symtesl, transinv, translate, untranslate, varparam, zoom|

A pw=aw

~a(1) = 9.8 sin(p(1))

(e84}
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Using R, Python, Java

R is an open source package useful for statistical processing and

data analysis. By installing some packages for R locally, we can

use it for linear and non-linear model fitting. Example use:

(1) salloc -N1 -c4 -mem 30G -t 100 -p interactive (4 cores, 30 GB
total mem, for 100 min on interactive partition)

(2) squeue -u username;  ssh -XC granted_node
(3) module load R/3.3.2

(4) R

(5) $ > install.packages(’class’)

(6) module load python

(7) python2 testl.py

(8) module load java/1.8.0_60

(9) javac runAlg.java ; java runAlg
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Using R

Can use without or with X11 output (e.g. plotting).

module 1
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R
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The R F
linux-

Pumpkin Patch"
s stical Computing

and come ABSOLUTELY NO WAR TY.

under

condition
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Using iPython

iPython is an interactive environment for testing and debugging
your Python codes (similar to a Matlab/Octave prompt). First,
run:

$ pip2 install —user ipython

Then, call from .local subdirectory:

[svoron0l@alpha®0l ipython-5.3.0]$% ~/.local/bin/ipython2
ython 2.7.6 (default, Jan 14 2014, 09:37:27)
ype "copyright", "credits" or "license" for more information.

[[Python 5.3.0 -- An enhanced Interactive Python.
& -> Introduction and overview of IPython's features.
bsquickref -> Quick reference.

-> Python's own help system.

-> Details about 'object', use 'object??' for extra details.

import

np.random.uniform(-1,1,
array([-0.22273188, -0.04487004, 0.93704455, 0.90914968])
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Using Java

Can use Java with source code or (sometimes with GUI interface)

svoron01@login00l ~]$

svoron@l@login00l ~1$

svoron01@login001 ~1$

svoron01l@login00l ~]$

svoron01@login@01 ~1$ ssh -XC alpha00l -

ast login: Mon May 8 12:03:56 2017 from Login@01. lux.tufts.edu

svoron0l@alpha00l ~1$%

svoron0l@alpha00l ~1$ cd storage/machine_learning_workshop/weka-3-8-1
svoron01@alpha®001 weka-3-8-11%

svoron01@alpha001 weka-3-8-1]1% module load java/1.8.0_60
svoron0l@alpha00l weka-3-8-11%

svoron01@alpha00l weka-3-8-11$% java -jar weka.jar &

1] 40795

svoron0l@alpha00l weka-3-8-11% []
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Using sbatch

Often, (time-limited) interactive use is not necessary. This applies especially to
developed code one wishes to run on the cluster. In this case, the batch
interface is used.

#!/bin/bash

#SBATCH --partition=gpu

#SBATCH -c 4

#SBATCH --mem-per-cpu=4000

#SBATCH --time 00:30:00

#SBATCH --output=mm_gpu.%N.%j.out

#SBATCH --error=mm_gpu.%N.%j.err

module load matlab

matlab -nodesktop -r "run('matrix_mult_gpu.m'); exit;"

Submit the above script using sbatch batch_script.sh. It will run the specified
Matlab script for at most 30 minutes on a gpu parition, having access to 4
cores and 4 GB per core. Reported errors and output will go to the specified
text files.
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Using machine learning for classification

One of the main uses of machine learning is for clustering. Given,
some training data, we would like to classify new instances.
Classic example: Iris flower data set

Iris histogram #1 Iris histogram #2

N
ponsoaBREEE
o nsoaBREEE

65 35
sepal length in cm sepal width in cm
Iris histogram #3 Iris histogram #4

.
petal length in cm
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Clustering with R

data(iris)

names(iris)
1] "Sepal.Length" "Sepal.Width" "Petal.lLength" "Petal.Width" "Species"

ird
Sepal.len Sepal.Width Petal.length
3.5

0

WWWNWWWWwww

n <- nro
> train <- s € :n, floor

> train

[1] 5 12

[20] 43 4¢

[39] 83 84 8 9 9 9 1¢

[58] 118 119 120 4 6 128 EE] 136 140

.train <- iris[train,]
<- ir
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Using KNN

The K nearest neighbor algorithm uses the minimum distance between the test
instance (the one we would like to classify) to the training samples to
determine the K nearest neighbors. After the K nearest neighbors are

determined, one takes the simple majority of these K nearest neighbors to be
the prediction of the test instance.

Distance functions

.
2 ——
Euclidean Z ('Yf - _\",) m = = k=5
= Class1 / N\
= k=3\
K n - X \
Manhattan Z‘X‘I— *_\‘i‘ 5 | o
i1
. /
"\ . /) e
i Ya AN / L]
S ~ Class 2
Minkowski (%, — . e

test_pred <- knn(train = iris.train,
test = iris.test, cl = train_labels, k = 2);
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Disease detection

Important to scale features to a similar range. Goodness of high
accuracy is problem dependent. Look at confusion matrix.

names (wbcd
"diagnosis"
"perimeter_mean"

"compactness_mean"

"symmetry_mean"
"texture_se"
"smoothness_se"
"points_se"
"radius_worst"
"area_worst"
"concavity_worst"
"dimension_worst"

perimeter_worst
area_worst
smoothness_worst
compactness_worst:
concavity_worst
points_worst
symmetry_worst
dimension_worst
"confusion matrix:

Sergey Voronin

num
num
num
num
num
num
num
num

n

"radius_mean" "texture_mean"
"area_mean" "smoothness_mean"
"concavity_mean" "points_mean"
"dimension_mean" "radius_se"
"perimeter_se" "area_se"
"compactness_se" "concavity_se"
"symmetry_se" "dimension_se"
"texture_worst" "perimeter_worst"
"smoothness_worst" "compactness_worst"
"points_worst" "symmetry_worst"

87 78.3 79.9 76.5 104.5

549 425 471 434 819
.139 0.121 0.137 0.137 0.113
.127 0.252 0.148 0.182 0.174 ...
.1242 0.1916 0.1067 0.0867 0.1362
.0939 0.0793 0.0743 0.0861 0.0818
.283 0.294 0.3 0.21 0.249 ...
.0677 0.0759 0.0788 0.0678 0.0677
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Analyzing the confusion matrix at different k

To see false positives and most importantly false negatives.

k value

False negatives

False positives

Percent classified incorrectly

1 1 3 4 percent
5 2 0 2 percent
11 3 0 3 percent
15 3 0 3 percent
21 2 0 2 percent
27 4 0 4 percent
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Gender classification with support vector machines

If each point is plotted in n-dimensional space (where n is the
number of features), then classification can be performed by
finding a hyper-plane that differentiates two classes with respect to
some cost function.

¥= 100

ssification accuracy

confusion matrix

(P) 0 1
(A) 0| 461
(A)
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Environmental sound data set
Ten classes of sound files (we will start with the first 5).

ESC-10: Dataset for Environmental Sound Classification
@11 commits 1 branch © 0 releases 281 contributor

Branch: master = || Now pul request

By karoldv Upcte READNE

8 001 - Dog bark T time allgnment Issues by exporti
= 002 Rain
003 - Sea waves

004 - Baby cry

8 006 - Person sneeze
i 007 - Hellcopter
s 008 - Chainsaw

-
A
F
F
8 005 - Clock tick Fi
A
F
A
i 009 - Rooster F
F

s 010 - Fire cracking

Extract features; normalize columns; split data:
extract_features.py normalize_data.py process_test_train_split.pl
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Multi Layer Perceptron

Each node in the Hidden layer is a function of the nodes in the previous layer,
and the Output node is a function of the nodes in the Hidden layer.

Input Hidden Output
layer layer layer

Input #1

Input #2

4.—- Output

Input #3 —

Input #4 —

We can test the algorithm with Java Weka engine (using either code or GUI).
For this, we must convert our csv files to arff format.

Sergey Voronin Deep learning with Python and Java 55/57



Using Java Weka

module load java
java -jar weka-3-8-1/weka.jar &

Weka Explorer
Preprocess | Classify | Cluster | Associate | Select atiributes | Visualize

| choose ”Mu\li\ayﬁPauepImn L 03-MD2-N500-V0-S0-E20-Ha

Test options Classifier output
O Usetraining set betailed Accuracy By class 4
(0 supplied test set TP Rate FP Rate Precision Recall  F-Measure HCC
— 0,900  0.019 0,923 @908 0,911 0,89
(®) Crossvalidation Folds 10 0.850 8.031 0.872 0.850 0.861 0.82
- 0.925  0.038 0,880 0,925 0,892 .86
(U Percentage split % 66 0.875 0.038 0.854 8.875 0.864 .83
0.800 0,038 0,842 @.808 0,821 .77
More options. weighted Avg 0.870  0.033  0.870 6.876  0.870 0.83
confusion Matri
(Nom) label v abocode <
3% 0 0 3 1|
——— 634 2 1 3]
Start Stop e 137 1 1]
. X 201 135 1]
Result list (right-click for options) 13 3 132
—_——
v
< ™

Status
et 109 | g X0
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Using Python

Scikit-learn and Tensorflow have a large collection of machine learning
algorithms. To install the scikit-learn library use:

module load python/2.7.6
pip2 install --user scikit-learn

Usage from Python:

sklearn.neural_network MLPClassifier
mlp = MLPClassifier(solver='1lbfgs',random_state=0,hidden_layer_sizes=[125]);
mlp.fit(X_train, y_train);

= mlp.predict(X_test)
("mlp test set score: {:.2f}".format(np.mean(y_pred y_test)))
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