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Agenda

◦ Layout of a cluster.

◦ Connection and file transfer.

◦ Slurm resource manager.

◦ Intro to machine learning.

◦ Using KNN and SVMs with R and Python.

◦ 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

◦ Fundamental computer parts

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

◦ CPU for computation

◦ RAM and CPU cache for intermediate process storage

◦ Hard drive for permanent storage
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Computing systems and software

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

◦ Various software maybe useful (some requires hefty licensing fees).
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Layout of the computational cluster

⇒ 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

◦ Getting an account

◦ ssh connection fundamentals

◦ File transfer via scp and rsync

◦ X11 server

◦ Windows and Mac OS specifics
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Getting an account on the cluster

◦ See https://it.tufts.edu/hpc.

◦ Email tts-research@tufts.edu.

◦ Your username and password will be the same as your Tufts credentials.
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Essential software

◦ SSH connection software.

◦ SCP/RSYNC file transfer software.

◦ X11 Xorg server software for tunneling graphical applications.

Client to server connection via SSH protocol
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fastX web interface

◦ Go to https://fastx-dev.cluster.tufts.edu:3443/.

◦ Contact Shawn Doughty shawn.doughty@tufts.edu.

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

Sergey Voronin Connecting to the cluster 10/57

https://fastx-dev.cluster.tufts.edu:3443/
shawn.doughty@tufts.edu


Using SSH with X11 via fastX web interface

Login and run xlock graphical application.

For general cluster use, this is sufficient. But it is useful to know how to do
this on Windows, Mac, and Linux.
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Using SSH with X11 on Mac OS X

Sergey Voronin Connecting to the cluster 12/57



Using SSH with X11 on Mac OS X
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Using SSH with X11 on Mac OS X
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Using SSH with X11 on Mac OS X
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Using SSH with X11 on Mac OS X
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Using SSH with X11 on Mac OS X
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Using SSH with X11 on Mac OS X
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Using SSH with X11 on Windows 10
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Using SSH with X11 on Windows 10
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Using SSH with X11 on Windows 10
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Using SSH with X11 on Windows 10
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Using SSH with X11 on Windows 10
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Using SSH with X11 on Windows 10
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Using SSH with X11 on Windows 10
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Using SSH with X11 on Windows 10
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Linux and Mac

◦ In terminal: ssh -CX username @ server address

◦ ’-C’ option for compression

◦ ’-X’ option for X11 server forwarding
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scp and rsync for file transfer

◦ Two related protocols to transfer data between client and server.

◦ scp to transfer large files (all at once).

◦ rsync to transfer incremental changes or for backups.
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scp and rsync for file transfer

◦ Similar syntax to ssh, transfer file via ssh protocol.

◦ scp username@server:/path/to/file/on/server /local/path

◦ The ’-r’ (recursive) option is used to transfer directories.

◦ 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!

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

◦ Command line examples on Linux and Mac:
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3. Slurm resource manager and examples

◦ Resource requests

◦ Interactive work and batch scripts

◦ Different partitions (interactive, batch, cpu)

◦ Examples with image denoising, matrix multiply.

Sergey Voronin Slurm resource manager and examples 30/57



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

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

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
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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.
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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) $ xmaple &
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Modeling pendulum motion

F = ma =⇒ −αv −mg sin(θ) = ma =⇒ a = − α
m
v − g sin(θ) (1)

It remains to express the acceleration a in terms of l and θ. Let us take s to be
the arc length along the circular direction of motion. Then we have that:

s

2πl
=

θ

2π
=⇒ s = lθ =⇒ v =

ds

dt
= l

dθ

dt
=⇒ a =

d2s

dt2
= l

d2θ

dt2
(2)
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Plugging in for v and a in terms of θ, we obtain:

l
d2θ

dt2
= − α

m
l
dθ

dt
− g sin(θ) =⇒ d2θ

dt2
= − α

m

dθ

dt
− g

l
sin(θ)

and the IVP:

d2θ

dt2
+
α

m

dθ

dt
+
g

l
sin(θ) = 0 ; θ(0) = θ0 and

dθ

dt
(0) = v0 (3)

We first rewrite the IVP as a first order system, by defining p = θ and q = θ′:

dp

dt
= q

dq

dt
= − α

m
q − g

l
sin(p)

p(0) = θ0 and q(0) = v0

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

u(t) =

[
u1(t)
u2(t)

]
=

[
p(t)
q(t)

]
and f(t) =

[
u2(t)

− α
m
u2(t)− g

l
sin (u1(t))

]
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Modeling with maple
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Modeling with maple
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Modeling with maple
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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 test1.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).
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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:
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Using Java

Can use Java with source code or (sometimes with GUI interface)
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Matrix multiplication in batch mode
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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.

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
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Clustering with R
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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.

1 test_pred <- knn(train = iris.train ,

2 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.
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Analyzing the confusion matrix at different k

To see false positives and most importantly false negatives.
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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.
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Environmental sound data set
Ten classes of sound files (we will start with the first 5).
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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.

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.
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Using Java Weka

1 module load java

2 java -jar weka -3-8-1/ weka.jar &
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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:

1 module load python /2.7.6

2 pip2 install --user scikit -learn

Usage from Python:
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