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Abstract

Research & Development Process

The goal of this project is to ensure that the example Jupyter Notebooks on the Expanse
supercomputer run properly. Expanse is complex and constantly evolving, so the programs
made for it have to be maintained over time. To ensure the notebooks run properly on
Expanse, every notebook has to be individually tested. Any notebook that no longer runs
properly has to be altered. These notebooks are used by users of Expanse to ensure everything
is running properly or to learn about new concepts. As a result of the project, we now know
what notebooks run, what notebooks requires changes, and what notebooks should be
deprecated.

In order to test the notebooks, | had to learn how to run and edit them securely. | began by learning
how to programs on Expanse. This required me to learn how to create batch jobs. | then learned how
to run notebooks on Expanse securely using Galyleo and Jupyter Lab. | had to create a GitHub
repository to back up my progress while keeping my changes independent of the production
notebooks. Everything was set up to test the notebooks. First, | picked a notebook. It was run, and |
took notes. If the notebook could not be run, | attempted to make changes to fix the issues. This was
repeated until all the notebooks were tested.

Galyleo Architecture

Jupyter Service Architecture
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Jupyter Lab is, by default, not secure, because it uses HTTP instead of HTTPS. Galyleo is used to
Jupyter starts up a server, which is the development environment that lets users run fix that vulnerability. A user first logs into a Login Node and run the Galyleo command. Galyleo
notebooks, a program that combines code, output, and documentation into one file. starts Jupyter Lab on a compute node. Then, inside of the Expanse's internal network, a reverse
The server can optionally use a proxy to make connecting to the server more secure. proxy service is started in a management node. Then, users can connect to the management
Users can then use a standard web browser to connect to the server. node using a link that is sent to them through the Login Node, which uses HTTPS. That link allows
a user to connect to Jupyter Lab.
Table of Notebooks Tested
Title Status Short Description Issues and Changes
Data_Analysis Done Notebook that shows how to use Pandas, a Python data analysis
Technologies Used & Learned
o Clustering_Visulizations Done Motebook that shows basic clustering methods using Python
Packages
Hello_World Done Notebooks that display hello world and GPU/CPU information
COde Development Matplotlib_Intro Done Motebook that shows how to create graphs and visualize data in
0O Python Python using Matplotlib
o GItH u b RepOSItOI’IeS Notebook_Dev_Basics Done ﬁ:zgﬁ that show how to use Markdown and LaTeX in Jupyter
O Conda EnV|r0nmentS NumPy_Intro Done MNotebook that shows how to use NumPy, a Python package for

scientific computing

o Singularity Containers

Python_Data_Analysis_Library | Done Motebook that covers the essentials of Pandas, a Python package that
H data analysis, and CSV files
* Using Supercomputer bsis,
CUDA_GPU_NVIDIA Fixed Motebooks that have problems for using CUDA and the GPU in Python | Instructions in README relied on files outside of collection, files were added and instructions
@) SS H and their solutions were changed
@) B atc h S C r| pt| N g Image_Processing Fixed Motebook that shows how to display and alter images in Python using | Two identical copies of files are in collection, one copy was deleted. Notebook required
Fillow. changes to display images in Jupyter Lab
O C P U’ G P U Graphs&Networks Changes Motebook that shows how to create and show graphs and networks Some packages are conflicting on Expanse
needed
o Galyleo
. PythonBasics Changes Motebooks that covers the basics of Python and strings Code that detects if a GPU is present needs to be rewritten
e Jupyter Services needed
PythonSeries-master Changes Motebooks that covers decision trees, parallel programming, and Some packages are not supported on Expanse. Useless files were deleted
o Jupyter NOtebOOkS needed regression in Machine learning
@) U S N g Ke n e lS ( Pyt h on P B a S h) Tensorflow Changes MNotebooks that use Tensorflow for simple training and image Instructions in README contains confusing information
needed classification
o Jupyter Lab . _ —— _
deep_learning Pending MNotebook that showcases how to run Tensorflow on Expanse Requires edits to get notebook running on GPU. Notebook cannot be run all the way through
Boring_Python Deprecated A collection of notebooks that teach the user how to use Python. There | Some packages are not supported on Expanse
are 9 notebooks, and each covers specific topics
Web_Scraping Deprecated Motebook that extracts data from websites Relies on a website that no longer exists

NumPy_Intro

Back to sampling - choosing elements from an uneven probability distribution

Image_Processing

An especially useful feature of np.random.choice is the ability to choose elements from an uneven probability DSB: 07/30/2024: tested notebook on Expanse. ran without errors. However, images do not display

distribution. This might arise, for example, in bioinformatics applications where we want to select amino acids with DSB: 07/30/2024: replaced all instances of image_var.shou() with display(image_var) . Original code is stil present, just Manlpulatlng Images

the probabilities that they appear in an organism. commented out ‘We will now get to manipulating image types. First lets look at identifying your image type.
In [1] ra1
[58]: |# from collections import Counter """ # Load Packages: Image, ImageFilter, ImageEhance, Sys In [8]: | 4 .
Array math [=81: & g o e s
import sys Ao A
x =["A", "B, 'C'] from PIL import ImageFilter for infile in sys.argv[1:]:
Basic math operations are performed elementwise on conforming arrays (arrays of the probs = [@.1, @.2, @.7] from PIL import ImageEnhance ry:

with Image.open("image.jpg") as im

sampling = np.random.choice(x, size=18@88@, p=probs) print(infile, im.format, "Xdx%d" % im.size, im.mode)
S| r:

same shape). Scalar arguments are applied to each element

Counter(sampling) . . except OSError:
Universal functons (Und et 10 eot lement. Note n e belon Python Pillow Basics pass - -
niversal functions (ufunc) are applied to each element. Note in the examples below tha (5] Counter({'C': 7882, 'A': 938, 'B': 1988}) Importlng an image
we did not need to use the map function since the NumPy ufuncs are designed to operate Created by Leo Gu Thne Soamds - apyearruntine kernel 75093 Load an image using the Image.open command and setting it tc a variable.
on ndarray arguments If you really need your distribution of elements to exactly match the probability distribution and have a random
In this tutorial we will take an in depth look at using Python Pillow, a python imaging tool. We will learn how to load, enhance, and filter Cropping images is with the crop command. Def | ..
Co ies ordering, just create a list and then apply the permutation operation. Note that we took advantage of the way that images. More information about Python Pillow can be found here: hitps://pillow.readthedocs.io/en/stable/hendbock/tutoriabhtm 4" im = Image.open(“image.jpg")
: = np. 9).resh, 3,3 list addition really works to create a list containing the correct numbers of A, B and C. o o m "
a = np.arange(8) .reshape(3, 3} P v K . & = T (Al i A Now you can examine the image specs using the print function,
b = np.arange(3,18).reshape(3,3) Software PrereqU|5|tes bnx_: (10,_ 16, 48, 4@)
print(a) - ; [59]: x = ['A']*1@ + ['B']*5 + ['C']*10 TEgt = Al n [4]:
T Be aware that ndarrays behave the same way as other Python objects when doing a simple S . #region. show() 0 prine(im format, im.size, im_mode)
print() np. random. permutation() conda install pillow
print(b) assignment conda install sys _ JPEG (317, 381) RGB
regl- T T O R U L U LT da install 8]: | .. .
ez 3"33’([‘?“» .?.’ .ﬁ.’ ‘?‘) ‘i‘» .;.’ .X.’ .':" ‘2‘» .2.’ .ﬁ.’ ;i s conds Anstall os display(region) The format shows the file type or source of the image. The size prints out the image size in pixels. The mode shows the

[2 % 5] [35]: a = np.arange(4) dtype="<UL") In [2)% | pfrom PIL import Image . coloring mode which in this case should be RGB.
[678]] b=g Now lets print out the image using the show command.

58]: Counter(np.random.permutation(x)) The Filter method allows you to put filters over

[[ 910 11] o o Importing an image 0 051 | i shomg
[12 13 14] [36]: print{a) [59]: Counter({'A': 1B, 'B': 5, 'C': 18}) Load an image using the Image.open command and setting it to a variable.
[15 16 17]] ble] = 7
[18]: a+h + 10@ print(a) 101 4m - mage.open("image. ipg") T display(im)
e b2
Nmeth::; ”if:p:r:i:)does o e If you really want to copy an array, use the copy method Th e N u m Py—l nt ro n Ote boo k tea C h eS The | m age_PrOC eSS i n g note boo k
(73 2 = rp-arange() the user how NumPy works, a .Python showcases Pillow, a Python package for
S package for scientific computing. The displaying and manipulating files. It did not %
e notebook runs perfectly fine on display any images inside of Jupyter Lab. |
o122 Expanse, so no changes were needed had to alter the code to fix the issue. e e e ot L e LD R
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Over the course of my internship as SDSC, | had to learn more about High Performance
Computing and editing Jupyter Notebooks securely. | had to overcome many unexpected
challenges, like learning how to use the batch queue, using Conda environments, and
figuring out how Galyleo. In the future, the issues that | found and fixes | made will be
reviewed others, who will implement the finished notebooks into Expanse. The main issue
with maintaining the notebooks in the future will be making sure they work with the
packages installed on Expanse, which are constantly updated.
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