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GEFORCE GTX 1080 Ti

H d rdwa re GPU Engine Specs:
NVIDIA CUDA" Cores
([ J
CPU Boost Clock [MHz)
e Speed (GHz) — General ML
* # of Cores — Parallel computing Memory Specs:

e RAM — General ML

* Size (GB) — Image Processing
e Speed (MHz) — Loading speed
* GPU -DL

 Buffer (Memory) — Crucial: model scale, input/batch size (=6GB) Out of

* CUDA Cores — Speed memory (OOM)
issues

Memory Speed 11 Gbps

Standard Memory Config 11 GB GDDR5X

Memory Interface Width 352-bit




Hardware (Cont.)

* Solid-state disk (SSD) — read/write data fast
e Speed (MB/s)
 Size (GB) — by needs
e *Tips: SSD (512GB) + HDD (2TB)

Intel Core i7-10700 vs i7-10700K Peak Turbo Power

187 W

200

* Cooling system, power supply
* Multi-CPU 0
* Multi-GPU
* High-speed RAM/SSD

Power (W)
H
(=]
()

50

—Core i7-10700 (65 W TDP)
—Core i7-10700K (125 W TDP)

0
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Hardware: Tips

* Develop/test on PC, running on workstation
e Smaller input/batch sizes
* Smaller model scales
* Smaller loops

 HPC at GWU (discuss details later) @ I PEGAS U S /

* Cloud Computing resources
* AWS
* Google Cloud

aWs
Google Cloud
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Software overview

Developers
IDE PyCharm/Spyder/VSCode

== |
: Programming language ! Python/Matlab/C/C++

. |

Anaconda ! (Vlrjcual) AP|* I Keras

I Environment I
: Framework : TensorFlow/PyTorch/MxNet

cuDNN
CUDA drive

Hardware P

i i

ML/DL using CPU DL using GPU




Languages for general ML

e MATLAB <\ MATLAB

* Advantages: quick to get started and easy to use; visualization; detailed
official help documentation; high credibility

* Disadvantages: need to buy; slow official updates; lower flexibility; not many
users in the DL field

+ Python @ python”

* Advantages: free; fast community-based update; higher flexibility; widely
used in the NLP/DL field; rich packages

* Disadvantages: difficult to get started; not intuitive enough; mixed help
information; may not reliable



Languages/tools for general ML

* Other tools
* Wolfram Mathematica: symbolic & numeric computations

DSolve[y"[x] +y[x] == Exp[x], y, X]

{{y - Fun ction[{x}, ¢, Cos[x] + ¢, Sin[x] + % & (Cos[x]* + 5i"[x]2)]}}

* Desmos: graphing calculator, FREE

desmos (oo |« R 2 @ ®

QB R e e e 66 a0 a0




Developers

IDE

TO O | S fo r D I_ Programming language

| AP|* |
Framework

cuDNN

ExamPIES: CUDA.drive

Hardware

* TensorFlow + Keras + Python + PyCharm
* PyTorch + Python + VSCode/PyCharm

e
Recommend: Anaconda Y

* Virtual environments for development ANACO N DA

* Includes/controls: Frameworks + APIs + Languages




Configuration

Nvidia GPU with CUDA cores

GPU without CUDA cores

4

Install Anaconda

V4

(Conda) Install Python

v

(Conda) Install TensorFlow

~

(Conda) Install Keras

~

Install PyCharm

A 4

(PyCharm) Import Conda environment

~

Ready to use!

7
Install CUDA drive
A 4
Set cuDNN
/
Install Anaconda
A 4
(Conda) Install Python
A 4
(Conda) Install TensorFlow-GPU
A 4
(Conda) Install Keras
A 4
Install PyCharm
A 4
(PyCharm) Import Conda environment
A 4

DL using CPU

Ready to use!

DL using GPU




Version problems

e OS (Win, Linux, macOS)
* CPU/GPU

e CUDA, cuDNN, framework,
programming language,...

Windows GPU

Version

tensorflow_gpu-2.3.0
tensorflow_gpu-2.2.0
tensorflow_gpu-2.1.0
tensorflow_gpu-2.0.0
tensorflow_gpu-1.15.0
tensorflow_gpu-1.14.0
tensorflow_gpu-1.13.0
tensorflow_gpu-1.12.0
tensorflow_gpu-1.11.0
tensorflow_gpu-1.10.0
tensorflow_gpu-1.9.0
tensorflow_gpu-1.8.0
tensorflow_gpu-1.7.0
tensorflow_gpu-1.6.0
tensorflow_gpu-1.5.0
tensorflow_gpu-1.4.0

tensorflow_gpu-1.3.0

Python version

3.5-3.8
3.5-3.8
3.5-3.7
3.5-3.7
3.5-3.7
3.5-3.7
3.5-3.7
3.9-3.6
3.9-3.6
3.9-3.6
3.5-36
3.5-3.6
3.5-3.6
3.5-3.6
3.5-3.6
3.5-3.6

3.5-3.6

cuDNN

7.6

7.6

7.6

7.4

7.4

7.4

7.4

CUDA

10.1

10.1

10.1

10

10

10

10

108



Packages for ML/DL in Python

NumPy: basic functions for math and matrix

. emn Install User Guide APl Examples More~ ‘ HE‘

SciPy: scientific computing
Scikit-learn: machine learning library
Matplotlib: plotting library

OpenCV: computer vision

Pandas: data manipulation and analysis

scikit-learn 0.24.2
Other versions

Please cite us if you use the

software.

1.11. Ensemble methods

1.11.1. Bagging meta-estimator
1.11.2. Forests of randomized trees
1.11.3. AdaBoost

1.11.4. Gradient Tree Boosting
1.11.5. Histogram-Based Gradient
Boosting

1.11.6. Voting Classifier

1.11.7. Voting Regressor

1.11.8. Stacked generalization

1.11. Ensemble methods

The goal of ensemble methods is to combine the predictions of several base estimators
built with a given learning algorithm in order to improve generalizability / robustness
over a single estimator.

Two families of ensemble methods are usually distinguished:

¢ |In averaging methods, the driving principle is to build several estimators indepen-
dently and then to average their predictions. On average, the combined estimator
is usually better than any of the single base estimator because its variance is
reduced.

Examples: Bagging methods, Forests of randomized trees, ...

e By contrast, in boosting methods, base estimators are built sequentially and one
tries to reduce the bias of the combined estimator. The motivation is to combine

several weak models to produce a powerful ensemble.

Examples: AdaBoost, Gradient Tree Boosting, ...
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Integrated development environment (IDE

PyCharm: comprehensive IDE, for large p
VSCode: light-weight IDE, support many languages

rojects

Jupyter Notebook: interactive IDE, publish friendly
Spyder: MATLAB-like, Anaconda built-in

B gk
B conda recipe
B continuour_integration

& plugins
& e

& uis

dependencias py
terpeeter py
ethergiugne py

B spydn_breskgoints

der - Spyder By

@ » BN ¢ M PH BEX FP & D [Clooimbomossiarnse ] B 4
L™ Jarable e ax
A0 ooy mterpolstonpy B _nt_or ey umd_mangy README =d s 5 - a
Type Sae Vaue -
import pylab 1ne @ el
from numpy import cos, linspace, pi, sin, random :::‘ f
from scipy.interpolate import splprep, splev uintsz (2,3, ) [
bare contaner BacContainer 28 Barcontainer object of mutplotlih. conta
af DataFrame @2 Column nsmes: bools, dnts
f1lensme st 2 Co\ProgronDsta AnacondaT 1B s te-packa.
it = linspace(8, 1.75 * 2 * pi, 100)
st test  lst 2 (Dataframe, Nuspy array)
X = sin(t) — 5 =
y = cos(t) i
z=1t opain 1 7.6118825893347%6
1 . Min: @.4983036638535687
s s (2.} Max: 9.856848974942551
X += random.normal(scale=0.1, size=x.shape) il region tuple 2 (slice, slice)
y += random.normal(scale=.1, size=y.shape) - i (a5, 15, 4y Mini 0.0
z += random.normal(scale=0.1, size=z.shape) Lo
series Series @) Series object of pondas. core.series mod
test_none HoneType a noneType object of
2e Vaisbie explorer  Melp  Fleomiorer  Fndnfles  Bresiponts  Stabc cooe anatyss
rien consie
smoothness = 3.0 | S o it 1 comce B
k_param = 2 : =) -
nests = -1 @ Serie : 1s - LightSource(2
D something i
- b = 1s.shade(.
. i o - o B i rgh = 1s.shade(z, caap=ce.gist_earth )
. knot_points, u = splprep([x, y, z], s=smoothness, k=k_param, nests=-1) d a ety i e iy
_init_ linewidth=0, antialissed=False, shade=False)
xnew, ynew, znew = splev(linspace(®, 1, 468), knot_points) g : pIt.show()
with opentile 53
@ o
. =
° Bs
v °
pyleb.subplot(2, 2, 1) ° T
data, = pylab.plot(x, y, 'bo-', label='Data with X-Y C tion') ®: e AP
fit, = pylab.plot(xnew, ynew, *, label="Fit with X-Y Cross Sect ) g S 1
pylab.legend() b
pylsh.xlabel("x") fore, barin zp(rac, b
pylab.ylabel('y") with np load(Flename) a5 der:
a5 s
pylab.subplot(2, 2, 2) g
data, = pylab.plot(x, z, ‘bo-‘, label=‘Data with X tion') o
fit, = pylab.plot(xnew, znew, , label="Fit with X-7 Cross Section')
pylab.legend() In [32]:
v pylab.xlabel('x") v : .
> e 5 Pyton o Fatoryiog el cnasie
Pemisions RW__fnd-of-nes LY fncoding UTF8  Line 25 Colni 4 Memony #9%  CPU 35%

Z Jupyter spectrogram  uosaes

File Edit View Insert Cell Kernel Help
+ x & B a2 ¥ M B C | Markdown
Simple spectral analysis
An 1 of the Discrete Fourier Transform
In [2]: £from scipy.io import waviile
rate, X = wavfile.read('test_mono.wav')
And we can easily view it's spectral using 's builtin sp routine:

fig, (axl, ax2) = plt.subplots(l,2,figsize(16,5))
axl.plot(x); axl.set_title('Raw audio signal')
ax2.specgram(x); ax2.set_title('Spectrogram');

In [5]:

Raw audio signal

&  CellToolbar

Spectrogram

A

| Python3 O

40000

T
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Websites for ML/DL

Guidebooks of each tools/software
online — look-up books

Github — without reinventing the wheel

 Stack Overflow — solve problems

Kaggle — datasets

paperswithcode.com — SOTA
performance ranks with papers & codes

Google — everything!
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Mean loU (class) ~ by

Context

Deéplab

Date

ResNet-38

LRR-4x

b4

Mapillary

for

SSMA

All models

MRFM

” Semantic Segmentation on Cityscapes test

30

2015

2016 2017

Other models

Mean ¢
Model loU
(class)
HRNet-OCR
(Hie.rarchica\ 85.1%
Multi-scale
Attention)
HRNetV2 + X
OCR+ 84.5%
EfficientPS 84.21%

ategory

2018

2019 2020

Models with highest Mean loU (class)

Hierarchical

Multi-Scale

Attention for (] 5
Semantic

Segmentation

Segmentation

Transformer:

Object-

Contextual (] 2
Representations

for Semantic

Segmentation

EfficientPS:
Efficient
Panoptic
Segmentation

2021
It Yea
2020
2019
2020



HPC at GW

e One CPU node

e Dual 20-Core 3.70GHz Intel Xeon processors

* 192GB RAM 640 Tensor Cores

* 800 GB 55D 5120 CUDA Cores
* One GPU node 16 GB Memory

e 2 NVIDIA Tesla V100 GPU (4 for large nodes)

e Dual 20-Core 3.70GHz Intel Xeon (18-Core Xeon for large nodes)
* 192GB RAM (384GB for large nodes)
e 800 GB SSD

* High throughput node, High memory node (3TB RAM!), ...

Tesla V100 highlight
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How to use the HPC at GW

Overview Workflow
Request for an account Upload data and code files
1 C
* 1 C o
Transfer data & code - Globus
i - Create a SLURM script to assign the job
C
VPN Connection (Off-campus) - Cisco AnyConnect
4 Run the script
Login by SSH client - MobaXterm | i

A 4

Management by Linux commends

Outputs will be saved

L 2 A 4

: Receive states and notifications by Email or
Jobs deployment/running by SLURM BN p——— .




Epilogue

* The Medical Imaging & Image Analysis Laboratory
SEH 5290 W: loewlab.seas.gwu.edu

M

* Detailed instruction of GWU HPC
https://loewlab.seas.gwu.edu/files/2020/11/mia_ GW_HPC_intro.pdf

The Medical Imaging & Image Analysis (MIA) Laboratory, 2021
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