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1. Steps of Machine Learning (ML) Workflows
2. Pegasus for ML Workflows

3. Work of ML Workflows team at Scitech lab



Machine Learning in Science
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Image B Source: A. Khan et al. “Deep Learning at Scale for the Construction of Galaxy Catalogs in the Dark Energy Survey.” Image D Source: J.Sun et al. "County-Level Soybean Yield Prediction Using CNN-LSTM Model".




Machine Learning in Science: Land-Cover Classification
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Machine Learning Workflows: General View |
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Machine Learning Workflows: General View I

- Find best hyperparameters
for the model

Data Acquisition Data Pre-Processing  Data Transformation Model Training Model Evaluation

- Acquire raw data - Handle - Enrich data - Train the model with - Perform batch transform - Analyze model performance
from data sources - Missing data - Standardize data training data set on test data set based on predicted results
- Outliers - Convert data fermat on test data
- Long tails compatible with

training algorithms




Data Acquisition

Gaofen Image Dataset (GID) contains images from Gaofen-2 (GF-2) well-annotated dataset
High-Resolution Remote Sensing (HRRS) images up to 4m, covers more than 50,000 km

Gaofen-1 (GF-1), Jilin-1 (JL-1), Ziyuan-3 (ZY-3), Sentinel-2A (ST-2A)
and Google Earth images of Wuhan, Hubei (GE-WH)

meadow .waters

Data Management:
Integrity Checking




Data Split

Available Data
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Train Dataset Validation Dataset Test Dataset

Data Management:
Integrity Checking




Data Preprocessing

.

) Data Augmentation includes random rotations, flips,
Test Data Preprocessing: zooms, height and width shifts.

e Requantizes the images to 8-bit using optimized linear search (ENVI)
e Partition into patches with multi-scale siding window based on image tiptoations
re SO | u tl O n multiplicatively \ﬁmultiplication
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Train Dataset Preprocessing:
e Requantizes the images to 8-bit using optimized linear search (ENVI)
e Sample patches of size 56x56, 112x112, 224x224
e Resize the images to 224x224x4

multipli multiplicabl

multiples — multiple
multiplied
multipliers ——— multiplier ——, multiply
multiplies

multiplying

multipliably —— multipliable

Lemmatization is the process of grouping together the
inflected forms of a word so they can be analysed as a single
item.

Distributed Execution:

Data Parallelism




Hyper-parameter Optimization (HPO) OPTUNR

Hyperparameters: Hyperparameters Search Techniques: k

Learning Rate Grid Search 1_ U n e

Number of Epochs Random Search

Baich Size Bayesian Optimization.
Gradient-Based Optimization
Evolutionary Optimization

Momentum Regularization Constant
And many more depending on model
and its architecture

Grid Search Random Search Adaptive Selection
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Fault Tolerance:
Checkpointing



Model Training

Cropping Warping
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Figure 4: Multi-scale contextual information aggregation.
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Model Evaluation

¥ Kappa: 0.647
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Figure 12: Land-cover classification maps of a GF-2 image obtained in Dongguan, Guangdong Province on
January 23, 2015. (a) The original image. (b) Ground truth. (c)-(g) Results of MLC+Fusion, RF+Fusion,
SVM+Fusion, MLP+Fusion, and PT-GID.
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Data Management:

Integrity Checking




Land-Cover Classification Workflow |

DATA ACQUSITION | DATA PREPROCESSING DATA SPLIT MODEL PRE-TRAI MODEL EVALUATION
WORKFLOW FIIN - /SO o W e R e N O . S
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B e — | R e —
momentum 0.9 4
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PRE- aLaseLs ENVSIQ:ZC&};VBI‘Q Resize all images to 224x224
TRAINING Remove NIR ML D |Evaluate performance
HRRS images: 150,000 images chanpe) from thel > | ™ momentum 0.0 | of the model
Gaofen-2 (GF-2)
ResNet50 for images
with 3 bands
DATA ACQUSITION DATA PREPROCESSING PSEUDO-LABEL ASSIGNMENT
Pseudo-Labeling of Unlabeled Multi-Source 4 Band Datasets S|
WORKFLOW i aih ok ante ResNet50 for :
sliding window based on images with
2 image resolutions. 4 bands

Download e“{:‘g“;‘;@w‘ﬁ;ges Sentinel-2A (ST-2A) partition l
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Land-Cover Classification Workflow ||

| HYPER-PARAMETER OPTIMIZATIONS OF SELECTIVE SEARCH METHOD IN HYBRID LAND-COVER CLASSIFICATION WITH MODEL | EVALUATE HYBRID APPROACH

! ResNet50 for
images with
4 bands

1400 is chosen as best initial E

segmentation size
Each image is partition into non-overlapping 3 I e R :
patches in 3 different sizes. Center of each patch rediz

is located and batches of different scale are
sampled around the center.

The steps are
: repeated :
.y i for 3-Band Datasets '
E*! ~* and ResNet50 |

7 RN i for 3-band images
Selective Search : e e e s e dnee e o gy
Method with initial ,! . Label Voting —> Evaluate —
segmentatlon size Al H H

5 different initial
segmentation sizes
are tested

Selective Search

Method with initial ; ’_, Label Voting — Evaluate i
segmentatlon size t i

Model for SENTINEL-2A (ST-2A)

Model for GAOFEN-1 (GF-1)

Model for ZIYUAN-3 (ZY-3)

Classification Map

Model for JILIN-1 (JL-1)

Input Image

Model for Google Maps Images

I Final Prediction

Hierarchical Segmentation Segmentation Map Label Voting




ML Workflows in Pegasus:

Data Management
Parallelization
Checkpointing
Container Execution




ML Workflows Group

Ryan Tanaka M.S. Patrycja Krawczuk Srujana Subramanya

Programmer Analyst || Graduate Student (Ph.D.) Graduate Student (MS)
Galaxy Morphology
Classification

Aditi Jain Shubham Nagarkar Kelsie Lam Rebecca White
Graduate Student (MS) Graduate Student (MS) Intern (HS) Undergraduate Student
Lung Segmentation Crisis Computing Face Mask Detection Classification of noise

(X-ray images) and Classification transients in LIGO data




Mask Detection and Classification Workflow

BT

Corresponding
Annotations

DATA SPLIT

Test Set

Validation Set

Train Set

Download annotated dataset from online
repository

Divide Data into Train, Test and Validation

—) Sets

original cata

nomiglzec dule

Search Space

Augment by injecting Gaussian noise

o

"‘Train Set

Normalize and augment the images

work by
Kelsie Lam

Validation
Set

Use Hyper-parameters optimization library to find adequate learning
rate, backbone model for transfer learning and more

i e
Train and
Validation Set
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) Train a model using best hyper-parameters on train and
validation data
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Test Set

Muan Probiatdity
Corcatenabon Confusion Matnx

Results' Analysis

Evaluate performance of the final model using test data

Checkpoint with the
Model Weights

Your Data

Run the trained model on your own data




ask Detection and Classification Workflow

group_data

images

annotations ——

job: data_aug_train
exe: data_aug.py

hpo_checkpoint.pkl
(study object)

job: ,_val
exe: preprocess.py
args: --prefix val

job: preprocess_test
exe: preprocess.py
args: —-prefix test

job: plot_class_dist
exe: plot_class_dist.py

—————» class_distpng

> hpo studypki

job: predict_masks “ .
exe: prediction.py | »

train_model_checkpoint.pth|
(model weights)

job: train_model

exe: train_model.py > Sieinsn_mideLpit

| job: evaluate
| exe:evaluate_model.py

eval_model.pdf

work by
Kelsie Lam



Galaxy Classification Wor

Kflow

Galaxy morphology classification with deep convolutional neural

networks

Xiao-Pan Zhu'?2. Jia-Ming Dai'2@ - Chun-Jiang Bian' - Yu Chen' . Shi Chen' - Chen Hu'?2

work by
Srujana

Subramanya

Data augmentation transformations executed in the

At this point, we do not care about
how the files were originally named
and we rename the files according to

Job 2: \ Job 3:
Prep _Train1_1 - » Prep _Train2_1
preproc_traini.py \ preproc_train2.py

Job 3:
P! ,_Train2_ N
preproc_train2.py

| Job 2: \
Prep! _Train1_N - P
preproc_traini.py ‘

Class0_2.jpg, 1 Job 4:
Class1_3.jpg..| Preprocess_TestVal 1
| preproc_testval.py

Class4_2.jpg,

the convention " Train Data:
Class<N>_<num_in_class>.jpg —>»{_ Class0_1.jpg,
"\ Class1_0.jpg.. /
Job 1: Obtain clean / Val Data:
i { Class0_2jpg,
| Clean_Data.py . Class1_3.jpg.. /
/ TestData:
~—>»( Class4 2jpg, ~
Data Acquisition Clean Data Class2_3.jpg.. /
Data is downloaded and saved to the Reduce to 28790 images. 8434, 8069, _
cwd 578, 3903, 7806
Group the data into Train/Val/Test

CIassz_a.lpg..‘

Job 4:
Preprocess_TestVal M
preproc_testval.py

/" Preprocessed Train Data: .
— ¢ \

Class0_1_train.jpg,
Class1_0_train.jpg..

! Job 5: HPO
‘ hpo_checkpointing.py
|

I Train‘R_estel : ]

preprocessing jobs.

» > —o

S{170240](220X 220x3) ~ S0XBOX3

A2X42X3 Q={180,200,220,240)

Crop Daowaseale Crop

Fig. 6 Preprocessing procedure. The original image is first cen-
ter cropped to a range scale § = [170,240] in training sct (Q =
{180, 200
(Galaxy

40)in testing set). For example, the spiral galaxy
308) is cropped to 220 x 220 x 3 pixels, then resized to

v
64X64X3 | 64X64%3 64643
64643
4
Brightaess
Rotatho Flip Contrast ‘Whitening
64X64%3 Saturation

80 x 80 x 3 pixels, randomly cropped to 64 x 64 x 3 pixels, randomly
rotated 07, 90°, 1807, 270°, and randomly horizontally flipped. After
optical distorting and image whitening. it (64 x 64 x 3 pixels) becomes
the input of networks

Data Preprocessing
Separate jobs for train data, and test/val data

_results.pkl >

/" Preprocessed Val Data:
—>{ Class0_2_val.jpg, g l
Class1_3_val.jpg.. > . -
I e s
Hyperparameter Optimization
‘ Tune model to find the best setting (Optimizer, Activation) ‘
/ Preprocessed Test Data:
—_— Class2_2_test.jpg, )
b Class2_3_test.jpg.. 4
s Train Model
Use the best optimization parameters to
train model

Receive preprocessed Data ‘

Job 7: Test Model
ResNet_Test.py

Test Model
7 classification metrics accuracy, precision, recall,
F1, confusion matrix, ROC, AUC

———>(_Plot Figures/ Show Results )

Comments
Checkpoint files
~ P Input/output files
Description of the job

‘ Pegasus Jobs




Lung Segmentation Workflow

Image Segmentation

Olaf Ronneberger, Philipp Fischer, and Thomas Brox

U-Net: Convolutional Networks for Biomedical

lungs images

lungs masks

IR

m

job: preprocass_test

T =

exe: oy
args: --prefix test

job: preprocess_train
exe: oy

50

tast_CHNCXR_0001_0O.png

CHNCXR_0099_0.png

args: —prefix train

Job: preprocess_val

VAN

train_CHNGXR_0099_0.png

v

CHNCXR_0210_0.png

—_—

CHNCXR_0001_0_mask.png

> exe: oy
args: —prefix val

‘Tg"{’] __________________

val_ CHNCXR_0210_0.png

| hpo_checkpoint (study

object)

job: hpo

axa: hpo.py

train_madel_checkpoint
N {model weights}
- *
______________________________ Steea
________________ .
hpo_ study.pkl 00 frain_model
— _study| _

exe: train_model.py

CHNCXR_008%_0_mask.png

CHNCXR_0210_0_mask.prg

—

job: predict_masks
exe: pradiction.py

4
— model.hS
A
job: evaluate
exe: evaluate_model py

test_CHNCXR_0001_0_mask.png

work continue
by
Aditi Jain



Lung Segmentation Workflow

U-Net: Convolutional Network.s for Biomedical work continue
Image Segmentation by
Aditi Jain

Olaf Ronneberger, Philipp Fischer, and Thomas Brox
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