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Kasimir Gabert

Ph.D. Student in CSE
5th year

Advised by Dr. Umit Catalytrek
Research areas: Dynamic Graph Algorithms / Systems
Interned at Sandia National Labs

Worked at Sandia National Labs

M.S. CS from Georgia Tech (2012)
B.S. Math and CS from New Mexico Tech (2011)



Discovering and Maintaining Dense Hierarchies
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Goal: Uncover dense regions and
hierarchies In graphs that
continuously change

Approach: Reframe the more

effeCtive nUCIeus prOblem into a -~ DBLP —— WikiConflict <>~ YouTube -4 Gowalla
-4+~ DEwiki -¢ Google ~7 Facebook =¥ Patents
common core problem

Solve this quickly and in parallel
with local algorithms
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Addressing Variability in Dynamic Graphs
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Srinivas Eswar

Ph.D. Student in CS
5th year

Advised by Dr. Richard Vuduc and Dr. Haesun Park
Research areas: HPC, Matrix/Tensor Factorizations
Interned at Arm and Oak Ridge National Laboratory

Worked at Citibank

M.S. CS from Georgia Tech (2016)
B.E. and M.Sc. Computer Science and Mathematics from BITS-Pilani (2012)



Nonnegative Matrix Factorization

* Decomposing signals into components
* Alternative approach to Principal Component Analysis

* Provides interpretable models with parts-based features

 (Can be adapted to various data types via regularization
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Who is who, and doing what, in CSE @ GT7?

Samples of papers from the last few years.
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Srinivas Aluru

Executive Director of IDEaS
AlAA, IEEE, SIAM Fellow

HPC in biology

Using parallel computing in bioinformatics and the
modeling and analysis of complex biological
systems.

Parallel Distributed Memory Construction of Suffix and

Longest Common Prefix Arrays Winner Best
Student Paper Bt
Patrick Flick Srinivas Aluru Award, SCTI5
Georgia Institute of Technology Georgia Institute of Technology
Atlanta, Georgia, USA Atlanta, Georgla. USA

patrick.flick@gatech.edu aluru@cc.gatech.edu

ABSTRACT by Puglsi ef al [25] gives a good overview of the diff

. . ' Figure 4. A partial rendering of the Arabidopsis whole-genome
~ . pproaches. Subsequent algorithms improved the suffix . .
Suffix arrays and trees are fundamental string data stroce = 3 -" e . " network. The illustrated network represents a union of all the

R ee—— =
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Mark Borodovsky

AIMBE Fellow, Regents’ Professor
Joint with Biomedical Engineering
Founder of the GT Bioinformatics graduate program

Bioinformatics algorithms

Developing algorithms for inferring genome function
from its primary structure, particularly the gene
finding algorithms
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:

overlapping genes

Principal state diagram of the generalized hidden Markov
model (GHHM) of prokaryotic genomic sequence.
GeneMarkS-2 - self-training gene finder is a core of NCBI
genome annotation pipline (805 citations since 2016)
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GeneMark-ES gene finding algorithm with unsupervised
training for eukaryotic genomes
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GeneMark-ES has no analogs among bioinformatics tools

Modeling leaderless transcription and atypical
genes results in more accurate gene prediction
in prokaryotes

Alexandre Lomsadze,'%*® Karl Gemayel,*® Shiyuyun Tang,*

and Mark Borodovsky'-%>%>

"Wallace H. Coulter Department of Biomedical Engineering, Georgia Tech, Atlanta, Georgia 30332, USA; 2Gene Probe, Incorporated,
Atlanta, Georgia 30324, USA; 3School of Computational Science and Engineering, Georgia Tech, Atlanta, Georgia 30332, USA;
*School of Biological Sciences, Georgia Tech, Atlanta, Georgia 30332, USA; SDepartment of Biological and Medical Physics,
Moscow Institute of Physics and Technology, Moscow, 141700, Russia

Genome Research,
2018
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Umit Catalyirek DAG Partitioning

IEEE & SIAM Fellow, CSE Assoc. Chair Partitioning a DAG in a way that the resulting partitions also
board game geek form a DAG.

1.0-v<ter o . ——
r _.__‘H_M---o—
HPC & Translational data analytics e
Developing scalable algorithms and systems to solve "
large-scale scientific computing, genomic and ” [ g
biomedical problems. - P a G
theadvisor
Citation Graph Visualization C3 €™ ") top-100

e WAYRS « A kanatD4

, o
4 a @ Ucar10 \
- GatalyUrek 99 @ Catalyurek01

Research Track Paper KDD 2018, August 19-23, 2018, London, United Kingdom

® DBLP Linkedin

o An Iterative Global Structure-Assisted Labeled Network Aligner

e Latalyure T'mi i

T Abdurrahman Yasar Umit V. Catalytirek
L JOEIEN On Two-Dimensional Sparse Matrix Partitioning: Modeis, Methods, School of Computational Science and Engineering School of Computational Science and Engineering

Umit V. Catalytrek, Cevdet Aykanat. Bora Ucar Georgia Institute of Technology Georgia Institute of Technology

SIAM J, Scientific Computing. 32(2):656-683. 2010, Atlanta, Georgia Atlanta, Georgia

ayasar@gatech.edu umit@gatech.edu
-Devin :
. @%ataly urekQ7 ABSTRACT Merging two graphs involves identifying each vertex in a graph

Integrating data from heterogeneous sources is often modeled as with a corresponding vertex (i.e., representing the same entity)
IS T2 R SIS 1 DI TR SRR RN in the other oranh. whenever such corresnondine vertices exist.
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Polo Chau
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GAN Lab ActiVis Discovering Intersectional

Bias
Discovery of Intersectional
Bias in Machine Learning

Using Automatic Subgroup
Generation

Playing with Generative
Adversarial Networks in
Browser

Visual Exploration of Facebook Deep
Neural Network Models

Follow along at bit.ly/GTCSE2020

%LSHIE‘L.D

Real-time

SHIELD

Fast, practical defense for

deep learning

¥ Audience Appreciation
Award, Runner-up

“Data sensemaker,” fights bad guys | Co-director, MS Analytics | ML Area Leader

Machine Learning + Visualization
Scalable, interactive & interpretable tools for understanding billion-scale data & ML models.

ML security & Fraud

ShapeShifter

1st Targeted Physical
Attack on Faster R-CNN
Object Detector

MARCO

Fake Review Detection
¥ SDM'14 Best Student Paper

Large Graph Mining & Visualization

lijitii
Jl

%%g RO

M-Flash

Billion-Scale Graph
Computation by Bimodal
Block Processing

VIGOR

Interactive Visual Exploration
of Graph Query Results

Atlas

Local Graph Exploration
In a Global Context

%

DeepPop

Deep Learning on Satellite Imagery for

Population Estimation
P Microsoft Al for Earth

Social Good & Health

Firebird

Predicting Fire Risk in Atlanta
P KDD'16 Best Student Paper, runner-up  Making Sense of Mobile

mHealth Visual Discovery
Dashboard

Health Data

Deployed | Atlanta Fire Rescue Department
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Elizabeth Cherry SCIENCE ADVANCES | RESEARCH ARTICLE | 2019

Computational modeling of cardiac arrhythmias

COMPUTER SCIENCE

Real-time interactive simulations of large-scale systems
on personal computers and cell phones: Toward

Computationa| modeling of heart patient-specific heart modeling and other applications

Improving the understanding of cardiac electrical Abouzar Kaboudian', Elizabeth M. Cherry?, Flavio H. Fenton'*
dynamics in normal & diseased states; Designing
advanced strategies for prevention & treatment of
arrhythmias using mathematical modeling and sim.
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Using data assimilation to improve model predictions. Here, GPU simulations of reentrant electrical waves in 2D and 3D
synthetic noisy observations of a reentrant electrical scroll hearts can run interactively in near real time even on cell
wave (ventricular fibrillation) in a 3D tissue slab at the top phones. (solving 1.7 billion differential equations per second)
and bottom surfaces are combined with model forecast to

better match the known truth state.
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Scientific Computing at Extreme Scales
* Numerical linear algebra — design of highly parallel methods

* Scalable algorithms for computational physics — FMM and hierarchical matrices
* Quantum chemistry and materials science on GPU clusters

* Scientific machine learning — ML for scientific computing and numerical methods for ML
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Richard Fujimoto

Regents’ Professor, and all-around ninja

Parallel discrete-event simulation

Analyzing transportation systems, communication
networks, and defense systems, on machines from mobile _
real-time platforms to supercomputers. R I WS
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Felix J. Herrmann

& GRA Eminent Scholar, Chair in Energy
" 2019 Distinguished Lecturer SEG
https://slim.gatech.edu/

Seismic Laboratory for Imaging and Modeling

Depth (m)

25000 30000 0 5000 10000 15000 20000 25000 30000

ML & HPC in seismic imaging e -
Using DSLs, serverless Cloud Computing, Machine -§ |

Learning, and Compressive Sensing to tackle large-
scale wave-based inversion problems.

www.devitoproject.org  github.com/slimgroup/JUDL.jl

20000 25000 30000 0 5000 10000 15000
X (m)

20000 25000 30000

Visual workflow for j maxiter

JUDI (Julia): Cloud Workflow (AWS, GCP, Azure):
- data containers, linear operators, etc. - Event-driven imaging/FWI workflows
- parallelization on cluster environment - Multi-layer parallelization (Batch, MPI, OMP)

M Success M Failed Cancelled ™ In Progress

d pred = Pr'A inv Ps' 'q

[ start

P = 1sar(d, d_pred - d_obs; maxiter-10) arxiv.org/pdf/1807.03032.pdf

model.m = model.m reshape(p, model.n)

Architecture and performance of Devito, a system for
automated stencil computation

Devito (Python):
- symbolic definition of PDEs
- automatic performance optimization
- automatic generation of C code and JIT

FABIO LUPORINI, Imperial College London

MATHIAS LOUBOUTIN, Georgia Institute of Technology

MICHAEL LANGE, European Centre for Medium-Range Weather Forecasts
NAV]JOT KUKREJA, Imperial College London

PHILIPP WITTE, Georgia Institute of Technology
JAN HUCKELHEIM, Imperial College London

CHARLES YOUNT, Intel Corporation

PAUL H. J. KELLY, Imperial College London

FELIX J. HERRMANN, Georgia Institute of Technology

GERARD J. GORMAN, Imperial College London

Generated C code

- solve PDEs on various architectures
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Tobin Isaac

PhD (2015), UT Austin, Awarded
2016 SIAM/Supercomputing Early
Career Prize

Appled math & numerical analysis

Developing Bayesian inversion techniques for -
models governed by large, complex systems; ACM Gordon Bell Prize
atmospheric modeling and weather prediction @SC 2015

An Extreme-Scale Implicit Solver for Complex PDEs:

Highly Heterogeneous Flow in Earth’s Mantle HMG hierarchy o
pressure space discont. modal nodal proj.
Hmax Hmin plate decoupling cont. nodal high-order
~ p-coarsening high-order EE. L*-projection

(w.,.,...,....-nw‘h | geometric trilinear EE. .
‘1 1) |1 '“vamnll“a h-coarsening decreasing #cores ; linear
1 5 T L*-projection

l“ \ | algebraic #cores < 1000
Straln Tate ( plastlc': coars./ small MPI communicator Gisas
weakemng 1 yleldmg‘@ single core projection
le+20 le+22
viscosity [Pa s] N = R

le+18 le+24
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Srijan Kumar

Assistant Professor, PhD (2017), Stanford postdoc
Creating a safer web for everyone

Data Science to Improve Web Safety, Integrity, and Well-being

Inventing network science, user modeling, and machine learning methods to model human
behavior and improve web and social media. We develop actionable insights for enable efficient
decision making. Our models are used at Wikipedia, Facebook, Twitter, and Flipkart.

Web Integrity

An Army of Me: Sockpuppets in Online Discussion
Communities

Network Modeling

Predicting Dynamic Embedding Trajectory in
Temporal Interaction Networks

Jure Leskovec
Stanford University, USA
jure@cs.stanford.edu

Srijan Kumar
Stanford University, USA and
Georgia Institute of Technology, USA
srijan@cs.stanford.edu

Xikun Zhang
University of Illinois,
Urbana-Champaign, USA
xikunz2@illinois.edu

Srijan Kumar
University of Maryland

srijan@cs.umd.edu

Jure Leskovec
Stanford University

jure@cs.stanford.edu

Justin Cheng
Stanford University

jececf@cs.stanford.edu

V.S. Subrahmanian
University of Maryland

vs@cs.umd.edu

REV2: Fraudulent User Prediction in Rating Platforms

Edge Weight Prediction in Weighted Signed

Srijan Kumar Bryan Hooi Disha Makhija
Stanford University, USA Carnegie Mellon University, USA Flipkart, India Networks
srijan@cs.stanford.edu bhooi@cs.cmu.edu disha.makhija@flipkart.com
Mohit Kumar Christos Faloutsos VS. Subrahmanian Srijan Kumar®, Francesca SpezzanoT, V.S. Subrahmanian* and Christos Faloutsos?

*University of Maryland, College Park, TBoise State University, iCamegie Mellon University

Flipkart, India
*{srijan, vs} @cs.umd.edu, Tfrancescaspezzano@boisestate.edu, fchristos @cs.cmu.edu

k.mohit@flipkart.com

Carnegie Mellon University, USA
christos@cs.cmu.edu

Dartmouth College, USA
vs@dartmouth.edu

Health & Safety

Racism is a Virus: Anti-Asian Hate and Counterhate
in Social Media during the COVID-19 Crisis

Caleb Ziems, Bing He, Sandeep Soni, Srijan Kumar
Georgia Institute of Technology
cjziems @gmail.com, {bhe46, sandeepsoni, srijan} @gatech.edu

& National Science Foundation
(] ¥ WHERE DISCOVERIES BEGIN
Award Abstract #2027689
RAPID: Tackling the Psychological Impact of the COVID-19 Crisis
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Haesun Park

CSE Chair & Regents’ Professor
SIAM & |IEEE Fellow, & pianist!

®room, living hedroom

Bringing numerical linear algebra and optimization to bear " 0000, _ ® &% :

.money '4'20[""\ SpEn‘: 3 .mone-,- "u‘nodh‘spent g

. Msound, day, channels

new data analysis and mining, for missing value estimation, A DLz o
nonnegative matrix factorization, tensor computations, g i~

(a) The initial visualization (b) The visualization after topic keyword refinement (¢) The visualization afi
creation
The usage scenario with the TV Reviews data set. Given the initial visualization (a), we performed ropic &
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sraction, a single document (pointed by an arrow) has moved from this cluster to the other containing a keyv
it, this document is shown to mostly complain about the product. Now, we performed document-induced 1o}
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B. Aditya Prakash

Associate Professor, PhD (2012) CMU,
loves ‘data’ and plays the Tabla!

Data science and machine learning

Emphasis on solving big-data problems in networks
and sequences, motivated from high-impact
applications such as epidemiology, public health,
urban computing, the web and security.

Team Using Deep Learning to Forecast Pandemic in the
U.S.

v .
i National Forecasts
Monday, June 1, 2020 _
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»w 9] W GA_Tech
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v a Y
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z 4
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Adaptive surveillance

Teaching new class in Fall 2020!
CSE 8803 EPI: Data Science for
Epidemiology
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David Sherrill

ACS, APS, AAAS Fellow -
Theoretical and Computational Chemist BhEAP

| N PE@\ H
L A

PEP215

PEP214

Models and algorithms for quantum chemistry

959190 PEP227
New approximations to the Schrédinger Equation . , ’S/pEPm
. sp ‘ ' |
New algorithms for efficient implementation PEP226 <
The most popular open-source quantum chemistry code, Psi4 i (/
]CT@nalofChemicalTheoryandCompulation MethOdS for ComDUter_aided drug deSign
pubs.acs.org/JCTC
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Razor sharp and having unbounded energy

Statistical machine learning
Nonparametric kernel methods, graphical models, time Best Student Paper

series, distributed learning, with applications in the analysis @AISTATS 2016

of text, images, networks, biological systems, & social media.

0.5 : : 0.04 : — 1200 gy
—5Vi \
Provable Bayesian Inference via Particle Mirror Descent| o« e b [ "1\
——Gibbs Sampling 1100 F\ \
S o :ghrfeo Pass SMC ‘ — g l
Bo Dai!, Niao He?, Hanjun Dail, Le Song! 5 ' {2 1050
292 ---SoD GP 2 1000 |
I Georgia Institute of Technology 0.1 S il
{bodai, hanjundai }@gatech.edu, lsong@cc.gatech.edu g ) gl =PMD ‘ 1 o . | .
2 University of Illinois at Urbana-Champaign 102 104 108 10® 10 10° 10° 0 2 4 6 8
niaohe @illiHOiS o du number of visited samples number of visited samples number of visited samples «10°
: (1) Logistic regression on MNIST (2) Sparse GP on music data (3) LDA on wikipedia data

Figure 2: Experimental results on several different models for real-world datasets.


http://bit.ly/GTCSE2020

Follow along at bit.ly/GTCSE2020

[ ? 4 ,.ﬂ_,{{ 1

MY Rich Vuduc
g0t ph i Professor, HPC Guru

hpcoarage
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Developing new models for analyzing algorithms, software, 500-
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School of Computational Science and Engineering gﬁgg i @
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Hongyuan Zha

Former yahoo from Yahoo! (or rather, Inktomi)

Computational math & machine learning

Bridging scientific computing and machine learning to solve
problems in web search, text mining, and network analysis.
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Abstract viruses! simultaneously diffusing and entangling :

- . with one another, yet detection and identifica-
Diffusion network inference and meme track- . . . |
tion is nontrivial. For example, several diseases

ina have heen two kev challenges in viral dif- _ -
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Figure 3. The ten top memes and their trends from mid
Jun. to late Nov. 2009 identified by MMHP-LM on T'witter.
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Chao Zhang

PhD (2018), UIUC concert

Data mining and machine learning

":.":
Developing label-efficient and robust machine learning protest. \ |

algorithms for task support and decision making, with a focus NGRaRY 7/
on text data analysis and spatiotemporal data mining. N
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Computational Biologist

Models and algorithms for single cell data
Developing computational tools to study mechanisms in cell development and differentiation

/=== We aim at understanding
&) \ the function of each cell
=/~ ) using data measured from
¥ multiple modalities of a cell

o [yvery cell

RSl s unigue: Our computational tasks:

- Cluster the cells to find new cell types while
integrating multiple data types

The types of data are usually in the form of high-

dimensional matrices - Infer causality relationships between genes to
Genes understand mechanisms that control gene functions
single Gene . . : : : C
cell Expression - Develop in silico simulators which simulate realistic

data as benchmark systems to evaluate new
methods
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