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How to Design Convergent HPC, Big Data Analytics and Deep Learning
Software Stacks for Exascale Systems?

BEA: D. K. Panda

DK Panda is a Professor and University Distinguished Scholar of Computer Science and Engineering
at the Ohio State University. He has published over 450 papers in the area of high-end computing
and networking. The MVAPICH2 (High Performance MPI and PGAS over InfiniBand, Omni-Path,
IWARP and RoCE) libraries, designed and developed by his research group (http://mvapich.cse.ohio-
state.edu), are currently being used by more than 3,000 organizations worldwide (in 88 countries).
More than 540,000 downloads of this software have taken place from the project's site. This software
is empowering several InPniBand clusters (including the 3rd, 14th, 17th, and 27th ranked ones) in the
TOP500 list. The RDMA packages for Apache Spark, Apache Hadoop and Memcached together with
OSU HiBD benchmarks from his group (http://hibd.cse.ohio-state.edu) are also publicly available.
These libraries are currently being used by more than 310 organizations in 35 countries. More than
30,000 downloads of these libraries have taken place. High-performance and scalable versions of the
Caffe and TensorFlow framework are available from https://hidl.cse.ohio-state.edu. Prof. Panda is an
IEEE Fellow. More details about Prof. Panda are available at http://www.cse.ohio-state.edu/~panda.

RERE:

This talk will focus on challenges in designing convergent HPC, Deep Learning, and Big Data
Analytics Software stacks for Exascale systems with millions of processors and accelerators. For the
HPC domain, we will discuss about the challenges in designing runtime environments for MPI+X
programming models by taking into account support for multi-core systems (Xeon, OpenPower,
and ARM), high-performance networks, and GPGPUs (including GPUDirect RDMA). Features and
sample performance numbers from the MVAPICH?Z libraries (http://mvapich.cse.ohio-state.edu)
will be presented. An overview of RDMA-based designs for Hadoop (HDFS, MapReduce, RPC and
HBase), Spark, Memcached, Swift, and Kafka using native RDMA support for InPniBand and RoCE will
be presented. BenePts of these designs on various cluster conPgurations using the publicly available
RDMA-enabled packages from the OSU HiBD project (http://hibd.cse.ohio-state.edu) will be shown.
For the Deep Learning domain, we will focus on scalable DNN training with Caffe and TensorFlow
using MVAPICH2-GDR MPI library and RDMA-Enabled Big Data stacks (http://hidl.cse.ohio-state.
edu).

#RE5"E : BenchCouncil ATEEENNtRE. SEIRFRFNTERERES

BoIE

PERZRITERAARAARR. BEESIN, PERFRAZFRUEE, ErAREEliiERs
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REEE:
Fusion of Smart Clouds with Machine Learning, Artificial Intelligence
and Internet of Things

wREA: B

Kai Hwang is presently a Presidential Chair Professor in Computer Science and Engineering at the
Chinese University of Hong Kong (CUHK), Shenzhen, China. He also serves as a Chief Scientiest at
the Cloud Computing Center, Chinese Academy of Sciences. Prior to joining CUHK in 2018, he has
taught at the Univ. of Southern California and Purdue Univ.for many years. He received the Ph.D. in
Electrical Engineering and Computer Science from UC Berkeley.

Dr. Hwang has published 10 scientiPc books and over 260 orginal papers. His Google Scholar citation
has exceeded 18,000 with an h-index of 57. His textbooks were translated into 5 foreign languages.
His new books: Cloud Computing for Machine Learning and Cognitive Applications (The MIT Press)
and Big Data Analytics for Cloud/loT and Cognitive Computing (Wiley, U.K.), appeared in 2017.
Among his Ph.D students and visiting scholars, 8 were elected as IEEE Fellows and 4 were elected
into Chinese Academy of Science/Engineering.

An [EEE Life Fellow, Dr. Hwang received the Outstanding Achievement Award from the Computer
Federation of China (CFC) in 2005. He received the Lifetime Achievement Award from the IEEE
CloudCom 2012 for his pioneering work in parallel computing and distributed systems. He has
delivered over 50 keynote speeches in many IEEE/ACM conferences or research centers. In the past,
Dr. Hwang had the honor being nominated to join the National Academy of Enngineering in the US.
He has performed consulting work with IBM, MIT Lincoln Lab, ITRI'in Taiwan, INRIA in France, and
CERN in EU. He has servered as a visiting chair professor at Taiwan Univ,, Minnesota Univ.,, Tsinghua
Univ,, and Hong Kong Univ. At present, he can be reached via: hwangkai@cuhk.edu.cn.

REHE:

In this open speech, Dr. Hwang will address critical issues surrounding the fusion of cloud architecture,
Al chips, fog nodes, mobile devices, and intelligent robots in various loT edge and cloud platforms
to face the grand challenges in big-data, Al and cognitive applications. He will assess hardware,
software, networking and intelligence integration techniques are illustrated with pioneering projects
at Google, AWS, Chinese Academy of Sciences, Aliyun, etc. The ultimate design goal is to achieve
enhanced agility in Al systems, end user mobility, global security, and scalability in public clouds and
loT platforms.

The roles of machine learning and big-data analytics are identified for edge, fog and cloud
computing. He will cover the co-design of hardware mechanisms, Al system upgrade, and software
support to achieve sustained performance and ensure cyber security. Intelligent robots, loT devices,
NB-1oT, 5G and satellite-based intelligent networks are presented to face the challenges in Al
and HPC in cloud/loT applications. An on-going research project is presented for integrated loT/
Cloud Computing at CUHK-SZ. This project develops a smart cloud for use in industrial design and
intelligent manufacturing in the greater Bay Area of Peral River.
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REE: Algorithms & Software for LA and OPT

IBEA: Michael Saunders

HBR KRZE XA ML EAATEERZER., BITARIZEITEZ A Gene Golub #4%, FF 1972 &
MEMBRAFR ST ENRSE L2, MU EREGRAMES. MBS AIIESER L (MS
& E318, CME338) RHSHRALNRERSFIRERINRRE. SOL REBBAZRAM ML ERZR,
fthi2 George Dantzig F 1973 &Y, Dantzig 2 MAMMEMERIZ R, KBTI LML+
KEEZ—RY simplex method. iZF5AEE T I HIBICROER, BFEARE RIS ERAE
AT, SOL RSHR FHARISAHFFINA, ) SOL FZsREaE . Saunders HIEE
EERE:

—-1965 £F3% Canterbury KEF¥FF+ (FE)

—-1970 FREMBIE AT ENBI M2

—-1972 RSB R BN BB 5[

1966-67,73-74,77-78, #r79= DSIR N FEFSFEHI%

1967 F£ES, THHERAFEHN

1985 5% Orchard-Hays ¥ (MZFHIHFS)

2004 B FFLL Saunders F=a53H SVG 21

2007 FIRISMAZERF MR

2012 &5k SIAM et L

2012 R REMBR A BB AN ERR

2013 pi 8 SIAM =t

2014 F=BFF SVG70 =i

Michael Saunders BUSRIIAFT B EIELEIN, BB, BB SEEEE, B2
ACM TOMS 1982-2004 B9EIZE SR, SIAM {L1LEAT) 1989-2001, LARMAFILIZ 1999 FES5, B2
B LSQR, LSMR, MINRES, MINRES-QLP, SYMMLQ, LUSOL (#%m&tEST2) 1 MINOS,
LSSOL, NPSOL, QPOPT, SQOPT, SNOPT, PDCO WEEIEE, BFARMKL,

Saunders ZUERE 1985 FFEIFMEIF 2 Orchard-Hays AUE—gkiEE, fthF 2007 FREIFHTI=2
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REmE:

Neural Networks (NNs) have emerged as a fundamental technology for machine learning. The
sparsity of weight and activation in NNs varies widely from 5%-90% and can potentially lower
computation requirements. However, existing designs lack a universal solution to efpciently handle
different sparsity in various layers and neural networks. This work, named STICKER, Prst systematically
explores NN sparsity for inference and online tuning operations. This talk will first discuss the
overview of neural network processors supporting sparsity. After that, the new design consisting
of three major contributions is illustrated: 1) Autonomous NN sparsity detector that switches the
processor modes; 2) Multi-sparsity compatible Convolution (CONV) PE arrays that contain a multi-
mode memory supporting different sparsity, and the set-associative PEs supporting both dense and
sparse operations and reducing 92% memory area compared with previous hash memory banks;
3) Online tuning PE for sparse FCs that achieves 32.5x speedup compared with conventional CPU,
using quantization center-based weight updating and Compressed Sparse Column (CSC) based back
propagations. Peak energy efPciency of the 65nm STICKER chip is up to 62.1 TOPS/W at 8bit data
length. Finally, some open problems are given out for future research.
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RERE:

Deep neural networks (DNNs) have achieved great success in many applications of artificial
intelligence (Al). To enable always-on and pervasive Al applications in mobile and loT devices, ultra-
low power neural network processors are required. With the progresses of both neural network
algorithms and computing architectures, it is possible to design pW-level neural network processors.
In this talk, we introduce Thinker processors which have the potential to embed Al in everything.
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IREER:
On Generalization Error Bounds of Stochastic Gradient Methods for
Non-Convex Learning
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REHE:

Generalization error (also known as the out-of-sample error) measures of how well the hypothesis
obtained from the training data can generalize to previously unseen data.

Hence, obtaining tight generalization error bounds are central to statistical learning theory. While
generalization error bounds in the convex setting have been studied extensively and fairly well
understood,

much less is known in the more general nonconvex setting (e.g., deep learning). Since various
stochastic gradient methods are the most popular methods in learning nonconvex objectives,

it is important to understand the generalization behavior for those methods.

We study the (algorithm-dependent) generalization bounds of Stochastic Gradient Langevin
Dynamics (SGLD is a slight variant of the most popular SGD algorithm) with non-convex objectives.

We obtain nontrivial generalization bound SGLD and some other variants (with momentum,
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minibatch, acceleration, and more general noises), and improve on some recent results in (Mou et al.
COLT 18, Pensia et al. ISIT 18).

Under reasonable assumption of the diffusion process, we can obtain even tighter generalization
bounds. Our bounds can provide some intuitive explanation for the interesting phenomenon
reported in the popular "rethinking generalization" paper (Zhang et al. ICLR 17). Joint work with
Xuanyuan Luo and Mingda Qiao.

RE™E: Asset price returns in Deep learning methods
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Textual Analysis and Machine Leaning: Crack Unstructured Data in
Finance and Accounting
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REHRHE:

In finance and accounting, relative to quantitative methods traditionally used, textual analysis
becomes popular recently despite of its substantially less precise manner. In an overview of the
literature, we describe various methods used in textual analysis, especially machine learning. By
comparing their classification performance, we find that neural network outperforms many other
machine learning techniques in classifying news category. Moreover, we highlight that there are many
challenges left for future development of textual analysis, such as identifying multiple objects within
one single document.
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HeER:
Paving the Way for RDMA-based Networked Systems into Modern Data
Centers

IREA: Xiaoyi Lu

Xiaoyi Lu is a Research Assistant Professor of the Department of Computer Science and Engineering
at the Ohio State University, USA. His current research interests include high performance
interconnects and protocols, Big Data Analytics, Parallel Computing Models, Virtualization, Cloud
Computing, and Deep Learning system software. He has already published more than 100 papers in
major International conferences, workshops, and journals with multiple Best (Student) Paper Awards
or Nominations. He has delivered more than 100 times of invited talks, tutorials, and presentations
worldwide. He has been actively involved in various professional activities in academic journals and
conferences. Recently, Dr. Lu is leading the research and development of RDMA-based accelerations
for Apache Hadoop, Spark, Kafka, HBase, and Memcached, and OSU HiBD micro-benchmarks,
which are publicly available from http://hibd.cse.ohio-state.edu. He is also leading the research and
development of MVAPICH2-Virt (high-performance and scalable MPI for hypervisor and container
based HPC cloud). He is a member of IEEE and ACM. More details about Dr. Lu are available at http://
www.cse.ohio-state.edu/~luxi.

REHE:
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he increasing demands of high-performance data processing and communication in modern data
centers have been driving the networking speed increase from 1Gb/s to 200Gb/s or higher. The
traditional Sockets-based TCP/IP protocols can no longer keep up with the increasing performance
demand. Consequently, the advanced capabilities of RDMA (i.e., Remote Direct Memory Access)
enabled networks are paving the way for designing novel high-performance communication and I/
O protocols in data centers, blurring the boundary between local and remote data access. However,
fully utilizing RDMA-capable networks for the end applications is still full of challenges.

In this talk, | will first examine the challenges in designing RDMA-based communication and I/
O protocols over high-speed networks (e.g., InfiniBand, RoCE). Then, | will discuss how we co-
design different components with RDMA in a broad range of systems from the areas of HPC, Big
Data Analytics (Hadoop/Spark/Memcached), and Deep Learning (TensorFlow) to overcome these
challenges. Evaluations show that our proposed designs with RDMA can benefit performance,
scalability, fault-tolerance, and availability in these networked systems.
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{REREH: Deep Graph Made Easy (and faster)

’EA: Zheng Zhang

Zheng Zhang is Professor of Computer Science, NYU Shanghai; Global Network Professor, NYU.
He also holds an afbliated appointment with the Department of Computer Science at the Courant
Institute of Mathematical Sciences and with the Center for Data Science at NYU's campus in New York
City. Prior to joining NYU Shanghai, he was the founder of the System Research Group in Microsoft
Research Asia, where he served as Principle Researcher and research area manager. Before he moved
to Beijing, he was project lead and member of technical staff in HP-Labs. He holds a PhD from the
University of lllinois, Urbana-Champaign, an MS from University of Texas, Dallas, and a BS Fudan
University.

Zhang's research interests are theories and practices of large-scale distributed computing and its
intersection with machine learning, in particular deep-learning. He has published extensively in top
system as well as machine learning conferences (OSDI, Eurosys, NSDI, NIPS, CVPR etc.), and is also
known for his column “Zheng Zhang on Science,” which is published in Chinese Business.

Zhang is a member of the Association for Computing Machinery and founder of the SIGOPS APSYS
workshop and the CHINASYS research community. He served regularly as PC members of leading
system conferences. During his tenures in industrial labs, he was awarded 40 patents and made
numerous contributions to product lines. He has several Best Paper awards as well as awards for
excellence from Microsoft and HP-Labs. Professor Zhang's works can be found on his Google
Scholar Page.

Zhang was founder and advisor for DL platforms such as MXNet, MinPy and most recently DGL,
bringing deep learning practise to graph (see his github page).

As of fall of 2018, Professor Zhang is taking a leave of absence and has joined Amazon AWS, taking
the role of the founding Director of AWS Shanghai Al Lab.

RERE:

All real-world data has structures that are best described as graphs. If there is one data structure for
deep learning algorithms, graph would be the foremost candidate. The graph structure can be either
explicit, such in social networks, knowledge graphs, and protein-interaction networks, etc., or latent
and implicit, as in the case of languages and images. Leveraging and discovering graph structures
have many immediate applications and also serves as a futile ground for the next generation of
algorithms.

This talk begins with a general survey of deep graph learning, and then we will discuss a few new
research work at AWS Shanghai Al Lab in this direction. We will introduce DGL, an open-source
platform designed to accelerate research in this new emerging Peld, with its philosophy to support
graph as the core abstraction and take care to maintain both forward (i.e. supporting new research
ideas) and backward (i.e. integration with existing components) compatibility. DGL enables arbitrary
message handling and mutation operators, flexible propagation rules, and is framework agnostic
so as to leverage high-performance tensor, autograd operations, and other feature extraction
modules already available in existing frameworks. DGL carefully handles the sparse and irregular
graph structure, deals with graphs big and small which may change dynamically, fuses operations,
and performs auto-batching, all to take advantages of modern hardware. DGL has been tested on
a variety of models, including but not limited to the popular Graph Neural Networks (GNN) and its
variants, with promising speed, memory footprint and scalability.
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#EEH: The New Generation of Co-Processors— In-Network Computing

& A : Gilad Shainer

Gilad Shainer serves as Mellanox's senior vice president of marketing, focusing on high- performance
computing. Mr. Shainer joined Mellanox in 2001 as a design engineer and later served in senior
marketing management roles since 2005. Mr. Shainer serves as the chairman of the HPC-AIl Advisory
Council organization, he serves as the president of UCF and CCIX consortiums, a board member
in the OpenPOWER and OpenCAPI organizations, a member of IBTA and contributor to the
PCISIG PCI-X and PCle specibcations. Mr. Shainer holds multiple patents in the Peld of high-speed
networking. He is also a recipient of 2015 R&D100 award for his contribution to the CORE-Direct
collective offoad technology. Gilad Shainer holds a MSc degree (2001, Cum Laude) and a BSc degree
(1998, Cum Laude) in Electrical Engineering from the Technion Institute of Technology in Israel. Pic
enclosed.

REHE:

The latest revolution in HPC is the move to a co-design architecture, a collaborative effort among
industry, academia, and manufacturers to reach Exascale performance by taking a holistic system-
level approach to fundamental performance improvements. Co-design architecture exploits
system efpciency and optimizes performance by creating synergies between the hardware and the
software. Co-design recognizes that the CPU has reached the limits of its scalability, and offers an
intelligent network as the new “co-processor” to share the responsibility for handling and accelerating
application workloads. By placing data-related algorithms on an intelligent network, we can
dramatically improve the data center and applications performance.
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REEBE: Dynamics of emotional brain underlying stress and reward
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REHRE:
TDynamics of emotional brain underlying stress and reward

To benefit from opportunities and cope with stress in the environment, animals must adapt their
behavior to avoid danger and to maximize rewards. We are focusing on dissecting the neural circuits
underlying stress and reward. Specifically, we found that corticotrophin-releasing hormone (CRH)
neurons in paraventricular nucleus (PVN) organize adaptive stress response by complementarily
integrating reward and stress signals. Also, we found that VTA GABA and DA neurons mediate the
aversive and rewarding experience in itch sensation. Moreover, we developed a novel behavioral
paradigm and identiPed a speciPc response pattern of VTA DA neurons under delayed gratiPcation
through physiological and computational approaches. Together, these knowledges may provide
guidance for developing novel treatment strategies for neuropsychiatric diseases, such as depression
and anxiety.
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{REREE: Towards Next generation Smart loT
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Dr. Cao is currently a Chair Professor of Department of Computing at The Hong Kong Polytechnic
University, Hong Kong. He is also the director of the Internet and Mobile Computing Lab in the
department and the director of University’s Research Facility in Big Data Analytics. His research
interests include parallel and distributed computing, wireless sensing and networks, pervasive and
mobile computing, and big data and cloud computing. He has co-authored 5 books, co-edited 9
books, and published over 500 papers in major international journals and conference proceedings.
He received Best Paper Awards from conferences including DSAA2017, IEEE SMARTCOMP 2016, ISPA
2013, IEEE WCNC 2011, etc.

He served the Chair of the Technical Committee on Distributed Computing of IEEE Computer Society
2012-2014, a member of IEEE Fellows Evaluation Committee of the Computer Society and the
Reliability Society, a member of IEEE Computer Society Education Awards Selection Committee, a
member of [EEE Communications Society Awards Committee, and a member of Steering Committee
of IEEE Transactions on Mobile Computing. Dr. Cao has served as chairs and members of organizing
and technical committees of many international conferences, and as associate editor and member of
the editorial boards of many international journals. Dr. Cao is a fellow of IEEE and ACM distinguished
member. In 2017, he received the Overseas Outstanding Contribution Award from China Computer
Federation.
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loT has many applications including smart cities, logistics, industrial control and healthcare. Currently,
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loT technologies still largely focus on the networking aspect of connecting and controlling the things.
As the Internet becomes increasingly ubiquitous and 5G is at the corner, loT will continue to develop
and its further potential can be realized by a combination with related technology approaches such
as 5G, Smart objects, Cloud computing, Big Data, and Al. In this talk, | will describe the evolution
of loT from instrumentation and interconnection to intelligence and summarize our research in
the past years along this direction towards the next generation smart IoT. Smart loT will facilitate
a sustainable platform empowering advanced applications. | will focus on the current challenges
and future development of smart loT that adds intelligence to IoT leveraging advanced networking
technologies,big data analytics and edge computing.
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