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Navigating the transition to a data first enterprise
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Selective video encryption schemes for battery-powered video deviceshave been

:-"‘é proposed to prevent illegal acquisition of recorded video during transmission.
R ¥ However, the transmission security of conventional schemes is lower than the
8 fullyencrypted transmission schemesbecause a substantial part of the recorded

framework that selectively encrypts video metadata and frameson a per packet
basis with a consideration of currently available computing power and transmission
distance. Evaluation on a testbed demonstrates that the proposed framework
provides enhanced video transmission security with less than half of the battery
power consumption required by the fullyencrypted transmission scheme.

: video remains unencrypted including significant metadata for decoding recorded
“ video. In order to address this limitation, we propose a secure video transmission
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C2.4/12.22(3h) 14:00~14:30 / -5 HA[Zt AE2|Y

More local and more diverse for global values - IPSJ in the new normal
Masami Hagiya w4~(=2CHetdl)

raison d'etre of local academic societies like IPSJ (Information Processing Society of
Japan). Under COVID-19, in the year of the 60th anniversary of IPSJ, we have
realized that we should challenge and solve more local problems in more diverse
fields. Typically, we should challenge urgent issues related to COVID-19 in Japan
and long-term issues such as the Japanese declining birth rate. Solutions to such
local issues will eventually lead to global values. In this talk, after introducing IPSJ,
| report some activities of IPSJ under COVID-19, i.e., the annual conference of IPSJ
held online and the online FIT conference.

| then touch on the problem that COVID-19 subsidies from the Japanese
government were suspended due to the failure of the information system that
handled national identification numbers. The problem is due to the design failure
of the whole information system. It originates from the low IT literacy in the central
and local governments. The education committee of IPSJ has been working on IT
education for K-12 with the hope of raising the IT literacy of the Japanese society.
| overview its recent activities, which are becoming more and more local to
support IT education in local regions. In the direction of diversity, IPSJ should
advocate research and development in more application areas, including
agriculture, medicine, mental health, etc. In the talk, | finally touch on the
education program GCL/IIW in graduate schools at the University of Tokyo, which
shows a possible direction of IPSJ.

@ Compared with global societies like ACM and IEEE, it is not easy to define the
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C2.4/12.22(28}) 14:30~15:00 / FFE HARZFAE2|Y

Proactive 3D Sensing and Reconstruction
Baoquan Chen 1l4=(H|0|2ICHStw)

3D modeling of urban environments starts to play an increasingly important
role in applications ranging from digital content production to augmented
reality, and self-driving car. Despite the ever increasing intelligence of data
processing, one fundamental challenge for geometry reconstruction of
complex scenes is dealing with significant variance on data quality and the
usual insufficiency. In this talk, | will introduce our recent development on using
robot-based scanning system, which facilitates proactive acquisition, thus a
closed-loop approach to acquiring, understanding, and reconstructing 3D
real-world environments. The core of the approach is the in-situ analysis of
data, semantical parsing of the scene, and immediate guidance of the scanning
trajectory. For 3D scene parsing, we have developed PointCNN, a convolutional
network native to 3D point clouds.
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[BFE A 28]

m =222 : Sharing-aware Data Acquisition Scheduling for Multiple Rules in the loT

= 2|2} : Seonyeong Heo(POSTECH), Seungbin Song(Yonsei Univ.), Bongjun Kim(POSTECH), Hanjun Kim(Yonsei Univ.)
m 3t&CY3| : RTAS 2020

In the Internet-of-Things (IoT) environments, users define event-condition-action (ECA) rules, and expect
loT frameworks to evaluate conditions and take appropriate actions within a certain time limit after an
event occurs. To evaluate the conditions with fresh data items, the frameworks acquire required data from
loT sensors. Since the data acquisition causes battery consumption of sensors, the frameworks should
minimize the number of the data acquisition while keeping the sensor data fresh until finishing the
condition evaluation. However, existing data acquisition schedulers inefficiently acquire sensor data
because the schedulers assume each ECA rule in a program is independent of each other although different
rules may share some sensing data from the same sensors. This work proposes an efficient sharing-aware
data acquisition scheduling algorithm that reduces unnecessary data acquisition by sharing sensor data
commonly used in different rules while satisfying time constraints. To evaluate the proposed scheduling
algorithm, this work deploys 19 devices in an office, collects values of 26 different sensors for 144 hours,
and simulates the proposed algorithm and a baseline algorithm. Compared to the baseline algorithm, the
proposed algorithm reduces communication count and deadline miss ratio by 31.9% and 50.2%
respectively.
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m =222 : CrowdQuake: A Networked System of Low-Cost Sensors for Earthquake Detection via Deep Learning
= 2|2} : Xin Huang(Florida Institute of Technology), Jangsoo Lee, Youngwoo Kwon(Kyungpook National
University), Chul-ho(Florida Institute of Technology)
m Sk=Cl3| : KDD 2020
Recently, low-cost acceleration sensors have been widely used to detect earthquakes due to the significant
development of MEMS technologies. It, however, still requires a high-density network to fully harness the
low-cost sensors, especially for real-time earthquake detection. The design of a high-performance and
scalable networked system thus becomes essential to be able to process a large amount of sensor data from
hundreds to thousands of the sensors. An efficient and accurate earthquake-detection algorithm is also
necessary to distinguish earthquake waveforms from various kinds of non-earthquake ones within the huge
data in real time. In this paper, we present CrowdQuake, a networked system based on low-cost
acceleration sensors, which monitors ground motions and detects earthquakes, by developing a
convolutional-recurrent neural network model. This model ensures high detection performance while
maintaining false alarms at a negligible level. We also provide detailed case studies on two of a few small
earthquakes that have been detected by CrowdQuake during its last one-year operation.
[2E2]|2]]
m =222 : HetPipe: Enabling Large DNN Training on (Whimpy) Heterogeneous GPU Clusters through
Integration of Pipelined Model Parallelism and Data Parallelism
= 2|2} : Jay H. Park, Gyeongchan Yun, Chang M. Yi, Nguyen T. Nguyen, Seungmin Lee(UNIST) ,
Jaesik Choi(KAIST), Sam H. Noh, Young-ri Choi(UNIST)
» S&03| : USENIX ATC'20
Deep Neural Network (DNN) models have continuously been growing in size in order to improve the
accuracy and quality of the models. Moreover, for training of large DNN models, the use of heterogeneous
GPUs is inevitable due to the short release cycle of new GPU architectures. In this paper, we investigate
how to enable training of large DNN models on a heterogeneous GPU cluster that possibly includes whimpy
GPUs that, as a standalone, could not be used for training. We present a DNN training system, HetPipe
(Heterogeneous Pipeline), that integrates pipelined model parallelism (PMP) with data parallelism (DP). In
HetPipe, a group of multiple GPUs, called a virtual worker, processes minibatches in a pipelined manner,
and multiple such virtual workers employ data parallelism for higher performance. We also propose a novel
parameter synchronization model, which we refer to as Wave Synchronous Parallel (WSP) to accommodate
both PMP and DP for virtual workers, and provide convergence proof of WSP. Our experimental results on
a given heterogeneous setting show that with HetPipe, DNN models converge up to 49% faster compared
to the state-of-the-art DP technique.

= =2 |2 : Evanesco: Architectural Support for Efficient Data Sanitization in Modern Flash-Based Storage Systems
= 2{2} : Myungsuk Kim(Seoul National University), Jisung Park(ETH Zurich & Seoul National University),
Genhee Cho, Yoona Kim(Seoul National University), Lois Orosa, Onur Mutlu(ETH Zurich),
Jihong Kim(Seoul National University)
= Sh=CH3| : ASPLOS'20
As data privacy and security rapidly become key requirements, securely erasing data from a storage system
becomes as important as reliably storing data in the system. Unfortunately, in modern flash-based storage
systems, it is challenging to irrecoverably erase (i.e., sanitize) a file without large performance or reliability
penalties. In this paper, we propose Evanesco, a new data sanitization technique specifically designed for
high-density 3D NAND flash memory. Unlike existing techniques that physically destroy stored data,
Evanesco provides data sanitization by blocking access to stored data. By exploiting existing spare flash cells
in the flash memory chip, Evanesco efficiently supports two new flash lock commands (pLock and bLock)
that disable access to deleted data at both page and block granularities. Since the locked page (or block)
can be unlocked only after its data is erased, Evanesco provides a strong security guarantee even against an
advanced threat model. To evaluate our technique, we build SecureSSD, an Evanesco-enabled emulated
flash storage system. Our experimental results show that SecureSSD can effectively support data
sanitization with a small performance overhead and no reliability degradation.
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O Abstract

[T E90jZ 3]

= =22 : Resource-aware Program Analysis via Online Abstraction Coarsening

m 2{2} : Kihong Heo(University of Pennsylvania), Hakjoo Oh(Korea University), Hongseok Yang(KAIST)
m Sk=CHS| : ICSE 2019

We present a new technique for developing a resource-aware program analysis. Such an analysis is
aware of constraints on available physical resources, such as memory size, tracks its resource use, and
adjusts its behaviors during fixpoint computation in order to meet the constraint and achieve high
precision. Our resource-aware analysis adjusts behaviors by coarsening program abstraction, which
usually makes the analysis consume less memory and time until completion. It does so multiple times
during the analysis, under the direction of what we call a controller. The controller constantly
intervenes in the fixpoint computation of the analysis and decides how much the analysis should
coarsen the abstraction. We present an algorithm for learning a good controller automatically from
benchmark programs. We applied our technigue to a static analysis for C programs, where we control
the degree of flow-sensitivity to meet a constraint on peak memory consumption. The experimental
results with 18 real-world programs show that our algorithm can learn a good controller and the
analysis with this controller meets the constraint and utilizes available memory effectively.
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m =222 : Broadening Horizons of Multilingual Static Analysis: Semantic Summary Extraction from
C Code for JNI Program Analysis

m 2|2} : Sungho Lee(Chungnam National University), Hyogun Lee, Sukyoung Ryu(KAIST)

m 23| : ASE 2020

Most programming languages support foreign language interoperation that allows developers to
integrate multiple modules implemented in different languages into a single multilingual program.
While utilizing various features from multiple languages expands expressivity, differences in language
semantics require developers to understand the semantics of multiple languages and their
interoperation. Because current compilers do not support compile-time checking for interoperation,
they do not help developers avoid interoperation bugs. Similarly, active research on static analysis and
bug detection has been focusing on programs written in a single language. In this paper, we propose
a novel approach to analyze multilingual programs statically. Unlike existing approaches that extend a
static analyzer for a host language to support analysis of foreign function calls, our approach extracts
semantic summaries from programs written in guest languages using a modular analysis technique,
and performs a whole-program analysis with the extracted semantic summaries. To show practicality
of our approach, we design and implement a static analyzer for multilingual programs, which
analyzes JNI interoperation between Java and C. Our empirical evaluation shows that the analyzer is
scalable in that it can construct call graphs for large programs that use JNI interoperation, and useful
in that it found 74 genuine interoperation bugs in real-world Android JNI applications.

[Z2Jajeio]]
m =222 : CompCertM: CompCert with C-Assembly Linking and Lightweight Modular Verification
= 2|2} : Youngju Song, Minki Cho, Dongjoo Kim, Yonghyun Kim(Seoul National University),
Jeehoon Kang(KAIST), Chung-Kil Hur(Seoul National University)
= 3H&CH3| : POPL 2020
Supporting multi-language linking such as linking C and handwritten assembly modules in the verified
compiler CompCert requires a more compositional verification technique than that used in CompCert
just supporting separate compilation. The two extensions, CompCertX and Compositional CompCert,
supporting multi-language linking take different approaches. The former simplifies the problem by
imposing restrictions that the source modules should have no mutual dependence and be verified
against certain well-behaved specifications. On the other hand, the latter develops a new verification
technique that directly solves the problem but at the expense of significantly increasing the
verification cost. In this paper, we develop a novel lightweight verification technique, called RUSC
(Refinement Under Self-related Contexts), and demonstrate how RUSC can solve the problem without
any restrictions but still with low verification overhead. For this, we develop CompCertM, a full
extension of the latest version of CompCert supporting multi-language linking. Moreover, we
demonstrate the power of RUSC as a program verification technigue by modularly verifying interesting
programs consisting of C and handwritten assembly against their mathematical specifications.

n =225 : Optimizing Homomorphic Evaluation Circuits by Program Synthesis and Term Rewriting
= 2|2} : Dongkwon Lee, Woosuk Lee, Hakjoo Oh, and Kwangkeun Yi

= Sk=CHS| : PLDI 2020

We present a new and general method for optimizing homomorphic evaluation circuits. Although
fully homomorphic encryption (FHE) holds the promise of enabling safe and secure third party
computation, building FHE applications has been challenging due to their high computational costs.
Domain-specific optimizations require a great deal of expertise on the underlying FHE schemes, and
FHE compilers that aims to lower the hurdle, generate outcomes that are typically sub-optimal as they
rely on manually-developed optimization rules. In this paper, based on the prior work of FHE
compilers, we propose a method for automatically learning and using optimization rules for FHE
circuits. Our method focuses on reducing the maximum multiplicative depth, the decisive performance
bottleneck, of FHE circuits by combining program synthesis and term rewriting. It first uses program
synthesis to learn equivalences of small circuits as rewrite rules from a set of training circuits. Then,
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we perform term rewriting on the input circuit to obtain a new circuit that has lower multiplicative
depth. Our rewriting method maximally generalizes the learned rules based on the equational
matching and its soundness and termination properties are formally proven. Experimental results show
that our method generates circuits that can be homomorphically evaluated 1.18x ? 3.71x faster (with
the geometric mean of 2.05x) than the state-of-the-art method. Our method is also orthogonal to
existing domain-specific optimizations.

m =222 : Learning Graph-based Heuristics for Pointer Analysis without Handcrafting
Application-Specific Features
= 2|2} : Minseok Jeon, Myungho Lee, and Hakjoo Oh(Korea University)
= SHECH3| © OOPSLA 2020
We present Graphick, a new technique for automatically learning graph-based heuristics for pointer
analysis. Striking a balance between precision and scalability of pointer analysis requires designing
good analysis heuristics. For example, because applying context sensitivity to all methods in a
real-world program is impractical, pointer analysis typically uses a heuristic to employ context
sensitivity only when it is necessary. Past research has shown that exploiting the program’s graph
structure is a promising way of developing cost-effective analysis heuristics, promoting the recent
trend of “graph-based heuristics” that work on the graph representations of programs obtained from
a pre-analysis. Although promising, manually developing such heuristics remains challenging, requiring
a great deal of expertise and laborious effort. In this paper, we aim to reduce this burden by learning
graph-based heuristics automatically, in particular without hand-crafted application-specific features.
To do so, we present a feature language to describe graph structures and an algorithm for learning
analysis heuristics within the language. We implemented Graphick on top of Doop and used it to
learn graph-based heuristics for object sensitivity and heap abstraction. The evaluation results show
that our approach is general and can generate high-quality heuristics. For both instances, the learned
heuristics are as competitive as the existing state-of-the-art heuristics designed manually by analysis
experts.

m =22 : Effective White-box Testing of Deep Neural Networks with Adaptive Neuron-Selection
Strategy
m 2|2} : Seokhyun Lee, Sooyoung Cha, Dain Lee, and Hakjoo Oh(Korea University)
= S=CHS| @ ISSTA 2020
We present Adapt, a new white-box testing technique for deep neural networks. As deep neural
networks are increasingly used in safety-first applications, testing their behavior systematically has
become a critical problem. Accordingly, various testing techniques for deep neural networks have
been proposed in recent years. However, neural network testing is still at an early stage and existing
techniques are not yet sufficiently effective. In this paper, we aim to advance this field, in particular
white-box testing approaches for neural networks, by identifying and addressing a key limitation of
existing state-of-the-arts. We observe that the so-called neuron-selection strategy is a critical
component of white-box testing and propose a new technique that effectively employs the strategy
by continuously adapting it to the ongoing testing process. Experiments with real-world network
models and datasets show that Adapt is remarkably more effective than existing testing techniques in
terms of coverage and adversarial inputs found.
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[R132]5]
= =22 : MutCombinator: identification of mutated peptides allowing combinatorial mutations using
nucleotide-based graph search

m Z{2} : Seunghyuk Choi and Eunok Park(Hanyang University)

m SRS 1 ISMB 2020

Proteogenomics has proven its utility by integrating genomics and proteomics. Typical approaches use data
from next-generation sequencing to infer proteins expressed. A sample-specific protein sequence database is
often adopted to identify novel peptides from matched mass spectrometry-based proteomics; nevertheless,
there is no software that can practically identify all possible forms of mutated peptides suggested by various
genomic information sources. We propose MutCombinator, which enables us to practically identify mutated
peptides from tandem mass spectra allowing combinatorial mutations during the database search. It uses an
upgraded version of a variant graph, keeping track of frame information. The variant graph is indexed by nine
nucleotides for fast access. Using MutCombinator, we could identify more mutated peptides than previous
methods, because combinations of point mutations are considered and also because it can be practically
applied together with a large mutation database such as COSMIC. Furthermore, MutCombinator supports
in-frame search for coding regions and three-frame search for non-coding regions.

= =222 : Biomedical Entity Representations with Synonym Marginalization

= 2|2} : Mujeen Sung, Hwisang Jeon, Jinhyuk Lee, Jaewoo Kang(Korea University)

= Sk=CHS| : ACL 2020

Biomedical named entities often play important roles in many biomedical text mining tools. However, due
to the incompleteness of provided synonyms and numerous variations in their surface forms, normalization
of biomedical entities is very challenging. In this paper, we focus on learning representations of biomedical
entities solely based on the synonyms of entities. To learn from the incomplete synonyms, we use a
model-based candidate selection and maximize the marginal likelihood of the synonyms present in top
candidates. Our model-based candidates are iteratively updated to contain more difficult negative samples
as our model evolves. In this way, we avoid the explicit pre-selection of negative samples from more than
400K candidates. On four biomedical entity normalization datasets having three different entity types
(disease, chemical, adverse reaction), our model BioSyn consistently outperforms previous state-of-the-art
models almost reaching the upper bound on each dataset.
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m =22|S : Improved survival analysis by learning shared genomic information from pan-cancer data

= 2|2} : Sunkyu Kim, Keonwoo Kim, Junseok Choe, Inggeol Lee, Jaewoo Kang(Korea University)

= SF=CH3] : ISMB 2020

Motivation Recent advances in deep learning have offered solutions to many biomedical tasks. However, there
remains a challenge in applying deep learning to survival analysis using human cancer transcriptome data. As the
number of genes, the input variables of survival model, is larger than the amount of available cancer patient
samples, deep-learning models are prone to overfitting. To address the issue, we introduce a new deep-learning
architecture called VAECox. VAECox uses transfer learning and fine tuning. Results We pre-trained a variational
autoencoder on all RNA-seq data in 20 TCGA datasets and transferred the trained weights to our survival
prediction model. Then we fine-tuned the transferred weights during training the survival model on each
dataset. Results show that our model outperformed other previous models such as Cox Proportional Hazard with
LASSO and ridge penalty and Cox-nnet on the 7 of 10 TCGA datasets in terms of C-index. The results signify that
the transferred information obtained from entire cancer transcriptome data helped our survival prediction model
reduce overfitting and show robust performance in unseen cancer patient samples. Availability and
implementation Our implementation of VAECox is available at https://github.com/dmis-lab/VAECox.

= =22 : In silico selection of RNA aptamers for a target protein based on discriminative classifiers and
the Monte-Carlo tree search

m 2|2} : Gwangho Lee, Giltae Song(Pusan National University)

= Sh=C3] : ISMB 2020

Aptamers are polynucleotide or peptide chains folded into a stable structure and useful for therapeutic
applications. SELEX (systematic evolution of ligands by exponential enrichment) is one of the experimental
methods to generate aptamers, but it is too expensive and time-consuming. Recently, there are some in silico
attempts to reduce the cost such as an approach based on discriminative classifiers. Some of such methods
actually generate the sequences that bind for a target protein, but they produce low quality and specific size
candidates only. In this study, we develop an approach based on the Monte-Carlo Tree Search (MCTS) algorithm
for generating the sequences using a score function computed by a discriminative classifier. We evaluate our
approach based on three metrics: the minimum free energy (MFE) of aptamer structures, scores in docking
simulations, and TM-scoreRNA structure similarity scores. Our model shows quite a similar MFE to real aptamers
and similar to or better docking scores than other existing methods in the ZDOCK docking simulations. Most of
our samples obtain TM-scoreRNA scores higher than 0.17 (< 0.17 indicates unrelated random sequences). We
believe that our study can substantially reduce the cost and time for generating aptamers.

[HESH]

= =222 : PUFGAN: Embracing a Self-Adversarial Agent for Building a Defensible Edge Security Architecture
= 2|2} : JinYi Yoon, HyungJune Lee(Ewha Womans University)

= Sh=CH3| © IEEE INFOCOM 2020

In the era of edge computing and Artificial Intelligence (Al), securing billions of edge devices within a network
against intelligent attacks is crucial. We propose PUFGAN, an innovative machine learning attack-proof security
architecture, by embedding a self-adversarial agent within a device fingerprint- based security primitive, public
PUF (PPUF) known for its strong fingerprint-driven cryptography. The self-adversarial agent is implemented
using Generative Adversarial Networks (GANs). The agent attempts to self-attack the system based on two
GAN variants, vanilla GAN and conditional GAN. By turning the attacking quality through generating realistic
secret keys used in the PPUF primitive into system vulnerability, the security architecture is able to monitor its
internal vulnerability. If the vulnerability level reaches at a specific value, PUFGAN allows the system to
restructure its underlying security primitive via feedback to the PPUF hardware, maintaining security entropy at
as high a level as possible. We evaluated PUFGAN on three different machine environments: Google Colab, a
desktop PC, and a Raspberry Pi 2, using a real-world PPUF dataset. Extensive experiments demonstrated that
even a strong device fingerprint security primitive can become vulnerable, necessitating active restructuring of
the current primitive, making the system resilient against extreme attacking environments.
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m =23 : Convergence-Aware Neural Network Training

= 2{2} : Hyungjun Oh, Yongseung Yu, Giha Ryu, Gunjoo Ahn(Hanyang University), Yuri Jeong(Samsung
Research, Samsung Electronics), Yongjun Park, Jiwon Seo(Hanyang University)

m 3h&fi3] : DAC

Training a deep neural network(DNN) is expensive, requiring a large amount of computation time. While

training overhead is high, not all computation in DNN training is equal. Some parameters the converge

faster and thus their gradient computation may contribute little to the parameter update; in nearstationary

points a subset of parameters may change very little. In this paper we exploit the parameter convergence to

optimize gradient computation in DNN training. We design a light-weight monitoring technigue to track

the parameter convergence; we prune the gradient computation stochastically for a group of semantically

related parameters, exploiting their convergence correlations. These techniques are efficiently

implemented in existing GPU kernels. In our evaluation the optimization techniques substantially and

robustly improve the training throughput for four DNN models on three public datasets.
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m =2 2|= : ASINE: Adversarial Signed Network Embedding
= 2|2} : Yeon-Chang Lee, Nayoun Seo(Hanyang University), Kyungsik Han(Ajou University), Sang-Wook
Kim(Hanyang University)
m Sk=Cl3] : SIGIR 2020
Motivated by a success of generative adversarial networks (GAN) in various domains including information
retrieval, we propose a novel signed network embedding framework, ASINE, which represents each node
of a given signed network as a low-dimensional vector based on the adversarial learning. To do this, we first
design a generatorG+ and a discriminator D+ that consider positive edges, as well as a generator G? and a
discriminator D? that consider negative edges: (1) G+/G? aim to generate the most indistinguishable fake
positive/negative edges, respectively; (2) D+/D? aim to discriminate between real positive/negative edges
and fake positive/negative edges, respectively. Furthermore, under ASINE, we propose two new strategies
for effective signed network embedding: (1) an embedding space sharing strategy for learning both
positive and negative edges; (2) a fake edge generation strategy based on the balance theory. Through
extensive experiments using five real-life signed networks, we verify the effectiveness of each of the
strategies employed in ASINE.We also show that ASINE consistently and significantly outperforms all the
state-of-the-art signed network embedding methods in all datasets and with all metrics in terms of
accuracy of sign prediction.

m =225 : Border-Collie: A Wait-free, Read-optimal Algorithm for Database Logging on Multicore
Hardware
= 2|2} : Jongbin Kim, Hyeongwon Jang, Seohui Son(Hanyang University), Hyuck Han(Dongduk Women's
University), Sooyong Kang, Hyungsoo Jung(Hanyang University)
= Sk=CH3| : ACM SIGMOD 2019
Actions changing the state of databases are all logged with proper ordering being imposed. Database
engines obeying this golden rule of logging enforce total ordering on all events, and this poses challenges
in addressing the scalability bottlenecks of database logging on multicore hardware. We reexamined the
problem of database logging and realized that in any given log history, obtaining an upper bound on the
size of a set that preserves the happen-before relation is the essence of the matter. Based on our
understanding, we propose Border-Collie, a wait-free and read-optimal algorithm for database logging
that finds such an upper bound even with some worker threads often being idle. We show that (1)
Border-Collie always finds the largest set of logged events satisfying the condition in a finite number of
steps (i.e., wait-free), (2) the number of logged events to be read is also minimal (i.e., read-optimal), and
(3) both properties hold even with threads being in intermittent work. Experimental results demonstrated
that Border-Collie proves our claims under various workloads; Border-Collie outperforms the
state-of-the-art centralized logging techniques by up to ~2x and exhibits almost the same throughput
with much shorter commit latency than the state-of-the-art decentralized logging technigues.

= =22 : Long-lived Transactions Made Less Harmful

= {2} : Jongbin Kim, Hyunsoo Cho, Kihwang Kim, Jaeseon Yu, Sooyong Kang, Hyungsoo Jung(Hanyang University)
m Sh=C3] : ACM SIGMOD 2020

Many systems use snapshot isolation, or something similar, as defaults, and multi-version concurrency
control (MVCC) remains essential to offering such point-in-time consistency. One major issue in MVCC is
the timely removal of unnecessary versions of data items, especially in the presence of long-lived
transactions (LLTs). We have observed that the latest versions of MySQL and PostgreSQL are still vulnerable
to LLTs. Our analysis of existing proposals suggests that new solutions to this matter must provide rigorous
rules for completely identifying unnecessary versions, and elaborate designs for version cleaning lest old
versions required for LLTs should suspend garbage collection. In this paper, we formalize such rules into our
version pruning theorem and version classification, of which all form theoretical foundations for our new
version management system, vDriver, that bases its record versioning on a new principle: Single In-row
Remaining Off-row (SIRO) versioning. We implemented a prototype of vDriver and integrated it with
MySQL-8.0 and PostgreSQL-12.0. The experimental evaluation demonstrated that the engines with Driver
continue to perform the reclamation of dead versions in the face of LLTs while retaining transaction
throughput with reduced space consumption.
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m =222 : 2R: Efficiently Isolating Cold Pages in Flash Storages

Z{Z} : Minji Kang(Samsung Electronics Co.), Soyee Choi, Gi Hwan Oh, Sang-Won Lee(Sungkyunkwan University)
= Sk=CH3| : VLDB2020

Given skewed writes common in databases, the conventional 1R-Greedy FTL incurs huge write
amplification, most of which is contributed by cold pages amounting to 80% of data. Since 1R-Greedy
manages all flash blocks in one region at no type distinction, cold pages will be mixed with noncold ones in
the same blocks, spread across blocks over time, and thus repeatedly relocated upon garbage collections. In
this paper, we propose “two region” FTL (2R in short); with two flash regions of normal and cold, it focuses
on isolating cold pages into cold region and thus preventing their repetitive relocations. 2R has two
versions. The optimized version, 2R-FIFO, can further prevent the problem of false cold pages in the basic
version, 2R-Greedy, by taking FIFO instead of Greedy as its victim selection policy. 2R is unique in that all its
design decisions, including page placement and migration between regions, cold page identification,
victim block selection, and space allocation among regions, capitalize on workload characteristics such as
write skews, temporal locality, and frozen pages. Thanks to the principled approach, 2R is, unlike the
existing hot/cold separation FTLs, a statistics-free and practical solution which can efficiently and effectively
separate cold pages using only two regions. Experimental results using a real OpenSSD as well as
trace-driven simulations confirm that 2R-FIFO can, compared to 1R-Greedy, halve the write amplification in
two OLTP benchmarks, TPC-C and LinkBench, thereby doubling 10 performance and transaction
throughput. In particular, as flash storage becomes nearly full, 2R-FIFO starts outperforming 1R-Greedy by
4x or more.

m =222 : Ultrafast Local Outlier Detection from a Data Stream with Stationary Region Skipping

m 2|2} : Susik Yoon, Jae-gil Lee(KAIST), Byungsuk Lee(University of Vermont)}

= Sk=Ll3| : KDD2020

Real-time outlier detection from a data stream is an increasingly important problem, especially as
sensor-generated data streams abound in many applications owing to the prevalence of loT and
emergence of digital twins. Several density-based approaches have been proposed to address this problem,
but arguably none of them is fast enough to meet the performance demand of real applications. This paper
is founded upon a novel observation that, in many regions of the data space, data distributions hardly
change across window slides. We propose a new algorithm, abbr. STARE, which identifies local regions in
which data distributions hardly change and then skips updating the densities in those regions?a notion
called stationary region skipping. Two techniques, data distribution approximation and cumulative
net-change-based skip, are employed to efficiently and effectively implement the notion. Extensive
experiments using synthetic and real data streams as well as a case study show that STARE is several orders
of magnitude faster than the existing algorithms while achieving comparable or higher accuracy.

= =22 : Carpe Diem, Seize the Samples Uncertain "at the Moment" for Adaptive Batch Selection

= 2|2} : Hwanjun Song, Minseok Kim, Sundong Kim and Jae-Gil Lee(KAIST)}

= 3H&CH3] - CIKM2020

The accuracy of deep neural networks is significantly affected by how well mini-batches are constructed
during the training step. In this paper, we propose a novel adaptive batch selection algorithm called
Recency Bias that exploits the uncertain samples predicted inconsistently in recent iterations. The historical
label predictions of each training sample are used to evaluate its predictive uncertainty within a sliding
window. Then, the sampling probability for the next mini-batch is assigned to each training sample in
proportion to its predictive uncertainty. By taking advantage of this design, Recency Bias not only
accelerates the training step but also achieves a more accurate network. We demonstrate the superiority of
Recency Bias by extensive evaluation on two independent tasks. Compared with existing batch selection
methods, the results showed that Recency Bias reduced the test error by up to 20.97% in a fixed wall-clock
training time. At the same time, it improved the training time by up to 59.32% to reach the same test error.
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ZHA|9] 27|17t O A2 U0, (2) HIO|E{Q] EZ HE Tt high-dimension22 B
oo, (3) HIo[e7} B2 A HYE L e AESE 02 & & ASHLC 2 29
oMz, 0|2t 22 BIG|0|H E£= 24t SHH0M A0l HEX{2|E 715t 5= ADMM
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Bayesian Optimization !

O

Bayesian optimization is a sample-efficient method for finding a global
optimum of an expensive-to-evaluate black-box function. It's been widely used
in various applications such as hyperparameter optimization, neural
architecture search, automated machine learning, experimental design, active
user modeling, and so on. This tutorial consists of 2-hour-long lecture for
introducing standard methods for Bayesian optimization, followed by
1-hour-long hands-on practice with BayesO that is the python BO library
developed by us. For the first 2 hours, Seungjin Choi will explain two core
ingredients of Bayesian optimization: (1) probabilistic surrogate models such
Gaussian process regression; (2) optimization of acquisition functions such as
expected improvement (El), GP-UCP, and Thompson sampling. For the last 1
hour, Jungtaek Kim will introduce “BaeyeQ” software operating on python.
Participants have an opportunity to have hands-on practice on running BayesO
for hyperparameter optimization experiments with their own laptops.
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Application Workloads

Optimized Middleware & Frameworks
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