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= =2 A= : Combining Sampling and Synopses with Worst-Case Optimal Runtime and Quality Guarantees for
Graph Pattern Cardinality Estimation

m 2|2} : A0 - 2| (EEH2CY), George Fletcher (TU/e), HAI(ZEHRLH)

= Sh=CH3| : SIGMOD 2021

Graph pattern cardinality estimation is the problem of estimating the number of embeddings of a query
graph in a data graph. This fundamental problem arises, for example, during query planning in subgraph
matching algorithms. There are two major approaches to solving the problem: sampling and synopsis.
Synopsis (or summary)-based methods are fast and accurate if synopses capture information of graphs
well. However, these methods suffer from large errors due to loss of information during summarization and
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inherent assumptions. Sampling-based methods are unbiased but suffer from large estimation variance
due to large sample space. To address these limitations, we propose Alley, a hybrid method that combines
both sampling and synopses. Alley employs 1) a novel sampling strategy, random walk with intersection,
which effectively reduces the sample space, 2) branching to further reduce variance, and 3) a novel mining
approach that extracts and indexes tangled patterns as synopses which are inherently difficult to estimate
by sampling. By using them in the online estimation phase, we can effectively reduce the sample space
while still ensuring unbiasedness. We establish that Alley has worst-case optimal runtime and
approximation quality guarantees for any given error bound € and required confidence p. In addition to the
theoretical aspect of Alley, our extensive experiments show that Alley outperforms the state-of-the-art
methods by up to orders of magnitude higher accuracy with similar efficiency.

m =222 : Fast and Memory-Efficient Tucker Decomposition for Answering Diverse Time Range Queries

m 22} FE7| - ZFM2T)

= Sh=C3] : KDD 2021

Given a temporal dense tensor and an arbitrary time range, how can we efficiently obtain latent factors in
the range? Tucker decomposition is a fundamental tool for analyzing dense tensors to discover hidden
factors, and has been exploited in many data mining applications. However, existing decomposition
methods do not provide the functionality to analyze a specific range of a temporal tensor. The existing
methods are one-off, with the main focus on performing Tucker decomposition once for a whole input
tensor. Although a few existing methods with a preprocessing phase can deal with a time range query, they
are still time-consuming and suffer from low accuracy. In this

paper, we propose Zoom-Tucker, a fast and memory-efficient Tucker decomposition method for finding
hidden factors of temporal tensor data in an arbitrary time range. Zoom-Tucker fully exploits block structure
to compress a given tensor, supporting an efficient query and capturing local information. Zoom-Tucker
answers diverse time range queries quickly and memory-efficiently, by elaborately decoupling the
preprocessed results included in the range and carefully determining the order of computations. We
demonstrate that Zoom-Tucker is up to 171.9x faster and requires up to 230x less space than existing
methods while providing comparable accuracy.

m =222 : SaS: SSD as SQL Database System

m 2|2} : SRS (YFETH), 2|20] (RHEA2}), 272 - o] (‘Y= 2TH)

= St=CH3] : VLDB 2021

Every database engine runs on top of an operating system in the host, strictly separated with the storage.
This more-than-halfcentury-old IHDE (In-Host-Database-Engine) architecture, however, reveals its
limitations when run on fast fash memory SSDs. In particular, the 10 stacks incur signifcant run-time
overhead and also hinder vertical optimizations between database engines and SSDs. In this paper, we
envisage a new database architecture, called SaS (SSD as SQL database engine), where a full-blown SQL
database engine runs inside SSD, tightly integrated with SSD architecture without intervening kernel stacks.
As 10 stacks are removed, SaS is free from their run-time overhead and further can explore numerous
vertical optimizations between database engine and SSD. SaS evolves SSD from dummy block device to
database server with SQL as its primary interface. The beneft of SaS will be more outstanding in the data
centers where the distance between database engine and the storage is ever widening because of
virtualization, storage disaggregation, and open software stacks. The advent of computational SSDs with
more compute resource will enable SaS to be more viable and attractive database architecture.

m =2 2|= : DF-TAR: A Deep Fusion Network for Citywide Traffic Accident Risk Prediction with Dangerous
Driving Behavior

m 2|2} : Patara Trirat - Jae-Gil Lee(KAIST)

= SHECHE] : WWW 2021

Because traffic accidents cause huge social and economic losses, it is of prime importance to precisely
predict the traffic accident risk for reducing future accidents. In this paper, we propose a Deep Fusion
network for citywide Traffic Accident Risk prediction (DF-TAR) with dangerous driving statistics that
contain the frequencies of various dangerous driving offences in each region. Our unigue contribution is to
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exploit these statistics, obtained by processing the data from in-vehicle sensors, for modeling the traffic
accident risk. Toward this goal, we first examine the correlation between dangerous driving offences and
traffic accidents, and the analysis shows a strong correlation between them in terms of both location and
time. Specifically, quick start (0.83), rapid acceleration (0.76), and sharp turn (0.76) are the top three
offences that have the highest average correlation scores. We then train the DF-TAR model using the
dangerous driving statistics as well as external environmental features. By extensive experiments on various
frameworks, the DF-TAR model is shown to improve the accuracy of the baseline models by up to 54% by
virtue of the integration of dangerous driving into the modeling of traffic accident risk.

m =222 : Look Before You Leap: Confirming Edge Signs in Random Walk with Restart for Personalized
Node Ranking in Signed Networks

= 2|2} : Wonchang Lee* - Yeon-Chang Lee* - Dongwon Lee - Sang-Wook Kim (*equal contribution)

m Sh=Ll3] : SIGIR 2021

In this paper, we address the personalized node ranking (PNR) problem for signed networks, which aims to
rank nodes in an order most relevant to a given seed node in a signed network. The recently proposed PNR
methods introduce the concept of the signed random surfer, denoted as SRSurfer, that performs the score
propagation between nodes using the balance theory. However, in real settings of signed networks, edge
relationships often do not strictly follow the rules of the balance theory. Therefore, SRSurfer-based PNR
methods frequently perform incorrect score propagation to nodes, thereby degrading the accuracy of PNR.
To address this limitation, we propose a novel random-walk based PNR approach with sign verification,
named as OBOE (IOok Before yOu IEap). Specifically, OBOE carefully verifies the score propagation of
SRSurfer by using the topological features of nodes. Then, OBOE corrects all incorrect score propagation
cases by exploiting the statistics of a given network. The experiments on 3 real-world signed networks
show that OBOE consistently and significantly outperforms 5 competing methods with improvement up to
13%, 95%, and 249% in top-0 PNR, bottom-0O PNR, and troll identification tasks, respectively. All OBOE
codes and datasets are available at: http://github.com/wonchang24/0OBOE.

[YEEA]

m =222 : ECLAT: An ECN Marking System for Latency Guarantee in Cellular Networks
w 242} : A2 - AHHI(UNIST), 0] ASHA{2CH)
= 3H&C3] : INFOCOM 2021

As the importance of latency performance increases, a number of multi-bit feedback-based congestion
control mechanisms have been proposed for explicit latency control in cellular networks. However, due to
their reactive nature and limited access to the network queue, while latency reduction was possible, latency
guarantee has not been achieved. Also, due to the need for end-host modifications, it was hard to commonly
provide latency benefit to all connected devices. To this end, we propose a novel network-assisted congestion
control, ECLAT, which can always bound the queuing delay within a delay-budget through ECNbased
single-bit feedback while maintaining high link utilization for any device. To do so, ECLAT 1) calculates its
target operating point for each flow, which is related to the maximum allowable CWND to meet the
delay-budget under time-varying cellular networks, and 2) determines its single-bit feedback policy to limit
CWND within the target operating point. Our extensive experiments in our testbed demonstrate that ECLAT is
able to bound the queuing delays of multiple flows within their delaybudget and achieve high utilization even
in the dynamic cellular network environment.

m =222 : Finding Critical Files from a Packet

= 2|2} : JunNyung Hur, Hahoon Jeon, Hyeon gy Shon, Young Jae Kim and MyungKeun Yoon (Kookmin
University, Korea (South))

m SE=CHS] : INFOCOM 2021

Network-based intrusion detection and data leakage prevention systems inspect packets to detect if critical
files such as malware or confidential documents are transferred. However, this kind of detection requires
heavy computing resources in reassembling packets and only well-known protocols can be interpreted.
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Besides, finding similar files from a storage requires pairwise comparisons. In this paper, we present a new
network-based file identification scheme that inspects packets independently without reassembly and finds
similar files through inverted indexing instead of pairwise comparison. We use a contents-based chunking
algorithm to consistently divide both files and packets into multiple byte sequences, called chunks. If a
packet is a part of a file, they would have common chunks. The challenging problem is that packet
chunking and inverted-index search should be fast and scalable enough for packet processing. The file
identification should be accurate although many chunks are noises. In this paper, we use a small Bloom
filter and a delayed query strategy to solve the problems. To the best of our knowledge, this is the first
scheme that identifies a specific critical file from a packet over unknown protocols. Experimental results
show that the proposed scheme can successfully identify a critical file from a packet.

» =25 : GPU-Ether: GPU-native packet I/O for GPU applications on commodity Ethernet
A7 HAF - USE - 2ES - YAR - AP (YR V)
= Sh=CR3| : INFOCOM 2021

Despite the advent of various network enhancement technologies, it is yet a challenge to provide
high-performance networking for GPU-accelerated applications on commodity Ethernet. Kernel-bypass 1/0,
such as DPDK or netmap, which is normally optimized for host memory-based CPU applications, has
limitations on improving the performance of GPU-accelerated applications due to the data transfer overhead
between host and GPU. In this paper, we propose GPU-Ether, GPU-native packet I/O on commodity Ethernet,
which enables direct network access from GPU via dedicated persistent kernel threads. We implement
GPU-Ether prototype on a commodity Ethernet NIC and perform extensive testing to evaluate it. The results
show that GPUEther can provide high throughput and low latency for GPU applications.

= =22 : WebMythBusters: An In-depth Study of Mobile Web Experience
w22} S - 2|8 & - 2SS (A AICH)
= 3t&CH3| : INFOCOM 2021

The quality of experience (QoE) is an important issue for users when accessing the web. Although many
metrics have been designed to estimate the QoE in the desktop environment, few studies have confirmed
whether the QoE metrics are valid in the mobile environment. In this paper, we ask questions regarding the
validity of using desktop-based QoE metrics for the mobile web and find answers. We first classify the existing
QoE metrics into several groups according to three criteria and then identify the differences between the
mobile and desktop environments. Based on the analysis, we ask three research questions and develop a
system, called WebMythBusters, for collecting and analyzing mobile web experiences. Through an extensive
analysis of the collected user data, we find that (1) the metrics focusing on fast completion or fast initiation of
the page loading process cannot estimate the actual QoE, (2) the conventional scheme of calculating visual
progress is not appropriate, and (3) focusing only on the above-the-fold area is not sufficient in the mobile
environment. The findings indicate that QoE metrics designed for the desktop environment are not
necessarily adequate for the mobile environment, and appropriate metrics should be devised to reflect the
mobile web experience.
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m =2 2= : Gap between Theory and Practice : An Empirical Study of Security Patches in Solidity
m 2|2} SR El), o|dE(SHTH), HAIZ(KAIST), RAH(KAIST)

m Sk=CHS| : ICSE 2020

Ethereum, one of the most popular blockchain platforms, provides financial transactions like payments and
auctions through smart contracts. Due to the immense interest in smart contracts in academia, the research
community of smart contract security has made a significant improvement recently. Researchers have reported
various security vulnerabilities in smart contracts, and developed static analysis tools and verification
frameworks to detect them. However, it is unclear whether such great efforts from academia has indeed
enhanced the security of smart contracts in reality. To understand the security level of smart contracts in the
wild, we empirically studied 55,046 real-world Ethereum smart contracts written in Solidity, the most popular
programming language used by Ethereum smart contract developers. We first examined how many
well-known vulnerabilities the Solidity compiler has patched, and how frequently the Solidity team publishes
compiler releases. Unfortunately, we observed that many known vulnerabilities are not yet patched, and some
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patches are not even sufficient to avoid their target vulnerabilities. Subsequently, we investigated whether
smart contract developers use the most recent compiler with vulnerabilities patched. We reported that
developers of more than 98% of real-world Solidity contracts still use older compilers without vulnerability
patches, and more than 25% of the contracts are potentially vulnerable due to the missing security patches. To
understand actual impacts of the missing patches, we manually investigated potentially vulnerable contracts
that are detected by our static analyzer and identified common mistakes by Solidity developers, which may
cause serious security issues such as financial loss. We detected hundreds of vulnerable contracts and about one
fourth of the vulnerable contracts are used by thousands of people. We recommend the Solidity team to make
patches that resolve known vulnerabilities correctly, and developers to use the latest Solidity compiler to avoid
missing security patches.

m =2X|S : Making Symbolic Execution Promising by Learning Aggressive State-Pruning Strategy
m 2|2} : Sooyoung Cha - Hakjoo Oh(Z12{CH)

m Sh=CH3| © ESEC/FSE 2020

We present Homi, a new technigue to enhance symbolic execution by maintaining only a small number of
promising states. In practice, symbolic execution typically maintains as many states as possible in a fear of
losing important states. In this paper, however, we show that only a tiny subset of the states plays a
significant role in increasing code coverage or reaching bug points. Based on this observation, Homi aims to
minimize the total number of states while keeping promising states during symbolic execution. We identify
promising states by a learning algorithm that continuously updates the probabilistic pruning strategy based
on data accumulated during the testing process. Experimental results show that Homi greatly increases
code coverage and the ability to find bugs of KLEE on open-source C programs.

[2o]Sst]

= =25 : Reasoning Visual Dialog with Sparse Graph Learning and Knowledge Transfer
m 2z} 2 27| - BERM(ME2CH), O|3I2H(NAVER Al Lab), ZHENME2CH), ZRISHNAVER Al Lab)
= 3t&CH3| © EMNLP 2021

Visual dialog is a task of answering a sequence of questions grounded in an image using the previous dialog
history as context. In this paper, we study how to address two fundamental challenges for this task: (1)
reasoning over underlying semantic structures among dialog rounds and (2) identifying several appropriate
answers to the given question. To address these challenges, we propose a Sparse Graph Learning (SGL)
method to formulate visual dialog as a graph structure learning task. SGL infers inherently sparse dialog
structures by incorporating binary and score edges and leveraging a new structural loss function. Next, we
introduce a Knowledge Transfer (KT) method that extracts the answer predictions from the teacher model
and uses them as pseudo labels. We propose KT to remedy the shortcomings of single ground-truth labels,
which severely limit the ability of a model to obtain multiple reasonable answers. As a result, our proposed
model significantly improves reasoning capability compared to baseline methods and outperforms the
state-of-the-art approaches on the VisDial v1.0 dataset. The source code is available at
https://github.com/gicheonkang/SGLKT-VisDial.

w BFE 22| : Unbiased Learning in Retrieval and Recommendation
m =222 : Bridging the Gap between Click and Relevance for Learning-to-Rank with Minimal
Supervision (CIKM 2020)
= 2|2} : Jae-woong Lee*, Young-In Songt, Deokmin Haamt, Sanghoon Leet, Woo-sik Choit, Jongwuk Lee*
(Sungkyunkwan University (SKKU) *, Naver Corpt)
= Sh=C3] © CIKM 2020

Recently, unbiased learning-to-rank models have been widely studied to learn a better ranker by
eliminating the biases from click data. Toward this goal, existing work mainly focused on estimating the
propensity weight to design a specific bias type from click data. From a different perspective, we propose a
simple-yet-effective ranking model, namely wLambdaMART, which estimates the confidence of click data
with a few labeled data, instead of learning the propensity weight to reduce the bias from click data. We

KON, o= %= 4o Ksc 2021



first train a confidence estimator to bridge the gap between biased click data and unbiased relevance.
Then, we infer confidence weights for all click data and apply them to LambdaMART to learn a debiased
ranker. Practically, since it is found that learning the confidence estimator only requires a few labeled data,
it does not incur high labeling costs. Our experimental results show that wLambdaMART outperforms
state-of-the-art click models and unbiased learning-to-rank models on the real-world click datasets
collected from a commercial search engine.

m 8HE 27| : Unbiased Learning in Retrieval and Recommendation

m =2X|Z : Dual Unbiased Recommender Learning for Implicit Feedback (SIGIR 2021)
= 2|2} : Jae-woong Lee, Seongmin Park, Jongwuk Lee (Sungkyunkwan University (SKKU))
= Sk=CH3| : SIGIR 2021

Unbiased recommender learning has been actively studied to alleviate the inherent bias of implicit datasets
under the missing-not-at-random assumption. Existing studies solely address the bias of positive feedback
but do not account for the bias of missing feedback, which heavily affects their sub-optimal performance
gains. This paper proposes a dual recommender learning framework that simultaneously eliminates the bias
of clicked and unclicked data. Specifically, the proposed loss function adopts two propensity weighting to
effectively estimate the true positive and negative preferences from clicked and unclicked data. We also
prove that the proposed loss function converges to the ideal loss function for both clicked and unclicked
data. Because of the model-agnostic property, it can be applied to any existing unbiased learning models.
Experimental results show that the proposed method outperforms state-of-the-art unbiased models up to
5.54-24.56% for MAP@1 on three datasets.

= =22 : Ultra-High Dimensional Sparse Representations with Binarization for Efficient Text
Retrieval

n 22} FHE - ZER - B7|YH - WEH - 93| - BEHY - M3 H(KAIST)

» 5t&C3| : EMNLP 2021

The semantic matching capabilities of neural information retrieval can ameliorate synonymy and polysemy
problems of symbolic approaches. However, neural models’ dense representations are more suitable for
re-ranking, due to their inefficiency. Sparse representations, either in symbolic or latent form, are more
efficient with an inverted index. Taking the merits of the sparse and dense representations, we propose an
ultra-high dimensional (UHD) representation scheme equipped with directly controllable sparsity. UHD’s
large capacity and minimal noise and interference among the dimensions allow for binarized
representations, which are highly efficient for storage and search. Also proposed is a bucketing method,
where the embeddings from multiple layers of BERT are selected/merged to represent diverse linguistic
aspects. We test our models with MS MARCO and TREC CAR, showing that our models outperform other
sparse models.

m =222 : Have You Seen That Number? Investigating Extrapolation in Question Answering Models
w22} et - 2| - FER - ZFU - WHIAH(KAIST)
» St&LCH3| : EMNLP 2021

Numerical reasoning in machine reading comprehension (MRC) has shown drastic improvements over the
past few years. While the previous models for numerical MRC are able to interpolate the learned numerical
reasoning capabilities, it is not clear whether they can perform just as well on numbers unseen in the
training dataset. Our work rigorously tests state-of-the-art models on DROP, a numerical MRC dataset, to
see if they can handle passages that contain out-of-range numbers. One of the key findings is that the
models fail to extrapolate to unseen numbers. Presenting numbers as digit-by-digit input to the model, we
also propose the E-digit number form that alleviates the lack of extrapolation in models and reveals the
need to treat numbers differently from regular words in the text. Our work provides a valuable insight into
the numerical MRC models and the way to represent number forms in MRC.
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m =222 : Hold the Door! Fingerprinting Your Car Key to Prevent Keyless Entry Car Theft

m 22} FAS(n2Cl), z[AM(SHILH), olSE(12qch)

m SHECY3] : NDSS 2020

Recently, the traditional way to unlock car doors has been replaced with a keyless entry system which
proves more convenient for automobile owners. When a driver with a key fob is in vicinity of the vehicle,
doors automatically unlock on user command. However, unfortunately, it has been known that these
keyless entry systems are vulnerable to signal-relaying attacks. While it is evident that automobile
manufacturers incorporate preventative methods to secure these keyless entry systems, a range of attacks
continue to occur. Relayed signals fit into the valid packets that are verified as legitimate, and this makes it
is difficult to distinguish a legitimate request for doors to be unlocked from malicious signals. In response to
this vulnerability, this paper presents an RF-fingerprinting method (coined “HOId the DOoR”, HODOR) to
detect attacks on keyless entry systems, which is the first attempt to exploit RF-fingerprint technique in
automotive domain. HODOR is designed as a sub-authentication system that supports existing
authentication systems for keyless entry systems and does not require any modification of the main system
to perform. Through a series of experiments, the results demonstrate that HODOR competently and reliably
detects attacks on keyless entry systems. HODOR achieves both an average false positive rate (FPR) of
0.27% with a false negative rate (FNR) of 0% for the detection of simulated attacks corresponding to the
current issue on keyless entry car theft. Furthermore, HODOR was also observed under environmental
factors: temperature variation, non-line-of-sight (NLoS) conditions and battery aging. HODOR yields a false
positive rate of 1.32% for the identification of a legitimated key fob which is even under NLoS condition.
Based on the experimental results, it is expected that HODOR wiill provide a secure service for keyless entry
systems, while remaining convenient.

= =22 : Usable User Authentication on a Smartwatch using Vibration

{2} : O] - 2|¥M+ - O|FZE* (* co-corresponding authors)

m Sk=CHS| : CCS 2021

Smartwatches have come into wide use in recent years, and a number of smartwatch applications that
improve convenience and user health are being developed and introduced constantly. Moreover, the latest
smartwatches are now designed to operate without their paired smartphones, and as such, it is necessary
for smartwatches to independently authenticate users. In these current devices, personal identification
numbers (PIN) or patterns are entered to authenticate users, but these methods require inconvenient
interaction for the user and are not highly secure. Particularly relevant to smartwatch technology, even user
authentication based on biometric information needs either special sensors capable of measuring biometric
information or user interaction. In this paper, we propose a usable method for user authentication on
smartwatches without additional devices. Based on the fact that vibration is absorbed, reflected, and
propagated differently according to the physical structure of each human body, our method is designed as
a challenge-response scheme, in which the challenge is a random sequence of multiple vibration types that
are already built into current smartwatches. The responses to vibrations are measured by the default
gyroscope and accelerometer sensors in smartwatches. Moreover, our method is the first working model
for commercial smartwatch models with low specifications when vibrating and measuring responses. We
evaluated our method using a commercial smartwatch, and the results show that our method is able to
authenticate a user with an equal error rate (EER) of 1.37%.

m =225 : Versatile Equivalences: Speeding up Subgraph Query Processing and Subgraph Matching
= 2{2} : Hyunjoon Kim, Yunyoung Choi, Kunsoo Park, Xuemin Lin, Seok-Hee Hong, Wook-Shin Han
s3] © SIGMOD 2021

Subgraph query processing (also known as subgraph search) and subgraph matching are fundamental
graph problems in many application domains. A lot of efforts have been made to develop practical
solutions for these problems. Despite the efforts, existing algorithms showed limited running time and
scalability in dealing with large and/or many graphs. In this paper, we propose a new subgraph search
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algorithm using equivalences of vertices in order to reduce search space: (1) static equivalence of vertices in
a query graph that leads to an efficient matching order of the vertices, and (2) dynamic equivalence of
candidate vertices in a data graph, which enables us to capture and remove redundancies in search space.
These techniques for subgraph search also lead to an improved algorithm for subgraph matching.
Experiments show that our approach outperforms state-of-the-art subgraph search and subgraph
matching algorithms by up to several orders of magnitude with respect to query processing time.

n =22 : A Simulated Annealing Approach to Coordinated Motion Planning (CG Challenge)
= 2|2} : Hyeyun Yang - Antoine Vigneron(UNIST)
= SH&CH3] : SoCG 2021

The third computational geometry challenge was on a coordinated motion planning problem in which a
collection of square robots need to move on the integer grid, from their given starting points to their target
points, and without collision between robots, or between robots and a set of input obstacles. We designed
and implemented an algorithm for this problem, which consists of three parts. First, we computed a
feasible solution by placing middle-points outside of the minimum bounding box of the input positions of
the robots and the obstacles, and moving each robot from its starting point to its target point through a
middle-point. Second, we applied a simple local search approach where we repeatedly delete and insert
again a random robot through an optimal path. It improves the quality of the solution, as the robots no
longer need to go through the middle-points. Finally, we used simulated annealing to further improve this
feasible solution. We used two different types of moves: We either tightened the whole trajectory of a
robot, or we stretched it between two points by making the robot move through a third intermediate point
generated at random.

= =22 : Symmetric Continuous Subgraph Matching with Bidirectional Dynamic Programming

= 2|2} : Seunghwan Min, Sung Gwan Park, Kunsoo Park, Dora Giammarresi, Giuseppe F. Italiano,
Wook-Shin Han

m 5t&C3| : VLDB 2021

In many real datasets such as social media streams and cyber data sources, graphs change over time
through a graph update stream of edge insertions and deletions. Detecting critical patterns in such dynamic
graphs plays an important role in various application domains such as fraud detection, cyber security, and
recommendation systems for social networks. Given a dynamic data graph and a query graph, the
continuous subgraph matching problem is to find all positive matches for each edge insertion and all
negative matches for each edge deletion. The state-of-the-art algorithm TurboFlux uses a spanning tree of
a query graph for filtering. However, using the spanning tree may have a low pruning power because it
does not take into account all edges of the query graph. In this paper, we present a symmetric and much
faster algorithm SymBi which maintains an auxiliary data structure based on a directed acyclic graph instead
of a spanning tree, which maintains the intermediate results of bidirectional dynamic programming
between the query graph and the dynamic graph. Extensive experiments with real and synthetic datasets
show that SymBi outperforms the state-of-the-art algorithm by up to three orders of magnitude in terms of
the elapsed time.
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= =22 : ENGINE: Enhancing Neuroimaging and Genetic Information by Neural Embedding
m Z{2}: DR - HYAl - H221 - Ahmad Wisnu Mulyadi - & (24ch)

= SHECH3] : ICDM 2021

Recently, deep learning, a branch of machine learning and data mining, has gained widespread acceptance
in many applications thanks to its unprecedented successes. In this regard, pioneering studies employed
deep learning frameworks for imaging genetics in virtue of their own representation caliber. But, existing
approaches suffer from some limitations: (i) exploiting a simple concatenation strategy for joint analysis, (ii)
a lack of extension to biomedical applications, and (iii) insufficient and inappropriate interpretations in the
viewpoint of both data science and bio-neuroscience. In this work, we propose a novel deep learning
framework to tackle the aforementioned issues simultaneously. Our proposed framework learns to
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effectively represent the neuroimaging and the genetic data jointly, and achieves state-of-the-art
performance in its use for Alzheimer’s disease and mild cognitive impairment identification. Further, unlike
the existing methods in the literature, the framework allows learning the relation between imaging
phenotypes and genotypes in a nonlinear way without any prior neuroscientific knowledge. To
demonstrate the validity of our proposed framework, we conducted experiments on a publicly available
dataset and analyzed the results from diverse perspectives. Based on our experimental results, we believe
that the proposed framework has a great potential to give new insights and perspectives in deep
learning-based imaging genetics studies.

m =225 : Hypergraph Propagation and Community Selection for Objects Retrieval
= 2{2} : Guoyuan An, Yuchi Huo, Sung-Eui Yoon
m ShEC3] : NeurlPS 2021

Spatial verification is a crucial technique for particular object retrieval. It utilizes spatial information for the
accurate detection of true positive images. However, existing query expansion and diffusion methods
cannot efficiently propagate the spatial information in an ordinary graph with scalar edge weights,
resulting in low recall or precision. To tackle these problems, we propose a novel hypergraph-based
framework that efficiently propagates spatial information in query time and retrieves an object in the
database accurately. Additionally, we propose using the image graph's structure information through
community selection technigue, to measure the accuracy of the initial search result and to provide correct
starting points for hypergraph propagation without heavy spatial verification computations. Experiment
results on ROxford and RParis show that our method significantly outperforms the existing query expansion
and diffusion methods.

m =22 : Constructing Multi-Modal Dialogue Dataset by Replacing Text with Semantically Relevant
Images

= 2|2} : Nyoungwoo Lee *, Suwon Shin *, Jaegul Choo, Ho-Jin Choi, Sung-Hyun Myaeng

m Sh&ClS] : ACL/IICNLP 2021

In multi-modal dialogue systems, it is important to allow the use of images as part of a multi-turn conversati
on. Training such dialogue systems generally requires a large-scale dataset consisting of multi-turn dialogue
s that involve images, but such datasets rarely exist. In response, this paper proposes a 45k multi-modal dial
ogue dataset created with minimal human intervention. Our method to create such a dataset consists of (1)
preparing and pre-processing text dialogue datasets, (2) creating image-mixed dialogues by using a text-to
-image replacement technique, and (3) employing a contextual-similarity-based filtering step to ensure the
contextual coherence of the dataset. To evaluate the validity of our dataset, we devise a simple retrieval mo
del for dialogue sentence prediction tasks. Automatic metrics and human evaluation results on such tasks s
how that our dataset can be effectively used as training data for multi-modal dialogue systems which requir
e an understanding of images and text in a context-aware manner. Our dataset and generation code is avai
lable at https://github.com/shh1574/multi-modal-dialogue-dataset.

m =223 : KPQA: A Metric for Generative Question Answering Using Keyphrase Weights
= 2|2} : 0|23 (MECHstw), 5% (Adobe Research), Franck Dernoncourt(Adobe Research),

U5 &(Roku Inc.), Trung Bui(Adobe Research), A1Z5 (LG Al Research), ZmaI(AMSCstm)
m Sh&C3] : NAACL 2021

In the automatic evaluation of generative question answering (GenQA) systems, it is difficult to assess the ¢
orrectness of generated answers due to the free-form of the answer. Especially, widely used n-gram similari
ty metrics often fail to discriminate the incorrect answers since they equally consider all of the tokens. To all
eviate this problem, we propose KPQA-metric, a new metric for evaluating the correctness of GenQA. Speci
fically, our new metric assigns different weights to each token via keyphrase prediction, thereby judging wh
ether a generated answer sentence captures the key meaning of the reference answer. To evaluate our met
ric, we create high-quality human judgments of correctness on two GenQA datasets. Using our human-eva
|luation datasets, we show that our proposed metric has a significantly higher correlation with human judg
ments than existing metrics.
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= =272 : NMAP: Power Management Based on Network Packet Processing Mode Transition for
Latency-Critical Workloads
m 2|2} : Ki-Dong Kang - Gyeongseo Park - Hyosang Kim - Mohammad Alian - Nam Sung Kim - Daehoon
Kim(DGIST)

= 3t&CH3| : MICRO 2021

Processor power management exploiting Dynamic Voltage and Frequency Scaling (DVFS) plays a crucial
role in improving the data-center’s energy efficiency. However, we observe that current power manage-
ment policies in Linux (i.e., governors) often considerably increase tail response time (i.e., violate a given
Service Level Objective (SLO)) and energy consumption of latency-critical applications. Furthermore, the
previously proposed SLO-aware power management policies oversimplify network request processing and
ignore the fact that network requests arrive at the application layer in bursts. Considering the complex
interplay between the OS and network devices, we propose a power management framework exploiting
network packet processing mode transitions in the OS to quickly react to the processing demands from the
received network requests. Our proposed power management framework tracks the transitions between
polling and interrupt in the network software stack to detect excessive packet processing on the cores and
immediately react to the load changes by updating the voltage and frequency (V/F) states. Our
experimental results show that our framework does not violate SLO and reduces energy consumption by up
t0 35.7% and 14.8% compared to Linux governors and state-of-the-art SLO-aware power management
techniques, respectively.

= =222 : Exploring the Design Space of Page Management for Multi-Tiered Memory Systems

w22} A4S - 2| - QHY 4 (OFCH)

m Sk=CHS] : ATC 2021

With the arrival of tiered memory systems comprising various types of memory, such as DRAM and SCM,
the operating system support for memory management is becoming increasingly important. However, the
way that operating systems currently manage pages was designed under the assumption that all the
memory has the same capabilities based on DRAM. This oversimplification leads to non-optimal memory
usage in tiered memory systems. This study performs an in-depth analysis of page management schemes in
the current Linux design extending NUMA to support systems equipped with both DRAM and SCM (Intel's
DCPMM). In such multi-tiered memory systems, we find that the critical factor in performance is not only
the access locality but also the access tier of memory. When considering both characteristics, there are
several alternatives to page placement. However, current operating systems only prioritize access locality.
This paper explores the design space of page management schemes, called AutoTiering, to use multi-tiered
memory systems effectively. Our evaluation results show that our proposed techniques can significantly
improve performance for various workloads, compared to the stock Linux kernel, by unlocking the potential
of the multi-tiered memory hierarchy.

m =222 : LineFS: Efficient SmartNIC Offload of a Distributed File System with Pipeline Parallelism
= 2|2} : Jongyul Kim, Insu Jang, Waleed Reda, Jaeseong Im, Marco Canini, Dejan Kosti?, Youngjin Kwon,
Simon Peter, Emmett Witchel

» St&CY3| - SOSP 2021

In multi-tenant systems, the CPU overhead of distributed file systems (DFSes) is increasingly a burden to
application performance. CPU and memory interference cause degraded and unstable application and
storage performance, in particular for operation latency. Recent client-local DFSes for persistent memory
(PM) accelerate this trend. DFS offload to SmartNICs is a promising solution to these problems, but it is
challenging to fit the complex demands of a DFS onto simple SmartNIC processors located across PCle. We
present LineFS, a SmartNIC-offloaded, high-performance DFS with support for client-local PM. To fully
leverage the SmartNIC architecture, we decompose DFS operations into execution stages that can be
offloaded to a parallel data-path execution pipeline on the SmartNIC. LineFS offloads CPU-intensive DFS
tasks, like replication, compression, data publication, index and consistency management to a SmartNIC.
We implement LineFS on the Mellanox BlueField SmartNIC and compare it to Assise, a state-of-the-art PM
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DFS. LineFS improves latency in LevelDB up to 80% and throughput in Filebench up to 79%, while
providing extended DFS availability during host system failures.

[Z272{Y 0]

m =225 : SMARTEST: Effectively Hunting Vulnerable Transaction Sequences in Smart Contracts through
Language Model-Guided Symbolic Execution

m 22} At . SHE - 28t (2q0))

m SRS © USENIX Security 2021

We present SmarTest, a novel symbolic execution technique for effectively hunting vulnerable transaction
sequences in smart contracts. Because smart contracts are stateful programs whose states are altered by
transactions, diagnosing and understanding nontrivial vulnerabilities requires generating sequences of
transactions that demonstrate the flaws. However, finding such vulnerable transaction sequences is
challenging as the number of possible combinations of transactions is intractably large. As a result, most
existing tools for smart contract analysis use abstractions and merely point out the locations of
vulnerabilities, which in turn imposes a steep burden on users of understanding the bugs, or have limited
power in generating transaction sequences. In this paper, we aim to overcome this challenge by combining
symbolic execution with a language model for vulnerable transaction sequences, so that symbolic
execution effectively prioritizes program paths that are likely to reveal vulnerabilities. Experimental results
with real-world smart contracts show that SmarTest significantly outperforms existing tools by finding more
vulnerable transaction sequences including critical zero-day vulnerabilities.

= =2 2|2 : Revamping Hardware Persistency Models: View-Based and Axiomatic Persistency Models for
Intel-x86 and Armv8
m Z|2} : ZZATI(KAIST), 0| 48K M-2LH), Azalea Raad(Imperial College London), ZA|Z(KAIST)
= 5t&CH3| : PLDI 2021
Non-volatile memory (NVM) is a cutting-edge storage technology that promises the performance of DRAM
with the durability of SSD. Recent work has proposed several persistency models for mainstream
architectures such as Intel-x86 and Armv8, describing the order in which writes are propagated to NVM.
However, these models have several limitations; most notably, they either lack operational models or do not
support persistent synchronization patterns. We close this gap by revamping the existing persistency
models. First, inspired by the recent work on promising semantics, we propose a unified operational style
for describing persistency using views, and develop view-based operational persistency models for Intel-x86
and Armv8, thus presenting the first operational model for Armv8 persistency. Next, we propose a unified
axiomatic style for describing hardware persistency, allowing us to recast and repair the existing axiomatic
models of Intel-x86 and Armv8 persistency. We prove that our axiomatic models are equivalent to the
authoritative semantics reviewed by Intel and Arm engineers. We further prove that each axiomatic
hardware persistency model is equivalent to its operational counterpart. Finally, we develop a persistent
model checking algorithm and tool, and use it to verify several representative examples.

= =222 : JEST: N+1-version Differential Testing of Both JavaScript Engines and Specification

m 22} 2] - OkS Ol - REE - HAH - FMA(KAIST)

» St&CY3| @ ICSE 2021

Modern programming follows the continuous integration (Cl) and continuous deployment (CD) approach
rather than the traditional waterfall model. Even the development of modern programming languages uses
the CI/CD approach to swiftly provide new language features and to adapt to new development
environments. Unlike in the conventional approach, in the modern CI/CD approach, a language
specification is no more the oracle of the language semantics because both the specification and its
implementations (interpreters or compilers) can co-evolve. In this setting, both the specification and
implementations may have bugs, and guaranteeing their correctness is non-trivial. In this paper, we
propose a novel N+1-version differential testing to resolve the problem. Unlike the traditional differential
testing, our approach consists of three steps: 1) to automatically synthesize programs guided by the syntax
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and semantics from a given language specification, 2) to generate conformance tests by injecting
assertions to the synthesized programs to check their final program states, 3) to detect bugs in the
specification and implementations via executing the conformance tests on multiple implementations, and
4) to localize bugs on the specification using statistical information. We actualize our approach for the
JavaScript programming language via JEST, which performs N+1-version differential testing for modern
JavaScript engines and ECMAScript, the language specification describing the syntax and semantics of
JavaScript in a natural language. We evaluated JEST with four JavaScript engines that support all modern
JavaScript language features and the latest version of ECMAScript (ES11, 2020). JEST automatically
synthesized 1,700 programs that covered 97.78% of syntax and 87.70% of semantics from ES11. Using
the assertion-injected JavaScript programs, it detected 44 engine bugs in four different engines and 27
specification bugs in ES11.

m =222 : JUSTGen: Effective Test Generation for Unspecified JNI Behaviors on JVMs
m 2|2} : M2l (2 3TH), OIS (S HT), ZAIZ(KAIST), FAG(KAIST)
m &CH3| : ICSE 2021

Java Native Interface (JNI) provides a way for Java applications to access native libraries, but it is difficult to
develop correct JNI programs. By leveraging native code, the JNI enables Java developers to implement
efficient applications and to reuse code written in other programming languages such as C and C++.
Besides, the core Java libraries already use the JNI to provide system features like a graphical user interface.
As a result, many mainstream Java Virtual Machines (JVMs) support the JNI. However, due to the complex
interoperation semantics between different programming languages, implementing correct JNI programs
is not trivial. Moreover, because of the performance overhead, JVMs do not validate erroneous JNI
interoperations by default, but they validate them only when the debug feature, the -Xcheck:jni option, is
enabled. Therefore, the correctness of JNI programs highly relies on the checks by the -Xcheck:jni option of
JVMs. Questions remain, however, on the quality of the checks provided by the feature. Are there any
properties that the -Xcheck:jni option fails to validate? If so, what potential issues can arise due to the lack
of such validation? To the best of our knowledge, no research has explored these questions in-depth. In this
paper, we empirically study the validation quality and impacts of the -Xcheck:jni option on mainstream
JVMs using unspecified corner cases in the JNI specification. Such unspecified cases may lead to
unexpected run-time behaviors because their semantics is not defined in the specification. For a systematic
study, we propose JUSTGEN, a semi-automated approach to identify unspecified cases from a specification
and generate test programs. JUSTGEN receives the JNI specification written in our domain specific
language (DSL), and automatically discovers unspecified cases using an SMT solver. It then generates test
programs that trigger the behaviors of unspecified cases. Using the generated tests, we empirically study
the validation ability of the -Xcheck:jni option. Our experimental result shows that the JNI debug feature
does not validate thousands of unspecified cases on JVMs, and they can cause critical run-time errors such
as violation of the Java type system and memory corruption. We reported 792 unspecified cases that are
not validated by JVMs to their corresponding JVM vendors. Among them, 563 cases have been fixed and
the remaining cases will be fixed in near future. Based on our empirical study, we believe that the JNI
specification should specify the semantics of the missing cases clearly and the debug feature should be
supported completely.
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Advances in Bayesian Optimization

b

| &2 ADZ(BARO Al Academy)

Bayesian optimization is a sample-efficient method for finding a global optimu
m of an expensive-to-evaluate black-box function. t has emerged as a promisin
g technique in various applications such as automated machine learning, hyper
parameter optimization, biological sequence design, material design, and so o
n. This lecture consists of three parts, each of which is one hour long. Part |
begins with the standard formulation of Bayesian optimization and provides an
overview for sequential global optimization, explaining two key ingredients: (1)
surrogate models; (2) acquisition functions. It builds a surrogate model to esti
mate the unknown reward function (or objective function) using the data avail

able so far and determines where next to sample from the reward function by
the acquisition function optimization. In part Il, advances in Bayesian optimizati
on are introduced. This include Bayesian optimization with black-box constraint
s, how to scale it up in high-dimensional spaces, batch Bayesian optimization
where a batch of candidate inputs is selected for parallel evaluations. The stan
dard Bayesian optimization assumes that input space is a real-valued d-dimensi
onal vector space. In part lll, we consider the problem of Bayesian optimization
over categorical spaces, where the input consists of multiple categorical variabl
es. Finally we describe the black-box problem over hybrid spaces where both ¢
ontinuous and categorical inputs are present.
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