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Keynote Speech

Keynote Speech |

1913 / 6.19(8) 14:00-14:45, Room | At 2B CHRI (S MICH )

Dr. Kuansan Wang(Microsoft Research)
“Beating human in cognition: A case for Microsoft Academic”

Cognition is defined as the "process of acquiring knowledge and understanding

through thought, experience, and the senses," and often "encompasses processes
such as knowledge, attention, memory, judgment, evaluation, reasoning and
computation." Based on this definition, humans appear to be destined to be
surpassed by machine as machine can be equipped with massive memory with
perfect recall, remain attentive with perpetual endurance, and can exercise
judgments and reasoning by executing necessary computations in a much faster
and precise fashion.

This talk will describe Microsoft Academic, a project to create a cognitive agent

that can be simultaneously proficient in more than 50 thousand fields of study by
reading over more than a century worth of scholarly publications from the web.
At the core of the agent is a virtuous cycle where a machine reader would be
aided by a knowledge graph to parse natural language articles and extract salient
entities and their relationships that are then fed back to the graph to enrich its
coverage. The richer the graph, the better the machine reader can understand
the text. The talk will also cover how the knowledge base, currently at age two,
can be publicly accessed and how the knowledge the agent has accumulated has
played a role for Microsoft Research in assessing research impacts and
determining the priorities in academic activities.

Keynote Speech Il

1914 / 6.19(%) 16:00-16:45, Room | At 2EA ZALI-Y (TR0 1)

Prof. Willy Zwaenepoel(A¢|A 22F Hgt ZatCshu)
“How to build a top-X department - advice for aspiring department heads”

Every department head dreams about getting his school or department in the
top-X. Many write elaborate strategic plans on how they will achieve that goal.
Alas, the harsh reality is that very few succeed.

When | joined EPFL as head of computer science in 2002, like most beginners,
| set myself the goal of making EPFL a top-5 department in Europe. | believe that
we have succeeded, and arguably we did even better than that. | will explain
what worked in doing so and what did not. In the process | also hope to
dispense some (non-conformist) advice to aspiring department heads.
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Problem Diagnosis in the Cloud Using Log-Based Reference Models
(23 78] YHHA REZ 5 2R E0AQ 24 I B W (FE0Et)

Problem diagnosis is one crucial aspect in the cloud operation that is becoming
increasingly challenging. On the one hand, the volume of logs generated in today's
cloud is overwhelmingly large. On the other hand, cloud architecture becomes more
distributed and complex, which makes it more difficult to troubleshoot failures. In order
to address these challenges, we have developed a tool, called LOGAN, that enables
operators to quickly identify the log entries that potentially lead to the root cause of
a problem. It constructs behavioral reference models from logs that represent the
normal patterns. When problem occurs, our tool enables operators to inspect the
divergence of current logs from the reference model and highlight logs likely to contain
the hints to the root cause. To support these capabilities we have designed and
developed several mechanisms. First, we developed log correlation algorithms using
various IDs embedded in logs to help identify and isolate log entries that belong to the
failed request. Second, we provide efficient log comparison to help understand the
differences between different executions. Finally we designed mechanisms to highlight
critical log entries that are likely to contain information pertaining to the root cause of
the problem. We have implemented the proposed approach in a popular cloud
management system, OpenStack, and through case studies, we demonstrate this tool
can help operators perform problem diagnosis quickly and effectively.
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Discovery of topic flows of authors HIY (A
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With an increase in the number of Web documents, the number of proposed methods
for knowledge discovery on Web documents have been increased as well. The
documents do not always provide keywords or categories, so unsupervised approaches
A are desirable, and topic modeling is such an approach for knowledge discovery without
g: using labels. Further, Web documents usually have time information such as publish
3 Ai%{ D years, so knowledge patterns over time can be captured by incorporating the time
A f‘/ information. The temporal patterns of knowledge can be used to develop useful services
) ' such as a graph of research trends, finding similar authors (potential co-authors) to a
particular author, or finding top researchers about a specific research domain. In this
paper, we propose a new topic model, Author Topic-Flow (ATF) model, whose objective
is to capture temporal patterns of research interests of authors over time, where each
topic is associated with a research domain. The state-of-the-art model, namely Temporal
Author Topic model, has the same objective as ours, where it computes the temporal
patterns of authors by combining the patterns of topics. We believe that such ‘indirect’
temporal patterns will be poor than the ‘direct’ temporal patterns of our proposed model.
The ATF model allows each author to have a separated variable which models the
temporal patterns, so we denote it as ‘direct’ topic flow. The design of the ATF model
is based on the hypothesis that ‘direct’ topic flows will be better than the ‘indirect’ topic
flows. We prove the hypothesis is true by a structural comparison between the two
models and show the effectiveness of the ATF model by empirical results.
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Convex optimization for decentralized machine learning 84435| £MXH12I (AN}

Convex optimization refers to a special class of mathematical optimization, which also implies the
theories and the specific numerical algorithms employed to solve convex optimization problems in
practice. All the engineers should be familiar to convex optimization since convex optimization
appears in a natural form in many of modern scientific and engineering fields such as computer
science, electrical engineering, and many more. In this tutorial, we start from convex optimization,
but go beyond. We'll touch the decentralized convex optimization technique called alternating
direction method of multipliers (ADMM) and its implications in modern decentralized machine
learning environment for every increasing data size, i.e., the big data era. Lastly, the four perspectives
on deep learning, i.e., statistical perspective, numerical algorithmic perspective, computer scientific
perspective, and the performance acceleration using hardware parallelism, will be explored for better
understanding of contemporary machine learning and artificial intelligence trends.
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O Abstract

1. Automated model-based Android GUI testing using multi-level GUI comparison criteria,

HHAHDI(KAIST)
Automated Graphical User Interface (GUI) testing is one of the most widely used techniques to detect faults
in mobile applications (apps) and to test functionality and usability. GUI testing exercises behaviors of an
application under test (AUT) by executing events on GUIs and checking whether the app behaves correctly.
In particular, because
Android leads in market share of mobile OS platforms, a lot of research on automated Android GUI testing
techniques has been performed. Among various techniques, we focus on model-based Android GUI testing
that utilizes a GUI model for systematic test generation and effective debugging support. Since test inputs
are generated based on the underlying model, accurate GUI modeling of an AUT is the most crucial factor
in order to generate effective test inputs. However, most modern Android apps contain a number of
dynamically constructed GUIs that make accurate behavior modeling more challenging. To address this
problem, we propose a set of multi-level GUI Comparison Criteria (GUICC) that provides the selection of
multiple abstraction levels for GUI model generation. By using multi-level GUICC, we conducted empirical
experiments to identify the influence of GUICC on testing effectiveness. Results show that our approach,
which performs model-based testing with multi-level GUICC, achieved higher effectiveness than
activity-based GUI model generation. We also found that multi-level GUICC can alleviate the inherent state
explosion problems of existing a single-level GUICC for behavior modeling of real-world Android apps by
flexibly manipulating GUICC.

2. End-to-End Prediction of Buffer Overruns from Raw Source Code via Neural Memory Networks.

Z| 2| (2 24ch)
Detecting buffer overruns from a source code is one of the most common and yet challenging tasks
in program analysis. Current approaches based on rigid rules and handcrafted features are limited
in terms of flexible applicability and robustness due to diverse bug patterns and characteristics
existing in sophisticated real-world software programs. In this paper, we propose a novel, datadriven
approach that is completely end-to-end without requiring any hand-crafted features, thus free
from any program language-specific structural limitations. In particular, our approach leverages a recently
proposed neural network model called memory networks that have shown the state-of- the-art
performances mainly in question-answering tasks. Our experimental results using source code samples
demonstrate that our proposed model is capable of accurately detecting different types of buffer overruns.
We also present in-depth analyses on how a memory network can learn to understand the semantics in
programming languages solely from raw source codes, such as tracing variables of interest, identifying
numerical values, and performing their quantitative comparisons.

3. Adaptive optimal training of animal behavior, BZ|3(2-S1I5H)

Neuroscience experiments often require training animals to perform tasks designed to elicit various sensory,
cognitive, and motor behaviors. Training typically involves a series of gradual adjustments of stimulus
conditions and rewards in order to bring about learning. However, training protocols are usually
hand-designed, relying on a combination of intuition, guesswork, and trial-and-error, and often require
weeks or months to achieve a desired level of task performance. Here we combine ideas from
reinforcement learning and adaptive optimal experimental design to formulate methods for adaptive optimal
training of animal behavior. Our work addresses two intriguing problems at once: first, it seeks to infer the
learning rules underlying an animal's behavioral changes during training; second, it seeks to exploit these
rules to select stimuli that will maximize the rate of learning toward a desired objective. We develop and
test these methods using data collected from rats during training on a two-interval sensory discrimination
task. We show that we can accurately infer the parameters of a policy-gradient-based learning algorithm
that describes how the animal's internal model of the task evolves over the course of training. We then
formulate a theory for optimal training, which involves selecting sequences of stimuli that will drive the
animal's internal policy toward a desired location in the parameter space. Simulations show that our
method can in theory provide a substantial speedup over standard training methods. We feel these results
will hold considerable theoretical and practical implications both for researchers in reinforcement learning
and for experimentalists seeking to train animals.
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4. Failure-Atomic Slotted Paging for Persistent Memory, AZ|3{|(UNIST DICL)

The slotted-page structure is a database page format commonly used for managing variable-length records.
In this work, we develop a novel “failure-atomic slotted-page structure” for persistent memory that leverages
byte-addressability and durability of persistent memory to minimize redundant write operations used to
maintain consistency in traditional database systems. Failure-atomic slotted-paging consists of two key
elements: (i) in-place commit per page using hardware transactional memory and (ii) slot-header logging
that logs the commit mark of each page. The proposed scheme is implemented in SQLite and compared
against NVWAL, the current state-of-the-art scheme. Our performance study shows that our failure-atomic
slotted-paging shows optimal performance for database transactions that insert a single record. For
transactions that touch more than one database page, our proposed slot-header logging scheme minimizes
the logging overhead by avoiding duplicating pages and logging only the metadata of the dirty pages.
Overall, we find that our failure-atomic slotted- page management scheme reduces database logging
overhead to 1/6 and improves query response time by up to 33% compared to NVWAL.

5. PIN-TRUST: Fast Trust Propagation Exploiting Positive, Implicit, and Negative Information,
SIA| 2 (SHLLCH)

Given "who-trusts/distrusts-whom" information, how can we propagate the trust and distrust? With the
appearance of fraudsters in social network sites, the importance of trust prediction has increased. Most
such methods use only explicit and implicit trust information (e.g., if Smith likes several of Johnson's
reviews, then Smith implicitly trusts Johnson), but they do not consider distrust.

In this paper, we propose PIN-TRUST, a novel method to handle all three types of interaction information:
explicit trust, implicit trust, and explicit distrust. The novelties of our method are the following: (a) it is
carefully designed, to take into account positive, implicit, and negative information, (b) it is scalable (i.e.,
linear on the input size), (c) most importantly, it is effective and accurate. Our extensive experiments with
a real dataset, Epinions.com data, of 100K nodes and 1M edges, confirm that PIN-TRUST is scalable and
outperforms existing methods in terms of prediction accuracy, achieving up to 50.4 percentage relative
improvement.

6. Do "Also-Viewed" Products Help User Rating Prediction?, B2t (ZgH-2Cl)

For online product recommendation engines, learning high-quality product embedding that captures various
aspects of the product is critical to improving the accuracy of user rating prediction. In recent research, in
conjunction with user feedback, the appearance of a product as side information has been shown to be
helpful for learning product embedding. However, since a product has a variety of aspects such as
functionality and specifications, taking into account only its appearance as side information does not suffice
to accurately learn its embedding. In this paper, we propose a matrix co-factorization method that leverages
information hidden in the so-called “also-viewed” products, i.e., a list of products that has also been viewed
by users who have viewed a target product. “Also-viewed” products reflect various aspects of a given
product that have been overlooked by visually-aware recommendation methods proposed in past research.
Experiments on multiple real-world datasets demonstrate that our proposed method outperforms
state-of-the-art baselines in terms of user rating prediction. We also perform classification on the product
embedding learned by our method, and compare it with a state-of-the-art baseline to demonstrate the
superiority of our method in generating high-quality product embedding that better represents the product.

7. BePl: Fast and Memory-Efficient Method for Billion-Scale Random Walk with Restart, 22I&(A{-2CH)
How can we measure similarity between nodes quickly and accurately on large graphs? Random walk with
restart (RWR) provides a good measure, and has been used in various data mining applications including
ranking, recommendation, link prediction and community detection. However, existing methods for computing
RWR do not scale to large graphs containing billions of edges; iterative methods are slow in query time,
and preprocessing methods require too much memory.

In this paper, we propose BePl, a fast, memory-efficient, and scalable method for computing RWR on
billion-scale graphs. BePl exploits the best properties from both preprocessing methods and iterative
methods. BePl uses a block elimination approach, which is a preprocessing method, to enable fast query
time. Also, BePl uses a preconditioned iterative method to decrease memory requirement. The performance
of BePl is further improved by decreasing non-zeros of the matrix for the iterative method. Through
extensive experiments, we show that BePl processes 100x larger graphs, and requires up to 130x less
memory space than other preprocessing methods. In the query phase, BePl computes RWR scores up to 9x
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faster than existing methods.

8. Partition Aware Connected Component Computation in Distributed Systems, 2ISIH(KAIST)

How can we find all connected components in an enormous graph with billions of nodes and edges?
Finding connected components is a fundamental operation for various graph computation tasks such as
pattern recognition, reachability, graph compression, etc. Many algorithms have been proposed for decades,
but most of them are not scalable enough to process recent web scale graphs. Recently, a MapReduce
algorithm was proposed to handle such large graphs. However, the algorithm repeatedly reads and writes
numerous intermediate data that cause network overload and prolong the running time. In this paper, we
propose PACC (Partition-Aware Connected Components), a new distributed algorithm based on graph
partitioning for load-balancing and edge-filtering. Experimental results show that PACC significantly reduces
the intermediate data, and provides up to 10 times faster performance than the current state-of-the-art
MapReduce algorithm on real world graphs.

9. TrillionG: A Trillion-scale Synthetic Graph Generator using a Recursive Vector Model, 2t&lZHDGIST)

As many applications encounter exponential growth in graph sizes, a fast and scalable graph generator has
become more important than ever before due to lack of large-scale realistic graphs for evaluating the
performance of graph processing methods. Although there have been proposed a number of methods to
generate synthetic graphs, they are not very efficient in terms of space and time complexities, and so,
cannot generate even trillion-scale graphs using a moderate size cluster of commodity machines. Here, we
propose an effi- cient and scalable disk-based graph generator, TrillionG that can generate massive graphs
in a short time only using a small amount of memory. It can generate a graph of a trillion edges following
the RMAT or Kronecker models within two hours only using 10 PCs. We first generalize existing graph
generation models to the scope-based generation model, where RMAT and Kronecker correspond to two
extremes. Then, we propose a new graph generation model called the recursive vector model, which
compromises two extremes, and so, solves the space and time complexity problems existing in RMAT and
Kronecker. We also extend the recursive vector model so as to generate a semantically richer graph
database. Through extensive experiments, we have demonstrated that TrillionG outperforms the
state-of-the-art graph generators by up to orders of magnitude.

10. Machine-Learning-Guided Selectively Unsound Static Analysis, &7|Z(A{2CH)

We present a machine-learning-based technique for selectively applying unsoundness in static analysis.
Existing bug-finding static analyzers are unsound in order to be precise and scalable in practice. However,
they are uniformly unsound and hence at the risk of missing a large amount of real bugs. By being sound,
we can improve the detectability of the analyzer but it often suffers from a large number of false alarms.
Our approach aims to strike a balance between these two approaches by selectively allowing unsoundness
only when it is likely to reduce false alarms, while retaining true alarms. We use an anomaly-detection
technique to learn such harmless unsoundness. We implemented our technigue in two static analyzers for
full C. One is for a taint analysis for detecting format-string vulnerabilities, and the other is for an interval
analysis for buffer-overflow detection. The experimental results show that our approach significantly
improves the recall of the original unsound analysis without sacrificing the precision.

11. Web Application Migration with Closure Reconstruction, 21 (A2CH)

Due to its high portability and simplicity, web application (app) based on HTML/JavaScript/CSS has been
widely used for various smart-device platforms. To take advantage of its wide platform pool, a new idea
called app migration has been proposed for the web platform. Web app migration is a framework to
serialize a web app running on a device and restore it in another device to continue its execution. In
JavaScript semantics, one of the language features that does not allow easy app migration is a closure. A
JavaScript function can access variables defined in its outer function even if the execution of the outer
function is terminated. It is allowed because the inner function is created as a closure such that it contains
the outer function's environment. This feature is widely used in web app development because it is the
most common way to implement data encapsulation in web programming. Closures are not easy to serialize
because environments can be shared by a number of closures and environments can be created in a nested
way. In this paper, we propose a novel approach to fully serialize closures. We created mechanisms to
extract information from a closure's environment through the JavaScript engine and to serialize the
information in a proper order so that the original relationship between closures and environments can be
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restored properly. We implemented our mechanism on the WebKit browser and successfully migrated
Octane benchmarks and seven real web apps which heavily exploit closures. We also show that our
mechanism works correctly even for some extreme, closure-heavy cases.

12. HybriDroid: Static Analysis Framework for Android Hybrid Applications, O|d&(KAIST)

Mobile applications (apps) have long invaded the realm of desktop apps, and hybrid apps become a
promising solution for supporting multiple mobile platforms. Providing both platform-specific functionalities
via native code like native apps and user interactions via JavaScript code like web apps, hybrid apps help
developers build multiple apps for different platforms without much duplicated efforts. However, most
hybrid apps are developed in multiple programming languages with different semantics, which may be
vulnerable to programmer errors. Moreover, because untrusted JavaScript code may access device-specific
features via native code, hybrid apps may be vulnerable to various security attacks. Unfortunately, no
existing tools can help hybrid app developers by detecting errors or security holes. In this paper, we present
HybriDroid, the first static analysis framework for Android hybrid apps. We investigate the semantics of
Android hybrid apps especially for the interoperation mechanism of Android Java and JavaScript. Then, we
design and implement a static analysis framework that analyzes inter-communication between Android Java
and JavaScript. As example analyses supported by HybriDroid, we implement a bug detector that identifies
programmer errors due to the hybrid semantics, and a taint analyzer that finds information leaks cross
language boundaries. Our empirical evaluation shows that the tools are practically usable in that they found
previously uncovered bugs in real-world Android hybrid apps and possible information leaks via a
widely-used advertising platform.

13. Battles with False Positives in Static Analysis of JavaScript Web Applications in the Wild,

U= A(KAIST)
Now that HTML5 technologies are everywhere from web services to various platforms, assuring quality of
web applications becomes very important. While web application developers use syntactic checkers and
type-related bug detectors, extremely dynamic features and diverse execution environments of web
applications make it particularly difficult to statically analyze them leading to too many false positives.
Recently, researchers have developed static analyzers for JavaScript web applications addressing quirky
JavaScript language semantics and browser environments, but they lack empirical studies on the practicality
of such analyzers.
In this paper, we collect 30 JavaScript web applications in the wild, analyze them using SAFE, the
state-of-the-art JavaScript static analyzer with bug detection, and investigate false positives in the analysis
results. After manually inspecting them, we classify 7 reasons that cause the false positives: W3C APIs,
browser-specific APIs, JavaScript library APls, dynamic file loading, dynamic code generation, asynchronous
calls, and others. Among them, we identify 4 cases which are the sources of false positives that we can
practically reduce. Rather than striving for sound analysis with unrealistic assumptions, we choose to be
intentionally unsound to analyze web applications in the real world with less false positives. Our evaluation
shows that the approach effectively reduces false positives in statically analyzing web applications in the
wild.

14, Dynamic Virtual Address Range Adjustment for Intra-Level Privilege Separation on ARM,
HSHA(M2H)

Privilege separation has long been considered as a fundamental principle in software design to mitigate the
potential damage of a security attack. Much effort has been given to develop various privilege separation
schemes where a monolithic OS or hypervisor is divided into two privilege domains where one domain is
logically more privileged than the other even if both run at an identical processor privilege level. We say
that privilege separation is intra-level if it is implemented for software of a certain privilege level without
any involvement or assistance of more privileged software. In general, realizing intra-level privilege
separation mandates developers to rely on certain security features of the underlying hardware. So far, such
development efforts however have been much less focused on ARM architectures than on the Intel x86
family mainly because the architectural provision of ARM security features was relatively insufficient. Unlike
on x86, as a result, there exists no full intra-level scheme that can be universally applied to any privilege
level on ARM. However, as malware and attacks increase against virtually every level of privileged software
including an OS, a hypervisor and even the highest privileged software armored by TrustZone, we have
been motivated to develop a technique, named as Hilps, to realize true intra-level privilege separation in all
these levels of privileged software on ARM. Pivotal to the success of Hilps is the support from a new
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hardware feature of ARM’s latest 64-bit architecture, called TxSZ, which we manipulate to elastically adjust
the accessible virtual address range for a program. In our experiments, we have applied Hilps to retrofit the
core software mechanisms for privilege separation into existing system software and evaluated the
performance of the resulting system. According to the experimental results, the system incurs on average
just less than 1 % overhead; hence, we conclude that Hilps is quite promising for practical use in real
deployments.

15. Dynamic Geodesic Convex Hulls in Dynamic Simple Polygons, 222I(POSTECH)

We consider the geodesic convex hulls of points in a simple polygonal region in the presence of
non-crossing line segments (barriers) that subdivide the region into simply connected faces. We present an
algorithm together with data structures for maintaining the geodesic vex hull of points in each face in a
sublinear update time under the fully-dynamic setting where both input points and barriers change by
insertions and deletions. The algorithm processes a mixed update sequence of insertions and deletions of
points and barriers. Each update takes $O(n~{2/3}Wlog”2n)$ time with high probability, where $n$ is the
total number of the points and barriers at the moment. Our data structures support basic queries on the
geodesic convex hull, each of which takes $O(Wpolylog n)$ time. In addition, we present an algorithm
together with data structures for geodesic triangle counting queries under the fully-dynamic setting. With
high probability, each update takes $O(n~2/3Mtlog n)$ time, and each query takes $O(n~A{2/3}#tlog n)$
time.

16. Voronoi Diagrams for a Moderate-Sized Point-Set in a Simple Polygon, 222I(POSTECH)

Given a set of sites in a simple polygon, a geodesic Voronoi diagram partitions the polygon into regions
based on distances to sites under the geodesic metric. We present algorithms for computing the geodesic
nearest-point, higher-order and farthest-point Voronoi diagrams of $m$ point sites in a simple $n$-gon,
which improve the best known ones for $m Wleq n/#polylog n$. Moreover, the algorithms for the
nearest-point and farthest-point Voronoi diagrams are optimal for $m Wleq n/Wpolylog n$. This partially
answers a question posed by Mitchell in the Handbook of Computational Geometry.

17. SOUP-N-SALAD: Allocation-oblivious Access Latency Reduction with Asymmetric DRAM
Microarchitectures, =f-8HAM-ZCH)

Memory access latency has a significant impact on application performance. Unfortunately, the random
access latency of DRAM has been scaling relatively slowly, and often directly affects the critical path of
execution, especially for applications with insufficient locality or memory-level parallelism. The existing
low-latency DRAM organizations either incur significant area overhead or burden the software stack with
non-uniform access latency. This paper proposes two microarchitectural techniques to provide uniformly low
access time over the entire DRAM chip. The first technique is SALAD, a new DRAM device architecture that
provides symmetric access latency with asymmetric DRAM bank organizations. Because local regions have
lower data transfer time due to their proximity to the I/O pads, SALAD applies high aspectratio (i.e.,
low-latency) mats only to remote regions to offset the difference in data transfer time, resulting in
symmetrically low latency across regions. The second technique is SOUP (skewed organization of ubanks
with pipelined accesses), which leverages asymmetry in column access latency within a region due to
non-uniform distance to the column decoders. By starting I/O transfers as soon as data from near cells
arrive, instead of waiting for the entire column data, SOUP further saves two memory clock cycles for
column accesses for all regions. The resulting design, called SOUP-N-SALAD, improves IPC and EDP by 9.6%
(11.2%) and 18.2% (21.8%) over the baseline DDR4 device, respectively, for memory-intensive SPEC
CPU2006 workloads without any software modifications, while incurring only 3% (6%) area overhead.

18. History-based Arbitration for Fairness in Processor-Interconnect of NUMA Servers, &2 (KAIST)

Multi-socket servers are commonly used in high- performance computing and datacenters. Within each
multi- socket server, a processor-interconnect (e.g., Intel QPI, AMD HyperTransport) is used to communicate
between the different sockets. In this work, we explore the impact of the processor- interconnect on overall
performance - in particular, the per- formance unfairness caused by the processor-interconnect arbitration.
It is well known that locally-fair arbitration does not guarantee globally-fair bandwidth sharing as closer
nodes receive more bandwidth in a multi-hop network. However, this work demonstrates that the opposite
can occur in a commodity multi-socket server where remote nodes receive higher band- width (and perform
better). We analyze this problem and iden- tify that this occurs because of external concentration used in
router micro-architectures for processor-interconnects without globally-aware arbitration. While accessing
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remote memory can occur in any NUMA system, performance unfairness (or performance variation) is more
critical in cloud computing and virtual machines with shared resources. We demonstrate how this unfairness
creates significant performance variation when executing workload on the Xen virtualization platform. We
then provide analysis using synthetic workloads to better understand the source of unfairness and eliminate
the im- pact of other shared resources, including the shared last-level cache and main memory. To provide
fairness, we propose a novel, history-based arbitration that tracks the history of arbitration grants made in
the previous history window. A weighted arbitration is done based on the history to provide global fairness.
Through simulations, we show our proposed history-based arbitration can provide global fairness and min-
imize the processor-interconnect performance unfairness at low cost.

19. Typed Architectures: Architectural Support for Lightweight Scripting, Zi2H=(AM2CH)

Dynamic scripting languages are becoming more and more widely adopted not only for fast prototyping but
also for developing production-grade applications. They provide high-productivity programming
environments featuring high levels of abstraction with powerful built-in functions, automatic memory
management, object-oriented programming paradigm and dynamic typing. However, their flexible, dynamic
type systems easily become the source of inefficiency in terms of instruction count, memory footprint, and
energy consumption. This overhead makes it challenging to deploy these high-productivity programming
technologies on emerging single-board computers for loT applications.

Addressing this challenge, this paper introduces Typed Architectures, a high-efficiency, low-cost execution
sub-strate for dynamic scripting languages, where each data variable retains high-level type information at
an ISA level. Typed Architectures calculate and check the dynamic type of each variable implicitly in
hardware, rather than explicitly in software, hence significantly reducing instruction count for dynamic type
checking. Besides, Typed Architectures introduce polymorphic instructions (e.g., xadd), which are bound to
the correct native instruction at runtime within the pipeline (e.g., add or fadd) to efficiently implement
polymorphic operators. Finally, Typed Architectures provide hardware support for flexible yet efficient type
tag extraction and insertion, capturing common data layout patterns of tag-value pairs. Our evaluation
using a fully synthesizable RISC-V RTL design on FPGA shows that Typed Architectures achieve geomean
speedups of 11.2% and 9.9% with maximum speedups of 32.6% and 43.5% for two production-grade
scripting engines for JavaScript and Lua, respectively. Moreover, Typed Architectures improve the
energy-delay product (EDP) by 19.3% for JavaScript and 16.5% for Lua with an area overhead of 1.6% at
a 40nm technology node.

20. SHRD: Improving Spatial Locality in Flash Storage Accesses by Sequentializing in Host and Randomizing
in Device, ZSZ(datch)

Recent advances in flash memory technology have reduced the cost-per-bit of flash storage devices such as
solid-state drives (SSDs), thereby enabling the development of large-capacity SSDs for enterprise-scale
storage. However, two major concerns arise in designing SSDs. The first concern is the poor performance
of random writes in an SSD. Server workloads such as databases generate many random writes; therefore,
this problem must be resolved to enable the usage of SSDs in enterprise systems. The second concern is
that the size of the internal DRAM of an SSD is proportional to the capacity of the SSD. The peculiarities
of flash memory require an address translation layer called flash translation layer (FTL) to be implemented
within an SSD. The FTL must maintain the address mapping table in the internal DRAM. Although the
previously proposed demand map loading technique can reduce the required DRAM size, the technique
aggravates the poor random performance. We propose a novel address reshaping technique called
sequentializing in host and randomizing in device (SHRD), which transforms random write requests into
sequential write requests in the block device driver by assigning the address space of the reserved log area
in the SSD. Unlike previous approaches, SHRD can restore the sequentially written data to the original
location without requiring explicit copy operations by utilizing the address mapping scheme of the FTL.We
implement SHRD in a real SSD device and demonstrate the improved performance resulting from SHRD for
various workloads.
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NVIDIA DGX Station ™
With Tesla VOLTA

B

"EE}

g 8 B

sxTesla V100 pcie 1668
20,480 cupa cores / 2,560 Tensor Cores

FP16: 480 TFlops / FP32: 60 TFlops / FPé4 : 30 TFlops
NVLink Fully Connected / 3x Displayport / 1500W / Water Cooled

4x Tesla V100(PCle) 4x Tesla P100(PCle)

Double-Precision Double-Precision
30 TeraFLoPs 18.4 TeraFLops

PERFORMANCE Single-Precision Single-Precision
with NVIDIA GPU Boost™ 60 TeraFLOPS 372 terarLops

Deep Learning Deep Learning

480 TerarLops 74..8 TeraFLops 7 NS
kinstica MiBlazing Clgrap

MAPD

INTERCONNECT NVLink NVLink

1
BANDWIDTH 200 ce/s

Not support
Bi-Directional PP

CAPACITY CAPACITY
MEMORY 16¢8 16680r 1268
CoWoS Stacked HBM2 BANDWIDTH BANDWIDTH

900 GB/s 732 GB/s or 549 GB/s

POWER
Max Consumption

300 warTts 250 watts

ViualtA ComputngPatonProdder [ 22 13| ({ A A|ABIX www.leaderssys.com MSA| YSEP U

YUz22 21 ALSUXIEEH A11082
~ @ESYBWSS X YIME] 1544-5130 support@leaderssys.com / (HEXS} 0

2-717-5950 sales@leaderssys.com
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f I n I s One Solution. BT R4 © 13403 271 M| #E7 B 344 Ol0ICIAEIR TEL: 031-723-5000 FAX: 031-723-5100

One Company.

CHE =2A} © 34012 CHEZHA| R4 B2 =32 8-10 TEL: 042-930-9600 FAX: 042-930-9601

www.idis.co.kr
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System Integration

E| M A|AHS SEILICEH

Industry Solution (MAPYE 22 Zsh Zdl IR 5)/
Ubiquitous Solution (U—City, ITS 5) / Network Intergration

System Management

ITAIARIS] 285 SCisiatLict,

IT Outsourcing (A|AE! HJ0|EMIE], HREMH|A) / TS 2Fatz] /
AUEE 28

Solutions

B oM 222 HZELIC

TS7|8F &2 / Smart Highway / G|O[E] 244 / ZAHRIEI / HOF/
Mobile App / U-BIZ / Hi—pass

At Add. )\-IEAI A 4E=2 280 EXHYYY 65 | Tel 02.3470.7700 | Fax. 02.3470.7719 | www.dbcs.co.kr
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The bird struggles to
get out of the eggq.
The egg is the world.
A man who is born
must break a world.
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