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e The Formal Semantics of Programming Languages Glynn and Winskel, MIT Press, 1993
(AR ETE]
1. 7075 hDEKH &%
AR
BAEREIR (LRI, 2~ FO%ELT)
T4 DIFRNIE 3R & T s P
EERY KGR IC 3 1 A
FORINERH (1)
FRHEIRR (2)
BRI (1)
9. NELRYERG (2)
10. Hoare #LHIDfE4: & 5821k
11. 7'n 75 Lok
12. FAA B (1)
13. F XA Bl (2)
14. JBMsaE (1)
15. J@Es0E (2)
(R
ML R—=1F - IRV A= MIC XD 5.
BSHEHSD—S
Fricze L

0 NS G o



76004 [HMDOAARIL & #5538 (Information Organization and Retrieval)

FAEEHEA © 122l
B 1200
BUBE I (7 SE-606 INFR : 2686)

[BEOEM|

Web 7 EIZHET 2 RKHIBLL 7% A b 7= 2GR T 2 72 © OEHGHMR L &L EHRERIC DOV T
FEREN 22 B X OBl % 2 58,

(HFEI=v M)

EWRELR, SGE - 7 2) OoRB, RIS, BReTL, HEEKE 22—/ vy 57 ay,
HW7 4Ny ) v T, XEGE HEC AT L, BERL VYV, 7994 =V, Web~vA =V
7, Vv g, BsRa JRbr

(BERE - BIERGF
NLFNBEHERE S (“4E8)
HA S SR PR o

(BRE - 358

e Manning, C. D., Raghavan, P, and Schutze, H. Introduction to Information Retrieval,
Cambridge University Press, 2008.

o TEUKfERAD, (SR & SaRLHE, FEIRFHIRS, 1999.
e Liu, B. Web Data Mining, Springer, 2007.
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e Software Engineering: A Practitioner’s Approach, Roger Pressman, Prentice Hall, 2014.
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76010 Advanced Operating Systems

Semester: Autumn
Credits: 2-0-0
Lecturers: Watanabe, Takuo (W8E-805 ext: 3690)

[Description]

The primary objective of this course is to introduce the state of the art in operating systems
and related technologies. Topics are chosen from: Operating Systems for Embedded / Real-time
Systems, Distributed OS and Middlewares, Virtual Execution Environment, System-Level Secu-
rity Mechanisms, System Description Languages, Formal Approaches to System Software, etc.
This year, we focus on the foundations of real-time systems and embedded/real-time operating
systems.

[Knowledge units]
operating system kernel, real-time systems, embedded systems, virtual execution environment,
security, formal approaches to system software, specification and verification

[Related classes]
Operating Systems, Programming 1, Programming 3, Mathematical Logic, Automata and Formal
Langauges (Undergraduate)

[References|E.-R. Olderog and H. Dierks, “Real-Time Systems: Formal Specification and Au-
tomatic Verification”, Cambridge University Press, 2008.

[Lecture plan)]

1. Course Introduction, Basics of Embedded Systems
Operating Systems for Embedded Systems
Programming Embedded Systems (1)
Programming Embedded Systems (2)
Programming Concepts for Real-Time Systems
Real-Time OS Kernel (1)

Real-Time OS Kernel (2)

Schedulability Analysis (1)

Schedulability Analysis (2)

Modeling Real-Time Systems (1)

. Modeling Real-Time Systems (2)

. Modeling Real-Time Systems (3)

. Specifying and Verifying Real-Time Systems (1)
. Specifying and Verifying Real-Time Systems (2)
15. Specifying and Verifying Real-Time Systems (3)

© NSOk W

— = e
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[Evaluation)]
Programming Project (50%) and Assignments (50%)

[Notes]
Details of the class can be found at http://www.psg.cs.titech.ac.jp/aos.
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e Allen, J.: Natural Language Processing 2nd ed., Benjamin (1994).Jurafsky, D. & Martine,
J. H.: Speech and Language Processing, Prentice Hall (2000).
e Jurafsky, D. and Martine, J. H.: Speech and Language Processing, Prentice Hall (2000).
e Indurkhya, N. and Damerau, F. J.: Handbook of Natural Language Processing, 2nd Edi-
tion, Chapman & Hall/CRC (2008).
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76015 Distributed Algorithms

Semester: Autumn
Credits: 2-0-0
Lecturers: Tokuda, Takehiro (W8E-906 ext: 3213)

[Description]
The objective is for students to understand design principles of concurrent/distributed algorithms
and their applications to computing environments.

[Knowledge units]

computing system, concurrent system, distributed system, shared memory, memory arbiter,
asynchronous clock, message exchange, temporal operator, safety, liveness, mutual exclusion
problem, tie break rule,ticket number, random number, timestamp, concurrent mutual exclu-
sion method, verification of concurrent mutual exclusion method, distributed mutual exclusion
method, verification of distributed mutual exclusion method, ethernet mutual exclusion prob-
lem, token ring monitor selection problem, generalized dining philosophers problem, distributed
termination problem, and byzantine generals problem

[Related classes]
Operationg Systems (UG)), Concurrent System Theory

[References]
e Principles of Concurrent and Distributed Programming, M. Ben-Ari Prentice-Hall, 1990
e Distribute Algorithms, N. A. Lynch, Morgan Kaufmann, 1996

[Lecture plan)]

1. Basic Concepts and Computing Systems
Concurrent Mutual Exclusion Methods
Verification of Concurrent Mutual Exclusion Methods
Hierarchy of Mutual Exclusion Methods
Distributed Computing Systems
Distributed Mutual Exclusion Methods
Verification of Distributed Mutual Exclusion Methods
Distributed Mutual Exclusion Problems in LANs
Generalized Dining Philosophers Problem
Distributed Termination Problems
. Verification of Distributed Termination Methods
. Byzantine Generals Problem
13. Concluding Remarks

© N Ok W
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[Evaluation)]
Examinations

[Notes]
None
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e Proofs and Types J.-Y.Girard et.al. Cambridge Univ.Press
e Handbook of Logic in Computer Science S. Abramsky, Dov M. Gabbay, T.S.E. Maibaum

f, Clarenden Press, 1992
e Logic and Structure, D. van Dalen, Springer, 1997
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76019 Advanced Coding Theory

Semester: Spring
Credits: 2-0-0
Lecturers: Kancko, Haruhiko (W8E-702, ext: 3799)

[Description]
This course introduces design methodology of practical error control codes used in computer
systems.

[Knowledge units]
error control codes for semiconductor memories, error control codes for file memories

[Related classes]
Algebraic Systems and Coding Theory (UG)

[References]
e Error Control Coding for Computer Systems T.R.N. Rao, E. Fujiwara, Prentice-Hall In-
ternational, 1989
e Essentials of Error-Control Coding Techniques H. Imai (Ed.), Academic Press, 1990

[Lecture plan]
1. Introduction: Application to communication/computer systems, and audio-visual systems
Bit error control codes 1: Parity-check code, Hamming SEC-DED code
Bit error control codes 2 : Hsiao SEC-DED code
Bit error control codes 3 : Code design methods (odd-weight-column/rotational code)
Byte error control codes 1 : Single-byte error detecting SEC-DED codes
Byte error control codes 2 : Single-byte error correcting codes
Byte error control codes 3 : Single-byte error correcting double-bit error detecting codes
Bit+byte error control codes
Error locating code, unequal error protection codes
Codes for magnetic tapes: VRC/LRC, Optimal rectangular code, AXP code
. Codes for magnetic disks: Fire code, Reed-Solomon code, interleaving
12. Codes for optical discs: CIRC, LDC

[Evaluation)]

© 0N O W

—_
— O

An end-of-term examination.

[Notes]
None.
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76025 Human Computer Interaction

Semester: Spring
Credits: 2-0-0
Lecturers: Koike, Hideki, W8E-402 ext: 3526

[Description]

14

In this course, fundamentals and applications of Human-Computer Interaction are introduced.

After the traditional design and evaluation methods in HCI are described, most advanced re-

searches in HCI are described. In addition, a project of developing small HCI system is assigned
to each student.

[Knowledge units]

Human-computer interaction, interaction design, affordance, direct manipulation, prototyping,

wizard of oz, cognitive engineering, model human processor, evaluation method, I/O devices,
GUI, perceptual Ul, vision-based HCI, multimodal UI, tangible UI, interactive tabletops & sur-
faces, procams, face & gesture recognition, information visualization, 3D visualization, infor-

mation filtering, focus+context method, hypermedia, virtual & augmented reality, augmented

human, digital sports, ubiquitous & wearable computing, CSCW, human robot interaction

[Related classes]

Multi-media Information Processing, Computer Graphics

[References]

e The New Media Reader, N. Wardrip-Fruin, N. Montfort ed., MIT Press, 2003.

[Lecture plan]

1.

[
W~ O

© XN O W

Introduction to Human-Computer Interaction
Design and evaluation

GUI and Hypermedia

Multimodal interaction

Vision-based HCI: basics

Vision-based HCI: applications

Information visualization: theory
Information visualization: applications

Web interface

Computer supported cooperative work

. Virtual/augmented reality
. Real world computing
. Security and usability
14.

Student presentation

[Evaluation)]

Attendance, project development, and final report.
[Notes]

None.
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76027 Speech Information Processing

Semester: Spring
Credits: 2-0-0
Lecturers: Shinoda, Koichi (W8E-602 ext: 3480)

[Description]
This course aims to discuss various issues related to speech information processing.

[Knowledge units]

speech and language, speech analysis, speech coding, speech recognition, graphical model, hidden
Markov model, speech recognition algorithm, language modeling, search algorithm, optimization,
adaptation, robust speech recognition, discriminative training, speech recognition application,
speech synthesis, voice conversion, speaker recognition

[Related classes]
Multi-media Information Processing, Natural Language Processing

[References]
e S. Furui, "Digital Speech Processing, Synthesis, and Recognition”, Mercel Dekker, 1989.

[Lecture plan]

1. Speech and language
Speech analysis and speech coding
Speech recognition
Graphical model
Hidden Markov model
Recognition/training algorithm
Language modeling

© 0N Ok W

Search algorithm

Optimization and adaptation

. Robust speech recognition

. Discriminative training for speech recognition

— = s e e
== O

. Speech recognition application

. Speech synthesis and voice conversion
. Speaker recognition

17. Summary and future prospects

—_ =
Sy Ot

[Evaluation)]
Assignments and reports

[Notes]
None.
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76029 Advanced Data Engineering

Semester: Autumn
Credits: 2-0-0
Lecturers: Yokota, Haruo (W8E-705 ext: 3505)

[Description]

The data engineering is an active research area for manipulating a large amount of persistent
data sophisticatedly, such as processing databases. This class focuses on advanced approaches for
the mechanism, algorithm and architecture in data engineering. Topics include transaction mod-
els, data warehousing, OLAP, indexing methods, parallel database operations, data replication,
failure recovery, storage systems, XML databases.

[Knowledge units]

Data Warehouse, OLTP and OLAP, Star Schema, Data Cube, Lattice of Multidimentional Ag-
gregation, Data Storege Methods, Performance of Stroages, Performance of B-Tree, Performance
of Extensible Hashing, Cost of Relational Operations, Join Index, Bitmap Index, Spead-up
and Scale-up by Parallel Execution, Shared Nothing Configuration, Intra-Query Parallelism and
Inter-Query Parallelism, Intra-Operation Parallelism and Inter-Operatin Parallelism, Data Par-
titioning, Replication, Parallel Nested Loop Join, Parallel Sort Merge Join,Parallel Merge Sort,
Parallel Bitonic Sort, Parallel Hash Join, Inter Join Operation Pipeline, Parallel Aggregate Op-
erations, Skew Handling in a Parallel Database, Distriguted Databases, XML Databases, XML
Labeling, Cloud and Databases

[Related classes]
Database, Computer Architecture 1/2

[References]
e Transaction Processing: Concept and Techniques Jim Gray and Andreas Reuter Morgan
Kaufmann Publishers, 1993.

[Lecture plan)]
1. Relational Database Model and Operations
Data Warehousing
OLAP and Data Mining
Internal Structures and Indexing
Cost Estimation of Relational Operations (1)
Cost Estimation of Relational Operations (2)
Parallel Processing and Architecture
Parallel Join Operation (1)
Parallel Join Operation (2)
Skew Handling
. Distributed Database Operations
. XML Databases
13. Database in Cloud

[Evaluation)]

© XNk W
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Assignments and reports

[Notes]
None
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76031 fHHE ¥ 2V 7 1 Fii@ (Advanced Information Security)
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76033 Advanced Data Analysis

Semester: Spring, Odd-years, Intensive course
Credits: 2-0-0
Lecturers: Kimura, Akisato (c¢/o Tokunaga, Takenobu W8E-605 ext: 2685)

[Description]
The objective of this course is to introduce basic ideas and practical methods of discovering
useful structure hidden in the data.

[Knowledge units]
unsupervised learning, feature extraction, dimensionality reduction, clustering, anomaly detec-
tion
[Related classes]
Probability Theory and Statistics (UG), Pattern Recognition (UG)
Pattern Information Processing
[References]
Handouts will be provided.
[Lecture plan]
1. Introduction

2. Linear dimensionality reduction 1 - PCA
3. Linear dimensionality reduction 2 - LPP
4. Linear dimensionality reduction 3 - FDA, LFDA
5. Linear dimensionality reduction 4 - CCA, PLS
6. Practice
7. Non-linear dimensionality reduction 1 - Kernel PCA
8. Non-linear dimensionality reduction 2 - Other kernel methods
9. Clustering 1 - k-means
10. Clustering 2 - spectral clustering, normalized cuts
11. Unified view of dimensionality reduction, clustering and other methods
12. Practice
13. Mini conference & its preparation
14. Mini conference & its preparation

15. Mini conference & its preparation

[Evaluation)]
Mid-term mini-reports and final reports will be assessed. Presentations on a mini-conference a
plus.

[Notes]
This course introduces dimensionality reduction and clustering, fundamental methods for hand-

ing numerical and categorical data. It is crucial to learn and understand their principles as well
as make full use of existing tools. I am grateful if this course will help you for this purpose.
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76043 NA A A ¥ 7 x <7 4 7 A (Bioinformatics)
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76047 IT HEEGHE T L L v T —2a v
(English Presentation Skills for Information and Communication Technologies)
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76053 Complex Networks

Semester: Autumn, Odd-years
Credits: 2-0-0
Lecturers: Murata, Tsuyoshi (W8E-503 ext. 2684)

[Description]

This course introduces basic knowledge for understanding and analyzing networks. Metrics of
networks, common properties of real-world networks, algorithms for analyzing networks, models
of networks are explained. Software for analyzing and visualizing networks such as igraph and
Gephi are used for better understanding.

[Knowledge units]

adjacency matrix, degree, path, Dijkstra’s algorithm, distance, density, planar graph, component,
independent path, maximum flow, graph Laplacian, random walk, HITS, PageRank, between-
ness, centrality, connected component, clustering coefficient, signed network, structural balance,
assortativity, graph partitioning, community detection, spectral partitioning, modularity, hier-
archical clustering, random graph, scale-free, small-world, degree distribution, moments, giant
component

[Related classes]
Discrete Structures and Algorithms (UG)

[References]
e Networks: An Introduction, Mark Newman, Oxford University Press, 2010.
e Networks, Crowds, and Markets: Reasoning About a Highly Connected World, David
Easley and Jon Kleinberg, Cambridge University Press, 2010.

[Lecture plan)]

1. Introduction
Tools for analyzing networks
Fundamentals (1) mathematics of networks
Fundamentals (2) measures and metrics
Fundamentals (3) the large-scale structure of networks
Network algorithms (1) representation
Network algorithms (2) matrix algorithms
Network algorithms (3) graph partitioning
Network models (1) random graphs
Network models (2) network formation
. Network models (3) small-world model
. Processes on networks (1) percolation
. Processes on networks (2) epidemics
14. Summary

© NSOk W
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[Evaluation)]
Based on quizzes (every week) and assignments (2 or 3 times)

[Notes]
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76039-76042 WM L% A v ¥ —> > v 7 1A, 2A, 1B, 2B
(Internship on Information Science & Engineering 1A, 2A, 1B, 2B)
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76061 Cloud Computing and Parallel Processing

Semester: Spring
Credits: 2-0-0
Lecturers: Miyazaki, Jun (W8E-703 ext.: 2687)

[Description]

The objective of this course is to learn the concepts, computation models, and techniques for
new parallel computing. We mainly focus on the new computer systems with modern high
performance hardware from two aspects: cloud computing from a macro viewpoint and data
management for manycore processors from a micro viewpoint.

[Knowledge units]
cloud computing, mapreduce framework, cache-conscious algorithm, transactional memory

[Related classes]
Advanced Computer Architectures, Advanced Data Engineering, Concurrent System Theory

[References]
e J. Lin, C. Dyer, “Data-Intensive Text Processing with MapReduce”, Morgan & Claypool
Publisher, 2010
e T. Harris, J. Larus, R. Rajwar, “Transactional Memory”, 2nd edition, Morgan & Claypool
Publisher, 2010

[Lecture plan]

1. Introduction
Key-value store, data model
Consistency models for cloud data store
MapReduce framework
Text processing with MapReduce
Graph algorithms for MapReduce
Memory hierarchy and high performance computing
Cache-conscious data placement
Cache-conscious search algorithms
. Atomic operation, synchronization
. Lock-free algorithms (1)
. Lock-free algorithms (2)
. Software transactional memory
. Hardware transactional memory
15. Advanced topics

© 0Nk W
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[Evaluation)]
Assignments (40%) and Term-end exam (60%)

[Notes]
Handouts are distributed through OCW-i.



24

76062 HEHRM LA v ¥ —v 2 v 7D

(Internship on Information Science & Engineering D)
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76063 Advanced Human Language Technologies

Semester: Spring, 2015, Intensive course
Credits: 1-0-0
Lecturers: Simone Teufel (¢/o Tokunaga, Takenobu W8E-605, ext: 2685)

[Description]

After a brief introduction to natural language processing (NLP), this class provides an overview
of NLP applications to real world problems, such as information retrieval, citation analysis and
text summarisation, focusing on their main challenges.

[Knowledge units]
discourse analysis,text coherence,argumentative structure,text summarisation,citation analysis

[Related classes]
Natural Language Processing

[References]

[Lecture plan]
1. General NLP technology
Discourse
Argumentative zoning & recognition
Summarisation basics and extractive summarisation
Citation analysis
Specialised scientific search engines — expertise-based search
Specialised scientific search engines — exploiting the language of mathematics
8. Deep Al-based summarisation

N ot N

[Evaluation)]
Assignments and reports.
[Notes]

None.



