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76006 Concurrent System Theory

Semester: Spring
Credits: 2-0-0
Lecturers: Yonezaki, Naoki (W8E-803 ext: 3043)

[Description]

In this course, concepts and techniques for formalizing concurrent systems are introduced. Fundamen-
tal algebraic and logical approaches are described. We also used the formalism to analyze and verify
properties of concurrent systems.

[Knowledge units]
Concurrency, Process algebra, trace, Bi-simulation, Co-induction, Observational congruence, CSP, CCS,
m-calculus, Process logic, Dynamic logic.

[Related classes]
< Mathematical Theory of Programs = Fault Tolerant Systems, Distributed Algorithms

[References]
e Handbook of Theoretical Computer Science (Vol. B): Formal Models and Semantics (Chapter 19)
J. Van Leeuwen (ed)d Elsevier Science Pub. B.V., 1990
e Communicating Sequential Processes, C.A.R. Hoare[ Prentice-HallJ 1985
e Communication and Concurrency, A.J.R.G. MilnerJ Prentice-Hall 1989
e Process Algebra, Tracts in Theoretical Computer Science 18 J.C.M. Baeten, W.P. WeijlandlJ Cam-
bridge University PresstJ 1990

[Lecture plan]
1. Processes, Events, Iteration and Recursion
Traces of Processes
Operation on Traces
Concurrency
Examples of Processes and Traces, Proofs of Deadlock Properties
Determinism and Non-determinism, Interleaving
. Actions and Observation
. Processes in CCS
. Bi-simulation and Equivalence Relation between Processes
. Complete Formal System for Reasoning of Equivalence Relation
11. Process Logic
12. Dynamic Logic
13. Formalization of Concurrency with Temporal Logic

00N U R W

—_
)

[Evaluation]
Reports (7 times) and the final exam.

[Notes]



76007 Software Design Methodology

Semester: Autumn, Even-years
Credits: 2-0-0
Lecturers: Saeki, Motoshi (W8E-902 ext: 2192)

[Description]

In this course, you learn the techniques on requirements elicitation such as goal-oriented analysis and
scenario analysis, design methodologies such as object-oriented approach and structured approach, re-
viewing and quality management practice them through small development case studies.

[Knowledge units]

Waterfall Model, Spiral Model, Unified Process, eXtreme Programming, Product Line Development, Re-
quirements Engineering Process, Problem Frame, Goal-oriented Requirements Analysis, Scenario Analy-
sis, Use Case Modeling, Misuse Case Modeling, Requirements Documentation based on IEEE830, Win-
win Approach, Requirements Prioritization based on AHP, Defect Detection and Prevention Approach
for Requirements Prioritization, Data Flow Modeling, State Transition Modeling, Entity Relationship
Modeling, Structured Analysis, Structured Design, Object-oriented Design, McCall’s Quality Factor,
Halstead’s Complexity Metrics, McCabe’s Cyclomatic Number, CK Metrics, Function Point Approach,

Boehms” COCOMO approach

[Related classes]
«~ Program Theory

— Advanced Software Engineering

[References]

e Software Engineering: A Practitioner’s Approach, Roger Pressman, Prentice Hall, 2014.

[Lecture plan]

1.

NNk WD

9.
10.
11.
12.
13.

Software Process

Requirements Elicitation: Goal-oriented Analysis and Scenario Analysis
Use Case Modeling

Requirements Documentation and Quality

Requirements Negotiation

Data Flow Model, State Transition Model and Entity Relationship Model
Behavior Modeling based on State Transition Model

Structure Analysis and Design

Object-oriented Design

Review and Software Quality

Software Metrics and Estimation

Exercise

Review of Exercise, Presentation and Discussion

[Evaluation]
Reports and project presentation

[Notes]
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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 Security Mechanisms, System De-
scription 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 Automatic
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)
9. Schedulability Analysis (2)
10. Modeling Real-Time Systems (1)
11. Modeling Real-Time Systems (2)
12. Modeling Real-Time Systems (3)
13. Specifying and Verifying Real-Time Systems (1)
14. Specifying and Verifying Real-Time Systems (2)
15. Specifying and Verifying Real-Time Systems (3)

NIk WD

[Evaluation]
Programming Project (50%) and Assignments (50%)

[Notes]
Details of the class can be found at http://www.psg.cs.titech.ac. jp/aos.



7601200000000 (Natural Language Processing)

oooooooon
0oooogo2-0-0
0000000 00O (O 8E-605 0 00 2685)

[ODOoO0O0o0]
gobooooboooboobboooooobooobooboooooooboOoooboobooooa
ooboobooooboooooo

[COoDOO0o0o0o]
gbggbgobooboobobbobbobbooboobooboobaan

[D000000000]
0000000 @0O)

[CODOODOOo0O]
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 Edition, Chap-
man & Hall/CRC (2008).
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76013 Pattern Information Processing

Semester: Spring, Even-years
Credits: 2-0-0
Lecturers: Sugiyama, Masashi (W8E-505 ext: 2699)

[Description]

Inferring an underlying input-output dependency from input and output examples is called supervised
learning. This course focuses on a statistical approach to supervised learning and introduces its basic
concepts as well as state-of-the-art techniques.

[Knowledge units]
statistical machine learning, supervised learning, regression, classification, linear model, kernel model,
generalization error, least-squares, over-fitting, bias-variance trade-off, unbiasedness, efficiency, con-
strained least-squares, subspace least-squares, regularization, ridge regression, Lagrangian, sparsity, lasso,
quadratic program, robustness, absolute loss, linear program, Huber loss, cross-validation, neural net-
works, sigmoid function, gradient descent, support vector machine, hinge loss

[Related classes]
~ Probability Theory and Statistics (UG), Pattern Recognition (UG)
— Advanced Data Analysis

[References]
Handouts will be provides at the class.

[Lecture plan]
1. Introduction
2. Statistical formulation of supervised learning
3. Linear, kernel, and non-linear models
4. Least-squares learning
5. Weighted least-squares learning
6. Regularization learning
7. Sparse learning
8. Robust learning
9. Error back-propagation algorithm
10. Cross-validation
11. Input-dependent estimation of generalization error
12. Active learning
13. Summary and future prospects

[Evaluation]
Small reports and final report on machine learning

[Notes]
Statistical machine learning has a wide range of applications. Students are expected not only to learn fun-
damentals of machine learning, but also to utilize the learned knowledge in their own research domains.



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 exclusion method, verification of concurrent mu-
tual exclusion method, distributed mutual exclusion method, verification of distributed mutual exclusion
method, ethernet mutual exclusion problem, 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

© 0N L AW

—
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[Evaluation]
Examinations

[Notes]
None
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e Handbook of Logic in Computer Science S. Abramsky, Dov M. Gabbay, T.S.E. Maibaum [ [J
Clarenden Press[] 1992
e Logic and Structure, D. van Dalen, Springer, 1997
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76017 Machine Learning

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

[Description]
This course introduces basic knowledge of machine learning and data mining. Inputs, outputs, learning
algorithms, evaluation methods, and implementations for real-world data are explained. Weka (an open-
source data mining tool) is used for better understanding.

[Knowledge units]
attribute, instance, bias, overfitting, missing value, exception, supervised learning, unsupervised learning,
decision tree, information gain, pruning, classification, naive bayes, association rule, apriori algorithm,
numeric prediction, regression, instance-based learning, clustering, k-means algorithm, hierarchical clus-
tering, support, confidence, cross-validation, bootstrap, significance test, confusion matrix, ROC curve,
MDL principle, support vector machine, EM algorithm

[Related classes]
None

[References]
e Data Mining: Practical Machine Learning Tools and Techniques, Third Edition, I. H. Witten, E.
Frank, M. A. Hall, Morgan Kaufmann, 2011.

[Lecture plan]
1. Machine Learning, Data Mining, Weka
Description of structures, applications of Machine Learning
concepts, bias
input data, classification, association
input data, clustering, numeric prediction
attributes, nominal, ordinal, interval, ratio
knowledge representation, decision tree, rule, transformation, interpretation
association rule, instance-based learning, clustering
basic learning algorithms, Naive Bayes
decision tree, information gain, gain ratio
. covering algorithm, rule and decision tree
. evaluation of learning, cross validation
. t-test, MDL principle
14. summary

ek W

—_ = = =
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[Evaluation]
Evaluation is based on assignments and quizzes.

[Notes]
None
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1989
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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 sophis-
ticatedly, such as processing databases. This class focuses on advanced approaches for the mechanism,
algorithm and architecture in data engineering. Topics include transaction models, data warehousing,
OLAP, indexing methods, parallel database operations, data replication, failure recovery, storage sys-
tems, XML databases.

[Knowledge units]

Data Warehouse, OLTP and OLAP, Star Schema, Data Cube, Lattice of Multidimentional Aggregation,
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 Partitioning, Replication, Parallel Nested
Loop Join, Parallel Sort Merge Join,Parallel Merge Sort, Parallel Bitonic Sort, Parallel Hash Join, In-
ter Join Operation Pipeline, Parallel Aggregate Operations, Skew Handling in a Parallel Database, Dis-
triguted 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. Basic Concepts of Data Engineering

Transaction Models
Transaction-Log Analysis and Mining
Data Warehouse and OLAP
Advanced Indexing Methods
Cost Evaluation of Database Operations
Parallel Database Operations (1)
Parallel Database Operations (2)

9. Approaches for Balancing Loads
10. Data Replications and Recovery
11. Storage Systems
12. Distributed Transactions
13. Workflow Management Systems
14. XML Databases

® NNk WD

[Evaluation]
Assignments and reports

[Notes]
None
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76031 000 000O00ODOO (Advanced Information Security)
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gobooobooboboobod

[CO00OO0DbOoo0oooo]
~gboboooobooo(@o)yoooooboooo@mo)

[CODOODOO0O]

e Network Security Private Communication in a PUBLIC World, Charlie Kaufman, Rdia Perlman,
Mike Speciner Prentice Hall D D0 0D 0000000000000 OCODO0OOOODOOODOO
ooo

e Practical Unix & Internet Security Simon Garfinkel, Gene Spafford O’Reilly & Associates,

[ooog]

. 0000000000 @oboo/ooooooobooooonog)
.000oboobooooobooo(repiPOCO0O0ODO0OODOOOO0n)
.00oboobooooooo
.ooobobooooo@uobobooboobooooon)
.0o0obooobooooon
.0o0gbobooooob@uobboobooboboboobooboooog)

. 0000000000000 (X509, PKIX, SPKI)

. 00000000000 (SSL, SSH, IPSec, S/MIME, Kerberos O [1)
.000000000000D00 (PKCS#11,CDMA, CAPLJCAODOOOOOOOO00O)
10. OO0 @ubOoooooboooboon)

1. 00b00oboooobooo@oobooboooon)
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76033 Advanced Data Analysis

Semester: Spring, Odd-years
Credits: 2-0-0
Lecturers: Sugiyama, Masashi (W8E-505 ext: 2699)

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

[Knowledge units]
O00o00ooo00ooo0oooo00ooooooooooo0oooooooDon

[Related classes]
~ Probability Theory and Statistics (UG), Pattern Recognition (UG)
— Pattern Information Processing

[References]
ooooooooooo

[Lecture plan]

1. 00
.0o0ooooo
.0Doooo
.0o0ooooooa
.Dooooooo
.D00oooooooooon
KOOoOoooooo
ooooooooooog
ooooo
ooooooooo
.0oOoooad
.0o0oooooa
13. 000000000

[Evaluation]
0000000000000 ooObO0o00o0oooooobOooooa

[Notes]
0000000 bOO000bOo00obOo0bOo0o00bO0o0oobOOo0o0ooDoDODOooOoooOoOooooa
0d000ODbOoO0000ooDoobOO0o0ooooooooo

O 0O A W

—
N = O



22

76043 000000000000 (Bioinformatics)
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[CO0O0oobOo0o]
e JO00ID0OO0OO0OODOOOLOOODOODOOLOOODODOOOOODOOOODOO,?2007.
e J00ODOOOOODOOLOOODOOODLOODOONO,?2003.
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10.
11.
12.
13.
14.

NNk WD

000000000000000
ooooo (1)
ooooo Q)
0O0oOooooooooo ()
0O0oO0ooO0ooooo ()
oooooooo )
0O0oo0oooo @
0O0ooooooooo )
00000000000 ()
000oo00oO0oooo ()
00000000000 (2
0Ooooo0oooooo ()
00000000000
ooooooo

[0O000]
00000000000000

[CO0OO00O0oog]
oooo



23

76047 1TOOODOOODOOODOODO
(English Presentation Skills for Information and Communication Technologies)
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ooooboobooboo@uoDHbobooobob OO (O 8E-605 00O 2685)
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goboooobooboboooboobooboooooooobooobooboOooobooooa
gbobooboboboboobobobg proposal O 0OOO0O0O00OO0O0OO0OO0OODOODOO
gooboboooooboooobOoboooobobooooobOobooooobon

[COoDO0o0o0o]
gogn

[CO00OO0DbOoo0oooo]
ooogd

[D000000]
e 000000000 4000000000000 000000D00 20070

[OoOo0ol]
1. Orientation 0 000000 (PPTO OO OO O) Proficiency Test

Digital storytelling OO0 DO OO00OOOOO 1

ooooooooooooooono 2

00000 Proposal DO DODOOOODDOOO 3

0000000 aps000OOOO 4

oOo0ooooOo0ooooooboobooOooooogs

oOoopoooOooooogoooDoooe

ooooooooooooooooooobooog

ooooooOooooooOobOooOoOoDooOoooobooOoooDos

gooooooooooooobooooDooOoOooobooOoooDoooooo9

11. 000000000000000 1

12.0000000000000D0O 2

13. 000000000000D00 3

4. 00000000DOOO0O0ODOOD 4

15. 000000000 Proficiency test

ooooooboooooooooobooOoo0ooooooogobooobo0obboooogDboOoo
gooooooOoooooo0oooooooooooooo0ooooboogooboooog
O O PowerPoint Slide 00 O 0 O 0O digital storytelling 0 0000000000000 0O0O0O0O
O0e-learning 000000000

[Ooo0O]
000000000 300 d Proficiency test 30
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00000000000000000000000000000000000000000000
000000000000 000000000000000000000000000
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7607100 00000O00O0DO0ODOOODOO
(Cloud Computing and Parallel Processing)
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0oooogo2-0-0
o0oooobooo0 b @ 8E-703 00 [02687)
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O000000b0o0bO0odOMapReducel OO0 OOOOODOOODOODOOODOOODOOODOO
go

[CO0OOoDbOoo0oooo]
~gboboooboobooocobooboooboobooogoaon

[DoOoOoDooo]
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 Pub-
lisher, 2010

[Ooo0O]

1. 00O
.0ooooooopoooooooo
.0ooooooopoooooo
MapReduce DO OO DO OO
MapReduce 0 OO OO0
MapReduce 0000000000
ooooooooooo
oooooooooooo
poooooooooooooo
10. 000O0OOoOoOoooOo
1. 00oooooooooo @

12. 000000000000 (2)
13.000000000000000000
4. 00000000DOOO0O0O0DoOoOg
15. 00000
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[D0D0000000]
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760520 0000000000 (Formal System Biology)
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[CO00OO0DbOO0o00o0]
~gbooboooOo)yCobobooooboboooboobooo@ao)

[DOoOoO0oOoDo0o]
e Formal Methods for Computational Systems Biology M. Bernardo, P. Degano, G. Zavattaro (Eds.)
2008 LNCS 5016
e JJU0ODODOUOUDODODOOUUDOUODDOOUUODDOOODOO?2009
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76039-76042 000000 OOOOODOO 1A, 2A, 1B, 2B
(Internship on Information Science & Engineering 1A, 2A, 1B, 2B)
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je020 0000 0O0ODOOODOOD
(Internship on Information Science & Engineering D)
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