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Annotation
In this course, students will become familiar with:
- such approaches to the development of parallel programs as MPI, OpenMP;
- computing on GPUs using CUDA;
- a device for distributed queues and storages (ZooKeeper, Kafka, Cassandra);
- the main frameworks for processing big data and their internal structure.
The course is practice-oriented. Programming is assumed both at seminars and as part of homework.

1. Study objective

Purpose of the course
To acquaint students with the basics of multiprocessor computing systems and give practical
experience in working with such systems. The course consists of two modules, dedicated to parallel
and distributed systems, respectively. The first module examines systems in almost "ideal" conditions,
where computing nodes and connections between them are reliable and fast. The second module
examines ways to build reliable systems from unreliable components.

Tasks of the course
During the course, students gain practical skills in working with both parallel and distributed systems.

2. List of the planned results of the course (training module), correlated with the planned results of the
mastering the educational program

Mastering the discipline is aimed at the formation of the following competencies:

Code and the name of the competence Competency indicators

Gen.Pro.C-1 Apply fundamental knowledge of |Gen.Pro.C-1.1 Analyze the task in hand, develop
physics, mathematics, and/or natural sciences in |appproaches to complete it
professional settings

3. List of the planned results of the course (training module)
As a result of studying the course the student should:
know:

- Types and classification of multiprocessor computing systems;

- principles of building distributed data warehouses;

- principles of building distributed ecosystems (Hadoop/Spark);

- the difference between (single-) server databases and distributed databases;

- model of asynchronous computation and relationship with the degree of transaction isolation;

- the Fisher-Lynch-Paterson theorem (FLP-theorem);

- know the basic principles of Paxos/Ratft;

- know time synchronization algorithms (NTP, Cristian's Algorithm);

- standard distributed computing tasks (Multicasts, Failure Detectors, Membership, Consensus, RSM).
be able to:

- Use the library for parallel computations OpenMP;
- use the library for parallel computations MPI;
- use the distributed file system HDFS;
- use a distributed computing framework Hadoop;
- use the distributed data storage Hive;
- be able to use the primitives of distributed computing Lamport Timestamps, Vector Clocks;
- solve the problem of consensus in a synchronous system,;
- use Paxos / Raft algorithms.
master:
- Skills in working with multiprocessor computing systems (parallel and distributed computing systems
in particular);
- horizons in choosing an architectural solution to the task.

4. Content of the course (training module), structured by topics (sections), indicating the number of
allocated academic hours and types of training sessions




4.1. The sections of the course (training module) and the complexity of the types of training sessions

Ne Topic (section) of the course

Types of training sessions, including independent work

Lectures Seminars Labora!tory Independent
practical work
1 Parallel computing on MPI and OpenMP 15 15 65
Distributed computing on large amounts
2 of data (HDFS, MapReduce, Hive, 15 15 70
Spark)
AH in total 30 30 135
Exam preparation 30 AH.

Total complexity

225 AH., credits in total 5

4.2. Content of the course (training module), structured by topics (sections)

Semester: 6 (Spring)

1. Parallel computing on MPI and OpenMP

What is Parallel Computing?

Device and basic structures in MPI Queue system SLURM.

Features of OpenMP

Using MPI and OpenMP in one program.

2. Distributed computing on large amounts of data (HDFS, MapReduce, Hive, Spark)

Distributed file systems (GFS, HDFS). Its components. Their advantages, disadvantages and scope.

Reading and writing to HDFS. HDFS APIs: WebUI, shell, Java API

The MapReduce paradigm. Main idea, formal description. Overview of implementations. API for

working with Hadoop (Native Java API vs. Streaming), examples

Types of Joins and their implementation in the MR paradigm. MR design patterns (pairs, stripes,
composite keys). PageRank in MR. Task Scheduler in YARN.

SQL over BigData. Hive framework

5. Description of the material and technical facilities that are necessary for the implementation of the
educational process of the course (training module)

Classroom equipped with a multimedia projector and screen.

6. List of the main and additional literature, that is necessary for the course (training module)

mastering

Main literature

1. UHCTpYMEHTHI NapaJlJIeIbHOTO IPOTPAMMHUPOBAHHUA B cUCTEMaxX ¢ o01ieit maMsTeio [ TekcT] :
yueOHuk 17151 By30B / K. B. Kopusikos [u np.] ; mox pen. B. I1. I'eprens ; Hukerop. roc. yu-t um. H. H.
Jlo6aueBckoro .— M. : M3n-Bo Mock. yH-Ta, 2010 .— 272 c.
2. INapamnensublie Beruncienus Ha GPU. Apxurekrypa u nporpammuas mogens CUDA, Dnekrponnas
Bepcus neuarHoi myonukaiuu / A. B. Bopeckos, A. A. Xapnamos, H. JI. MapkoBckuid, /. H.
MukymmH. — Mocksa, MI'Y umenu M. B. JlomonocoBa, 2015




Additional literature
JUTEpaTypa MpeaocTaBiseTcs Ha Kadenpe

7. List of web resources that are necessary for the course (training module) mastering
Not used

8. List of information technologies used for implementation of the educational process, including a list
of software and information reference systems (if necessary)

For practical training:
Computer class. Each computer must have Internet access and software for connecting to remote
servers.

9. Guidelines for students to master the course

Successful mastering of the course requires a lot of independent student work. The course program
contains the minimum required time for a student to work on a topic. Independent work includes:

- study of educational material (based on lecture notes, educational and scientific literature),
preparing answers to questions for self-study,

proof of individual statements, properties;

- preparation for practical training, 6 individual homework assignments.

Interim control of knowledge is carried out in the form of written surveys (mini-tests) on theory.
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1. Competencies formed during the process of studying the course

Code and the name of the competence Competency indicators

Gen.Pro.C-1 Apply fundamental knowledge of |Gen.Pro.C-1.1 Analyze the task in hand, develop
physics, mathematics, and/or natural sciences in |appproaches to complete it

professional settings

2. Competency assessment indicators

As a result of studying the course the student should:

Kknow:

- Types and classification of multiprocessor computing systems;

- principles of building distributed data warehouses;

- principles of building distributed ecosystems (Hadoop/Spark);

- the difference between (single-) server databases and distributed databases;

- model of asynchronous computation and relationship with the degree of transaction isolation;

- the Fisher-Lynch-Paterson theorem (FLP-theorem);

- know the basic principles of Paxos/Ratft;

- know time synchronization algorithms (NTP, Cristian's Algorithm);

- standard distributed computing tasks (Multicasts, Failure Detectors, Membership, Consensus, RSM).

be able to:

- Use the library for parallel computations OpenMP;

- use the library for parallel computations MPI;

- use the distributed file system HDFS;

- use a distributed computing framework Hadoop;

- use the distributed data storage Hive;

- be able to use the primitives of distributed computing Lamport Timestamps, Vector Clocks;
- solve the problem of consensus in a synchronous system;

- use Paxos / Raft algorithms.

master:

- Skills in working with multiprocessor computing systems (parallel and distributed computing systems
in particular);
- horizons in choosing an architectural solution to the task.

3. List of typical control tasks used to evaluate knowledge and skills

Not provided.

4. Evaluation criteria

1. Join types in MapReduce.

2. Pros and cons of Hadoop Streaming.

3. Description of the Hive system for working with big data (where meta information is stored, where
real data is stored, system capabilities).

4. Distributed computing theory

5. Computing model: processors and network, analogy with shared memory. Synchronous /
Asynchronous Computing. Shared memory / message passing. Synchronizer. It is thesis to explain the
equivalence of systems without failures.

6. Typology of process failures, network failures. Nesting of failure classes. Defining a casual order
(happens before) for asynchronous message-passing systems.

7. Definition of consensus, its three properties. Alternative Consensus Wordings: Terminating Reliable
Broadcast, Weak Interactive Consistency. Their equivalence.

8. Fisher, Lynch and Paterson's theorem (FLP) (no proof). Solving the problem of consensus in a
synchronous system. CAP-theorem (with proof). Difference between CAP and FLP theorems.

9. ACID. Transaction isolation levels.




Tiket 1.
Join types in MapReduce.
ACID. Transaction isolation levels.

excellent

10 comprehensive, systematized, deep knowledge of the curriculum of the discipline and the ability to
confidently apply them in practice when solving specific problems, free and correct justification of
decisions made;

9 systematic, deep knowledge of the curriculum of the discipline and the ability to confidently apply
them in practice when solving specific problems, the correct justification of decisions made;

8 deep knowledge of the curriculum of the discipline and the ability to apply them in practice when
solving specific problems, the correct justification of decisions made;

good

7 firmly knows the material, correctly and essentially sets out it, knows how to apply the knowledge
gained in practice, but admits some inaccuracies in the answer or in solving problems;

6 knows the material, correctly presents it, knows how to apply the acquired knowledge in practice, but
admits some inaccuracies in the answer or in solving problems;

5 knows the basic material, correctly presents it, knows how to apply the knowledge gained in practice,
but admits inaccuracy in the answer or in solving problems;

satisfactorily

4 fragmented, fragmented nature of knowledge, insufficiently correct wording of basic concepts,
violation of logical sequence in the presentation of program material, but at the same time he owns the
main sections of the curriculum necessary for further training and can apply the acquired knowledge in
the standard situation;

3 the nature of knowledge is sufficient for further training and can apply the acquired knowledge on
the model in a standard situation;

unsatisfactory

2 does not know most of the main content of the curriculum of the discipline, makes gross errors in the
wording of the basic concepts of the discipline and does not know how to correctly use the knowledge
gained in solving typical practical problems.

1 does not know the wording of the basic concepts of the discipline and does not know how to use the
knowledge gained in solving typical practical problems.

5. Methodological materials defining the procedures for the assessment of knowledge, skills, abilities
and/or experience

Differentiated classification is carried out taking into account current academic performance and the
results of the completion of term paper. If necessary, in the process of interviewing a student, a
selective survey is conducted on the knowledge of control questions, and typical tasks are offered.



