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Module Aims, Learning Outcomes and Indicative Contents
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1. Tointroduce students to the fundamental problems, egéncepts, and
approaches in the design and analysis of dis 1@' omputing systems.

2. To familiarize students with the stages of the dist
cycle, including system architecture, data
naming, communication and coordination i

Module Aims computing paradigms, techniques, %ﬂ

effectiveness of distributed appligi
.

ues, existing distributed

s, and evaluating the

Ayl 33Lall ol tems forgpe data, task, and
user types. .

3. understand the evolution of the
beginnings as multi—proce§
networks, to the emerging cl

computing environm

ply Shann’n‘; pling theorem know the widely used

models of co nication: Remgfte Procedure Call (RPC), and Message-

i are (MOM).

2. know basicC principles €'RPC model and problems with achieving
O%ﬁon transparenc

nd the pecu ies of the high-level message-queuing model of

. s communi
Module Learning

Outcomes 4, how to setWp multicast facilities for data dissemination in distributed

7 . ®understand gfaditional deterministic means of multicasting as well as
ol @laill ilmyee probabiljs#ic #proaches.
dlyll b ¢ *
® 6. know the use of Domain Name System (DNS).

7. know the way of using attributes assigned to an entity to resolve a
description of an entity in distributed system.

8. know basics of the security management including mechanisms to distribute
cryptographic keys, add and remove users from a system, prove ownership
to access specified resources, etc...

L. Indicative content includes the following.
Indicative Contents

Aol Yl wlgisal!
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Introduction: Design goals

Distributed systems consist of autonomous computers that work together to give
appearance of a single coherent system. Design goals for distributed systems include
sharing resources and ensuring openness. In addition, des%aim at hiding many

of the intricacies related to distribution of processes, da ntrol. [10 hrs]

Types of systems

Different types of distributed systems exist Whic‘h anb ssified as being oriented

towards supporting computations, information procéssing and pervasiveness.

Distributed computing systems are typicall
applications often originating from paral@lé
high-performance computing and also sa‘p
traditional office environments. An eme
represented by pervasive computi:g i ‘men;s, incl g mobile-computing
systems as well as sensor—reac}\{ironments. [16 h

tradition twork applicafions, communication is often based on the low-level
s offered by the transport layer. One of the most widely

ote Procedure Call (RPC), that offers synchronous

Communication: Message-oriented & Multicast communication

Message-oriented middleware models generally offer persistent asynchronous
communication, and are used where RPCs are not appropriate. An important class of

communication protocols in distributed systems is multicasting. [10 hrs]

Naming: Names, IDs. Flat naming

Names are used to refer to entities. There are three types of names: an address, an

identifier, and human-friendly names. Given these types, we make a distinction
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between flat naming, structured naming, and attribute-based naming. Systems for
flat naming essentially need to resolve an identifier to the address of its associated

entity. This can be done in different ways. [10 hrs]

Fault tolerance
Fault tolerance is defined as the characteristic by which \iﬂb(ed computing

system can mask the occurrence and recovery from fai veral types of failures

exist. Redundancy is the key technique needed to achie ult tolerance. When
applied to processes, the notion of process grou’s becomes important. The real
p

problem is that members of a process group need t@reach consensus in the presence

of various failures. Paxos is by now a well-e

algorithm. [10 hrs] . :
.

ed and highly robust consensus

L 2

&igned to provide students with the
opportunity to demonstrate the ski‘s and knowledge as described in the learning

outcomes. The writ examinati Il assess the knowledge of terminology,

trategi ¢
Strategies concepts and the fﬂ)istrib»%d\Computing & Systems, as well as the ability to
analyze prowiil and new fea of distributed computing systems to solve and
predict effe e laborator eriments will evaluate the acquired technical skills
and experti quired to.ap ese methods.
;\7 . ]
L
s
¢ Student Workload (SWL)
Galall ol yall Jaal
Structured SWL (h/sem) 24 Structured SWL (h/w) 5 3
duaddl I Cdlall elaiiadl (guhyddl Joddl e granl JUal) @laiiall @bl Josd! '
Unstructured SWL (h/sem) 26 Unstructured SWL (h/w) 4
duadll U3 LIl plaziadl p gohyldl Josd! e gl Ul @latiall e (ol ool '
Total SWL (h/sem) 150
dsad)l s Il Q&H bl Jod!
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Module Evaluation

d) Al Balal) a.us.a
Time/Nu Relevant Learning
. Weight (Marks) Week Due P

Quizzes 2 10% (10) 5,10 LO #1-6
Formative Assignments 2 10% (10) 2,42 "LO#1-7
assessment Projects / Lab. 1 10% (10) Continuou;

Report 1 10% (10) 13- LO #1-7
Summative Midterm Exam 2 hr 10% (10) 7 LO#1-5
assessment Final Exam 4hr 50% (50) 16 All
Total assessment 100% (100 Marks) ~‘ ~

~
~
~

o

Delivery Plan (Weekly Syllabus)
Lg).LuS\ ‘;ch\,GL@AA\ 4

B3

Material Covered 4 y 4
Design goals y

Week 1 | Distributed systems consist of autonomous computersthat work together to give appearance
of a single coherent system; y
Architectures: System architecture. Example

Week 2 | There are many different'erganizations of distributed systems. Client-server architectures are
often highly centralized: 4
Processes: Threads. Virtualization

Week3 | Processes play a fundamental role indistributed systems as they form a basis for
communication between different, maghines.

Week 4 Processes: Cliefits. Servers.

Week 5 Communicaﬁ)n: Foundations. RPC

Week 6 | Naming: Structured naming. Attribute-based naming

Week 7 Mid-term Exam
Coordination: Clock synchronization

Week 8 There are various ways to synchronize clocks in a distributed system. All methods are based on
exchanging clock values, while taking into account the time it takes to send and receive messages.

Week 9

Coordination: Mutual exclusion. Election algorithms
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An important class of synchronization algorithms is that of distributed mutual exclusion.
These algorithms ensure that in a distributed collection of processes, at most one process at a
time has access to a shared resource.
Week 10 | Consistency and replication: Data-centric & Client-centric models
Week 11 | Consistency and replication: Replica management. Consistency protocols
Week 12 | Fault tolerance. <
Week 13 | Security ~
~
Week 14 | Distributed System Models and Enabling Technologies N
Week 15 | Parallel Programming Systems and Models
Week 16 | Preparatory week before the final Exam
y ;. 4
~
~
~
~
Delivery Plan (Weekly Lab. Syllabus)p..4
il ol & P GL@.MX' |
Material Covered y
~ ~
Week 1 Lab 1: Introduction to Distributed Systems. (§Build a Cluster )2
~
Week 2 Lab 2: Distributed System Models and Enabling Techmologies. ( Benchmarking )
Week 3 Lab 3: Parallel Programming Systems'aind Models. (Map Reduce )
Week 4 Lab 4: Cloud Computing. g
Week 5 Lab 5: File systems & Networked file systems. 4
Week 6 Lab 6: Optimizing Large Datagdfransfersyover 100Gbps Wide Area Networks - Anupam Rajendran.
~
Week 7 Lab 7: Distributed Filesystéms.
>
~
4 dearning and Teaching Resources
< Gl 5 alaill alias
4 Available in the
Text
Library?
Tanenbaum S. Maarten V.S.: Distributed Systems Principles
Required Texts ) ) No
and Paradigms, (Pearson Education).
George Coulouris, Jean Dollimore. Tim Kindberg: Distributed
Recommended Texts No
Systems concepts and design.
S https://www.youtube.com/watch?v=cQP8WApzIQQ&list=PLrw6alwE39_tb2fErl4-
ebsites
WkMbsvGQk9_UB&ab_channel=MIT6.824%3ADistributedSystems
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Grading Scheme
Gilaall lalads

Group Grade daxd| Marks (%) | Definition

A - Excellent Sl 90 - 100 Outstanding Performance

B - Very Good [NENVES 80-89 Above average with some errors
(S:(;:tie;;oc)iroup C - Good dax 70-79 Sound workewithsotable errors

D - Satisfactory Jaugie 60 - 69 Fair but with major shortcomings

E - Sufficient Jguie 50 - 59 Work meets mifiimum criteria
Fail Group FX - Fail (Alaadl 08) Cwly | (45-49) More wornk r@?quired but credit awarded
(0-49) F - Fail el (0-44) Considerable amount of work required

- \ 4

Note: Marks Decimal places above or below 0.5 will be rounded to the higher orlower full mark4{for example a mark
of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to\51. The University has a policy NOT to
condone "near-pass fails" so the only adjustment to marks awarded by*thg original marker(8) will be the automatic
rounding outlined above.

~

~




