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Degree: Computer Engineering

Field of Knowledge: Engineering and Architecture

Faculty/School: Senior Polytechnic School

Course: COMPUTER ARCHITECTURE AND ORGANISATION

Type: Compulsory ECTS credits: 6

Year: 2 Code: 5621

Teaching period: Third semester

Area: Computers and Systems

Module: IT core subject

Teaching type: Classroom-based

Language: English

Total number of student
study hours:

150

Teaching staff E-mail

Daniel León González daniel.leon@ufv.es

SUBJECT DESCRIPTION

The course Computer Architecture and Organization provides a global vision of the structure and operation of a
computer and the different components that are part of it: processor, memory system and peripheral devices. In
addition, it enables students to develop low-level applications for a given processor and to acquire the ability to
learn new languages and development environments for other processors or microcontrollers.

This course corresponds to the Computer Science branch and, within it, to the subject of Computers and Systems.
It takes place in the first semester of the second year of the Degree in Computer Engineering, and requires a
minimum student dedication of 150 hours.
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The course provides an overview of the operation of a computer, focusing mainly on the processor and the low-
level programming model (assembly language).

It begins by reviewing the different standards for the representation of information within the computer, especially
numerical information (integers and real numbers), and continues by introducing the different types of computer
systems of today: desktops, laptops, servers, mainframes, consoles, mobiles, etc.

It then focus on the study of the processor, both from the software point of view (i.e. its architecture), indicating the
aspects that define the different instruction sets, and its internal organization (i.e. its microarchitecture), explaining
what types of components includes and how they relate to each other to allow the execution of instructions, and
what parameters affect its performance.

It continues by addressing the other subsystems of the computer: the memory and storage system, focusing on
the technological differences between several types of memory and the fundamentals of its hierarchical
organization; the input/output system, with emphasis on the different communication techniques between the
processor and the peripheral devices; and the interconnection buses, explaining their basic structure and the
different types commonly deployed.

Finally, it introduces the main optimization techniques used in processing and memory organization: cache
memory, pipelining, superscalar and VLIW techniques, multithreaded, multicore and multiprocessor systems.

The course has an important practical laboratory workload, aimed at learning assembly programming for one or
more architectures.

GOAL

The main goals of this course are to understand how a computer works from the hardware point of view (what
main components form its structure and how they relate to each other), what criteria are used to determine the
quality and performance of a system and the principles of low-level application development for a given processor.
These will lay the foundation for analyzing and evaluating system performance and developing the ability to select
the most appropriate systems for each situation.

The specific aims of the subject are:

Developing of software in assembly language

Basic analysis of a Von-Neuman computer

Optimizing memory access using cache techniques

Optimizing CPU performance using pipelines and parallel techniques

PRIOR KNOWLEDGE

- Standards for information representation in binary and change of number base between decimal, binary and
hexadecimal. Also the representation in 2's complement (covered in the subject "Fundamentals of Computer
Engineering").

- Basic characteristics of combinational and sequential logic circuits (covered in the subject "Electronics and
computer technology").

- Algorithmics and program design (covered in "Introduction to programming" and "Object-oriented programming").

- Minimum mathematical basis for the analysis of digital circuits (obtained in the subjects "Mathematics for
Engineering I" and "Mathematics for Engineering II").

COURSE SYLLABUS

Topic 1. Introduction.
o Basic concepts.
o Types of computer systems.
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o Review: information representation.

Topic 2. Instruction set architecture (ISA)
o Characteristics of machine instructions.
o Addressing modes.
o RISC and CISC instructions.
o Machine format.
o Assembly language.

Basic aspects of the computer organization.
o Von Neumann and Harvard architectures.
o Phases in the execution of an instruction. Low level execution model.
o Internal structure of the processor: arithmetic-logic unit, registers, control unit.
o Types of memory, organization of the memory system, interaction with the processor.
o Communication between the processor and the peripherals: input/output system.
o Interconnection buses

Topic 4. System performance
o Parameters to evaluate performance
o Program execution time
o Benchmarks.

Topic 5. Advanced aspects of computer organization
o Advanced aspects in the processor: instruction level parallelism (ILP) parallelism at thread level, parallelism at
process level.
o Advanced aspects in the memory system: memory hierarchy, cache memory, virtual memory.

Lab Sessions: PROGRAMMING IN ASSEMBLER

o Simulation environment and computer used.
o Integrated development and debugging environment first steps.
o Programming with arithmetic instructions.
o Programming conditional selection statements and loops. Flags.
o Indirect access, table traversal and jump tables.
o Stack management.
o Input/output management
o Use of subroutines/functions

EDUCATION ACTIVITIES

The course follows a combined theoretical - practical approach. The synchronous activities planned for this subject
are, primarily, lectures, practical classes and laboratory sessions.

o Lectures: Presentation of the key concepts in the field of computer architecture and organization, leveraging
audiovisual materials. These lessons will be developed in a dynamic environment, focused on teacher-student and
student-student interaction.

o Practical classes: Using problem-based learning methodology, and working in teams, these sessions aim to
master the theoretical concepts, favoring student-student interaction as the axis of the resolution of the proposed
problems.

o Laboratories: the laboratory sessions are centered around the development of practical programming skills in
assembler. Working in teams, students will build a medium-complexity assembler program.

The classroom work will be completed with an important load of autonomous work by the student:

o Individual study: oriented to the consolidation of the concepts covered during lectures, as well as in the methods
of application that of the same ones is realized in the practical classes and laboratories.
o Visualization of audiovisual content and reading of on-line documentation.
o Individual work: preparation work for practical and laboratory exercises.
o Group work: aimed at the development of the laboratory project.

Students work will be supervised and guided by the professor, both in classes and synchronous activities, as well
as in individual and group tutoring sessions.

A virtual classroom (Canvas) is available for the students, facilitating the access to the course materials, work
planning and communication with the teacher and with all classmates.
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DISTRIBUTION OF WORK TIME

CLASSROOM-BASED ACTIVITY INDEPENDENT STUDY/OUT-OF-CLASSROOM
ACTIVITY

67   hours 83   hours
  Lecture 20h
  Practical class 16h
  Laboratory 23h
  Student presentation 1h
  Tutoring sessions 4h
  Evaluation 3h

  Individual work and Study 68h
  Team work 15h

SKILLS

Basic Skills

Students must have demonstrated knowledge and understanding in an area of study that is founded on general
secondary education. Moreover, the area of study is typically at a level that includes certain aspects implying
knowledge at the forefront of its field of study, albeit supported by advanced textbooks

Students must be able to apply their knowledge to their work or vocation in a professional manner and possess
skills that can typically be demonstrated by coming up with and sustaining arguments and solving problems within
their field of study

Students must have the ability to gather and interpret relevant data (usually within their field of study) in order to
make judgments that include reflections on pertinent social, scientific or ethical issues

Students must be able to convey information, ideas, problems and solutions to both an expert and non-expert
audience

Students must have developed the learning skills needed to undertake further study with a high degree of
independence

General Skills

Capacity for defining, assessing and selecting hardware and software platforms for the development and
execution of computer systems, and applications, in accordance with the knowledge acquired as established in
section 5 of this report.

Capacity for conceiving and developing centralised and distributed computer systems or architecture integrating
hardware, software and networks, in accordance with the knowledge acquired as established in section 5 of this
report.

Specific skills

Capacity for knowing, understanding and assessing computer structure and architecture, as well as their basic
components.

Identify the aspects that make up an instruction set architecture and be able to carry out basic programs with
different ISAs.

Understand the inner workings of a processor, recognizing the fundamental elements that make up its processing
unit and control unit.

Develop programs of medium complexity in assembler language for a selected platform, communicating with the
user through the available input and output devices.
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Analyze and understand optimization factors and techniques related to memory hierarchy and instruction
parallelism.

LEARNING RESULTS

The student can describe the basic structure of computer hardware and the operation of its main components:
processor, memory system, I/O system and interconnection buses, as well as the flow of information between
them.

The student knows the low-level programming model of a processor and can build programs in assembler that
implement algorithms of medium complexity. The student can debug assembler programs autonomously with the
help of the manufacturer's own development environments and documentation.

The student is able to analyze, calculate and reason about some parameters related to system performance and
can also describe and analyze the most important techniques applied for performance optimization as well as the
main technological and architectural trends in processor design.

The student knows how to develop, document and present, in an autonomous and/or collaborative way, different
topics and aspects related to the subject, connecting them with other contents of the related subjects of the
"Computers and Systems" knowledge area, thus offering a comprehensive view.

LEARNING APPRAISAL SYSTEM

The evaluation of the student's academic performance, in ordinary call, will be carried out using the following tests:

o 50%: Written exam of theoretical-practical content.
o 40%: Final programming practice in assembler, by teams. It has an individual assembler exam associated to it.
o 10%: Participation in class activities, exercises and initiatives. It requires attendance equal or higher than 80%.

In order to pass the course in the ordinary call, ALL the following aspects must be fulfilled:
  - The mark in each of the first two tests must be 4 or higher.
  - The average of the marks of the first two tests must be 5 or higher.
  - The final weighted average of all evaluable aspects of the course must be 5 or higher.

Students who have been granted academic dispensation must attend three tutoring sessions during the course,
where the teacher will evaluate the student attending evolution, responsibility, proactivity and planning. These
tutoring sessions will count, for grading purposes, as the 10% of participation and attendance.

The evaluation in extraordinary call has the same elements as in ordinary call. For the final exam, as well as for
the practical and/or its associated assembler level test, the marks of the ordinary exam will be maintained as long
as they are graded with a 5 or higher. The qualification of participation and delivery of exercises is not recoverable
and, in this aspect, the qualification obtained during the ordinary call will be taken into account.

The student has 6 exams to pass this course. The UFV Evaluation Regulations include everything related to the
evaluation process and the consumption of exam periods.

Any type of fraud or plagiarism by the student in an evaluable activity will be sanctioned according to the UFV
Coexistence Regulations. For these purposes, it will be considered "plagiarism" any attempt to defraud the
evaluation system, such as copying exercises, exams, practices, papers or any other type of delivery, either from
another classmate, or from unauthorized materials or devices, in order to make the teacher believe that they are
their own.
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