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1. COURSE SUMMARY

In the course Computers Structure and Organization, the aim is to enable students to understand how

information processing systems work, from the perspective of performance improvement and its

relationship to cost. To this end, the course addresses the basic architecture and organization of a

general-purpose computer, as this is the most representative element of such systems.

To make the most of the course, students should have acquired the competencies covered in previous

subjects such as (but not limited to) Fundamentals of Computer Technology, specifically in the design

and analysis of combinational and sequential systems, binary arithmetic, and numerical representation

systems. Additionally, students should be familiar with concepts from Programming Fundamentals, such

as procedure and function calls, and passing arguments by value and by reference.

The teaching-learning process will follow an ISA-first approach, meaning it starts from the instruction set

architecture (ISA) and then derives the hardware architecture, allowing students to understand how

software-level design decisions (which instructions are needed) influence physical implementation (how

the processor is built).

The teaching method will divide the content according to the blocks that make up a computer based on

the Von Neumann architecture.

All topics will include both theoretical and practical content. Practical content will involve solving

problems and various activities such as analyzing the performance of different architectural solutions,

developing programs in the different instruction sets studied, improving the reference architecture, etc.

These activities may be carried out using hardware simulation tools and various assemblers, depending

on availability.

The main objective of the course is for students to acquire a set of knowledge about the structure,

operation, and design of computers, as well as their programming at the systems level.

 

2. SKILLS

Basic, Generic and Cross Curricular Skills.

This course contributes to acquire the following basic, generic and cross curricular skills:

en_CG4 - Ability to define, evaluate and select hardware and software platforms for the

development and execution of computer systems, services and applications, in accordance with

the knowledge acquired as set out in section 5, annex 2, of resolution BOE-A-2009 -12977.

en_CG6 - Ability to conceive and develop centralized or distributed computer systems or

architectures integrating hardware, software and networks in accordance with the knowledge

acquired as set out in section 5, annex 2, of resolution BOEA-2009-12977.

en_CG8 - Knowledge of the basic subjects and technologies, which enable them to learn and

develop new methods and technologies, as well as those that provide them with great versatility to

adapt to new situations.

en_CG9 - Ability to solve problems with initiative, decision making, autonomy and creativity. Ability

to know how to communicate and transmit the knowledge, skills and abilities of the profession of

Computer Engineering Engineer.

en_CG11 - Ability to analyze and assess the social and environmental impact of technical
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solutions, including the ethical and professional responsibility of the activity of the Technical

Computer Engineer.

en_CB1 - That students have demonstrated to possess and understand knowledge in an area of

study that is based on general secondary education, and is usually found at a level that, although

supported by advanced textbooks, also includes some aspects that involve knowledge from the

forefront of their field of study.

en_CB2 - That the students know how to apply their knowledge to their work or vocation in a

professional manner and possess the competencies that are usually demonstrated through the

elaboration and defense of arguments and the resolution of problems within their area of study.

en_CB3 - That students have the ability to gather and interpret relevant data (usually within their

area of study) to make judgments that include a reflection on relevant social, scientific or ethical

issues.

en_CB4 - That students can transmit information, ideas, problems and solutions to both a

specialized and non-specialized public.

en_CB5 - That the students have developed those learning skills necessary to undertake further

studies with a high degree of autonomy.

en_TRU1 - Capacity of analysis and synthesis.

en_TRU2 - Oral and written competencies.

en_TRU3 - Ability to manage information.

en_TRU4 - Autonomous learning skills.

en_TRU5 - Team work.

Specific Skills

This course contributes to acquire the following specific skills:

en_CI9 - Ability to know, understand and evaluate the structure and architecture of computers, as

well as the basic components that make them up.

en_CIB5 - Knowledge of the structure, organization, operation and interconnection of computer

systems, the fundamentals of their programming, and their application for solving engineering

problems.

Learning Outcomes 

LO1. Describe how the blocks of the Von Neumann architecture interact with each other in the

execution of the computing process.

LO2. Understand how different design choices for the data path (operators), instruction sets, control

unit, memory, and input/output systems affect overall performance.

LO3. Understand the essential characteristics of the Von Neumann architecture and its associated

programming model, differentiating the Von Neumann model from other computing models.

LO4. Understand the principles of microprogramming.

LO5. Understand the memory hierarchy in general and cache memory in particular.

LO6. Understand the basic synchronization methods in input/output transfers.
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3. CONTENTS

Theoretical Block Contents Total hours

Block 1: Introduction

Basic concepts of computers

System performance

5 hours.

 Block 2: Assembly Language

RISC vs. CISC instruction set

RISC-V assembler
 6 hours.

 Block 3: The Processor

Data Path

Control Path

Single-Cycle Processor

Multi-Cycle Processor

 6 hours.

Block 4: Pipelining 3 hours.

 Block 5: Memory Hierarchy

Access, organization, and policies  6 hours.

Block 5: Input/Output Systems

Storage and other I/O

Design of a Basic I/O System

Communication Mechanisms

Data Transfer Mechanisms

 4 hours.

Practice Block Contents Total hours

RISC-V microprocessor simulator

The RARS simulator

Assembler

Code segment

Data segment

Variables

Input/Output

System calls

Loops

Conditional jumps

Subroutine calls

Stack

Recursion 

26 hours.

5Approved by the EPS School Board on June 15th, 2026



4. TEACHING - LEARNING METHODOLOGIES.

FORMATIVE ACTIVITIES.

4.1. Credits Distribution

Number of on-site hours:
60 hours (56 hours on-site +4

exams hours)

Number of hours of student work: 90

Total hours 150

4.2. Methodological strategies, teaching materials and resources

 The training activities comprise 6 ECTS credits. In the teaching-learning process of the contents, the

following training activities will be used:

Lectures.

Practical classes: problem-solving and laboratory activities.

Individual and/or group tutorials.

In addition, the following training activities may also be used, among others:

Individual or group projects.

Attendance at conferences, meetings, or scientific discussions related to the subject.

To enable students to achieve the stated competencies, the activities in this subject are distributed as

follows:

3 theoretical credits, consisting of lectures by the teaching staff and problem-solving.

3 practical credits, through laboratory activities, in which students will complete their training to

achieve the established competencies.

In all cases, Information and Communication Technologies may be used to support the training activities

(searching for information on the Internet, participating in forums, and using materials available on e-

learning platforms, etc.).

5. ASSESSMENT: procedures, evaluation and grading criteria

Preferably, students will be offered a continuous assessment model that has characteristics of formative

assessment in a way that serves as feedback in the teaching-learning process.

5.1. PROCEDURES

The evaluation must be inspired by the criteria of continuous evaluation (Learning Assesment

Guidelines, LAG, art 3). However, in compliance with the regulations of the University of Alcalá, an

alternative process of final evaluation is made available to the student in accordance with the Learning

Assesment Guidelines as indicated in Article 10, students will have a period of fifteen days from the start

of the course to request in writing to the Director of the Polytechnic School their intention to take the
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non-continuous evaluation model adducing the reasons that they deem convenient. The evaluation of

the learning process of all students who do not apply for it or are denied it will be done, by default,

according to the continuous assessment model. The student has two calls to pass the subject, one

ordinary and one extraordinary.

Regular Exam Session

In the regular exam session, the default assessment method is Continuous Assessment, with formative

evaluation characteristics to provide feedback in the teaching-learning process for the student.

Optionally, and with proper justification, the student may request from the head of the school to be

assessed through a single test, the Final Exam, which must be requested in writing and within the

established deadlines.

In the regular exam session, whether through Continuous Assessment or through the Final Exam, it is a

necessary requirement to pass the subject to obtain separate approval for the 3 theoretical credits and

the 3 practical (laboratory) credits.

Extraordinary Exam Session

The teaching-learning methodology and the assessment process will be adjusted when necessary,

following the guidelines of the Diversity Support Unit, to apply curricular adaptations for students with

specific needs.

The extraordinary exam session will consist of a test similar to the one proposed in the assessment

system through the Final Exam. This test will cover both the theoretical aspects and the practical ones

explained in the laboratory.

5.2. EVALUATION

Evaluation Criteria

The following criteria will be used for the evaluation of the course, related to the learning outcomes:

EC1. Accurately evaluates the performance of a hardware system, including processor and memory

hierarchy metrics (CPI, access time, hit rate, etc.).

EC2. Clearly explains the functional relationship between hardware and the operating system,

identifying how they coordinate for resource management.

EC3. Correctly distinguishes between RISC and CISC architectures, justifying their differences in

terms of design, instructions, and performance.

EC4. Recognizes and describes the key elements of the data path and control in single-cycle, multi-

cycle, and pipelined processors.

EC5. Provides a detailed description of the complete process of accessing the memory hierarchy,

from the CPU to main memory and caches.

EC6. Argues with technical reasoning the choice of replacement, write, and allocation policies at

different levels of the memory hierarchy.

EC7. Identifies the communication mechanisms between the operating system and input/output

devices (interrupts, memory mapping, etc.).

EC8. Assesses and selects the most efficient data transfer mechanism (programmed, interrupts,

DMA) according to the type of device and context.

EC9. Writes assembly language programs following the register usage convention.

EC10. Analyzes the behavior of a program loaded into memory, identifying the use of different
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memory segments (code, data, stack, heap), the type and size of stored data, memory ordering and

alignment, as well as the interaction with the register file during execution.

EC11. Implements assembly language routines that interact with input/output devices through

system calls, understanding the execution flow, the use of specific registers, and the role of the

operating system in managing these operations.

Assessment Tools.

In Continuous Assessment, the final grade for the course will be:

Pass, Good, Excellent, or Honors depending on the grade obtained by applying the formula (an

average will only be calculated if each part has a grade ≥ 5.0):

Final Grade = 0.6 × NFT + 0.4 × NFP,

where NFT (Final Theory Grade) and NFP (Final Practical Grade).

Fail, if a minimum grade of 5.0 is not reached.

Not Attended, if the student does not attend any of the tests.

The course is divided into two parts: theory and practical work. Each part must be passed separately

with a grade ≥ 5.0.

Theory tests (60% of the final grade): Two partial tests will be carried out, PE1 and PE2. PE1 will take

place during the semester and will account for 40% of the theory part grade, that is, 24% of the final

course grade. PE2 will take place on the official exam date and will account for 60% of the theory part

grade, that is, 36% of the final course grade. To average with the practical part, the Final Theory Grade

(NFT) must be ≥ 5.0. The theory part represents 60% of the final course grade.

Laboratory practical tests (40% of the final grade): Two partial tests will be carried out, PL1 and PL2.

PL1 will take place halfway through the semester and will account for 40% of the practical part grade,

that is, 16% of the final course grade. PL2 will take place on the last day of the laboratory class and will

account for 60% of the practical part grade, that is, 24% of the final course grade. To average with the

theory part, the Final Practical Grade (NFP) must be ≥ 5.0. The practical part represents 40% of the final

course grade.

If deemed appropriate by the instructors, oral tests may be conducted in specific cases.

The grade for a fully passed part (theory or practical) will be retained until the Extraordinary Exam

Session. Grades are not carried over from one academic year to another.

In all cases, the dates of all exams will be set during the first days of the course.

For students who have been granted the right to opt for the Final Exam in the Regular Exam Session

and for all students attending the Extraordinary Exam Session, they must pass a final theory exam (PEF)

and a final laboratory exam (PLF) (an average will only be calculated if each part has a grade ≥ 5.0).

8Approved by the EPS School Board on June 15th, 2026



Final Marks Criteria

In the regular exam - continuous assessment the relationship among criteria, instruments and marks

will be as follows:

Competences
Learning

Outcomes

Evaluation

Criteria

Assessment

Tools

Weight

in

Mark

en_CG4, en_CG6, en_CG8, en_CG9, en_CG11,

en_CB1, en_CB2, en_CB3, en_CB4, en_CB5,

en_CIB5, en_CI9

  

LO1-LO3 EC1-EC4 PE1 24% 

LO6
EC9-

EC11 
PL1 16% 

LO6
EC9-

EC11 
PL2 24%

LO1,

LO3-LO5

EC1,

EC2,

EC4-EC8

PE2 36%

In the regular exam—final assessment, the relationship between the competencies, learning

outcomes, evaluation criteria, and assessment instruments is as follows.

 

Competences
Learning

Outcomes

Evaluation

Criteria

Assessment

Tools

Weight

in

Mark

en_CG4, en_CG6, en_CG8, en_CG9, en_CG11,

en_CB1, en_CB2, en_CB3, en_CB4, en_CB5,

en_CIB5, en_CI9

 LO1-LO5 EC1-EC8 PEF 60%

 LO6
EC9-

EC11
PLF 40%

Extraordinary exam - Final exam

In the case of the extraordinary exam session, the same percentages established for the final exam

assessment will be maintained.

 

6. BIBLIOGRAPHY

6.1. Basic Bibliography

Computer Organization and Design RISC-V Edition: The Hardware Software Interface, Second

Edition. David A. Patterson, John L. Hennessy. Morgan Kaufmann, 2017.

The RISC-V Reader: An Open Architecture Atlas. David A. Patterson, Andrew Waterman.

2017. You can buy it at this URL:  http://riscvbook.com

6.2. Additional Bibliography

Computer Architecture: A Quantitative Approach, 6th. John L. Hennessy , David A. Patterso.
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Morgan Kaufmann, 2017.

RISC-V Assembly Language. Anthony J. Dos Reis. 2019. 
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Disclosure Note

During the evaluation tests, the guidelines set out in the Regulations establishing the Rules
of Coexistence of the University of Alcalá must be followed, as well as the possible
implications of the irregularities committed during said tests, including the consequences
for committing academic fraud according to the Regulation of Disciplinary Regime of the
Students of the University of Alcalá.
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