Computer Science 353—Architecture and Compilers

Fritz Ruehr « Willamette University » Fall 2020

See this page for the latest Covid pandemic policies and procedures:

https://willamette.edu/offices/wellness/coronavirus/index.html

Introduction and goals

Learning to program in Java or Python can be fun and empowering, but it may still leave you mystified
about how computers really work: what are the components of a physical computer? How does the
computer “know” what to do when it runs a program? What connects abstract ideas like objects and
methods to the silicon hardware?

This hybrid course in computer architecture and high-level language processing (compilers) will provide
you with the answers to these questions. The course is a “soup-to-nuts” overview of the various levels of
structure embodied in a physical computer, as well as the various stages by which high-level languages
are translated into a form which the computer can directly execute. In traditional curricula, these two
topics are often covered in separate courses—we have combined them into a single comprehensive
overview in order to expedite Willamette’s pedagogical goals.

We will start our journey with basic facts about binary encodings, how they are used to represent data
and how logical operations can be used to transform these data. We will then see how basic electrical
components called gates can be used to realize these operations on digital signals, and how they can be
combined into circuits which implement more complex processes. Finally, we will see how these circuits
are used to build higher-level components which constitute a typical computer, and how digital data
stored inside the computer can be used to control its operation. In the second phase of our studies, we
will start with the strings of characters which comprise a program file, and see how they can be
analyzed in successive stages until the internal structure of the program is exposed. We will then see
how this internal structure can be translated into the low-level codes which a computer can execute, in
a way which respects the meanings of the original program. Finally, as time permits, we will survey a
few important concepts which inform the design of high-level languages.

Instructor
Name: Fritz Ruehr Office: Ford Hall 208
Phone: 370-6165 E-mail: fruehr@willamette.edu

Course homepage: http://www.willamette.edu/~fruehr/353
Office hours: Tue 2:15-3:15 ; Th 1:00-2:00 (after CS Tea).

NB: Office hours this semester will be via Zoom, either via email appointment
or perhaps via Wise (or similar) later in the term; see class announcements for details.

Logistics and attendance

Lectures MWEF 2:15am-3:15pm Ford 302
Labs MWF 3:30pm-4:30pm  Ford 202

You are expected to attend all lectures, and lab sessions as appropriate for help or to demo your labs.
You are in any case responsible for all content, changes in assignments or policies, etc., which are made
during the course of scheduled classes. I will try to make important announcements available on the
course homepage or by e-mail.

NB: participation in class discussions may be a factor in determining course grades!
(see Grading Policy below)



Textbook (or rather lack thereof ...)

Due to the non-traditional, hybrid nature of this course, it is difficult to find suitable textbooks: if we
were to use traditional texts, we would likely need at least two expensive books, but would use only a
fraction of the material in each. In order to save you money, and because some excellent on-line
resources are available on these topics, we will not be making use of a traditional text for study in this
course. This means that your regular attendance and participation in lectures and labs is crucial to
your success in the class. On-line resources will be linked from the course home page, and pointers to
relevant materials, sites and tools will be provided regularly during lecture. I will also provide handouts
and topical summaries to help you in your studies for the course.

Course homepage: http://www.willamette.edu/~fruehr/353

Grading policy

Grades will be based on programming projects, exams, possibly some in-class quizzes and written
homework, and class participation. Individual grades will be given in numeric form and then combined
to determine a composite at the end of the semester, according to weights given below. I grade on a
modified curve basis—that is, I grade students relative to each other’s performance, but not necessarily
to fit a normal curve. I am happy to give out all high grades (and will give out all low grades if
necessary), depending on the absolute performance of the class as a whole.

Grading of programming projects will be done in the lab (and/or via Zoom), based on an interactive
“demo” by the student for the instructor. This approach allows you to make some adjustments to your
program in response to problems I find. We feel that this is a flexible and humane approach to the
grading process which maximizes interaction between students and faculty.

I plan to give one mid-term examination and a longer, comprehensive final exam during the regular
scheduled period. I may also give some in-class quizzes and written work to assess how the class is
following along with lectures. Finally, I will assign 10 programming labs. The weights used for the final
grade will be:

45% divided evenly among the programming projects;

20% for the mid-term exam,;

and 25% for the final exam;

10% split evenly between any quizzes or written homework;

with class participation adjusting the final grade by as much as one “+” letter-grade modifier.

Exams

The final exam is scheduled for Monday, December 7th, from 2-5pm. The mid-term exam
date will be negotiated among class participants and announced in lecture.

(Note: please make your holiday travel plans accordingly!)

Due dates

Generally speaking, programming projects will be due a week or two after they are assigned—on
occasion, class-wide extensions may be announced for various reasons (difficulties with software tools,
etc.). If you think you will be unlikely to be able to complete an assignment, contact the instructor as
soon as possible regarding the problem; extensions may be granted for official business, emergencies,
etc. It is always better to ask for an extension before the due date in question, although I recognize that
this may not always be feasible.



Collaboration and related issues

All exams and programming projects you hand in should be your own work. You are allowed (and
encouraged) to seek help from other students for general study purposes, but you should never allow
other people to do your work for you. You are also responsible for attributing any material you quote
from outside sources (e.g., please leave all copyright and other attributions on library files, and clearly
distinguish your own work from these resources).

Violations of these rules will result in penalties according to usual College policies, but would normally
include at least a zero for the assignment, and possibly a failing grade for the course, depending
on the severity of the infraction.

Topic list

I hope to cover the following list of topics this semester at a rate of from 1 to 3 lectures per topic.
Listen for classroom announcements or see the course homepage for any changes as the need develops.

« Introduction to the course

« Data representation

» Boolean logic

« Hardware implementation of logic (transistors and gates)
« Combinatorial circuits

» Sequential circuits (specifically, latched storage)

« The CPU and its components

« Instruction set architecture

» Machine code programming

» Assembly language programming

» The assembly process

e Programming in C, a low-level programming language [depending on time available]
» High-level languages and compilation (overview)

« Tokens and scanning

» Regular expressions and deterministic finite automata

» Syntax trees and parsing

 Context-free grammars

 Parsing techniques

« A simplified expression language

« Code generation

« Other high-level language (e.g., Python) features [depending on time available]
« The Java virtual machine [depending on time available]

Accreditation information

In accordance with new college accreditation initiatives, I am listing here the student learning
objectives and outcome indicators associated with this class (SLO numbers are relative to CS
Department norms):

e CS/SLO #2: “Students will achieve proficiency in Computer Science skills (fundamentals of
programming, computer organization, architecture, algorithms, theory, designing and
implementing software).”

e CS/SLO #5: “Students will demonstrate the ability to work independently to analyze and solve
problems.”



Important dates
For the official college academic calendar for this year, see:

https://willamette.edu/offices/registrar/calendar/index.html

Diversity and Disability Statement

Willamette University values diversity and inclusion; we are committed to a climate of mutual respect and full
participation. My goal is to create a learning environment that is usable, equitable, inclusive and welcoming. If
there are aspects of the instruction or design of this course that result in barriers to your inclusion or accurate
assessment or achievement, please notify me as soon as possible. Students with disabilities are also encouraged
to contact the Accessible Education Services office in Matthews 103 at 503-370-6737 or Accessible-
info@uwillamette.edu to discuss a range of options to removing barriers in the course, including
accommodations.

Religious Practice

Willamette University recognizes the value of religious practice and strives to accommodate students’
commitment to their religious traditions whenever possible. Please let me know within the first two weeks of the
semester if a conflict between holy days or other religious practice and full participation in the course is
anticipated. I will do my best to work with you to determine a reasonable accommodation.

Time Commitment

Willamette's Credit Hour Policy holds that for every hour of class time there is an expectation of 2-3 hours work
outside of class. Thus, for a class meeting three days a week you should anticipate spending 6-9 hours outside of
class engaged in course-related activities. Examples include study time, reading and homework assignments,
research projects, and group work.

Academic Integrity

Students of Willamette University are members of a community that values excellence and integrity in every
aspect of life. As such, we expect all community members to live up to the highest standards of personal, ethical,
and moral conduct. Students are expected not to engage in any type of academic or intellectually dishonest
practice and encouraged to display honesty, trust, fairness, respect, and responsibility in all they do.
Plagiarism and cheating are especially offensive to the integrity of courses in which they occur and against the
College community as a whole. These acts involve intellectual dishonesty, deception, and fraud, which inhibit
the honest exchange of ideas. Plagiarism and cheating may be grounds for failure in the course and/or
dismissal from the College.

See also: https://willamette.edu/arts-sciences/catalog/policies/plagiarism-cheating.php

Mental Health

As a student, you may experience a range of challenges that can interfere with learning, such as strained
relationships, increased anxiety, substance use, feeling down, difficulty concentrating and/or lack of
motivation. These mental health concerns or stressful events may diminish your academic performance and/or
reduce your ability to participate in daily activities. Willamette services are available and treatment does work.
If you think you need help, please contact Bishop Health as soon as possible at
http://willamette.edu/offices/counseling/. Crisis counseling is available 24/7 at WUTalk: 503-375-5353 and
Campus Safety is available at 503-370-6911. Emergency resources are also available from the Psychiatric
Crisis Center at 503-585-4949 and the National Suicide Prevention Lifeline at 1-800-273-8255.

Trans Inclusive Classroom Space
If I accidentally use an incorrect gender pronoun when addressing you, please feel free to let me know, in

whatever manner makes you comfortable, what pronouns you use so that I can make every effort to correct that
error.



Commitment to Positive Sexual Ethics

Willamette is a community committed to fostering safe, productive learning environments, and we value ethical
sexual behaviors and standards. Title IX and our school policy prohibit discrimination on the basis of sex, which
regards sexual misconduct — including discrimination, harassment, domestic and dating violence, sexual
assault, and stalking. We understand that sexual violence can undermine students’ academic success, and we
encourage affected students to talk to someone about their experiences and get the support they need. Please be
aware that as a mandatory reporter I am required to report any instances you disclose to Willamette's Title IX
Coordinator.

If you would rather share information with a confidential employee who does not have this responsibility, please
contact our confidential advocate at confidential-advocate @willamette.edu. Confidential support also can be
found with SARAs and at the GRAC (503-851-4245); and at WUTalk - a 24-hour telephone crisis counseling
support line (503-375-5353). If you are in immediate danger, please call campus safety at 503-370-6911.

DACA/Undocumented Student Advocate

Willamette is committed to supporting our DACA/Undocumented students in a variety of ways. This year,
Professor Michael Nifio is the contact person for all DACA/undocumented students can provide those students
with a number of external and internal resources that are available. His contact information is email:
mdnino@uwillamette.edu, Office: Smullin 213, Phone: 503-370-6643.

SOAR Center Offerings: Food, Clothing, and School Materials

The Students Organizing for Access to Resources (SOAR) Center strives to create equitable access to food,
professional clothing, commencement regalia, and scholarly resources for WU and Willamette Academy
students. The SOAR Center is located in the Putnam University Center's third floor (in the former Women's
Resource Center and across from the Harrison Conference Room). The space houses the Bearcat Pantry,
Clothing Share, and First-Generation Book Drive and is maintained by committed students and staff and faculty
advisers. Hours of operation are M-F, gam-5pm and weekends from 12-2pm. The Center opens for fall semester
2019 on Labor Day, Monday, Sept. 2 at 12pm.

Land Acknowledgement

We are gathered on the land of the Kalapuya, who today are represented by the Confederated Tribes

of the Grand Ronde and the Confederated Tribes of the Siletz Indians, whose relationship with this land continues
to this day. We offer gratitude for the land itself, for those who have stewarded it for generations, and for the
opportunity to study, learn, work, and be in community on this land. We acknowledge that our University’s
history, like many others, is fundamentally tied to the first colonial developments in the Willamette Valley.
Finally, we respectfully acknowledge and honor past, present, and future Indigenous students of Willamette.



