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COURSE DESCRIPTION IN ABET FORMAT

ASSESSMENT RESULTS
Program Outcomes Assessed in Course
Assessment Summary of Class Semester Averages for Outcomes

End of Semester Course Outcomes Assessment Reports

. EXAM1
Summary of Topics covered by EXAM1
(Summary of topics can be a separate page or include on the assignment itself)
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

. EXAM2
Summary of Topics covered by EXAM?2
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

V. PROJECT I
Project | description
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

VI.  FINAL EXAM
Summary of Topics covered by FINAL EXAM
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

VII. PROJECT Il
Project 11 description
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)




Course Syllabus
in ABET Format

Course number and name:

ELEG 4339-P01 Computer Organization and Design

Credits and contact hours:

3 credit hours; 6 contact hours

Instructor’s or course
coordinator’s name:

Dr. Xiangfang Li; Dr. Suxia Cui

Text book: Title:

“Computer Organization and Design, The
Hardware/Software Interface- RISC-V edition)

Author:

David A. Patterson & John L. Hennessy

Publisher, Year & Edition:

2nd edition (December 31, 2020)

a. Other Supplemental material

(1) David A. Patterson & John L. Hennessy,
“Computer Organization and Design, The Hardware/Software
Interface”,
5th Edition.
Publication Date: October 10, 2013
ISBN-10: 0124077269
ISBN-13: 978-0124077263

(2) David A. Patterson & John L. Hennessy,
“Computer Organization and Design, The Hardware/Software
Interface- ARM edition”,
1%t Edition. 2016
ISBN-13: 978-0128017333
ISBN-10: 0128017333

Specific course information

a. Brief description of the content of the
course (catalog description)

(3-0) Credit 3 semester hours. An introduction to
computer organization using assembly and machine
language. Number representation, computer arithmetic,
instruction sets, /0O interrupts, and programming
interrupts. Projects involve detailed study and use of a
specific computer hardware and software system.

b. Prerequisites or
Co-requisites

ELEG 3063 or ELEG 2311 : Logic Circuits

c. *Indicate whether a required, elective, or
selected elective (as per definition
provided) course in the program

Required




a. Specific goals for the course specific
outcomes of instruction (e.g. The student
will be able to explain the significance of
current research about a particular topic.)

Students will be able to :

b. Explicitly indicate which of the student outcomes
listed in Criterion 3 or any other outcomes are
addressed by the course.

The specific goals for the course specific outcomes listed
on the left column will address the following student
learning outcomes:

The objective of this course is to teach students (i)
basic concepts of computer organization and
hardware, (ii) help them understand the relationship
between hardware and software and to focus on the
concepts that are the basis for current computers, and
(iif) recognize the generation change in computing
from the PC era to the PostPC era. Materials covered
included but not limited to: Instructions executed by a
processor and how to use these instructions in simple
assembly language programs; how to design the
datapath and control for pipelined and non-pipelined
processors; data and control hazards; the principles of
memory hierarchy; and how processors, memory, and
I/0O are combined into a computer.

Outcome 7
An ability to acquire and apply new knowledge as needed, using
appropriate learning strategies.
(i) Acquire new knowledge using the appropriate learning strategies
(ii) Apply new knowledge to solve problems

Brief list of topics to be covered

e Computer Abstraction and Technology

e Instructions: Language of the Computer

o Arithmetic for Computers

e The Processor

e Large and Fast: Exploiting Memory Hierarchy
o Parallel Processors for Client to Cloud

*Required courses are required of all students in the program, elective courses (often referred to as open or free
electives) are optional for students, and selected elective courses are those for which students must take one or more

courses from a specified group




Additional Course Syllabus Information

COURSE: ELEG4339 Computer Organization & Design
CLASS SCHEDULE: TR (8:00am -9:20am)
OFFICE EE building 336

Office Hours: T, R, and W 10:00am-1:00pm; or by appointment
Or by appointment

GRADING POLICY:

Course Grade Requirement Value

1. Attendance 10%

2. Homework 10%

3. Quiz(s) 5%

4. Team Project(s) 25%

5. Exams (two exams) 30%

6. Final Exam (Comprehensive) 20%

Total: 100%

Grade Determination
A = 85% or better

B =75-84%
C=65-74%
D =55-64%

F = Less than 54%
Any deviation from the above grading policy will be discussed in advance with the class. Such deviations will be
considered only in situations to provide learning enrichment opportunities for the entire class.

Course Procedures or Additional Instructor Policies

ON-LINE RESOURCES:
Ecourses (http://ecourses.pvamu.edu/) will be used to disseminate course materials and organize
discussions about the course to help improve the learning experience of the students.

HOMEWORK POLICY:

Homework and design problems will be assigned to complement each unit of instruction. Students will be
required to turn in or demonstrate each assignment. Homework has to be handed on time. Late homework
will not be accepted unless due to acceptable reasons (as defined by University policy). Make up test/quiz
only apply to excused absence of class of the test date. Student must contact instructor immediately for
scheduling make up time within one week of the missing test/quiz.

QUIZ/EXAM POLICY:

There will be multiple quizzes/exams throughout this course to motivate students to follow the instruction
closely. The quizzes/exams will be administered in the beginning of the class. There will be no make up
quizzes/exams if you are absent or late for the class. Make up quizzes/exams only apply to excused
absence, student must contact instructor immediately for scheduling make up time within one week of
the missing quizzes/exams.

PROJECT/ASSIGNMENT POLICY:
There will be assigned project(s)/assignment. The project(s) will help the students to absorb the lectures
through an interactive approach. Students are required to hand in the project reports.

EXAM POLICY:


http://ecourses.pvamu.edu/

There are one comprehensive final exam. Every student must take the exam on the assigned dates. Any
student who misses an exam without a valid excuse will automatically receive zero for that exam. Make-up
exam will be administered in accordance with university policy.

ETHICS:

Cheating or plagiarism on assignments or exams will not be tolerated. Proven cases of ethical violations
will result in a zero for the assignment/exam and possibility of further disciplinary actions in accordance
with university policies.

CLASS ATTENDANCE:

See the University Class Attendance Policy, Effective September 1, 1998. PVAMU requires regular class
attendance. Attending all classes supports full academic development of each student. Excessive absenteeism
may result in a student’s course grade being reduced to a grade of “F”. Accumulation of one week of unexcused
absences constitutes excessive absenteeism.

COLLEGE OF ENGINEERING TEXTBOOK POLICY

Students must acquire the textbook that is listed as “required” on the course syllabus. The textbook must be
acquired by the 10th class day. Students are not allowed to share textbooks with other students who are
currently registered in the same class. Failure to acquire (or show proof of purchase) the required textbook by
the 10th class day will result in the student being administratively dropped from the course. The University will
assess financial obligations for the course to the student as with any other dropped class according to the fee
schedule. In addition, your financial aid may be affected by the subsequent registration action(s). Go to
http://www.pvamu.edu/pages/195.asp for the Roy G. Perry College of Engineering Textbook Policy.

CONDUCT:

1. Students will conduct themselves in a manner that is respectful to their fellow classmates
2. Cell phones MUST be turned off during class time.

3. No cell phones or other electronic devices during exams and tests.

4. Students are NOT allowed to wear caps/hats in class

AMERICANS WITH DISABILITY (ADA) STATEMENT:

Students with disabilities who believe that they may need an academic adjustment in this class, are
encouraged to contact the Office of Disability Services at (936) 857-2610/2620 as soon as possible. Once
you have received a letter of adjustment from the office, kindly make an appointment with me to discuss
appropriate adjustments for this class.

Semester Calendar
(Tentative Schedule for Topics)

WEEK Instructor TOPICS ASSIGNMENTS

Introduction, Chap 1 — Computer Abstractions
and technology

Week 1: Jan.18, 20

Week 2: Jan. 25, 27 Chap 1 — Computer Abstractions and technology HW1
Week 3: Feb. 1, 3 Chap 1 — Computer Abstractions and technology
Week 4: Feb. 8, 10 Chap 2 — Instructions: Language and computer
Week 5: Feb. 15, 17 Chap 2 — Instructions: Language and computer HW2
Chap 2 — Instructions: Language and computer
Week 6: Feb. 22,24 EXAM1
Week 7: Mar. 1, 3 Chap 3 — Arithmetic for computer

Week 8: Mar.8, 10 Chap 3 — Arithmetic for computer HW3




Week 9: Mar.14-19 Spring Break

Week 10: Mar.22, 24 Chap 3 — Arithmetic for computer
Week 11: Mar. 29,31 Chap 4 — The processor
Week 12: Apr. 5,7 Chap 4 — The processor HW4

Chap 4 — The processor,

Week 13: Apr. 12, 14 EXAM?2

Chapter 5: Large and Fast: Exploiting Memory

Hierarchy HW5

Week 14: Apr. 19, 21

Chapter 5: Large and Fast: Exploiting Memory
Hierarchy

Chap 6 Parallel processor from client to cloud;
Project presentation (if time allows)

Week 16: Final Exam Period (May 5-12t)

Week 15: Apr. 26, 28

Week 16: May 3rd

Student Support and Success

John B. Coleman Library

The John B. Coleman Library’s mission is to enhance the scholarly pursuit of knowledge, to foster
intellectual curiosity, and to promote life-long learning and research through our innovative services,
resources, and cultural programs, which support the Prairie View A&M University’s global mission of
teaching, service, and research. It maintains library collections and access both on campus, online, and
through local agreements to further the educational goals of students and faculty. Website:
https://www.pvamu.edu/library/; Phone: 936-261-1500

Academic Advising Services

Academic Advising Services offers students a variety of services that contributes to student success and
leads towards graduation. We assist students with understanding university policies and procedures that
affect academic progress. We support the early alert program to help students get connected to success
early in the semester. We help refer students to the appropriate academic support services when they are
unsure of the best resource for their needs. Faculty advisors support some students in their respective
colleges. Your faculty advisor can be identified in PantherTracks. Advisors with Academic Advising Services
are available to all students. We are located across campus. Find your advisor's location by academic major
at www.pvamu.edu/advising. Phone: 936-261-5911

The University Tutoring Center

The University Tutoring Center (UTC) offers free tutoring and academic support to all registered PVAMU
students. The mission of the UTC is to help provide a solid academic foundation that enables students to
become confident, capable, independent learners. Competent and caring staff and peer tutors guide
students in identifying, acquiring, and enhancing the knowledge, skills, and attitudes needed to reach their
desired goals. Tutoring and academic support are offered face-to-face in the UTC, in virtual face-to-face
sessions  (https://www.pvamu.edu/student-success/sass/university-tutoring-center/), and through online
sessions (https://www.pvamu.edu/pvplace/). Other support services available for students include
Supplemental Instruction, Study Break, Academic Success Workshops, and Algebra Study Jam. Location: J.
B. Coleman Library, Rm. 307; Phone: 936-261-1561; Email: pvtutoring@pvamu.edu; Website:
https://www.pvamu.edu/student-success/sass/university-tutoring-center/

Writing Center
The Writing Center provides well-trained peer tutors to assist students with writing assignments at any stage
of the writing process. Tutors help students with various writing tasks from understanding assignments,
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brainstorming, drafting, revising, editing, researching, and integrating sources. Students have free access to
Grammarly online writing assistance. Grammarly is an automated proofreading and plagiarism detection
tool. Students must register for Grammarly by using their student email address. In addition, students have
access to face-to-face and virtual tutoring services either asynchronously via email or synchronously via
Zoom. Location: J. B. Coleman Library, Rm. 209; Phone: 936-261-3724; Website:
https://www.pvamu.edu/student-success/writing-center/; Grammarly Registration:
https://www.grammarly.com/enterprise/signup

Academic Early Alert

Academic Early Alert is a proactive system of communication and collaboration between faculty, academic
advisors, and PVAMU students that is designed to support student success by promptly identifying issues
and allowing for intervention. Academic Early Alerts help students by providing a central location to schedule
advising appointments, view advisor contact information, and request assistance. Students who recognize
that they have a problem that is negatively affecting their academic performance or ability to continue school
may self-refer an Academic Early Alert. To do so, students will log in to PV Place and click on Academic
Early Alert on the left sidebar. Phone: 936-261-5902; Website: https://www.pvamu.edu/student-
success/early-alert/

Student Counseling Services

The Student Counseling Services unit offers a range of services and programs to assist students in
maximizing their potential for success: short-term individual, couples, and group counseling, as well as crisis
intervention, outreach, consultation, and referral services. The staff is licensed by the State of Texas and
assists students who are dealing with academic skills concerns, situational crises, adjustment problems, and
emotional difficulties. Information shared with the staff is treated confidentially and in accordance with Texas
State Law. Location: Hobart Taylor, 2nd floor; Phone: 936-261-3564; Website:
https://www.pvamu.edu/healthservices/student-counseling-services/

Office of Testing Services

Testing Services serves to create opportunities by offering a suite of exams that aid in the students'
academic and professional success. Currently, we administer entrance (HESI A2), college readiness (TSI
assessment), Prior Learning (CLEP, DSST), and proctored exams. Location: Wilhelmina Delco, 3 Floor,
Rm. 305; Phone: 936-261-3627; Email: aetesting@pvamu.edu; Website: www.pvamu.edu/testing

Office of Diagnhostic Testing and Disability Services

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute that provides
comprehensive civil rights protection for persons with disabilities. Among other things, this legislation
requires that all students with disabilities be guaranteed a learning environment that provides for reasonable
accommodation of their disabilities. If you believe you have a disability requiring an accommodation, contact
the Office of Disability Services. As a federally-mandated educational support unit, the Office of Disability
Services serves as the repository for confidential disability files for faculty, staff, and students. For persons
with a disability, the Office develops individualized ADA letters of request for accommodations. Other
services include learning style inventories, awareness workshops, accessibility pathways, webinars,
computer laboratory with adapted hard and software, adapted furniture, proctoring non-standardized test
administrations, ASL interpreters, ALDs, digital recorders, Livescribe, and a comprehensive referral network
across campus and the broader community. Location: Hobart Taylor, Rm. 1D128; Phone: 936-261-3583;
Website: https://www.pvamu.edu/disabilityservices/

Center for Instructional Innovation and Technology Services (CITS)

Distance Learning, also referred to as Distance Education, is the employment of alternative instructional
delivery methods to extend programs and services to persons unable to attend college in the traditional
manner. The Center for Instructional Innovation and Technology Services (CIITS) supports student learning
through online, hybrid, web-assist, and 2-way video course delivery. For more details and contact
information, visit:

https://www.pvamu.edu/dlearning/distance-learning-2-2/students-2/; Phone: 936-261-3283

Veteran Affairs
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Veterans Services works with student veterans, current military and military dependents to support their
transition to the college environment and continued persistence to graduation. The Office coordinates and
certifies benefits for both the G.I. Bill and the Texas Hazlewood Act. Location: Evans Hall, Rm. 102; Phone:
936-261-3563; Website: https://www.pvamu.edu/sa/departments/veteranaffairs/

Office for Student Engagement

The Office for Student Engagement delivers comprehensive programs and services designed to meet the
co-curricular needs of students. The Office implements inclusive and accessible programs and services that
enhance student development through exposure to and participation in diverse and relevant social, cultural,
intellectual, recreational, community service, leadership development, and campus governance. Location:
Memorial Student Center, Rm. 221, Phone: 936-261-1340; Website:
https://www.pvamu.edu/studentengagement/

Career Services

Career Services supports students through professional development, career readiness, and placement and
employment assistance. The Office provides one-on-one career coaching, interview preparation, resume
and letter writing, and career exploration workshops and seminars. Services are provided for students at the
Northwest Houston Center and College of Nursing in the Medical Center twice a month or on a requested
basis. Distance Learning students are encouraged to visit the Career Services website for information
regarding services provided. Location: Anderson Hall, 2" floor; Phone: 936-261-3570; Website:
https://www.pvamu.edu/careerservices/

University Rules and Procedures

Academic Misconduct

Academic dishonesty is defined as any form of cheating or dishonesty that has the effect or intent of
interfering with any academic exercise or fair evaluation of a student's performance. The college faculty can
provide additional information, particularly related to a specific course, laboratory, or assignment.

You are expected to practice academic honesty in every aspect of this course and all other courses. Make
sure you are familiar with the University Administrative Guidelines on Academic Integrity, which can be found
on the Academic Integrity webpage. Students who engage in academic misconduct are subject to university
disciplinary procedures. As listed in the University Administrative Guidelines on Academic Integrity, the
University Online Catalog, and the Student Code of Conduct, the following are examples of prohibited
conduct. This list is not designed to be all-inclusive or exhaustive. In addition to academic sanctions, any
student found to have committed academic misconduct that is also a violation of criminal law may also be
subject to disciplinary review and action by the Office of Student Conduct (as outlined in the Student Code of
Conduct).

Forms of Academic Dishonesty:

1. Cheating: Deception in which a student misrepresents that he/she has mastered information on an
academic exercise that he/she has not learned, giving or receiving aid unauthorized by the instructor
on assignments or examinations. Examples: unauthorized use of notes for a test; using a "cheat
sheet" on a quiz or exam; any alteration made on a graded test or exam which is then resubmitted to
the teacher;

2. Plagiarism: Careless or deliberate use of the work or the ideas of another; representation of another's
work, words, ideas, or data as your own without permission or appropriate acknowledgment.
Examples: copying another's paper or answers, failure to identify information or essays from the
internet and submitting or representing it as your own; submitting an assignment which has been
partially or wholly done by another and claiming it as yours; not properly acknowledging a source
which has been summarized or paraphrased in your work; failure to acknowledge the use of
another's words with quotation marks;

3. Collusion: When more than one student or person contributes to a piece of work that is submitted as
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the work of an individual;

4. Conspiracy: Agreeing with one or more persons to commit an act of academic/scholastic dishonesty;
and

5. Multiple Submission: Submission of work from one course to satisfy a requirement in another course
without explicit permission. Example: using a paper prepared and graded for credit in one course to
fulfill a requirement and receive credit in a different course.

Nonacademic Misconduct

The university respects the rights of instructors to teach and students to learn. Maintenance of these rights
requires campus conditions that do not impede their exercise. Campus behavior that interferes with either (1)
the instructor's ability to conduct the class, (2) the inability of other students to profit from the instructional
program, or (3) campus behavior that interferes with the rights of others will not be tolerated. An individual
engaging in such disruptive behavior may be subject to disciplinary action. The Office of Student Conduct
will adjudicate such incidents under nonacademic procedures.

Sexual Misconduct

Sexual harassment of students and employees at Prairie View A&M University is unacceptable and will not
be tolerated. Any member of the university community violating the university's sexual harassment policy
will be subject to disciplinary action. In accordance with the Texas A&M University System guidelines, your
instructor is obligated to report to the Office of Title IX Compliance (titleixteam@pvamu.edu) any instance of
sexual misconduct involving a student, which includes sexual assault, stalking, dating violence, domestic
violence, and sexual harassment, about which the instructor becomes aware during this course through
writing, discussion, or personal disclosure. The faculty and staff of PVAMU actively strive to provide a
learning, working, and living environment that promotes respect that is free from sexual misconduct,
discrimination, and all forms of violence. If students, faculty, or staff would like assistance or have questions,
they may contact the Title IX Coordinator at 936-261-2144 or titleixteam@pvamu.edu. More information can
be found at www.pvamu.eduttitleix, including confidential resources available on campus.

Pregnancy, Pregnancy-related, and Parenting Accommodations

Title IX of the Education Amendments of 1972 prohibits sex discrimination, which includes discrimination
based on pregnancy, marital status, or parental status. Students seeking accommodations related to
pregnancy, pregnancy-related conditions, or parenting (reasonably immediate postpartum period) are
encouraged to contact Student Disability Services or the Dean of Students' Office for additional information
and to request accommodations.

Non-Discrimination Statement

Prairie View A&M University does not discriminate on the basis of race, color, sex, religion, national origin,
age, disability, genetic information, veteran status, sexual orientation, or gender identity in its programs and
activities. The University is committed to supporting students and complying with The Texas A&M University
System non-discrimination policy. It seeks to establish an environment that is free of bias, discrimination,
and harassment. If you experience an incident of discrimination or harassment, we encourage you to report
it. If you would like to speak with someone who may be able to afford you privacy or confidentiality, there are
individuals who can meet with you. The Director of Equal Opportunity & Diversity has been designated to
handle inquiries regarding the non-discrimination policies and can be reached at Harrington Science
Building, Suite 109 or by phone at 936-261-1744 or 1792.

Class Attendance Policy (See the University Online Catalog for Full Attendance Policy)

Prairie View A&M University requires regular class attendance. Attending all classes supports the full
academic development of each learner, whether classes are taught with the instructor physically present or
via distance learning technologies such as interactive video and/or the internet. Excessive absenteeism,
whether excused or unexcused, may result in a student's course grade being reduced or in the assignment
of a grade of "F." Absences are accumulated beginning with the first day of class during regular semesters
and summer terms. Each faculty member will include the University's attendance policy in each course
syllabus.
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Student Academic Appeals Process

Authority and responsibility for assigning grades to students rest with the faculty. However, in those
instances where students believe that miscommunication, errors, or unfairness of any kind may have
adversely affected the instructor's assessment of their academic performance, the student has a right to
appeal by the procedure listed in the University Online Catalog and by doing so within thirty days of receiving
the grade or experiencing any other problematic academic event that prompted the complaint.

Technical Considerations

Minimum Recommended Hardware and Software:
¢ Intel PC or Laptop with Windows 10 or later version; Mac with OS High Sierra*
Smartphone or iPad/Tablet with Wi-Fi*
High-speed Internet access
8 GB Memory
Hard drive with 320 GB storage space
15" monitor, 800x600, color or 16 bit
Sound card w/speakers
Microphone and recording software
Keyboard & mouse
Most current version of Google Chrome, Safari, or Firefox

Note: Be sure to enable Java & pop-ups in the Web browser preferences

* Smartphones, Google Chrome books, and Android tablets may not be supported. iPads are the only tablets
supported.

Participants should have a basic proficiency of the following computer skills:
¢ Sending and receiving emalil
¢ A working knowledge of the Internet
¢ Microsoft Word (or a program convertible to Word)
e Acrobat PDF Reader
e Windows or Mac OS
¢ Video conferencing software

Netiquette (online etiquette)

Students are expected to participate in all discussions and virtual classroom chats as directed. Students are
to be respectful and courteous to others on discussion boards. Foul or abusive language will not be
tolerated. Do not use ALL CAPS for communicating to others AS IT CAN BE INTERPRETED AS YELLING.
Avoid slang terms such as "wassup?" and texting abbreviations such as "u" instead of "you." Limit and
possibly avoid the use of emoticons. Be cautious when using humor or sarcasm as tone is sometimes lost in
an email or discussion post, and the message might be taken seriously or sound offensive.

Video Conferencing Etiquette

When using Zoom, WebEXx, or other video conferencing tools, confirm the visible area is tidy, clear of
background clutter, inappropriate or offensive posters, and other distractions. Ensure you dress
appropriately and avoid using high traffic or noisy areas. Stay muted when you are not speaking and avoid
eating/drinking during the session. Before the class session begins, test audio, video, and lighting to
alleviate technology issues.

Technical Support

Students should go to https://mypassword.pvamu.edu/ if they have password issues. The page will provide
instructions for resetting passwords and contact information if login issues persist. For other technical
questions regarding eCourses, call the Center for Instructional Innovation and Technology Services at 936-
261-3283 or email ciits@pvamu.edu.

Communication Expectations and Standards
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Emails or discussion postings will receive a response from the instructor, usually in less than 48 hours.
Urgent emails should be marked as such. Check regularly for responses.

Discussion Requirement

Online courses often require minimal to no face-to-face meetings. However, conversations about the
readings, lectures, materials, and other aspects of the course can occur in a seminar fashion. The use of the
discussion board will accomplish this. The instructor will determine the exact use of discussion boards.

It is strongly suggested that students type their discussion postings in a word processing application such
as Word and save it to their PC or a removable drive before posting to the discussion board. This is
important for two reasons: 1) If for some reason your discussion responses are lost in your online course,
you will have another copy; 2) Grammatical errors can be greatly minimized by the use of the spell-and-
grammar check functions in word processing applications. Once the post(s) have been typed and corrected
in the word processing application, copy and paste to the discussion board.

COVID-19 Campus Safety Measures [NOTE: Delete this section when the COVID-19 pandemic is
over]

To promote public safety and protect students, faculty, and staff during the coronavirus pandemic, PVAMU
has adopted policies and practices to limit virus transmission.

e Self-monitoring - Students should follow CDC recommendations for self-monitoring. Students who
have a fever or exhibit symptoms of COVID-19 should participate in class remotely and should not
participate in face-to-face instruction.

e Face Coverings - Face coverings (cloth face covering, surgical mask, etc.) are recommended in
classrooms, teaching laboratories, common spaces such as lobbies and hallways, public study
spaces, libraries, academic resource, and support offices, and outdoor spaces where 6 feet of
physical distancing is challenging to maintain reliably.

e Physical Distancing - Physical distancing should be maintained between students, instructors, and
others in course and course-related activities where possible.

° Personal lllness and Quarantine -
Students required to quarantine are to participate in courses and course-related activities remotely
and must not attend face-to-face course activities. Students should notify their instructors of the
quarantine requirement. Students under quarantine are expected to participate in courses and
complete graded work unless they have symptoms that are too severe to participate in course
activities. Students experiencing personal injury or illness that is too severe for the student to attend
class qualify for an excused absence. To receive an excused absence, students must provide
appropriate documentation to the Office for Student Conduct, studentconduct@pvamu.edu.



End of Semester
Course Assessment Report

This summary contains the following Information

1. Performance Statistics

e Total number of students in class

e The class average performance (stated as %) in each course
outcome assessed in this class and the two previous times course
was assessed.
The acceptable class average for the class in each outcome area as
set by your Department. You cannot use any number of your
choice
Percentage of students who scored below the expected average in
each outcome.

2. Implementation Summary

e Brief summary of plans implemented during the semester based on
last assessment report

3. Perceived Problems
e Instructor’s critical evaluation of perceived problems that affected
students’ performance. Realistic problems should be identified
throughout the semester and summarized in this section of the
report.

4. New Plans for Addressing Problems
e Instructor’s plans for addressing the perceived problems the next
time the class is taught. These should be specific enough for
another instructor to implement. Most of these should be things
that, you, the instructor can implement to help students to
Improve. Be creative.
5. Overall Trend over last three assessment periods

e Instructors summary of overall performance trend for each
outcome measured over the last three periods.

5. Were Expectations Met?
Answer YES if the class average was above the expected average and the stated
percentage of students scored at or above the




Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
ELEG4339-P01 COMPUTER ORGANIZATION & DESIGN

SPRING 2021 SEMESTER

Report Prepared by: Drs. Xiangfang Li, Suxia Cui

Report Date: MAY 17, 2022
Qutcome 7
Number | An ability to acquire and apply new knowledge as needed, using appropriate learning strategies.
Semester Analysis Type of (i) Acquire new knowledge using the appropriate learning strategies
Student | (ii) Apply new knowledge to solve problems
S
I/EAxpected % Students Above Expected Class Average % Students Above Expected Average
verage Average
Spring 2022 Direct | 12 75 70% 80.1 91.6%
Spring 2021 Direct | 32 75 70% 84.8 90%
Spring 2020 Direct 7 75 70% 83 85%
In order to intrigue and involve students better, two projects are given this semester. The first
Implem project is based on Venus simulators, to ask the students get familiar with the simulator and
entation learn RISC-V assembly language programming. The second project is about modern processor
Summar ::> design. The students are asked to explore some modern processor based on the material learned
in the class, and other materials from online resources, technical papers, etc. A report is
y collected and a mini-conference is organized near the end of the semester to presents their
findings. It is hard to separate and allocate each project to each sub-outcome. The combined
score is used to evaluate the outcome.
Comparing to 2021, face to face delivery of the course materials are adopted in this semester. It
makes the feedback and communication much clearer. It is much easier to adjust the pace of the
Perceived course based on students’ understanding. In general, the teaching effect is much better.
Problems =>—> | This course of “computer organization and design” includes many very modern and timely
topics. In each semester, the time limitation is clearly observed, it is not easy to include every
aspect within the class time frame. The instructor always wish there are more time to cover
more topics, and the content itself is very broad, rich, and keep evolving. Hence, how to
encourage the students to explore the new knowledge independently based on the essential
foundation established in class is very critical and challenging at the same time.
The two projects solutions adopted this semester is very promising. The
Plans ft_Jr students practice the assembly language programing in project 1, and they
Addressing o actively learning the modern processor design in project 2. The effect of mini-
Problems conference is also very good. Not only students need to present their own
findings, they also could learn from other teams’ presentation. All the processor
case study are closely related to the what is happening/trendy in industry.
Similar methods will be adopted in the coming years, and each year, the project
topic should be keep evolving. Such project-based approach would promote
students’ active learning.
Overall =~ | Overall trend is improving. Students’ performance is satisfactory
Trend
over Periods
Were Average>70
Expectations %? and
Met? >70% YES

students avg.

>70%?




Grade Sheet Showing Student and Class Performance in Course Outcomes

ELEG 4339 Computer Organization and Design
SPRING 2022 Semester

Scores for ABET Outcome 7 (Total 12 students)

Recorg | Student (o) Project 2 (15%) (outcome 7) Met or
Presentation (5%) l?‘fgg}g V\f\i/g:‘:;g (>75)
1 93 83 80 gl Y
2 65 80 85 ol Y
3 85 80 85 ol Y
4 83 85 80 oo| Y
5 80 88 75 oe| Y
6 75 80 75 ol Y
7 75 88 85 81.6 Y
8 93 83 80 gl Y
9 40 80 85 | N
10 83 85 80 ool Y
1 85 85 80 es| Y
12 75 85 80 79 Y
AVERAGE 78 83.5 80.8 g0.1 | SLb%

over 75




ELEG 4339-P01 COMPUTER ORGANIZATION &
DESIGN

SPRING 2022

Title of Assignment: EXAML1

TOPICS COVERED IN EXAM1

Exam1 covered the following topics:

1. Computer abstractions and technology

Computer Performance, define computer performance in terms of
CPU time

CPI: Clock cycles per instruction

Amdahl’s Law

Instructions: Language of the computer

RISC-V assembly language

Operations of computer hardware, operands, different instructions
representation in computer

N

O @ g e
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ELEG 4339: Computer Organization & Design
Department of Electrical & Computer Engineering
PVAMU

Exam 1

Spring 2022

Name: (Print)_Jeohn Bax‘r‘CH_

(Sigwr. 22, Parecs BTf—

1 16 / 6
2 42 %Ci ‘,.(

3 12

[2-
4 10 IO
5 10 !O

6 12 IO
7 8 L}_

Total 110 -

0] .5

Instructions:

You have 80 minutes to complete this exam. This exam counts for 15% of your course grade.



(16pts) 1. Short answer (2 points each)
(1.1). Computer architect divide processors based on design criteria of instruction sets into
two broad categories: Complex Instruction Set Computer (CISC) and Reduced Instruction Set
Computer (RISC). Choose all the following characterristics that are applicable to RISC
Processor.
a. Variable-length instructions
Fixed-length instructions
¢. Many instructions (typically, hundreds)
Strives for a minimum instruction set
Each instruction perfoms a basic computation
f Each instruction can perfom an arbitraily complex computation

(1.2). Do the floowing changes to a computer system increase throughput, decrease response time,
or both?

Replacingthe processor in a computer with a faster version.

(1.3) Please describe the steps that transform a program written in a high-level language such
as C into a representation that is directly executed by a computer processor.

_ (1.4). Representing -510 in 8-bit binary number using 2’s complement
v L, => 101, => iﬁ—@mt’m

I z.o
.Z..I eLll,; =2-3510

j (1.5) Representing -510 in 32-bit binary number ysing 2's complement
oy  1111,111%,1111,2111, iz 1#/1117,7111,1011

~ (1.6) Which are five classic components of a computer? ; 7
K 2 7t , P 7%‘0;! ’ MP"# /

-
rd

(1.7) For a given function, whic?rlogram ing language likely takes more lines of code?

(a C ( (b) RISC-¥ Assembly language

/

I'\_,--"'/

(1.8) Whatis ISA? Please give ong example here.

/«,% e Jobf AnckZoronee
Reve AV~ *



(A ’0

(42 pts) 2. Medium answer (6 points each)

p (2.1). A program requires executing 100 million instructions on a processor which typically
U( with CPl of 2 and a 2GHz clock. How much t1me will the program take?

i (Zeome) Ter= (12266 (27 S
@ ﬁ-‘) Ha '"'-.

|
.

(2.2). Assuming variable a is stored in register x5, b is stored in x6, ¢ is stored in x7, and the

result & is to be stored in x8, what is the RISC-V assembly instructions equivalent to the C
statement

h = (a+b)- (¢-5)
Add x, x5 ,xé

G e TR Ai X1 XTI
5“6 XZ/)‘q xlo

-

(2.3). A given application written in Java runs 40 seconds on a desktop processor. A new

) Java compiler is released that inquires only 0.7 as many instructions as the old compiler.
Unfortunately, it increases the CPI by 1.1 time.

How long can we expect the application to run using the new compiler?

‘/0*0-?'1-1;&0.‘85@ e
” y (CPT) (0.7)(L
= Yo0= (#/ﬂ#)dgm, Tep, = (7t
7 _Foecg

(2.4). Translate the ¢ statement A[10] = h + A[4] to RISC-V assembley instructions,

assuming h in x10, base address of A in x18, and each array element is a word (32 bit)
(RV-32 is assumed here).

W x6 . Z6(x13)
Add x9 x 10, X6

Sw xAs Yo (x18)
k.

N,



L/ (2.5). Suppose a program runs in 100 seconds on a computer, with multiply operations
account for 70 seconds of the time. How much improvement in multiply operations’
performance to get the program to run 2 times faster?

100= M + O = 100 = 7o + 30

(2.6). When determine the CPU performance, CPU time is related to Instruction count, CPI
and clock rate. Please fill out the following table to check which aspects are affected by the
specific hardware and software component.

Instruction Count CPI Clock Rate
Algorithm \//, v
ISA v v v
Complier \/ e v
Programming \"\; "
language
e
\7/"") (2.7). Given a 32-bit binary number, please demonstrate the range it could represent in 2

different cases.
(a) case l: unsigened integer

o, 4244 767244 Lo, égz-—[}

(b) case?2: signed integer

i [~2214%483¢48 , 21474 BBCHF]




I }f (12pts )} 3. Consider two different implementation of the same instruction set architecture, The
' instruction can be divided into four classes according to their CPI (class A, B, C, and D),
Implementation P1 with a clock rate of 2.5 GHz and CPIs of 1, 2, 3, and 4.
Implementation P2 with a clock rate of 3 GHz and CPIs of 2, 2, 2, and 2.

Given a program with a dynamic instruction count of 1.0E6 instructions divided into classes
as follows: 40% class A; 30%class B; 20%classC; 10% class D

(a)  What is the global CPI for each implementation?
(b)  Which implementation is faster: P1 or P2? By how much?

Q) 7% = (Le) (- (D) § (Le6) (@ 3)(2) +Uee) (22)(3) + (1&6) (6. 1){4)= 2E¢

Flpds, ppy . W pedis . 2Ee
T mtin ™ Ze, =2
HGueda, < 26c (Pl . 2.2

-

Ze¢)(2 Teru, < (1E6)(2)
blIp, -, _“Iz——ﬁ)._g—’é)z)‘ - (3 ee)

Teay  3&
Tepus ~ 256412
(10 pts) 4.  Please provide the instruction type (2pts), binary (6pts), and hexadecimal

]IL L (2pts) representation of the following instruction, the table below is given for your reference.
add (add) " 0000000 | reg reg oco reg 0110011
sub (sub) R Q100000 rog g 000 reg 0110011
addi (add immediate)} I constant reg 000 reg 0010011
Tw {load word) i addrass reg 010 reg Q0000141
sw (store word) address reg address | 0100011

Lw x3, 100 (x22) )% “ a VM’“ "‘?W

mﬂwjoo 1911 o0, 010,00011,00 00011 ( B ey
L/

l --{Ji’wm?"\_ 2240= 10110

%0 .
06482152

(HEY)




[V

]'()

(10 pts) 5. Please change the following ¢ statement to RISC-V statements
if (i==j) {f = g+h} else {f = g-h};

Assume the register allocations are: i: Xx20; j: x21; f:x22; g:x23; h:x24

Else:

f—-g+h f-g-h

beﬁ x20, 221, HERE
LCS":&/; ),\22. J )(Z'b, ’-z'u

| U Thep xO(RO/EAT

" MERE:A x22,x23 224

) Exir:
(12 pts) 6.  Please change the following c statement to RISC-V statements.
Assume that base address of array A is in register x10, base address of arrav B is in register

x11, (assuming each array element is a doubleword (64 bit), each register is also 64-bit

wide). Variables register allocation are: c: x6, i:x7, andj: x8.

What is the RISC-V assembly code for the C statement? ~
s Ali1-B[j]

sl x x¥#:13

N _ %
Add(x1y, 210, xL2 %iw ,‘5’ {(O(_’a\j‘(c -
sli x13, x8; 3 .
A-JJ(@/XI?’-/ x13

== T
1d x14, (19

1d x15,0GLL)
Sub xb, 214,215

(8 pts) 7. Suppose the program counter (PC) is set to ox 4000 0000

(4 pts)(a) What range of addresses can be reached using RISC-V jump-and-link (jal)
instruction? } o8 ol gucrl
[-2697152, 2eq¢1sog => [Frecseoo ,oo.cFFFFE],Zfﬁ *

. N Fewed avrase
(4 pts)(b) What range sing RISC-V branch if equal (beq)
instruction?
% — C3 3y

~F<314q X2 ¢3
= EO000, D&

2% Yo% .2 wite  [-¥192 , 2w, =7 LFAFFES™
-1=4oes xz» Tl

- ” y
-6- [ 3 FFAEjeoo, Yosqd FFE]




RISC-V assemhly languago

T — — L ———— — N
Cotagary’ |5 Tns ] Exampte i 2 i ey : 1
ik Hmb:&@j e {,s_.:'ﬁ’- e J = F""l | L__..-. L ‘»ls:-!-.d.-q* il sl

Add acld x5, x6. x? xS - a6 + x7 Three regrster operands

Arithmetic Subtract zub x5, x6. x7 x5 — xb - x7 Three register operands

Add immadiate addl x5, xB, 20 x5 — x6 + 70 Used to add constants

Data transfer

Lobd doubleword

id x5,40(x6) x5 — Memoryixb + 40] Doubleword from memory to ragister

Store doubioword

sd x5,40(ab6) Memory[xs + 403 = x5 Coubleword from rogister 1o memory

Load woed iw x5.40(x6) x5 —~ Memory[as + 401 Word frorn memory to ragister
Load word, unsigned iwn x5.40(x6) x% — Memoryixf -+ 407 Unsigned word frorm memory to regist
Swre word sw x5.40({xb)

Memory[l=x6 + 403 — x5 Word from registar 1o maemory

Load haifword

It x5,40(x6) x5 = Mamory{xt + 40] Hattword from memory to register

Load halfword.

Thu x5.40(x6) xS = Memory{x6 + 407 Unaigned halfword from memory

unsigned 10 ragister

Store halfword sh x5.40(x6}) Memory{x6 + 401 — s Hatfword from registar Lo memory
Lond byte ib x5,40(x6) 2S5 = Memory[Ex6 + 407 Eyte from mamory to register

{oad byte. unsigned Thu »5,40(xé) x5 — Memoryfxt + 40) Byte halword from memory Lo regicta
Store byte sb x5.90(x6) Memoryl[x% + 40] — x5 Byte from register 1O memory

Shift

Load raserved Ir.d x5, (x6} xS — Memoryfx51 Load: 1st half of atoimie swap

Store conditonat s5C.d x7. x5, (6] Memory[x63 — x5: x7 = 0O/1 Store; 2nd half of atomic swap

Load upper Tuf x5, Ox12345 x5 = 0x1234A5000 Loads 20-bit consiant shifted left

mmediate 12 bits

And and x%. x&6. x7 x5 = x6 & x7 Trwoe rog. operands; bit-by-bit AND

Inclusne or or x5%, xe, x8 xS = x6 | x8 Tiweeo rag. operands; bit-bybrt OR
Logicat Exclusive or Aor x5, ®»6, x9 x5 = x6 * x99 Threa rag. operands; bitby-bu XOR

And iImmediate andi =5, =6, 20 | x5 — x& & 20 Bittry bit AND reg. with constant

tnciusivo or immediate orf x5, x&,. 20 x5 — x& | 20 Bit-by.bit OR rog. with consta

Exclusmve of immadiate xori x5, xb, 20 x5 — a6 ~ 20 Bit-by-bit XOR reg. with constant

Shift laft togiced s11 x5, x&, x7 x5 =.x8 €< =7 Shift left by registar

Shift right ogical srl x5, x6. x7 25 — x6 >» xJ Shift right by registor

Shift right anthmatic sra x5, x6, A7 xL — xB >> x7 Arithmatic shift right by register

Shift ieht logical s114 5. x6, 3 x5 — x6 << 3 Shift left by immadiato
immediata
Shitt right logical srii x5. x6. 3 xS = %6 >»>> 3 Shift right by immediatoe

immediate

Shift right arithmetic
immeadiata

srai x5, x5, 3 x5 ~ x6 2> 3 Arithmatic shift right by immediate

Branch if equal

beq x5, xb, 100

if (x5 == x6) go Lo PC+100 | PG+elative branch if registers equal

Branch if not equat

bne x5, x6, 100

if (x5 != x6) go fo PC+100 |PC-elative branch if registers not equall

Branch if less than

bit x5, x6, 100

if {x5 < x6) go to PC+100 |PCrelative branch if registers less

Conditional

Branch if greater or
equal

bge x5, x6. 100

if {x5 >= xR} g0 to PC+I00 | PCrelative branch if registers greater

or equal

branch

Branch if less, unsigned

bitu x5, x&, 100

if (x5 ¢ %6 go to PC+100 | PCvelative branch if registers less

Branch if greatr/eq. bgeu %A, x&, 100 | if (x5 >= x6) ao to PC+100 | PCrelative branch if registers greater
unsigned or equai
Ynconditional| fump and link jal &1, 100 il = P(+4; go to PC+I0D PC-relative procedure call

branch Jump and kink register [ jalr x1, 100(x5) [x1 = PC+d; go to x5+100 | Procedure retum; indirect call
Riype funet? I 152 st | functd rd opeode Avithmetic instruction format
Hype mmediate{11:0] rsi funct3 i opcode Loads & immediate anthmetic
Stype immedj11:5] 152 151 funct3 | immed|4:0} opcode Stores

SBiype immed{12,10:5] 152 sl funct3 [immed{4:1,11}]  opcode Conditional branch format
UHype immediate[20,10:1,11,19-12] rd opcode Unconditional jumg format
Hype immediate[31:12] rd opcode Upper immediate format

Information page
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ELEG 4339: Computer Organization & Design
Department of Electrical & Computer Engineering
PVAMU

Exam 1

Spring 2022

Name: (Print) NaSW pdk.
signy [NAAE P de'/

1 16 ;’5/

2 42 s

A
2

5 “ _10 | [O
6 12 [ U
7 8 Or5

Total 110 98

Instructions:

You have 80 minutes to complete this exam. This exam counts for 15% of your course grade.



(16pts) 1. Short answer (2 points each)
,_,/ (1.1). Computer architect divide processors based on design criteria of instruction sets into
two broad categories: Complex Instruction Set Computer (CISC) and Reduced Instruction Set

Computer (RISC). Choose all the following characterristics that are applicable to RISC
processor.

A. Variable-length instructions

K ,,wixcd-length instructions

¢. Many instructions (typically, hundreds)

(d)Strives for a minimum instruction set

e.Each instruction perfoms a basic computation

f. Each instruction can perfom an arbitraily complex computation

< —(1.2). Do the floowing changes to a computer system increase throughput, decrease response time,
\ \ or @_t ?
Re&cing the processor in a computer with a faster version.

L inclegses thraugkput ard response Line

=~/ (1.3) Please describe the steps that transform a program written in a high-level language such
as C into a representation that is directly executed by a computer processor.

WL ‘? ASSCN'D'\‘) Languoge -7]-—' Imachire larymgc

Comp ler Psscrmble
(7/ (1.4). Representing -510 in 8-bit binary number using 2’s complement

Q00 0101 \O\QW\OH

. IR
"ﬁ'y (1.5) Representing -5:0 in 32-bit binary number usingl 3"s\fgrlnpl_ement
Caoe €000 Th1> 0% TEv P70 Tate [ 1w iy v ey nn- ol

Pt I “ll TR (AR ARV R} IOl?

(\l/ 3 (1.6) Which are five classic components of a computer?
Input | OUtpat emed) c/aiapaj. Control
L 5
(L, (1.7) For a given function, which programminfg language likely takes more lines of code?
' (ay C @ RISC-V Assembly language

\\< (1.8) Whatis ISA? Please giv&;one example here.

Trstiutkin 3¢+ architeciae and ae exampk 15
Vouws haw i+ effect haw He processer 5 setap 4S oF Cffects

He instuciin CountCloct ruk, Gnd €Xecatin Line
S7.



10 O, Ooo
,0u, O | 0o, 060

LHZ (42 pts) 2. Medium answer (6 points each)
]0 (2.1). A program requires executing 100 million instructions on a processor which typically

with CPI of 2 and a 2GHz clock. How much time will the program take?

TC =N e = AL (IXIMA(R)

erl=1 T
SIS | bme 20s6c . |

b (2.2). Assuming variable « is stored in register x5, b is stored in x6, c is stored in x7, and the

result & is to be stored in x8, what is the RISC-V assembly instructions equivalent to the C

T eren | add g, X7,-5
C=\3, add %9, XS, #t
h=%§; LSU\: X8, X1, X8

f (2.3). A given application written in Java runs 40 seconds on a desktop processor. A new
B Java compiler is released that inquires only 0.7 as many instructions as the old compiler.
L/ Unfortunately, it increases the CPI by 1.1 time.

How long can we expect the application to run using the new compiler?

‘E\Nc :ICA * CP\0¥T'£0 | .
e —03TCA el KT =0T XM 30kt |
Ty e

i 9 ¢

g (2.4). Translate the c statement A[10] = h + A[4] to RISC-V assembley instructions,
g‘ assuming h in x10, base address of A in x18, and each array element is a word (32 bit)

(RV-3215/aSﬂl_mﬂd—hel‘ :
=R, LW X, 16 (X189

base A= N8, ERUSTR

Sw X9 )33(\(\8\




i (2.5). Suppose a program runs in 100 seconds on a computer, with multiply operations
L/ account for 70 seconds of the time. How much improvement in multiply operations’
performance to get the program to run 2 times faster?

90 4 30 = 5% = %hizo =52
N

~20 __3_5.)—

'-l%: Ao

\heis )

[:»/ (2.6). When determine the CPU performance, CPU time is related to Instruction count, CPI
and clock rate. Please fill out the following table to check which aspects are affected by the
specific hardware and software component.

Instruction Count CPI Clock Rate
Algorithm \/ \/
ISA N VA vV
Complier ‘\/ ) 1-;
Programming \ '
language V = \/

(2.7). Given a 32-bit binary number, please demonstrate the range it could represent in 2
§ different cases.

(a) case l: unsigened integer L O \ a?’)_‘ -3

(b) case?2: signed integer[ 3 3\
. ~d ) 2 -‘]
&
g 9




lass A= (1x10M(0.uod = ¥xI0% P pn
TC | dase = (x1eH(0.20>= 37\'% CR=a.56He ck=3(He
'_" Closs (= (1XI0%) (0. A= a%|0 (pl =1a3.4 CH =320
Class D= (D01 T 105

) (12pts) 3. Consider two different implementation of the same instruction set architecture. The
L} instruction can be divided into four classes according to their CPI (class A, B, C, and D),
Implementation P1 with a clock rate of 2.5 GHz and CPIs of 1, 2, 3, and 4.
Implementation P2 with a clock rate of 3 GHz and CPIs of 2, 2, 2, and 2.

Given a program with a dynamic instruction count of 1.0E6 instructions divided into classes
as follows: 40% class A; 30% class B; 20% class C; 10% class D

(a) What is the global CPI for each implementation?
(b)  Which implementation is faster: P1 or P2? By how much?

oA blokt CP1 =(B)( N9 ( 3xi0°)(a) 1 (2xio®)(3) + (g (4) =\ XK -
Py, Clobal CPL= (Unias)) + (3x10(2) 3 (Axje")(2) +(10)H 2 ) ax/ob = w;; crl J

‘ ot o gxio™
Libe 1= asaed = SO c.;xla*f = 12 Pl D

Y it oy
Jc\\rvtn‘”\'(wo“> - C”("“j? PA‘—'I'S |2 {"m ﬁst

}. (10 pts) 4. Please provide the instruction type (2pts), binary (6pts), and hexadecimal
(2pts) representation of the following instruction, the table below is given for your reference.

A Golabal CP
XY= p1

|

il

nstroction Format UnCt’ _' 2 |y 5] | funct3 | opcode
add (add) R 0000000 | reg reg 000 reg 0110011
sub (sub) R 0100000 | reg reg coo reg 0110011
£y Eres -.'=(.;.‘- | immedlate) sl '“1-'.-:."'1'"-"4‘. ! o 1 opca
| addi {add immediate) 1 constant rigl o000 reg 00100121
|
Tw (load word) | | address e 010 reg Q000011
instruction | Format | immea!|irs2 | 1 | funct3 |immod| opcada |
i | |ri-iate [ | 3 | -iate | -
! sw (store word) I 8 | address | reg  reg 010  address 0100011
Lw x3, 100 (x22) ’

* T -Wpe
* 0010 OlU]



[ o (10 pts) 5. Please change the following ¢ statement to RISC-V statements

if (i==j) {f = g+h} else {f = g-h}; (=Xa0;

1B CIF
Assume the register allocations are: i: X20; j: x21; f:x22; g:x23; h:x24 J Ao

@ f=x,
= \ad]
bhe Xao, %l Elsc | 9=
f-g+h ey adA Xaa)xag)le} h:ﬁﬂj
b(’{ XO|XOL.E**" F
l Else : Sub XaaqXas xad
Feit: X
‘i\(ﬂr. >
S——"
O (12 pts) 6.  Please change the following c statement to RISC-V statements,
\ Assume that base address of array A is in register x10, base address of array B is in register

x11, (assuming each array element is a doubleword (64 bit), each register is also 64-bit
wide). Variables register allocation are: c: x6, i:x7, andj: x8.
What is the RISC-V assembly code for the C statement?

c = Ali] -B[j]

s A= 410, i XF X3
aase 6= Wb odd ylo,Xi0,X¥ @k]}ﬁ% Alocsct

L=X ld %% ,0(xlo)
1 =¥, Wi X%, 4§, 3
J=XE, add W1 \XIHX3
\d  X§ ,a(xio)

_Sub Xby X}, X§

O ts’ (8 pts) 7. Suppose the program counter (PC) is set to ox 4000 0000
r

(4 pts)(a) What range of addresses can be reached using RISC-V jump-and-link (jal)
) o
instruction? [0 9\‘3___ 3 \.\ /

) /

(4 pts)(b) What range of addresses can be reached using RISC-V branch if equal (beq)

instruction?
[ ~a K \ B\q - :\\[



RISC-V assembly language

[ Catmiery | [ bnatraction  HE | SR ampie

T

I

Monning

(Ve | B i o

TR 7 ]
Sk Commente BTN

Add add x5. x6. x7 x5 = x6 + x7 Three register oparands
Arithmetic Subtract mab x5, x&6. =7 x5 = xb - x7 Three register operands
Add irmmediato addi x5. x&, 20 x5 = x6 + 20 Used to add constants

Load doubleword 1d x5.400x6) x5 = Memoryfx&6 + 440) Doubleword from mermory o register
Stora doubloword sd x5,40(x6} Mazory[x6 + 401 — x5 Doublaword from registor to momory
Load word Iw x5,.40(x61 x5 — Memoryix6 + 40] Wond from memmorny to registar
Load word, unsighed Iwu x5.40{k6) x5 = Momoryix6 + 40] Unsigned word from memory 1o regist
Store word sw x5,40(x6) Meporyixb6 + 4031 — xS ‘Word from ragister to mamory
Load halfword 1h x5, 40(x6) x5 — Memory(x6 + 407 Hatfword from memaorsy to register
Load halfword, Thu x5,40(x8) % — Memory{x6 + 401 Unsigned halfword trom memory
Data transfer| ynaigned to ragister
Store halfword sh x5_40(x6) Momory[x6 + 401 — x5 Hatfword from register 1o Memory
Load byte 10 x5.40(x6) 15 — Memoryl[x6 + 40] Byte from memory to registec
Load byta. unsigned Tbu x5_40(x6) x5 = MemoryIxbé + 401 Byte hatfword from memory WO fogisto
Siore byte sb x5_40{x6) Momory[x6 + 403 ~ x5 Byto from regisier 10 memory
Load resenrned Ir.d x5. [(x6)}) x5 — Memory[x6l Load: 1st half of atomic swap
Store conditional sc.d x7, x5, (x6] Memory[x6] — x&: x7 — 0O/1 Swire; Z2nd hatt of stomic swap
Load upper Tut x5, 0OxizZ3i45 x5 = Ox12345%000 Loads 20.bit constant shifted left
immadiate 12 bits
And and x5, x6. x7 x5 — x&6 & x7 Threo rag. operands: bit-by-bit AND
Inctusive or ar x5, x6, x# x5 — x6 | =8 Threo reg. operands; bit-bybit OR
Exclusive or xor xS, x6. =9 ah -~ x& » x9 Threo reg. operands; bit-trvbit XOR
Logmcal = - "
And immadiato angi ub6, =6, 20 x5 — x6 & ZD Bit-by bit AND rog. with constant
Inclusve of immadinte orf x5, »6. 20 A% = x6 1 20 Bit-by-bit OR rog. with consta
Exclusive or immediate xoril x5. xB6. 20 x5 = x6 ~ 20 Bit-by-bit XOR reg. with constant
Shift lafl logical 511 x5, x6. x7 x5 = A6 << x7 Shift laft by register
Shift night logical sri x5, =6, =T x5 «~ x&6 2> x7¥ Shift right by registar
Shift right arithmatlc sra x5, »x6, x7 x5 = x6 »3» x7 Arithmetic shift right by registor
Shift left logical 5114 x5, =6, 3 x5 — x6 << 3 Shift taft by immediato
Shift immadiato
Shift right logical srli x5, x6, 3 xS — xb »*> 3 Shift right by immediate
immeadiate
Shift right anthmalic sraf x5. xb. 3 x5 —~ x86 3 Aritnmaetic shift nght by immadiata
immeodiate
Branch if equal beg x5, x6, 10G | if (x5 == x6) go to PC+160 | PCrelative branch if registers equal
Branch if not equal bne x5, xb, 108 [if (x5 != x6) go to PC+100 | PCrelatwe branch if registers not equal
Branch if less than bt x5, x6, 100 jif (x5 < x6! go to PC+100 |PC+elative branch if registers less
Branch if greater or bge x&, x6. 100 |[if (x5 >= x6) go to PC+100 | PCrelative branch if regsters greater
Conditional | €ava! or equal
branch Branch if less, unsigned | bite x5, x&, 100 [if {x5 < x6) go to PC+100 |PCrelative branch if registers less
Branch if greatr/eq, bgeu x5, x6, 100 | if (x5 >= x6) go to PC+}00 [PCrelative branch if registers greater
unsigned or equal
Unconditional| Jump and link jal x1. 10¢ x1 = PC+4; go fo PC+100 PCelative procedure call
branch Jump and fink register | jalr x1, 160(x5) | X1 = PC+4; 9o to x5+100 Procedure retumn; indirect call
¥ ; . .['f
Rype funct? l 152 15l funct3 rd opeode Arithmetic instruction format
Hype immediate[11:0] 151 funct3 rd opcode Loads & immediate arithmetic
Stype immed[11:5] 152 sl functd | immed[4:0] opeode Stores
SBtype immed[12,10:5] 52 sl functd (immed[4:1,11]|  opcode Conditicnal branch format
UHype immediate(20,10:1,11,19:12] rd opcode Unconditional jump format
Uype immediate[31:12] rd opeode Upper immediate format

Information page



BELOW AVERAGE




Below Average Student Original Graded Assignment



ELEG 4339: Computer Organization & Design
Department of Electrical & Computer Engineering
PVAMU

Exam 1

Spring 2022

Name: (Print) K\:_\J{Z N DN

(Sign)@&“

1 16

—
P
:Y\V\

2 42 28
3 12 Q
4 10 5’
5 10 [D
6 12 O
7 8 O

Total 110 l[) ([_/

Instructions:

You have 80 minutes to complete this exam. This exam counts for 15% of your course grade.



[ >
f"(f6pts) 1. Short answer (2 points each)
(1.1). Computer architect divide processors based on design criteria of instruction sets into
L \ two broad categories: Complex Instruction Set Computer (CISC) and Reduced Instruction Set
Computer (RISC). Choose all the following characterristics that are applicable to RISC
processor.
Variable-length instructions
\/@ixed-length instructions
. Many instructions (typically, hundreds)
Strives for a minimum instruction set
ach instruction perfoms a basic computation
f. Each instruction can perfom an arbitraily complex computation
“1 4 (1.2). Do the floowing changes to a computer system increase throughput, decrease response time,
" or both? ;
Replacing the processor in a c/qﬁiputer with a faster version.
U (1.3) Please describe the steps that transform a program written in a high-level language such
as C into a representation that is directly executed by a computer processor.

")/ (1.4). Representing -510 in 8-bit binary number using 2’s complement

= O o) B y
U T (A -5S=1h '?_U
—{f\ll]‘B—,L‘—" \_/ -~
")~ (L.5) Representing -50 in 32-bit binary number using 2’s complement )
BERD COED HEOD Voo LOODO Qued LOBD O‘CT
Favy s Lyavyy ) iy My ) vy R Ty \(D,
-< = \\\\_1\:\,'ru ( |'|,|_.,'\',', T ,“'.'. MI_LQ_\-\ N

(1.6) Which are five classic components of a 'comEuter?

|~ (AU P ema A peth ) coniro)

L. L

(1.7) For a given function, which programming language likely takes more lines of code?

')/ (a) C @ RISC-V Assembly language

[:) (1.8) What is ISA? Please give one example here.

e e = M



@:"'/(42 pts) 2. Medium answer (6 points each)
(2.1). A program requires executing 100 million instructions on a processor which typically

2 \/ with CPI of 2 and 22GHz clock. How much time will the program take?
[ rd

/ (2.2). Assuming variable a is stored in register x5, b is stored in x6, c is stored in x7, and the
l_\,\x result £ is to be stored in x8, what is the RISC-V assembly instructions equivalent to the C
statement

h = (a+b)- (c-5)
adei % 32 X&)~
add Yzl XS ¥&

50 X T) X222 ¥

O¥

{ (2.3). A given application written in Java runs 40 seconds on a desktop processor. A new
D ' Java compiler is released that inquires only 0.7 as many instructions as the old compiler.

Unfortunately, it increases the CPI by 1.1 time.
How long can we expect the application to run using the new compiler?

-1 AL I

ﬁj (2.4). Translate the c statement A[10] = h + A[4] to RISC-V assembley instructions,
' assuming h in x 10, base address of A in x18, and each array element is a word (32 bit)

(RV-32 is assumed here).

[l %1 /@(X\éa

add  xa, w0, %1
S W yo)” Lol x &



: (2.5). Suppose a program runs in 100 seconds on a computer, with multiply operations
account for 70 seconds of the time. How much improvement in multiply operations’
performance to get the program to run 2 times faster?

i
[0O% 3p135

! ©
PR Rt

Z
gb = 72— -
n e )
N =12
T N A3.
C; (2.6). When determine the CP ormance, CPU time is related to Instruction count, CPI

and clock rate. Please fill out the following table to check which aspects are affected by the
specific hardware and software component.

Instruction Count CPI Clock Rate

Algorithm \/ v
ISA J v v
Complier \ ~/ /

Programming \— "\’]( - /

language

.,fﬁ_ﬁﬁ (2.7). Given a 32-bit binary number, please demonstrate the range it could represent in 2
’ different cases.

L, @ el gl s oHS Range (52147430
3 . naoms
(b) case?2: signed integer [_,O v t;- 2"J
rARENE Y IR
% ’7
Porxg. - 2140745 3z, 21U 1473 641
N

orpnendt wi!l ok



instruction can be divided into four classes according to their CPI (class A, B, C, and D),
Implementation P1 with a clock rate of 2.5 GHz and CPIs of 1, 2, 3, and 4.
Implementation P2 with a clock rate of 3 GHz and CPIs of 2, 2, 2, and 2.

ﬁ; (12pts ) 3. Consider two different implementation of the same instruction set architecture. The

Given a program with a dynamic instruction count of 1.0E6 instructions divided into classes
as follows: 40% class A; 30% class B; 20% class C; 10% class D

(a)  What is the global CPI for each implementation? \/

(b) chim mentatlon is faster: P1 or P2?_ By how much?
A Yo [ D (2x T O BB ks

O T X/
B 2.5 W7 %
(A FPZ2= (2 HY 4 (2x ) 41z %2 —f{Zx 1) %,lb: N
By 187 v’
Gzl CPL 1= (w & YIS aS}’ef‘><d
(-ldocl (PE7 = (Q.cocn#fog“)y[?‘&l* ) | oy ,ﬂuca, gsecen 3

= [
(10 pts) 4. Please provide the instruction ty;*/ Zpts), binary (6pts), and hexadecimal
? (2pts) representation of the following instruction, the table below is given for your reference.

- unct3 |

add (add) : [ ooooooo; reg reg 000 0110011

Feg
sub (sub) [ R 0100000 o reg 000 reg | 0110011
natruc .-.-_. 4 | A .._.._- - : .
: addi (add immediate) | | constant reg o00 reg 0010011
1w (load word) | I address reg 010 reg 0900011
sw (store word.) 1 =5 addrass FeEgt reg oL address | 0100011

Lw x3, 100(x22)\/ Y;i]l__ tlotd+2

e @ — ~
(,u3€ Lo 6o OIL ’O '

_ oL
ﬂ(umrs Lo ~ /241

jmedades D\ V@O te V —
Shro olp oo Folie voole! |

Do O O tee < v
CqZBO3z \(/
N—-__—-""'_FFFFI-F._'—

LR



] O (10 pts) 5. Please change the following ¢ statement to RISC-V statements
' if (i==j) {f = g+h} else {f = g-h};

Assume the register allocations are: i: X20; j: x21; f:x22; g:x23; h:x24

j=§ Pj Ione- 7(2‘9/7(7’\/18,":&/
A K TL g ey

Else: bec\ ¥ O/YO/Q)\I“"
A A Elg. sus X 22 ¥ 23 w2

Exix "

!
!

Fx t»

(12 pts) 6.  Please change the following ¢ statement to RISC-V statements.

O Assume that base address of array A is in register x10, base address of array B is in register
x11, (assuming each array element is a doubleword (64 bit), each register is also 64-bit
wide). Variables register allocation are: c¢: x6, i:x7, andj: x8.

What is the RISC-V assembly code for the C statement?
¢ = A[i] -B[j]
Rdﬂl X

(8 pts) 7. Suppose the program counter (PC) is set to ox 4000 0000

(4 pts)(a) What range of addresses can be reached using RISC-V jump-and-link (jal)
instruction?

(4 pts}(b) What range of addresses can be reached using RISC-V branch if equal (beq)
instruction?



RISC-V assembly language

- — e e e e o e ey ek - E—

uihz,*:aﬂ”_i cuction |7 Exemele’ C ] Memning 0 | T cemmenain |
add x%. x6. x7 xS — x& + x7 Three ragister oparands
Arithmetic Subuacl sub x5, w6, n7 x5 = x6 - x7 Thwee register oparands
Add immodiate add) x5, x6. 20 x5 — x6 + 20 Used w add constants

Load agoubleword Td x5.40(x5) x5 — Memoryfx& + 40)] Doubleword from memory 1o registar

Data transfer

Storae doubloword

50 x5_.4A0(x6)

Memoryxb6 + 403 = x5

Doubloword tram rogister to memory

Laad word

Iw x5.40(x6)

x5 = Moemoryl[x6 + 40]

Word from memory 1o raggister

Load word. unsigned

lwu »x5.40(x61}

x5 — Memoryfix6 + 40]

Unsigned word from memory 10 reagis!

Store woed

sw x5.40(x6)

Magnory[x6 + 403 =- x5

Word frofm ragistar 10 mamosy

Load halfword

Ih x5.40(x6)

x5 = Memory[x6 + 407

Halfword from memory to register

Load halfword,

Thu x5,40(x6)

»5 = Memory[x6 + 407

Unaigned halfword from maemory

unsigned to register
Store holfword s5h x5.,40(x6} Memory[xe + 407 — a5 Hatfword from ragistor to memory
Load byte 1b x5,40(x6) x5 ~ Magmoryix6 + 401 Byte from memory 10 rogistor
Load yte. unsigned Tbhu x5.40(x§E) xS — MamoryIxE + 407 Byte halfword from memory to rogiste
Store byte s5b X5,.40(x6) Mgmory[Lx6 + 40] ~ x5 Byte from regisiar 1o Memory
Load resarved ir.d x5, (x5) %5 — MemoryixiG] Load: 15t hali of atomic swap
Store conditional sc.d 7. x5, (x6}) Memory[=x6] — x5: x7 = 0i/1 Store; 2nd half of atomic swap
Load uppoer Tui 5. OxIZ2345 | x5 — Ox12345000 Loads 20-bit constant shifted 161t
immaediate 12 bits
And and x5. x&6. x7 x5 = x6 & x7 Three reg. operands:; bit-by-bit AND
Inclusive or or x5, x&., x8 xh — x6 | =8 - Three rag. operands; bit-bybit OR
— Exciusive or xor x5, x6. x9 x5 — x6 ~ x9 Three reg. operands; bit-bybit XOR
Logica And immediote andi w5, x6, 20 | x5 — %6 & 20 Bitby.bit AND reg. with conatant
Inclusivo or immadiate ort x5. x6, 20 %5 ~ x6 | ZaQ %] Bittry-bit OR reg. with consta
Exciusive or immediate xQri x5, aG6, Z0 x5 - x6 ~ 20 Bit-by-bit XOR reg. with constant
Shift lof logics) s11 x%. x6, x7 x5 — x5 < x7 E Shift Nt by registar
Shift right logical srl x5. x6. x7 x5 ~ x6 ?» =7 7 Shift Aght by register
Shift right anthmatic sra x5, x6, x7 x5 = x6 P> x7 ¥ Adthmatic shift right by rogister
Shift loft fogicel =311 x5. x6. 3 *5 — 26 << 3 Shift loft by immodiato
Shft immediate
Shift right logicat srii xS, =6, 3 A5 = x6 3> 3 Shift right by immediate
immediata
Shin right anthmetic srai x5, x5, 3 x5 ~— x6 >» 3 Arithmatic shitt right by immadiate
immodiato
Branch if equal beq x5, x6, 100 |if (x5 == %6} go to P{+100 | PCrelative branch if registers equal
Branch if not equal bne x5, X6, 100 |if (x5 != x6} go to PC+100 | PCvelative branch if registers not equall
Branch if less than blt x5, x6, 100 |if (x5 < x6) go to PC+100 | PCrelative branch if registers less
Branch if greater or hge x5, x6, 100 {if (x5 >= %6} 9o to PL+100 | PCrelative branch if registers greater
Conditional | eaual or equal
branch Branch if less, unsigned | bitu x5, x6, 100 | if (x5 { 26) go tc PC+100 |PCelative branch if registers less
Branch if greatr/eq. bgeu x5, x6, 100 | if (x5 »= x6) go to PC+190 |PCrelstve branch if registers greater
unsigned or equal
Unconditional| Jump and link jot xl. 100 xl = P(+4: go to PC+100 PCrelatwe procedure call
branch Jump and link register | Jalr x1, 100(x5) | x1 = PC+4; go to x5+100 Procedure retum; indirect calt
i i_. I ] it .". i
R-type funct? I 152 rs1 funct3 rd opcode Arithmetic instruction format
Hype immediate[11:0] 151 funct3 id opeode Loads & immediate anthmetic
Stype immedi{11:5] 152 ts1 funct3 | immed[4:0] opeode Stores
SBAype immed{12,10:5) 152 51 funct3 limmed(4:1,11]|  opecode Conditional branch format
UHype immediate]20,10:1,11,19:12} rd opeode Unconditional jump format
Utype immediate{31:12] rd opeode Upper immediate format
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ELEG 4339: Computer Organization & Design
Department of Electrical & Computer Engineering
PVAMU

Exam 2

Spring 2022

Name: (Print) X avieS DU\ KOS

(Sign) W/
1 17 / é | {

2 30 770

3 10 8

4 10 o g"

5 19 )

6 14 Jlf :)L
[

Total 100 ? O

Instructions:

You have 80 minutes to complete the exam. The exam totals 100 points; the points for each
problem are indicated. This exam counts for 15% of your course grade.



(17pts) 1. Short answer

(2pt)(1.1). Which of the following he
’} a.27.35x 10°

s to normalized scientific notation.
c.0.2735x 10°

on

,_\/ (2pt) (1.2). Is the IEEE 754 sing -prec131o/n‘floatmg point number

@)11 0001 1000 1110 1111 09GO 0000 0000
a. positive IB
&

r)/ (Zpt) (1.3). Name the special purpose register that stores the address of the next
instruction to be fetched from memory.

Answer: P"f‘f}f a;’/ Counif ( PC)

(2pt) (1.4). In the integer multiplication, if ).tfé ignore the sign bits, what is the length of the
product of a n-bit multiplicand and an m-bft multiplier ?
an bm c2n d2m .n-m g. None of the above

é (3pt) (1.5) What is overflow and underflow for floating point arithmetic?
N Oves Flow = yaiues  rpd exceeo!ed grea rest  Pogstble maﬁnf hude  thar
1% (o PleSentvble  a_- / S

Yo / Gman [ Clese oo Zelo twat {TL‘(’—)' Cank
;lr)bU") VameS
Uumld A‘PGMLQO\

(Bpt) (1.6) Of all the avaﬂable datapath components, please specify (place a checkmark)
whether the component will be needed for the execution of instruction: 1d  x1, 400(x2)

Yes NO
® 0O jz,«éction memory
& 0O ALU

O} Register file
A Immediate generation unit
O Data memory

—

p—

(3pt) (1.7). For the following RISC-V instrucitons, they will use the alrithmetic-logic unit
17 (ALU) after reading the registers, please explain what is the function of ALU for each

/ instruction.
= ALU function i
Preform  Addtss FxI9 T
a: ADD xIS5, x16, x19 5 rerom  Addidien X[, + X7 o7
b: SD  x2, 200(x) Calculote  Mem, hdsess  voe 10
e <
c: BEQ x3, x4, offset Decisien {o  take  blanch

Sees ¥ %3 ‘?xt{ Value$ are
1

%_‘ff" 3 Subttacys 9L (roculi

then (ng(/h



(30pts) 2.
(10 pts) (2.1) Given a 32-bit binary number, please demonstrate the range it could
represent in 3 different cases.

/y (2 pts)(a) case I: unsigned integer 31 S
n
O 2 a - ) [O 3 o

f)/ (2 pts) (b) case 2: signed integer

-l n-)
Casa -1 = c\m/a)
(6 pts) (c) case 3: single-presion IEEE 754 floafifig-Point representation (please show the

. tughe
reseasoning). frude Alest M agﬂ
F)(Pﬂﬂﬂ/\'&’ Voalue Lﬂfgv&‘.)‘t Ma?f‘ ’ 35“" 133 omete Ia?

oo--- ¢ fecial )
. }C/ S £ [anhn.d xa + 1,000 o_*a
ll\laa"‘ F e — ! - —‘Kg

i '
./\, +&0*a |+ J'@mmwi—fg{--#
| S

doc imals = olmast g

l 4 ool
o (10 pts)( (2.2) What is the decimal value of this I[EEE 754 smgle—grecmon floating point
\ number | % 8> T ool ) E 99
(10110001 1000 1110 1111 0000 0000 0000
99-137F

(l’rOoouloHH)*&

-l.ooollfon" *D‘/

l O (10pts) (2.3) Please represent the decimal number: -213.75 using single-precision

Y floating point [EEE 754 standard. 213
=R x = (—1)° x {1+ Fraction) x 2(€xonent-8ias) 2% 64 33 L % 43
_L | | o | o |
,“5 124 - %
2 (—l) *( | + lololoul)*& 015 %2 =1.5
S ¥a= e

lioltelol, |l

] 1 loooo 1o | Lotol o111 000000 00000000 Jelelels

o (—)[.lolololll * 4
.--""'-.- o 1
\/””" AP oot one

1 | bre  §mPiveg

7 +127



C{Hff out B

| 12
(10 pts) 3. ngrﬂow \-?I@OO.,.OOE-

Assume the registers x5 and x6 hold the values as follows:
x5: Ox BO0OO 0000 0000 0000 x6: 0x 9000 0000 0000 0000

II.

(3.1) (i) what is the value of x30 after execution of the following assembly code?
% (ii) Is the result in x30 the desired result, ot has there been overflow?

I S
_‘

Add x}?__,"_ XSL_XQ ) @YB OU Guoe ool oooo,A

| N ) A ed  lesuit
Pfgdt{(es ovesflow aSLL)ﬁO e 55 Not the dessr e5u)

; v % Produces an  (accouned Corty Bt L
J( (3.2) (i) what is the value of x30 after execution of the following assembly code? dufrtng + 5 +

(i) Is the result in x30 the desired result,/orﬁas‘{ham_b@n overflow" adging
B = '

—

@x o *
Sub x30, x5, x6 --_0_\(_9_2__ Q KQO()O coc  ©o0oo Ooo?)g

oXY G "\_,,L P

Z_E) )ves £48g TS Carre({ UxGUeJ'J:IauJ Cont Occwr  WTHh  vajues

Lk 02 gn duirag  Subbacsken  op
(10pts) 4.  Integer multiplication. We will use 8-bit binary nufnber as a case study

(Spts) (4.1) the follwing diagram demonstrate the first version of multiplicaion of two 64-

bit binary number, Please revise it to perform the two 8-bit binary number
multiplication.

S=— * 3

Multiplicand ]
Shift left [ //

128 tns L/
v

Multiplier
Shift right

64 bits

A Pt
A “H:[,L;J—:\Fd

-

N
128-bit ALU

Y

Product
Wri

128 bits |

Control test

\/

(5pts) (4.2) Please briefly explain how many clock cycles do you need to perform a 8-bit
multiplication following above diagram. Please explain the reasoning.

v taxes \jy// fo Prefocm gy g5 pricalen OPeratblens
’5*% = QY HLIC &35;35 o ComPiete J(Le PR P

N %, number  of  bfts



¢

v

O

(19 pts) 5. Single cycle implementation — multi cycle implementation — piplined
implementation:
Calculate cycle time assuming negligible delays (for muxes, control unit, imme Gen, PC

access, shift left 1, wires) except: Instruction and Data Memory (200ps);
and Register File access (reads or writes) {100 ps)

(200ps);

(5 pts) (5.1) (i) Please fill in the table and calculte the total time needed for each instruction

(ii) What will be a good time for a single cycle time?

0)

—

ALU and adders

Instruction Intruction Register ALU Data Register Total
Class memory Read Operation Mem Write ola
R type( such as SUB) Yoo oo 200 X jeo (g,oa Pg
A e
oo ~
Load (LW) Q0o |oo Joo 9 oo | Goors
Store (SW) doo joo oo do0 X oo pe,
BNE X2, loe Aoy X X Cops
B

(2 pts) (5.2) when we adopt a multicycle implementation. Each step will take 1 clock cycle,
please explain what will be an appropriate cycle time?

Cycle 11 Cycle 2i I Cycle 3i i Cycle ai iCycle 51 Cycle &l Cycle 7: Cycle B Cycle 9 Eyd le 10

ﬁmmllllﬁﬁﬁﬁm

1w

Sw

| Riype

| IFexch | Dec ) Exec | Mem | wB | iFetch] Dec [ Exec | Mem | IFetch]

(4 pts) (5.3)

(i) Please explain what is the piplined implemenataion.

(i1) If a new technology could shortene ALU operation by 20%, will it affect the speedup
obtained from pipelining? Please brieﬂy explain. No¢ Decause a cwoK cyc,fg
gePends ca longest  deta T win St P S Dat ¥

(i)  What if the ALU operatlon now taze 20% more time? Please brieﬂ la n.

Tlus Lofiy NBgm—luelrJ_ offect GPeedu P a8 Nows
Cach  Stuge  mugr  pe  AHors ﬂm? Jeo Mew
Qaﬂgwr d 5““;, Yo
(_) bovanced — Glages
_ one  PRGHUcH S E)P,Pﬂf/_ € Xetuted Whfig ONober 4

beMg

fetored  Hi5

Fn(,fedfes

{?l\fou?h Put

— Kg[yo()/p( " Pulléhgo as Hos 15 the  lomest  Srge L
—— i :



Add

whill

Instruction [6-0] W or o0

Instruction [18-15
Read ! 1 e

ca ] register 1 poag
instruction [24-20] Read data 1

Instruction | | register 2 =

ALU
[31-0] Instruction [11-7] Writo Raad | ] ALUL ! Address%e:lg
Instruction register  data 2 I
memory
[

result

Wrile
dala Registers

Cxez)

write Data

X datg Memary
Instruction [31-0] 32 m §4
Al -

Instructien [20,14-12)

(4 pts) 5.4. Please fill in the following table, which specify how to set the control signals
U/ when executing the 2 instrug';(')yj_. CovA

Instuction Branch MemtoRe ALUSrc ResWrite | MemRead _F MemWrite ] gLﬂO
SD @ 0N 1 T 0. 4 0 L I o
= '| = SO R

o

T
“ADDI [0 e | k/ I | @
v N N

ﬁ) (4 pts)5.5. Please explain the detailed execution steps for the instruction:
Id x10, 100(x11)

the  TasHucrien I8 ferched 3 decode — tren

dwirng  execuslon Ll Themery address Calcvioed

with  Vae fn X111 '{ fmmedfute  Vaue  &hor 15

genelated  to Propos QM;H. Accesses  Coicwared  gdiees

(e § Lo (Y\@,(Y\a(y, there , Pre forms mem |y Puf,

the  Reg Wrtke Pary a5 tle  mem, Vdlue $4
Croced TN Tegisre” X 10

-6

1 { |

[
2
3
L
5



(14 pts) 6. The following RISC-V code segment is corresponding to the C code: o XHa
A=B+E; C=B-F, /
U
1. d x10, Ox6) U+ F =i 4 Y47 4] @
2. 1d (x11,) 8(x6) _s, Meed 2
3. add xI2, xI0, (x1l ) oA WSy o0 7
4, sd x12, 16(x6) Pof feck ,
5. 1d XI3D 24(x6) 2 2 3,
6. sub x15, xI0, '
7. sd x15, 40(x6)
~ (2 pts)6.1 Please explain what is data hazard. Please give an example from the code sequence

Sl aBOVe. [y 1a hagprd — When fhe Vaue of & Peevtous  pPeratien
fo n' (Eud? +o bMéd bét next Fné+ructton |

r

EX’U Ske P 34'33 S  an exemPie  as the vawe of x\ 79 nt
uPdated (AR WB  Stage , So 1F PiPeited  Hlo add  mugt wadt o

u (4 pts)6.2 Assume forwarding (aka bypassing) scheme is adopted here. (i) Please specify {’ML\'
W the data hazards even with the forwarding scheme and point out where stalls should be added. 5 “?Q.

(it) how many clock cycles do you need to implement the above code sequence assuming a 5-
ipeline?
stage pipeline? — "5 6 5, 3 - MUt Watt o
1) St PS l i '

c Q 4 B
2,5 guen  with bji’asﬁ”‘? becuude  not avidioble U+l W

53 U ﬂo.ecP "TIJ?) ZQML.‘C Cyties 7[;( sz,
Wy \czi abouz

L(/ (4pts)6.3 (i) Please reorder the code segment (while do not change the function of the
program) to avoid the stalls. (ii) how many clock cycles do you need to implement the above
code sequence? U d xiry §{xb Sdx 155 4o (xb)

ld xlo,0(Xb

0165 i ld yi3, a4(xb) on Need UL Clotk
bypassw], Add X134 Xiv X1 LL)
4 X132, ju(xb) ACYCIRS
( bhosdwes e ;«t!? ms’i x;g 5 X1 L*”' 5
kJ (4pts)6.4 What is the minimim er of cycles needed to completely execute N

instrucions on a CPU with a M stage pipeline? Justify your formula.

— LK 1P
1) Nt = Clotk Lyeips
(/\A g {'ﬂﬂes ]Zﬂ%ff{u Fleng \‘( L&
because oFter e $erot (;”’ * 1) 1 TdHurrn

| i
will  be (,whr'-'NeA-?_@UU} Clock  Clhcie 709%\% Polfect

i i
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ELEG 4339: Computer Organization & Design
Department of Electrical & Computer Engineering
PVAMU

Exam 2

Spring 2022

Name: (Print) JQCC\‘ vei e Tomalpa

(Sign) %W/‘\—
/U
| 17 f }
(

2 30 >
3 lO 3 ‘(
4 10 /4[’\ {

5 ” 19 I}
6 14 [ }\(

Total 100 7 q (é

Instructions:

You have 80 minutes to complete the exam. The exam totals 100 points; the points for each
problem are indicated. This exam counts for 15% of your course grade.



@ (17pts) 1. Short answer

2% (2pt)(1.1).  Which of the following belongs to normalized scientific notation.

a.27.35 x 10° \@?ss x 10° ¢.0.2735x 10°

(2pt) (1.2). Is the IEEE 754 single-preeision floating point number
Vv 1011 0001 1000 1110 1L¥1 0000 0000 0000
a. positive i

(2pt) (1.3). Name the special purpose register that stores the address of the next

instruction to be fetched from memory, m
Answer: kd/ dey |PC
f\\ S~

h the integer multiplicatia

, if we ignore the sign bits, what is the length of the
m-bit multiplier ?
f.n-m g. None of the above

- (3pt) (1.5) What is overflow and underflow for floating point arithmetic?
L:;r - OVA floy  would be uhken e P ‘hne exXporent iy Yoo lorge v, Gy
tavhe expxont Cipld /

—unNder Flaw Yould ‘oe .qven/ nec:,u-\-'\ L QKrw“ﬂf s ‘oo \a.na,g
-‘0 g“" v e -expufq_ni (\Q‘}
(3pt) (1.6) Of all the available datapath components, please specify (place a checkmark)
whether the component'will be needed for the execution of instruction: Id x1, 400(x2)
v

Yes NO 7,
O Instpaction memory
O U

O Register file

[} Immediate generation unit
B O Data memory

Nl) (3pt) (1.7).) For the following RISC-V instrucitons, they will use the alrithmetic-logic unit
“ er reading the registers, please explain what is the function of ALU for each

instruction.
| ALU function
a:  ADD x15, x16, x19 adding X1k v X194
b: SD x2, 200(x1) v osu mﬁ(aoo ()-Pfge;\' b Y\ the b
¢: BEQ x3, x4, offset hqor\hoj A3 -xu



'-Yg (30pts) 2.
(10 pts) (2.1) Given a 32-bit binary number, please demonstrate the range it could

represent in 3 different cases.
(‘)/ (2 pts)(a) case l: unsigned integer [D 2_ \/a
) ]
< (6 pts) (c)  case 3: single-presion IEEE 754 floating-Point representation (please show the

,_1/ (2 pts) (b) case 2: signed integer [ 2
reseasoning). | argest

~25
Smanest : 0000 0oo] < | 1yl 1o x2°Y
I— 127 =-12¢ 254-1217= 127

,{f’[l X2 =< u2xio 2X 2 i’?.l-\ X 10 J
e J k/ T

q ( (2.2) What is the decimal value of this IEEE 754 single-precision floating point
L he ign exy® ot A CHOA
}71 0001 1000 100 0000 0000

V) 2% o4 32168 42 |

O I 1oo0O 11 r ~q
64+32 +2+ | =9 |2 X10 ]
q0\-—\’2,7:--7-8\/ ?

—} o0\ 1101 |no\x/7,'--ﬂ’___.> -1.23 x2
u

(10pts) (2.3) Please represent the decimal number: -213.75 ing single-precision
K floating point IEEE 754 standard.

x = (~1)° x(1+Fraction) x 2®en8as 2.1 3

256 20 4|4 = y-
o00 !l WO ) o

sighed | exponen + | waction 128 U Yo 4 |} | +5° -1
\ 1000 1o00g |'010 101y joop VA
0000 0000 \'W \
00
0 |,|o\o|o|||><2"
2= .

i Wn 1010 1014 1000 060a o0v0a 0ag -\3‘-]\/
\/ D‘f\ g 1000 1000
| X



X S=i) Xe = 9
(10 pts) 3. Overflow

Assume the registers x5 and x6 hold the values as follows:
x5: 0x BO0O 0000 0000 0000 x6: 0x 9000 0000 0000 0000

(3.1) (i) what is the value of x30 after execution of the following assembly code?
(ii) Is the result in x30 the desired result, or has there been 9verﬂow?

1. X300 = 20
i . Aesired NSuH‘\,<
™\

Add x30, x5, x6

~
\/7 (3.2) (1) what is the value of x30 after execution of the following assembly code?
()7 (i1) Is the result in x30 the desired resuit, or has there becn/o/ ow?

Sub x30, x5, x6 i X30 =
\ . desmed ‘re s u\t

(10pts) Integer multiplication. We will use 8-bit binary number as a case study

(Spts) .1) the follwing diagram demonstrate the first version of multiplicaion of two 64-
bit_bKinary number, Please revise it to perform the two 8-bit binary number
multiplication.

: ~

Shift le}( &

128 bits

Muitiplicand

} |

~
128-bit ALU

84 bits
FLCLLTA VWrite Control test \
128 bits
( (Spts) (4.2) Please briefly explain how many clock cycles do you need to perform a 8-bit
b( 7 multiplication following above diagram. Please explain the reasoning.
\

Ak = (7 KB) X of searencas

3 Stoges \
® vl \cma



-

g

(19 pts) 5. Single cycle implementation — multi cycle implementation — piplined
implementation:

Calculate cycle time assuming negligible delays (for muxes, control unit, imme Gen, PC
access, shift left 1, wires) except: Instruction and Data Memory (200ps); ALU and adders
(200ps); and Register File access (reads or writes) (100 ps)

(5 pts) (5.1) (i) Please fill in the table and calculte the total time needed for each instruction
(ii) What will be a good time for a single cycle time?

_— A00 \OO 300 a 00 Tole)
Instruction 1 i Regist ALU D Register
Ctillsatss [ l::rl:lztr; ! R:gds g Operation Mft::l V:rgilet fotal
R type( such as SUB) /).OD \ 00 '2_00 O | OO émps
e CD 200 100 200 | 200 iTa%e) | Bonps
Store (SW) 200 100 200 | 200 \Q/_IOOFS
BNE 200 \ 00O 200 Q @ S500p
o sinal\e .
1. a gqood * Cycle time will g BOOPS -

(2 pts) (5.2) when we adopt a multicycle implementation. Each stép will take 1 clock cycle,
please explain what will be an appropriate cycle time?

Cycle 1 éCycte 2:Cycle 3 Cycle 4 : Cycle 5
ae L L I I I

I —— -

L:-rl_l':_etéhr Dec | Exec [ Mem | ws

Cycle 6

Cycle 7 Cycle 8 Cycte 8 Cycle 10

w R-type
IFetch || Dec | Exec ] Mem i Ii’iet;:h—]

- Chcle Yime

(4 pts) (5.3)
(1) Please explain what is the piplined implemenataion.
T+ 15 pateliel execuhon of ingtructs thot we Yook Yo ook,

o\ 3

(i) If a new technology could shortene ALU operation by 20%, will it affect the speedup
obtained from pipelining? Please briefly explain. T4 wi\\ no ¥ 31nce the \Ohgeyd
stoge sttt hag o h:..-f'ons\dgne 3 Ror
(iii)  What if the ALU operation now take 20% more time? Please briefly explain.

Nes since te ALD opecatjon IS hou e '““%ﬂyf
s\‘n\caﬂ, Yot e ke Ayvg e Yt conmdeneq

Y00 oLl sto

Hne

\Y\OY'\Q_QS\\,\O] Wq}-l-



0
]
Add u
X
4 ¢
Instruction [6-0) T
[r—————
Instruction [19-15]
e e sc?:lgss zeg?ga" Read
Instruction [24-20] Read zda(a 1
Instruction register
(3101 [T |natruc . Road ALU gLy Read
clion [11-7] Wrile 0 (1] pe-| Address 1
Instruction register  data2 M rosu e o
memory & X
Wite I b g
data Registers Write Data
data Memory|
Instruction [31-0] 32 imm | 3¢
~

Instruction [30.14-12] ‘|-.
L(/' (4 pts) 5.4. Please fill in the following table, which specify how to set the control signals
' when executing the 2 instructions.

Instuction Branch MemtoReg | ALUSrc | RegWrite | MemRead | MemWrite | ALUOp

| SD , )(/O @ bl T30 OU vt 00
(@)

ADbr |, QI 1_Vi 19 Jo Lo

LL (4 pts)5.5. Please explain the detailed execution steps for the instruction:
\ Id x10, 100(x11)

~ InsStwchivns are (etdred Fram astoschion ™ em 0fy

qisterval e adsS From negisted i@ ia this e

= AU computer sum af Valwe offse b fom regisher fle
and exlads Hre off tby 12 bi}s
'H"-e Sunn 1y 4 |

for dota

Is used a5 a <«domg

~ the dala foa mmurv i5 wreitlea fntfo e f
6. N J:H—uﬁ‘h’.

i i



%3

e

g

\ 7

P

(14 pts) 6. The following RISC-V code segment is corresponding to the C code:
A=B+E; C=B-F

S1.
b

2
4
15

106,
it7.

Id ] 0(x6)

.l (x11)  8(x6) V1

add x12, xl10, (x11
sd x12, 16(x6)

. 1d _x13)  24(x6)
sub  x15, xlo,@ 5

sd x15, 40(x6)

(2 pts)6.1 Please explain what is data hazard. Please give an example from the code sequence

above. A aato \r\bﬂ,ﬁ\'dk O _F&}*_\A_O\*fm thoix _jg_{‘_OW_l’/]\_’r__{___.w

SN e 04 eyt Wty | )
*@ﬁ—% L Cie cAruetion QO tre

For W 2 and 3 snee 315 depedent on 2, 50nd & 4o
(4 pts)6.2 Assume forwarding (aka bypassing) scheme is adopted here. (i) Please specify
the data hazards even with the forwarding scheme and point out where stalls should be added.

(ii) how many clock cycles do you need to implement the above code sequence assuming a 5-
stage pipeline?

Date hazards For forwarding s¥in heiudg

Lo 4o Stulls cantee avovded T valype 15 pod Yye-
COMpUted Watn he ¢ cled.

L

-1 5"&.\

I clocK\JW'J S+ ((T)2) =13

(4pts)6.3 (i) Please reorder the code segment (while do not change the function of the
program) to avoid the stalls. (ii) how many clock cycles do you need to implement the above

code sequence? . i
y MWoder; 12,5 3 M8, T
P

zsz’-’
iy CIMij

(4pts)6.4 What is the minimum number of cycles needed to completely execute N
instrucions on a CPU with a M stage pipeline? Justify your formula.

CROOV-~ s _
ey M (N-L)
M is R set 4 of stages 10 W‘LP‘P:”"C’«

A ey b instuction we woutd 1reA
o 7. Yae  N-} ghe A Step has

i alreadly Rgun AV Ta
Re1NG ontinuthy§



BELOW AVERAGE
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ELEG 4339: Computer Organization & Design
Department of Electrical & Computer Engineering
PVAMU

Exam 2

Spring 2022

Name: (Print__ OO (xroy
(Sign) f }%}({f’ L‘:;‘""'f-.

el

1 17 /5,6

— 2

| 2§

4 10 /’(/
/

5 19

6 14

Total | 100 b/é

Instructions:

You have 80 minutes to complete the exam. The exam totals 100 points; the points for each
problem are indicated. This exam counts for 15% of your course grade.



/
6

(17pts) 1. Short answer

(2pt)(1.1). Which of the following belongs to normalized scientific notation.

a.27.35 x 10° ©2.738x 10° c. 0.2735 x 10°

(2pt) (1.2). Is the [EEE 7515.11/ le-preci ion ﬂoatmg point number
1011 0001 1000 1110 11140000 0000 0000

a. positive npganve
\% W
(2pt) (1.3). Name the special purpose register that stores the address of the next
instruction to be fetched from memory. /

Answer: . ./

(2pt) (1.4). In the integer multiplicatio/n"ff we ignore the sign bits, what is the length of the
product of a n-bit multiplicand and d,n/m-blt multiplier ?
an bm c2n d2m C\Ipﬂ’-m f.n-m g. None of the above
W

(3pt) (1.5) What is overflow and underflow for floating point arithmetic?

AVl

(3pt) (1.6) Of all the available datapath components, please specify (place a checkmark)
whether the component will be needed for the execution of instruction: 1d  x1, 400(x2)

Yes, NO
B/ O Instruction memory
g 0O ALU
Register file
O _ Immediate generation unit

& 0O Data memory

Viud

ﬁ‘l. ‘ / (3pt) (1.7).  For the following RISC-V instrucitons, they will use the alrithmetic-logic unit
v (ALU) after reading the registers, please explain what is the function of ALU for each
instruction.
ALU function
S
a:  ADD x15, xl16, x19 ‘o v Vit S € P
b: SD  x2, 200(x1) " .xa&( o'
=
¢: BEQ x3, x4, offset




(30pts) 2.
(10 pts) (2.1) Given a 32-bit binary number, please demonstrate the range it could
represent in 3 different cases.

.-)/ (2 pts)(a) case 1: unsigned integer

/v (2 pts) (b) case2: signed integer

O (6 pts) (c)  case 3: single-presion IEEE 754 floating-Point representation (please show the
reseasoning).

(10 pts)( (2.2) What is the decimal value of this IEEE 754 single-precision floating point
—27 number _ AR W

_ lo11 0001 100 1110 1111 0000 0000 0000
S Yg-7= R
, =

/ -4 - - - - ~{0 5
;// 1\‘{(\_1(.‘}1?‘\1&*1‘%1\\ .
1Y

(10pts) (2.3} Please represent the decimal number: -213.75 using single-precision
V' floating point IEEE 754 standard.

x = (—1)° x(1+Fraction) x 2(®enent-8as) VAR AR ¢
yYd¥L=} .0
lé: (RECARVIPEY FOXL 20, 0
\6 [ =\17=)
o - \19

\)E ‘f \ \\Cr:l\\U\U\()\ N0 0 oo |
X



/

A

/.-

S

(10 pts) 3. Overflow
Assume the registers x5 and x6 hold the values as follows:
x5: 0x BOOO 0000 0000 0000 x6: 0x 9000 0000 0000 0000
\\
(3.1) (1) what is the value of x30 after execution of the following assembly code?
(i) Is the result in x30 the desired result, or has there been overflow?

Add x30, x5, x6 s -

(3.2) (i) what is the value of x30 after execution of the following assembly code?
(i1) Is the resuit in x30 the desired result, or has there been overflow?

Sub x30, x5, x6 ':#———

x
r

X

(10pts)4.  Integer multiplication. We will use 8-bit binary number as a case study

(5pts) (4.1) the follwing diagram demonstrate the first version of multiplicaion of two 64-
bit binary number, Please revise it to perform the two 8-bit binary number
multiplication. —

e
Muitiplicand
Shift left |-
128 bits
v a
\ Y T i#ﬂ"?’l !
Litipfet
128-bit ALV A -

64 bits 7y
¥ |r |

Product

\ |
% I
Control test )

Write
128 bits

(Spts) (4.2) Please briefly explain how many clock cycles do you need to perform a 8-bit
multiplication following above diagram. Please explain the reasoning.

- b LWL S

—

r

Y

et



gé

(19 pts) 5. Single cycle implementation — multi cycle implementation — piplined
implementation:
Calculate cycle time assuming negligible delays (for muxes, control unit, imme Gen, PC
access, shift left 1, wires) except: Instruction and Data Memory (200ps); ALU and adders
(200ps); and Register File access (reads or writes) (100 ps)

Loo¥ /0O X Lo tlew HLD = Yoo
(5 pts) (5.1) (i) Please fill in the table and calculte the total time needed for each instruction
(ii) What will be a good time for a single cycle time? —

Instruction Intruction Register ALU Data Register Total
Class memory Read Operation Mem Write 0

R type( such as SUB) LG \ O \LZF
Load (LW) : A
Store (SW) \ ¢ k—fﬂ"”f
BNE t ( CET

(2 pts) (5.2) when we adopt a multicycle implementation. Each step will take 1 clock cycle,
please explain what will be an appropriate cycle time?

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6} Cycle 7i i Cycle 8i Cycle 9 !Zy: te 10

cTII_il_il—'l_l_I__I_l_Il_If"_ll_l_l_l____

iw 13" 1 R-type N

[ Fetch | Dec | Exec [ Mem | we [ iFetch] Dec [ Exec | Mem [ IFetch ]

(4 pts) (5.3)
(i) Please explain what is the piplined implemenataion, ‘\_—
(ii) If a new techiology could shortene ALU operation by 20%, will it affect the speedup
obtained from pipelining? Please briefly explain.
{ \\,__
(iii)  What if the ALU operation now'take 20% more time? Please briefly explain.



-

4 Add Sum

[nstruction [6-0] ey
pr—————
Op
)
Instruction [19-15) I
- :!;darzss ) ! ! 59%?39” Read
Instruction [24-20] Read \ data 1 o
Instruction register
(340 [T jnatrrction 11171 Wri Road ! Foa
E rite ) po-| Address 1
Instruction register dala2 M rest s 1
memory u X
Write I |
data
Registers write Data
data Memorny
Instruction [31-0] :\"2 ® \54

Instruction [30,14-12)]

(4 pts) 5.4. Please fill in the following table, which specify how to set the control signals
when executing the 2 instructions.

Instuction Branch . MemtoReg |  ALUSrc | rite | MemRead | MemWrite ALUOp
T N 0 N 02 o O W
(appl | o9 | O | (O \ O ol

& | .

u/ (4 pts)5.5. Please explain the detailed execution steps for the instruction:
Id x10, 100(xi1D)

dle



(14 pts) 6. The following RISC-V code segment is corresponding to the C code:
A=B+E; C=B-F

Id x10, O(x6)

Id x11, 8(x6)

add x12, x10, xl1
sd x12, 16(x6)

Id x13, 24(x6)

sub x15, x10, x13
sd  x15, 40(x6)

el 2 eSS

(2 pts)6.1 Please explain what is data hazard. Please give an example from the code sequence
above. Ne

\ Y ;
[ 3 SV | | R

(4 pts)6.2 Assume forwarding (aka bypassing) scheme is adopted here. (i) Please specify
the data hazards even with the forwarding scheme and point out where stalls should be added.
(i1) how many clock cycles do you need to implement the above code sequence assuming a 5-
stage pipeline?

- 7%511-— \y /
Sl ¢

(4pts)6.3 (i) Please reorder the code segment (while do not change the function of the
program) to avoid the stalls. (ii) how many clock cycles do you need to implement the above

code sequence? \
) (C=7}4 5 to = \)_
9
3

4
(4pts)6.4 What is the minimum number of cycles needed to completely execute N

instrucions on a CPU with a M stage pipghige? Justify your formula.

NYM

‘ gy

7



ELEG 4339-P01 COMPUTER ORGANIZATION &
DESIGN

SPRING 2022

Title of Assignment: Project 1



PRAIRIE VIEW A&M UNIVERSITY
COLLEGE OF ENGINEERING
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING

ELEG 4339 Computer Organization and Design
Project 1 Venus Simulator

This computer organization class is based on RISC-V assembly language. There are simulators for practicing. This
project is based on one of the simulators, Venus. Venus is an open-source software developed by UC Berkeley.
GitHub can be found at https://github.com/kvakil/venus with more features to explore. This project is based on its
online simulator (https://www.kvakil.me/venus/).

Note: If you encounter with access problem to above website, you can use https://venus.cs61c.org/ instead. Interface
is a little different, but all our practices can be implemented the same way.

The goals of this project is: 1) Get familiar with Venus simulator; 2) Observe how registers and memory support
computing; and 3) Review RISC-V assembly programming.
There are three modules in this project to achieve the above goals.

Learning Module 1: Introduction of Venus Online Simulator
Stepl: Go to website https://www.kvakil.me/venus/, you can see the interface of an “Editor” and a “Simulator.”

Editor is for you to enter your program. Simulator includes machine code, registers, memory, console output, as well
as debug actions: Run, Step, Rev, Reset, and Dump.

(x2)

@ (b)
Figure 1: Venus interface

Registers: There are 32 32-bit registers supported by RISC-V architecture to hold operands. They are numbered
from zero, then x1 to x31. Some are named for their special purposes.

Memory: Memory in the simulator is organized as 4 bytes per group with an entry address shown on the left.
Machine code is written at the beginning of the memory location as 4 bytes per instruction. (Review RISC-V each
machine language is of 32 bits.) User can jump to other memory segments like “Data” “Heap” or “Stack”.

Display setting is “Hex” by default.

Debug: The simulator provides run the whole program (Run), single step (Step), go to previous instruction (Prev),
go to the beginning of the program (Reset), and copy machine code to clipboard (Dump).

Step 2: First program.
e Type “add x9, x20, x21” in Editor field.


https://github.com/kvakil/venus
https://www.kvakil.me/venus/
https://venus.cs61c.org/
https://www.kvakil.me/venus/

e Put 1 as initial value of x20 and 2 as initial value of x21.

Editor Simulator

a5
m Step Prev Reset Dump (x15)

a6
(x16)

Machine Code Basic Code Original Code

0x015a04b3 add x9 x20 x21 add x9, x20, x21

a7
(x17)

s2
(x18)

s3
(x19)

s4
(x20)

s5 |3u,.w, 002
(x21)

s6
(x22)

s7
console output (x23)

Display Hex
3 Settings

Figure 2: Simple add instruction on textbook page 87
e C(Click “Run” to observe result in x9.

Editor Simulator

Step Prev Reset Dump (x5)

tl 0x00000000
Machine Code Basic Code Original Code (x6)

0x015a04b3 add x9 x20 x21 add x9, x20, x21 t2 | 0x00000000
(x7)

80 | 0x00000000
(x8)

sl
(x9)

a0
(x10)

a1
(x11)

a2
(x12)

a3

(x13)
console output

Display  Hex
 Setiings

Figure 3: Observe register changes after “Run”
e Click “Reset” to see all registers go back to zeros.

Step 3: Analyze machine code.
e Switch to “Memory”. Observe the machine code stored at the beginning of the memory.
0x00000000 b3 04 5a 01
e Click “Dump”. The machine code is copied in clipboard and shown in output.
e What is the endian choice of RISC-V? Verify with the binary code as shown in textbook
page 88.

Learning Module 2: Register and memory access



Case 1: Operands from registers.

Step 1: Give initial values to registers: X1 = 3, x2 = 4.

Step 2: Type “ADD x3, x2, x1” in Editor.

Step 3: Click “Run”. Get a screenshot from the interface to show the result in x3.

Step 4: Work out machine code based on what you learned from Chapter 2. Analyze and verify the machine code obtained
from the simulator.

Case 2: Store value in memory.
Step 1: Give initial value x10 = 4.
Step 2: Type following code to “Editor”.
Iw x9, 120(x10)
add x9, x21, x9
addi x9, X9, 1
swW x9, 120(x10)
Step 3: Simulate the code using single steps. Observe the changes to registers. At last, verify the final memory
location value and show the calculation of memory address as the source and destination of lw and sw.

Editor

Memory
Prev Reset Dump

Address +0 +1 +2 +3

Machine Code Basic Code Original Code

console output 0x00000064 00 00 00

Display Hex
Settings

Figure 4: Memory

Step 4: (Optional) Change the initial value of x10 to 2, 3, or 8, re-do the above procedures, and explain each case
how the memory locations are calculated. Verify it with simulation results.

Learning Module 3: Control statement

Step 1: Give initial value x1 = 14.
Step 2: Type below code in “Editor”.

addi x2, x0, 1

loop:

sub x1, x1, x2

sw x1, 40(x1)

blt x0, x1, loop
Step 3: Use single step to see the changes in registers and memory locations. One example output during the
procedure is illustrated in Figure 5.



Editor

egisters M
m Step Prev Reset Dump o,

Address +0 +1 +2 +3

Machine Code Basic Code Original Code
0x00000050 00 00 00

0x00100113 addi x2 x0 1 addi x2, x0, 1
0x0000004c 00 00 00

0x402080b3 sub x1 x1 x2 sub x1, x1, x2

0x0210a423

0(x1) sw x1, 40(x1)

OxfelO4ce3 blt

t x0, x1, loog

console output

Figure 5: Sample output

Step 4: Based on your understanding of the code, write a C code program and draw flowchart to explain the control
structure.

Project Question:

1. Write RISC-V assembly language to implement the common function ¢ = max(a,b)
which assigns to c the value of a or b which is larger. You can choose either registers or
memory locations to assist the action.

Briefly describe the problem. Provide two screenshots: One before program run with initialized register values or
memory values. One after program run with register or memory location values. Attach assembly code and explain
two lines of machine codes from your program in binary level.

2. Write RISC-V assembly language to calculate the function of square sum. Put an integer
n into register a0. Calculate n?+(n-1)?+(n-2)>+ ... +12, and put the result in a0.

Provide two screenshots: One before program run with initialized register values. One after program run with
register values. Attach assembly code and explain how the codes work.

Project Requirements:

This is a mandatory assignment and will take 10% of your final grade. Maximum of two students can work on one
project. They can share the same report, but each student must upload the report to canvas individually before the
deadline (April 5 before midnight).

Each report will contain:
1. Cover page with course, assignment, and student information. (0.5 points)
2. Goals and procedures. (0.5 points)



. Answer questions from:

a. Learning Module 1 Step 3 Analyze machine code; (1 points)
b. Learning Module 2 Case 1 Step 4; (1 points)
c. Learning Module 2 Case 2 Step 3 and optional Step 4; (1 points)
d. Learning Module 3 Step 4 (1 points)
. Reply two project questions with screen shots, narrations, Assembly source codes and
etc. (4.5 points)

. Conclusions. (0.5 points)
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Goals and Procedure:

Goals- The goal of this project is to get acquainted with Venus online RISC-V simulation
software. We must observe how registers and memory support computing as well as
familiarizing ourselves with the way RISC-V assembly code is written.

Procedures-
1) Each member of the group worked through the learning modules to acquaint themselves
with the simulation software and RISC-V assembly code.
2) Each member then tackled one of the project questions.
3) Then each member reviewed the other member’s solutions.

Results: Learning Modules 1-3

Learning Module 1: Introduction of Venus Online Simulator:

Image 1: Learning Module 1 Part 2 Before

Venus Editor Si tor Chocopy

Machine Cede Basic Code Original Code

0x015A04B3 add x9 x20 x21 add x9, x20, x21 | 23 [senononooo

Image 3: Learning Module 1 Part 3 (Little Endian)

0x00000000 | 53 | |o4] |sa| |ot]

Machine code: 0x015A04B3
We can see that the bytes are stored as least significant first and most significant last;
which is called “Little Endian.”



Learning Module 2: Register and memory access:

Image 4: Module 2 Case 1 Step 3

Registers Memory Cache VDB
Prev Reset Dump
Integer (R) Floating (F)

Machine Code Basic Code Original Code

0x001101B3 add x3 x2 x1 add x3,x2,x1

Machine Code: 0x001101B3 = 0b0000,0000,0010,0010,0000,0001,1011,0011
ADD is a R-type instruction so it is brokenup as follows
0000000,00001,00010,000,00011,0110011
funct7, rs2, rs1, funct3, rd, Opcode
The ADD command has the following Opcode, function 3, and function 7.

0110011, 000, 0000000
rs2 = 00001 => 1 / 2

rs1 =00010=>2
rd =00011=>3
Thus, we can see that it matches what the code intends to do.

Image 5: Module 2 Case 2 Step 3 (Memory)

Registers Memory Cache VDB
Prev Reset Dump

Machine Code Basic Code Original Code 0x00000090

00

=)
S
=)
S

0x07852483 1w x9 120 (x10) 1w x9, 120(x10) —rr

0x009A84B3 add x9 x21 x9 add x9, x21, x9

=)
S

=) =) =)
=3 =3 =3

=)
S

=) =) =)
=3 =3 =3

=
S

0x00000088

0x00148493 addi x9 x9 1 addi x9, x9, 1
0x00000084

=)
=3

0x06952¢23 sw x9 120(x10) sw x9, 120(x10)

UU‘

0x00000080

00

=) =) =) =) =] =
=) =3 S S S S

0x0000007C

)
=4
=)
=3
=)
=3
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M. ine Code

0x07852483

0x009A84B3

0x00148493

0x06952C23

Basic Code

1w x9 120(x10)

add x9 x21 x9

addi x9 x9 1

sw x9 120(x10)

Learning Module 3: Control statement:

Image 6: Module 2 Case 2 Step 3 (Registers)

1w x9, 120(x10)

add x9, x21, x9

addi x9, x9, 1

sw x9, 120(x10)

a0

(x10)

Image 7: Learning Module 3 Step 3 after a couple of step throughs

Registers Memory Cache VDB
Integer (R) Floating (F)

Machine Code

0x00100113

0x402080B3

0x02102423

0xFE104CE3

Basic Code

addi x2 x0 1

sub x1 x1 x2

sw x1 40(x1)

blt x0 x1 -8

iginal Code

addi x2,x0,1

sub x1,x1,x2

sw x1,40(x1)

blt x0,x1,loop

Image 8: Learning Module 3 Step 3 after even more step throughs

Run | Step ‘

Machine Code

0x00100113

0x402080B3
210A423

0xFE104CE3

C Code-

Basic Code

addi x2 x0 1

sub x1 x1 x2

sw x1 40 (x1)

blt x0 x1 -8

Int x = 14;
Int Ax];
while(x >= 0){

X,

AlX] =x;}

Flow Chart-

Original Code

addi x2,x0,1

sub x1,x1,x2

s‘h x1,40 (x1)

blt x0,x1,loop

Registers Memory Cache VDB

Integer (R) Floating (F)
000



Project Question: 1 & 2

Question 1:

Write RISC-V assembly language to implement the common function ¢ = max(a,b) which
assigns to c the value of a or b which is larger. You can choose either registers or memory
locations to assist the action.

Images & corresponding descriptions-

Screenshot #1: Before the program ran with initialized register values or memory values.

Machine Code Basic Code original Code
0x016AD663 bge x21 x22 12 bge x21,x22,a is greater

0x000BOA33 add x20 x22 x0 add x20,x22,x0

0x016A0463 beq %20 x22 8 beg x20,x22,b is best s4
(x20)

0x000ABA33 add x20 x21 x0 add x20,x21,x0

Screenshot #2: After the program runs with register or memory location values.
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Machine Code Basic Code Original Code
0x016AD663 bge x21 x22 12 bge x21,x22,a is greater
0x000BOA33 add x20 x22 x0 add x20,x22,x0

0x016A0463 beg x20 x22 8 beq x20,x22,b is best

0x000ABA33 add xZ0 x21 x0 add x20,x21,x0

Attach assembly code and explain two lines of machine codes froq youf program in binary
level.

Assembly Code-
bge x21,x22,a_is_greater
add x20,x22,x0
beq x20,x22,b_is_best
a_is_greater:
add x20,x21,x0
b _is_best:

Machine Code- Hex
0x016AD663
0x000B0OA33
0x016A0463
0x000A8A33

Machine Code- Binary
00000001011010101101011001100011
00000000000010110000101000110011
00000001011010100000010001100011
00000000000010101000101000110011

Analysis of lines 2 and 4:
Line 2-
0000000,00000,10110,000,10100,0110011
Opcode = 0110011
Function3 = 000
Function7 = 0000000
The command that has these 3 attributes is the ADD command
Knowing that it is an ADD command we can read what registers it is
using.
Rd = 10100 = x20
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Rs1=10110 = x22

Rs2 = 00000 = x0

So this is adding the contents of register x22 to that of x0 and storing it in
x20.

Line 4-
0000000,00000,10101,000,10100,0110011
Opcode = 0110011
Function3 = 000
Function7 = 0000000
The command that has these 3 attributes is the ADD command
Knowing that it is an ADD command we can read what registers it is
using.
Rd = 10100 = x20
Rs1=10101 = x21
Rs2 = 00000 = x0
So this is adding the contents of register x21 to that of x0 and
storing it in x20.
Question 2:

Write RISC-V assembly language to calculate the function of square sum. Put an integer n into
register a0. Calculate n?+(n-1)?+(n-2)%+ ... +12, and put the result in a0.

Screenshot #1: Before the program ran with initialized register values.

Machine Code Basic Code Original Code

e —

(x20)

0x00100113 addi x2 x0 1 addi x2,x0,1
0x036B0OC33 mul x24 x22 x22 mul x24,x22 x22

0x018A0A33 add x20 x20 x24 add x20,x20,x24

0x402B0B33 sub x22 x22 x2 sub x22,x22 x2

0xFEOB1AE3 bne x22 x0 -12 bne x22,x0,loop

Screenshot #2 After the program ran with register values.



Machine Code Basic Code Original Code

0x027DB106

0x00100113 addi x2 x0 1 addi x2,x0,1

0x036B0C33 mul x24 x22 x22 mul x24 ,x22, x22

0x018A0A33 add x20 x20 x24 add x20,x20,x24

0x402B0B33 sub x22 x22 x2 sub x22,x22 ,x2

O0xFEOB1AE3 bne x22 x0 -12 bne x22,x0,lcop

Assembly code attachment:
addi x2,x0,1
Loop:
mul x24,x22,x22
add x20,x20,x24
sub x22,x22,x2
bne x22,x0,loop

*Note this code only works if the Sum of Squares is 8 Hexadecimal digits or less.

Explanation on how the codes work:

The code starts by setting up a register with the value of 1. This could also be forgone and ADDI
with negative 1 used instead. Then the code sets up the loop that is used to perform the
summation. The original value stored in x22 is then multiplied by itself to get the squared value
and stored in an intermediary register (x24). Then the summation step where the value in x24 is
added to the sum in register x20. Then the number is stepped down by one so that the next
term is set up to be squared. Then the loop decides if it needs to loop by testing if it has reached
the last term or not (when x22 = 0). If it has not, it loops and the steps are done again.

Conclusion:
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In this project, we learned and interacted with one of the simulators for RISC-V assembly
language. We used an open-source simulator named Venus. From here we are able to analyze
how registers and memory interact with computing and code assembly. By interacting with the
venus interface we were able to have a better understanding of how the 32-bit registers
supported by the RISC-V architecture hold the necessary operands. With the provided interface
we were able to use debugging commands such as Run, Step, Prev, Reset, and (Dump) which
was necessary to copy machine code to the clipboard. This project helped us reinforce and
apply concepts that have been taught so far in computer organization and design. Therefore, by
putting our conceptual understanding to this simulation we were able to successfully complete
the project.
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2. Goals and procedures.
Goals:

The goal of this project is for students to gain experience using the
Venus simulation software and visualizing the affects of assembly code on
registers and memory values in real time. Students will use their knowledge of
functions, binary conversions, instructions and addressing to visualize how
and where results of RISC-V operations are stored.

Procedures:

Opening Venus simulation software and entering assembly code into
text editor. For each complete assembly code program students should
observe the changes in the registers or in memory locations if applicable and
verify that the appropriate results are stored where they should be. During the
validation of the results the machine code of the instruction should be checked
as well.

3. Answer questions from:

a. Learning Module 1 Step 3 Analyze machine code:

The Machine code is represented by the Hex value 0x015A04B3 with
B3 being the Opcode for the add function as the last 7 bits are
0110011

It is stored as 0x00000000 b3 04 5a 01

From the Screen Shot shown in image B, we can see the least
significant byte is stored first in memory as B3 is“stored first

Making the RISC-V architecture Little Endianriess

b. Learning Module 2 Case 1 Step 4:

- Machine Code:

o 0000 0000 0001 0001 Ol B0 11 0011

o 0x001101B3 as HEX

This is the correct machine code as the first 7 bits are for the
funct? field, while the next 5 bits and the proceeding 5 bits after
that represent the two registers that hold the values for the
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operation (in light blue and green). Highlighted in dark blue is the
3-bit funct3 field with the 5-bit field for the results pégister
represented behind it (in red) and finally the 7-bjt opcode for the
ADD function.

c. Learning Module 3 Step 4:

addi x2, x0, 1

loop:
sub x1, x1, x2
sw x1, 40(x1)
blt x0, x1, loop

C++ Program:

Int Num1 = 14;
Int num2 = 1;
While (0 < num1)
{

Num1 = num1 — num2;

}

This C++ program initializes two values as done in the assembly code in
registers x1 and x2 with 14 and 1 respectively. The program then enters
a loop and executes the operation of subtracting 1 until the value in
register x1 or num1 in this case is equal to zero at which point the loop
ends as the condition is no longer true. In the assembly program the
branching into the loop statement continues as long as the value 0 in
reg x0 is less than the value in x1 during each iteration of the loop.

T{Wc Nf O /bs
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First Program:

Results:

< deart x | € Dalles x | [ cruise x | o Mail- x | H Prairic x
@& https://venus.csblc.org
Al Go e America.. g8 Azure-Signup @ MATLABM

Machine Cede

0x015A04B3

M O Type heretosearch

t the America.

Machine Code

0x015A04B3

0x015A04B3

B O Type here tosearch

Basic Code

add x9 x20 x21

& hitps://venus.cs61c.org

Prev

Basic Code

add x9 x20 x21

® s x | & senio x

Reset

~ - (m) X

* 0@ :

CompTIA CERTS » Other bookmarks

Final¢ X | G tensor x | G hidde x ) venus X K13 HWS: X

Human Benchmark. Stocks 1BM Blockchain

Editor
Dump

Original Code

add x9, x20, =21

a0
(x10)

Display
Settings

Decimal

358 PM

~ "] @ 6 [ 99% A 85°F Sunny A @ E @ Z D S 5

® s x | & senion x Fnal¢ X | G tenso x | G hidde x O venus x &% HWS X &3 Proje X+ v - o X
Project 1 [ | o i

BMarina [[J Handshake £ Best Camping In Co. Human Benchmark. 1BM Blockchain SeoursEspramuedy Other bookmarks

Venus Editor T ‘ Chocopy

Reset | | Dump

Original Code 0x00000018

add x9, x20, x21

0x00000014
0x00000010
0x0000000C
0x00000008
0x00000004

0x00000000

Display
Settings

401 PM

B 3/26/2022

85°F Sunny A B E @ 7D

SmoE G

Image B


Suxia Cui
144250000000002037


Discussion:

We can see the machine code generated and its format when using register
operands for an operation. As well as uncovering the Endianness type of the
RISC-V architecture. These operations used values stored in registers in

order to execute a give operational code.

Second Program:

Results:

. deart x | @ Dalaz x | B crui

C O @ hi

AN Go Beyond with Us

Machine Code

0x001101B3

add x3 x2 x1 ADD x3, x2, x1

M © Type here to search

v | | Reset | | Dump

Basic Code Original Code

tp (x4)

t0 (x5)

tl (x6)

t2 (x7)

s0 (x8)

i pa 405 P
85F ~"FEHQ D 3/26/2022 EZI



Venus Editor ‘ Simulator ‘ Chocopy

Registers Memory Cache VDB
Prev Reset Dump

Machine Code Basic Code Original Code 0x00000018

2
g

|[[2]|[2]|(2]

0x001101B3 add x3 x2 x1 aDD x3, x2, x1 0x00000014

2
8

0x00000010

0x0000000C

0x00000008

|l2
g
lE

00 ‘

0x00000004

| =1 =]| =]]L=]{L=]| 2]
8

2
8

“1“°“

i aa)alaia

o
il

1

2
8

0x00000000

|:||:‘|:“:“3“

0x001101B3

M

E O Type here to search QO H = : [ ] E G L k 100% 8 SF "FEBED ;;D;;H B,
Image D
Discussion:

Similar to the operation executed above using register operands we can
see the values used to create the sum that is saved in a new register.



Third Program:

Learning Module 2 Case 2 Step 3 and optional Step 4:

Results:

With initial value stored in x10 and 5 initially in memory at location

0x00000078
Expected Final value location:

- Address + Offset = Location
- 0+ 120 =120 = 0x00000078 hex

M Go Beyond with Us

B O Type heretosearch O H = pa H @ B ® O

x v - a X
2 »00
PTIA CER Other bo
Memory
+ +2
00
[ 00 0
[ 00 0

122 PM
ME B E GG 3/28/2022 !z
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¥~ clear terminal anacor. X |

« >

N Go Beyond with Us...

BPC

0=0

0x8

Oxc

C 0 @& hitpsy//venus.csblcorg

Machine Code

0207852483

0x009AB4B3

0x00148493

0x06952C23

console output

Bl © Type here to search

¥~ clear terminal anacor. % | @ Dallas Starsvs. Tamp: % | [ Cruises - Amazing Cr % | o Mail - Xavier ADuke: % | [T Final Oral Presentatio. X

« v co

@ https//venus.csé1c.org

M Go Beyond with Us...  m= About the America...

m -

Machine Code

007852483

0=003%A84B3

0x00148493

0x06952C23

console output

B O Type here to search

e About the America..

m -

Basic Code

BS Azure-Signup @ MATLAB Marina

Prev

1w x9 120(x10)

add x9 x21 x9

addi x9 x9 1

sw x9 120(x10)

Basic Code

1w x9 120(x10
add x% =21 x9
addi x9 x9 1

sw x8% 120(x10

Copy!

Copy!

O Ht

Prev

)

)

Download!

Dallas Stars vs. Tamp: X | Cruises - Amazing Cr X | €J Mail - Xavier ADukes X | [ Final Oral Presentatic X

Venus Editor

Reset Dump

Original Code
1w x9, 120(x10)
add %9, x21, x9
addi x8, x9, 1

sw x%, 120(x10)

Download!  Clear!

~EaE0E O U

Image F

Venus  Editor = Simulator | Chocopy

Reset Dump

Original Code

1w x9, 120 (x10)
add x9, =21, x8%
addi x9, x9, 1

sw %%, 120(x10)

Clear!

Simulator Chocopy

Q venus

BY Awre-Signup @ MATLABMarina [[] Handshake g BestCamping InCo.. [l Human Benchmark..

© venus

[ Handshake @ Best Camping InCo.. [Ell Human Benchmark.

Stacks

£ L

X &5 Project1
(g
Stocks. 1BM Blockchain CompTIA CERTS
sp (x2) QxTEFEFFFD
gp (x3) 0x10000000
tp (x4) 0x00000000
t0 (x5) 0x00000000
tl (x6) 0x00000000
t2 (x7) 0x00000000
s0 (xB) 0x00000000
s1 (x9) 0x00000006
a0 0x00000000
(x10)
al 0x00000000
(x11)
Display  Hex v
Settings
| 705 §
X &7 Project 1 x| +
2
1BM Blockchain CompTIA CERTS

Registers Memory Cache VDB

Address

0x00000094

0x00000080

0x0000008C

0x00000088

0x00000084

0x00000080

0x0000007C

0x00000078

0x00000074

0x00000070

0x0000006C

Hex

+0

1:22PM
DIF ABRBBEY o, B

x| +

v

[n}

X

MmMeo»0@ :

»

DM AP E®B G

~

o

X

* M9 0 »0@ :

+1

+2

. Other bookmarks

+3

Exited with error code 0

1:22 PM.
3/28/2022

|

. Other bookmarks

.



With initial value 4 stored in x10 and 5 initially in memory at location

0x0000007C

Expected Final value location:

- Address + Offset = Location
- 4+ 120 =124 = 0x0000007C

lear terminal
< C O @ htpsy
Al e About the America.
EC Machine Code
52483
183
4849

B O Type here to search

con x| @) Dallas Starsvs. Tamp: x| [ Cruises

venus.cs61c.org

Prev
Basic Code
0(x
dd x 21
addi
o At

Amazing Cr % | i Mail - Xavier A Duke: X

MATLAB Marina

Reset

Final Oral Presentatio X | 2% Project 1

[ Handshake & Best Camping In Co. Human Benchmar

Editor

Dump

Original Code

Chocopy

BM Blockchain

Address

x  + v - o X
& % 9 * 0@ :
CompTIA CERTS Other bookmarks
Memory
+0 +1 +2 +3
0 00
0 00
0 00
[ 00
[ 00
00 0
00
00
00
00
0 00

B 656 PM
WF AFES G K 3/28/2022 o



¥~ clear terminal anacor. X | Dallas Stars vs. Tamp: X | [F Cruises - Amazing Cr X | &l Mail - Xavier ADuke: X | [ Final Oral Presentatic X | £I3 Project 1 x Q@ venus x o+ ~ = a X

€ - C (O @& hitpsyfvenuscséicorg 2 Oﬂﬂ'uof

N GoBeyond with Us.. me About the America.. B Azure-Signup @ MATLABMarina [[] Handshake @ Best Camping InCo.. B Human Benchmark. Stocks 1BM Blockchain CompTIA CERTS » | [ Other bookmarks

Venus Editor Simulator Chocopy

m Step Prev Reset Dump

sp (x2) QxTFFFFFFD -

gp (x3) 0x10000000

BC Machine Code Basic Code Original Code =
tp (x4) 0x00000000
0x0 0207852483 1w x8% 120(x10) 1w x9, 120(z10)
£0 (x5) | T
0xd 0x009AB4B3 add x9 x21 x9 add x9, x21, =9 (=5 B
0x8 0x00148493 addi x9 x9 1 addi x8, x9, 1 tl (x6) 0x00000000 ]
Oxc 0x06952C23 sw k% 120(x10) sw x%, 120(x10) =
t2 (x7) 0x00000000
s0 (xB) 0x00000000 T
s1 (x9) 0x00000006
a0 0x00000004
(x10)
al 0x00000000
Copy! Download!  Clear! (x11)
console output
Display  Hex v
Settings

Bl © Type here to search o) S[=l" Q)- 0 ‘ . u d n (A S AFEHG Z N 6:56 PM. b'

Image |



With initial value 8 stored in x10 and 8 initially in memory at location

0x00000080
Expected Final value location:

- Address + Offset = Location
- 8+ 120 =128 = 0x00000080 hex

¥~ clear terminal anacor X | @ Dallas Stars vs. Tamp: X Cruises - Amazing Cr X | (R Mail - Xavier A Dukes X Final Oral Presentatioc. X | &3 Project 1

€« C (O & https//venuscsbicorg

M Go Beyond with Us...  w« About the America.. @8 Azure-Signup @ MATLAB Marina [} Handshake & Best Camping InCo.. |[E Human Benchmark. Stocks
Editor ) Chocopy

Prev Reset Dump

BC Machine Code Basic Code Original Code

M O Type hereto search o H - Q,q [~ E 6 )
.. clear terminal anacor X ‘ @ Dallas Stars vs. Tamp: % Cruises - Amazing Cr. X | o Mail - Xavier A Duke: X Final Oral Presentatio x| &3 Project1
< C O @ https//venuscsbicorg
A GoBeyond with Us...  we Aboutthe America.., B8 Azure-Signup @ MATLAB Marina [] Handshake &% Best Camping InCo.. [E Human Benchmark Stocks
Editor ) Chocopy
tp
Prev Reset Dump
t0
BC Machine Code Basic Code Original Code
tl
120 (x10)
t2
0x8 ®%, %9, 1
s0
Ox sw x9, 120(x10)
sl

BE O Type here to search O Hi

X Q venus x + 7 - a X
2 L] » 00
BM Blockchain CompTIA CERTS » Other bookmarks
Memory
Address +0 +1 +2 +3
00 00 00 00
00 00 00 00
0x00000088 00 00 00 00
- 84 00 00 00 ]
)% 80 03 00 00 00
0x0 007C 00 00 00 00
00 00 00 00
00 00 00 [
00 00 00 00
00 00 00 00
00 00 00
Display  Hex
Settings
7:00 PM
"
0F ~B RS > 3/28/2022 'Ji'
X Q venus x + v = n ] X
@ % L *» 0@ :
BM Blockchain CompTIA CERTS » Other bookmarks
(x4) 0%00000000 -
(x5) 0x
(x6) x
(x7) ox
(x8) O
(x9) 0
a0 0%
(x10)
al ox
(x11)
az 0%
(x12)
Display  Hex
Settings

7:02 PM

0F A B RS 3/28/2022 '\01'



Image K

Discussion:

- The load and store word functions when used store or read a value
from a location in memory to a given register or vice versa. These
functions use the values in a given register as well as an immediate
offset provided to access locations in memory. By changing the initial
value in the register, we can alter the address in me
access. These exercises allow us to see how me
accessed and computed using offsets.

ry locations are

Fourth Program:

Results:

Run Step Dump Trace

Machine Code Basic Code Original Code
0x00100113 addi x2 x0 1 addi x2, x0, 1
0x402080B3 sub x1 x1 x2 sub x1, x1, x2
0x0210A423 sw x1 40 (x1) sw x1, 40(x1)

0xFE104CE3 blt x0 x1 -8 blt x0, x1, loop

t0 (x5)
tl (x6)
t2 (x7)

s0 (x8)

& - . 107 P
B O Type here to search (o TN -1 n i W @ @ G L 1 ] ME A FER E 328202 B
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Venus Editor

Prev ‘ ‘ Reset ‘ Dump

Machine Code Basic Code Original Code
0x00100113 addi x2 x0 1 addi x2, x0, 1
0x402080B3 sub x1 x1 x2 sub x1, x1, x2
0x0210A423 sw x1 40 (x1) sw x1, 40(x1)

OxFE104CE3 blt x0 x1 -8 blt x0, x1, loop gp (x3)

tp (x4)

0 (x5)

£l (x6)

t2 (x7)

Exited with error code 0

B O Type here to search (@ (=] - : " Q@ @ 6 L : ] b | 77% TE AFE® G 1:08 PM

3/28/2022 %2
Image M

Discussion:

This program initializes a value in the first register by adding an
immediate value to the x0 register which permanently stores the value of
zero. The initial value of reg x1 was initialized prior to this execution. The
number in x1 is subtracted by the value in x2 and then stores the value in
memory at the location of the value stored in x1 plus a given offset. A
conditional Statement then executes until the value in Ox is equal to 1x
after several loops of subtraction.



4. Project Question:
Implement C=Max(a,b)

addi x9,x9,5 #add 5 to initial register value
addi x8,x8,10 #add 10 to initial register value
blt x8,x9,max
add x10, x0, x8 # if statement above false continue execution assigns
max to reg x10
blt x0,x8, end # needed to skip over the other assignment of register x9
max:
add x10, x0, x9
end:

ntura 1414 - Google Maps x| U InTo edStayHow x | @& NewTab Jenus +

[T GoBeyond with Us... [l Aboutthe America.. H§ Azure-Signup @ MATLABMarina W] Handshake = BestCamping InCo.. [l HumanBenchmark.. [ Stocks [ 1BM Blockchsin [l CompTIA CERTS

Editor

Machine Code Basic Code Original Code ra (x1)

sp (x2)

gp (x3)

tp (x4)

t0 (x5)

t

o

(x6)

t

o

(x7)

=)

s0 (x8)
s1 (x9)

a0
(x10)
al

Display
Settings

B O Typehere tosearch o H ~ uwH @Q@QE 60 X m ¢ o A oF ~BEGEN o B



After:

@ ve

cC 0o a

BT GoBeyond with Us... [l Al Signup @ MATLAB Marina [l Handshake = BestCamping InCo.. [l HumanBenchmark. [ Stocks [ IBM Blockchain [l CompTIA CERTS

Machine Code Basic Code Original Code

Display
Settings

Bl O Type here tosearch o hmEQE GO ﬂ:iﬂ oF ABE@AED 0 !.
Discussion: The code above takes two values from registers x8 and x9
and compares the with the blt function. If this statement is found to be
true the code branches and assigns the x9 register to x10 as it was shown
to be greater than register x8. If this statement is false the code will assign
x8 to register x10. Since it is now known that x8 is greater than x9 we use
this knowledge to create another branch statement to skip over the

section labeled max.


Suxia Cui
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Design Square Sum calculator:

sumsquare: addi sp, sp, -12 #make space for 3 words
sw ra, 0(sp)
sw s0, 4(sp) # state registers sO

loop?
bge x0, s0, end
add a0,s0,x0
jal ra, sumsquare #call square function
add s1,s1,a0
addi s0,s0,-1
jal x0, loop #jump back to loop
end: add a0,s1,x0
Iw ra, O(sp)
Iw s0,4(sp)
lw s1,8(sp)

Before:

% | Q Aventura1414-GoogleMaps X | M InTown Suites Extended Stay Hor X | @ New Tab venus X+

venus kvakil.me

BY GoBeyond with Us.. [l Aboutthe America.. EE Azure-Signup @ MATLABMarina [l Handshake 4~ BestCamping InCo.. [Hll HumanBenchmark. [ Stocks [ IBM Blockchain [l CompTIA CERTS

Editor

Registers
Step Dump

zexro

Machine Code Basic Code Original Code
- ra (x1)

0xf£410113 addi x2 x2 -12 sumsquare: addi sp, sp, —-12 #make space for 3
words

sp (x2)

gp (x3)

tp (x4)

0 (x5)
set equal to value n £l (x6)
add sl1,x0,x0 # set sl equal to 0 t2 (xT)

s0, end s0 (x8)

s1 (x9)

a0
(x10)

console output
al

Display  Decima

Settings
P g

5:04 PM

B O Type here to search (ol =) n : - @ @ G u ﬂ - e ﬂ BF ANFEB A 44372022 B
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There is no multiplication to obtain square.


After:

BT GoBeyond with Us... [l Al ure - Signup @ MATLAB Marina [l Handshake = BestCamping InCo.. [l HumanBenchmark. [ Stocks [ IBM Blockchain [l CompTIA CERTS

o

Bl O Type here to search o

Discussion: ~_—

First the registers are stored to memory and space is allocated for the
values. Inside the loop, values are continuously added to represent
multiplication based off the value being multiplied and then, the value in
SO is decremented by one and the value n-1 is repeated added to
simulate multiplication and this continues until sO is at 0 at which point the
end is reached at which point it is all stored in register a0 and the initial
values in register SP are reinitialized.

5. Conclusion:
The RISC-V architecture uses simple instructions and makes use of
various methods to access values in registers and in memory. These can
be used in a variety of ways to execute a countless array of unique
operations. Students learned about the use of registers and the accessing
of various memory locations, offsets, conditional statements, and their
relation to assembly language. Students gained an/increase knowledge
of the Venus simulation software and the format aSsociated with machine
code instructions of various types.

433 PM

°| & E )
B AFRBED oy, B
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Goals and Procedure

The goals of this project is to get familiar with Venus simulator, observe how registers and memory
support computing, and review RISC-V assembly programming.

Module 1

- Type “add x9, x20, x21” in Editor field.

- Put 1 asinitial value of x20 a.

- Click “Run” to observe resultin x9.

- Click “Reset” to see all registers go back to zeros.

- Switch to “Memory”. Observe the machine code stored at the beginning of the memory.
o 0x00000000 b3 04 5a 01

- Click “Dump”. The machine code is copied in clipboard and shown in output.
- What is the endian choice of RISC-V? Verify with the binary code as shown in textbook page 88.

Prev Reset Dump
BC Machine Code Basic Code Original Code
0x0 0x015204B3 add x% =20 =21 add z%,x220,x21

sd 0x00000001

(x20)

sl 0x00000011
(x3) (x>


Suxia Cui
144250000000002037
Not follow instruction, but verified the code.


Registers Memory Cache VDB

Address +0 +1 +2 +3
0x00000018 00 00 00 00
0x00000014 00 00 00 00
0x00000010 00 00 00 00
0x0000000C 00 00 00 00
0x00000008 00 00 00 00
0x00000004 00 00 00 00
0x00000000 B3 04 54 0

Copy! Download! Clear!

00 3140 23
"4

0000003 001 {000) 1010 0000 Et)l@ o0\,
mmed rsa ral ?uncrzl tmied
P e d

DDOD O0DDl Olol 1010 0000 OWO 10V 00

0000000 \L0101|1 0100 |00 0] 0160V \0ti00W| |
rsa vsl *.PQ") v opcxﬁe_@'b
| vl vs1l g2 @D
add xq, xQl, xR

Module 2 Case 1

Give initial values to registers: x1 = 3, x2 = 4.
Type “ADD x3, x2, x1” in Editor.


Suxia Cui
144250000000002037
Little endian


- Click “Run”. Get a screenshot from the interface to show the result in x3.
- Work out machine code based on what you learned from Chapter 2. Analyze and verify the
machine code obtained from the simulator

=4 0x0011018B3 add =3 x2 =zl add =3,=x2,xl
Address +0 +1 +2 +3
0x00000018 00 00 00 00
Jmooooooll 000000014 00 00 00 00
0x00000010 00 00 00 00

a=x00000100
0x0000000C 00 00 00 00
0x00000008 00 00 00 00

gp Ox00000111
(x3) 0x00000004 B3 01 11 00

Module 2 Case 2

- Give initial value x10 = 4.
- Type following code to “Editor”.
o Iwx9,120(x10)
o addx9, x21, x9
o addix9,x9,1
o swx9,120(x10)
- Simulate the code using single steps. Observe the changes to registers. At last, verify the final
memory location value and show the calculation of memory address as the source and
destination of lw and sw

BC Machine Code Basic Code Original Code
0x07852483 1w =9 120 (x10) 120 (x10)

Ox=4 0x=00%R34B3 add ®9% =21 =95 add =9%,x21,=%

0x8 0x00148493 addi =9 %% 1 addi =9,=9,1

Oxc Ox=06952C23 sw x9 120(x10) sw x9,120(x10)


Suxia Cui
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Not follow instruction again. 


BC Machine Code Basic Code Original Code

Ox0 Ox07852483 lw =% 120({=x10) 1w =%, 120({x10)
Ox4 0x005%n34B3 add =% =21 =95 add =%,=xz21, =%
Ox8 Ox00148453 addi =% =% 1 addil zS,ss

0x06952C23 sw =9 120(x10)

Address +0 +1 +2 +3
0xz0000001Z 00 ] 0o 00
0x00000018 ] 00 0a 00
0xz00000014 00 ] 0o 00
0x00000010 ] 00 0a 00
0xz00000002 23 2C 95 ]
0x00000008 93 84 14 00
0z00000004 B3 a4 o 00
0x00000000 a3 24 a3 o7

s1 0x00000001
(x9)

al 0x00000004

(x10)


Suxia Cui
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Verify this memory location.
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|

0DlioIBR3

0000000 000l 0001 0000 000l 161 001

_ 0000000 | 00001} 000101000/ 00011 onoow]
I' vadl i ¥El Lifs vd Pcocle

- vd rsl vs2 ©) b')

odd %3, %, x1




L952L 33

(000> OI10  1psl 0I0) 0OID V0D QoW o

0oDOO| ||<:u|:u::u | nmm \{‘J {#000 010004
Lwnmed 05] w5 -:rpm:lc {as)
3 q

lsw «q, nm(;m“)

poldg4as

(0000 00O 00DL HIOD 060 oion 1001 o0yl

Aooooobonomil Giooy |ood olod | |evisol

T I ysl 3 vl uin'_ﬂt
1 1 b 4 9
addi x%,:4,1
._;.'ﬂ' gt
OOGARL B

Q0000000 1000 1010 100D kD 10W QDY

0000000 | 1o0i] mum ,h_ﬂgi 01 00} 01001 |
. JI.I? s dl id ﬂFr.::-:.]I-l;

)] a Eﬂ. ﬂ 9 51
add 29, ¢l x4



Part 4
s1

(x3)

al
(x10)

D185 aue3

010\

E}ODD 0ilL 160D 1861 01O 0lOD 1600 00|

Wﬂﬁmo 0to] ool |0 ao o)
= vsl 12 rd

\20

0x00000001

0x00000002

@ @ O (3)



Address +0 +1 +2 +3
Ox00000028 ] o0 oa oo
Ox00000024 ] o0 oa o0
Ox00000020 ] o0 oa oo
Ox0000001C ] o0 oa o0
Ox00000018 ] o0 oa oo
Ox00000014 ] o0 oa o0
Ox00000010 ] o0 oa oo
Ox0000000c 23 2C 95 0B
Ox00000008 93 a4 14 oo
Ox00000004 B3 24 1) o0
Ox00000000 83 24 a5 o7

s1 0x00000001

(x3)

a0 0x00000011
(x10)

sl 0x00000001
(x9)

al 0x00001000
{x10)

Exercise 3




ra 0x0000000E
(x1)

5p Qx00000001

(x2)

After 15t step

ra 0x0000000D
(x1)

sp 0x00000001
(x2)

After 2" step

ra 0x0000000D
(x1)
sp 0x00000001

(x2)
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3 1t mah Og

it

an ve.d

C: a{.{;

#

Main Question

Part 1

1 blt x1,x2,Else

2 sw x3,08(x1)

3 Else:sw x3,08(x2)
4 Exit:

PC Machine Code
0x0 0x00000063
Ox4 0x00302000
Ox8 0x00312023

Basic Code

beqg =0 =0 0

Invalid Instruction

sw ®x3 0(=x2)

Original Code

beq x0 =20 0

Invalid Instruction

Else:sw x=3,0{x2)


Suxia Cui
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ra
(x1)

sSp
(x2)

gp
(x3)

Else statement true

PC
Ox0

Ox4

ra

(x1)

sp
(x2)

gp
(x3)

Part 2

Machine Code

0x0020C463

0x0030R023

0x00312023

Basic Code

blt =1 =2

=]
o

sw x3 0({x1)

sw x3 0(x2)

OxYFFFEFFO

0x10000000

Original Code

blt =xl1,=z2,El=ses

sw x=3

Elzsesrsw


Suxia Cui
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These are memory locations, not values.
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WMoCa = h

1@

12
13
14
15
16
17
18

addi sp,sp -12

sw ra, @(sp)

sw s8,4(sp)

sw s1,8(sp)

add sB,ad,x8

add s1,x0,x86
loop:bge x0,s8,end
add a@,s0,x86

jal ra, sguare
add s1,s1,a8

addi s8,s8,-1

jal =@,loop

end: add ab,s1,x@
1w ra,@(sp)

1w s8,4(sp)

1w s1,8(sp)

addi sp,sp,12

jr ra


Suxia Cui
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Missing explanation and verification.
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TOPICS COVERED IN FINAL EXAM

Final exam is a comprehensive exam.
It covered the following topics:

Computer abstractions and technology

Computer Performance; define computer performance in terms of CPU
time; CPI

Instructions: Language of the computer; RISC-V assembly language
Arithmetic for computer

The processor

Large and Fast: Exploiting Memory Hierarchy
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/ )(
L\”O 16pts) 1. Short answer (2 points each)
7/ (2 pts) (1.1) Of all the available datapath components, please specify (place a checkmark)
whether the component will be needed for the execution of instruction: addi x10, x12,1

Yes NO
2 O Instruction memory
M 0O ALU

2 O Regi_;te/r file
B‘\g/ Igafhediate generation unit
a ““Data memory

7/' (2 pts) (1.2) For each of the following statement, place a checkmark in the column identifying
which memory technology, SRAM or DRAM, the statement best describes.

SRAM  DRAM
EI is used for cache memory
D B is used for main memory

ig4fie faster one of the two technologies
\ /E/ls the cheaper one of the two technologies

")~ (2 pts) (1.3). Computer architect divide processors based on design criteria of instruction sets
into two broad categories: Complex Instruction Set Computer (CISC) and Reduced Instruction
Set Computer (RISC). Choose all the following characterristics that are applicable to RISC
processor.
a. Variable-length instructions
(®Fixed- length instructions
c Many tructlons (typically, hundreds)

1 5 ter for a minimum instruction set
ach instruction perfoms a basic computation
,ach instruction can perfom an arbitraily complex computation

) (2 pts) (1.4) Please describe the steps that transform a program written in a high-level language

such as C into a representatiorn that is dlrectly executed by a computer processor
A m,p-(«r b wsed & gm AN 1 % M

(2 pts) (1.5). Assume that one processor has 13 pipeline stages, assume it is perfectly pipelined
and the program is very long, how much speed up will it achieve compared to a nonpipelined

Processor. e
Answer _ Z '\3 M
N

'y (2 pts) (1.6). Derived from the paper-and-pencil method learned in grammar school, integer
multiplication in computer is accomplished by iterative and

\ ~
-



(2 pts) (1.7). The single-cycle datapath conceptually described in the class and in the textbook

7 must have separate Instruction and Data memories beause (single choice)
a. The format of data and instructions is different in RISC-V and hence different memory are
needed.
b. having separate memories is less expensive.
@ The processor operate in one cycle and cannot use a single-ported memory for two different
\accesgv(pi&hin that cycle.
et

g

M/ (2 pts) (1.8). Name the special purpose register that stores the address of the next instruction
/' to be fetched from memory. /

Answer: Q@MM
\_

F.g

(16pts) 2. Concepts Understanding (4 points each)

clock cycle. These events are called hazards. Please name what are the three different types of

hazards? D a'é/ W/ (
§ Lt

ol NIV ]
> 3

L(_’/ (2.2). It is the principle of locality that gives us a chance to overcome the long latency of
memory access. Please explain what are temporal locality and spacial locality, and give an very
simple example (in the area of computer architecture) to illustrate, the point.

/%w/;éeo%*h P A Mﬂ ,,.-;/M céy&-‘*'z"‘“ ad
. . W <D . -
$Taccel W - wrlere Ze Aall cdore & Hpfensnce
»—j - (2.3) When determine the CPU performance, CPU time is related to Instruction count, CPI and
o
r4

clock cycle. Please fill out the following table to check which aspects are affected by the specific
hardware and software component.

T
A@; (2.1) There are situations in pipelining when the next instruction cannot execute in the following
L .

q..?

Instruction count CP1 Clock cycle
Algorithm v U \ v~ / \'// 7<
ISA [/ | ©7 \f \
Complier N \_/ / \ /</

language

. i | Y
Programming \/\/f v ‘>i ><




, (2.4) Could you bneﬂy expalin/demonstrate Memory Hlerarchy ina typlcal PC segmg

miss rate is 5%. If a processor has a  ideal CPI of 2 without any memory stalls, and the miss
penalty is 100 cycles for all misses. Assume that: 30% of the instructions are load & stores,
50% of the instructions are ALUs, and 20% of the instructions are controls.

(6 prs) 3.1 | | | 01) ooy + (00503 (2o =2

(i) What is actual CPI with the possible cache misses? 2% (O
(i1) Assume that we have perfect data and instruction cache (no cache misses), what is the
performance speed up of the CPU with the ideal perfect cache vs. the CPU with actual cache.

= 228
-

(6 pts) 3.2 What if the processor is faster, but memory system is not. Suppose we speed up the
ideal CPI without any memory stalls from 2 to 1 without changing the clock rate.
(i) What is the CPI of the system with cache mlsse/s";} t 1+ 71.5=3.5
(i1) What is the performance speed up of t CPU with the ideal perfect cache vs. the CPU with
actual cache? 3.-?-' s 3.5
(iii)What is your observatlon on the effect of the memory on the system performance?

W%W%M%@;ﬁw



(20pts) 4.
@ (4 pts) (4.1) Given a 32-bit binary number, please demonstrate the range it could represent if it

represent a single-presion IEEE 754 floating-Point number. .
7/ pif&‘chpzcyp_zz;) g-+ol Exp 2 Aeadl <1 awd Froe=O
T ——

—T}E.I-z}/ oy ‘;.Zl'f] 4 E"P-«% -? =254 oual Frac = .nsvet

Tt Fcare o

(4 pts) (4.2). What is overflow and underflow for floating point arithmetic?

(7 (6 pts) (4.3) What is the decimal value of this IEEE 754 single-precision floating point number

A - —
E)hwgoh 1010 1110 1100 0000 0000 oooa
@ﬁ"ﬁo 5101110 £ 150 spgo peeo 0000

o
r et S~ 13¢ 505 £30 |
: (t.oto111021) ,/2/ ‘E‘ * >

! (6 pts) (4.4) Please represent the decimal number: -188.875 using single-precision floating
O point IEEE 754 standard.

x = (—1)° x {1+ Fraction) x 2(®eneat-8as) 138 = 10111100

O%Y¥S=0. 35 vo. 125%

S O-15= 6.5 +0.2%5
CY¥Ps =05 »0.25 +0.125
— it
5 Lxe o Iss.¢ys>202211 212
Qﬁlof?o-”ﬂ o311 11\90 1/1;/,/, __?) & W

R J Free=0Cl11L100211L

¢
7= lyp-12¥ Zf-"‘la/
134 = 10000110



implementation:

_ (18 pts)

5. Single cycle implementation — multi cycle implementation — piplined

Calculate cycle time assuming negligible delays (for muxes, control unit, imme Gen, PC access,

shift left 1, wires) except: Instruction and Data Memory (200ps);

and Register File access (reads or writes) (100 ps)

ALU and adders (200ps);

h/ (5 pts) (5.1) (i) Please fill in the table and calculte the total time needed for each instruction
(i1) What will be a good time for a single cycle time (2pts)?

Instruction Intruction Register ALU Data Register Total
Class memory Read Operation Mem Write o

R type( such as ADD) Q00 . lo0 200 SN v . 3o oo
Load (1) 200 | 109" | 200 z80 100 | Son
Store (sw) 1{‘9( }éo 260 20 e —— Y00
BEQ ﬂ&) //100 y {1 i S60

|0 s)

(2 pts) (5.2) when we adopt a multicycle implementation. Each step will take 1 clock cycle,
please explain what will be an appropriate cycle time?

Cycle T Cycie 8: tycle 9 !’;'ycle 10
Mo

iw o | R-type
[ Fetch] Dec f Exec | Mem | wB lFetchI Dec | Exec | Mem | iFetch]

200ps /e Lhad s Hhe bongrt agp S0P

[
(3 pts) (5.3) Please explain what is the piplined implemenataion.
k-, . odoers ﬁ—( Anedirnce “tetorerics

Cycle 1} Cycle 2: I.'.ycle 3i iCycle ai iCycle 5¢ Cycle 6

c_llﬁl_lml—ll_lr_"

=W




Add I l\

4 Add Sum

|Q

Instruction j5-0]

LN
Instruction {19-15)
N . ggdartt‘:ss ::;?gaﬂ Read
Instruction j24-20) ;
! ] Read 2r.|ala 1 l
Instruction register =
o1 ALU
13101 [ Tnstpuction [11-7) Write Read ™ t:s'LL'Jl - Addressrge:lg v
Instruction register data 2 M 7]
memory ] g
Write 4 1" ¢
data Registers Wate Data

&

Instruction [30 14- 12]

data memory,
Instruction [31-0} ® \ |

\_LJ, (4 pts) 5.4. Please fill in the following table, which spemfy how to set the control signals when
' executing the 2 instructions.

Instuction Branch MemioReg | ALUSrc | RegWrite | MemRead | MemWrite ALUOp

1d o 1 1 1 i 0 00

Bq [ 1 [OX] o [ o [ o O o1

( (4 pts)5.5. Please explain the detailed execution steps for the instruction:
sd x10, 40(x11)

F&é/é turtueeZon | Decode | Rw/mx10¢x11

Lreeods 'ijaﬁﬂﬂo ¢ .ow,ALblaéuw:Q
MW@MM X117 and ot &)ﬂ,}& x10%s



' % (10 pts) 6. The following RISC-V code segment is corresponding to the C code:
A=B-E; C=B+F; ..MJ
| . g ,,,t;;fc adAta
d xI, O 7 -
Id x2, 8(x6)>M% 1) 4+7f2'13
sub x3, x1, x2 S / 5,08 (H2)
sd x3, 16(x6) M /M&C ( H 5)

Id x4, 24(x6)

add x5,xl,x4> Ww{é“(ﬂ o)

sd x5, 40(x6)

e ol

U/ (4 pts)6.1 Assume forwarding (aka bypassing) scheme is adopted here. (i) Please specify the
data hazards even with the forwarding scheme and point out where stalls should be added. (ii)

how many clock cycles do you need to implement the above code sequence? e
VAL | H3 ood guon o0 s euted e adebie
{ a) et LS é Ié.

Mt T 2 f\f
(D 12 s (o

- (4pts)6.2 (i) Please reorder the code segment (while do not change the function of the program)
to avoid the stalls. (ii) how many clock cycles do you need to implement the above code

sequence? /4 x 1 o(xe) $d X3 260X6) Povad
1d #2 &(x6) Add A5 u 1 gl

1d xH 5 yolné)
Sub 23 xiz\@/j‘; )

(2pts)6.3  What is the minimum number of cycles needed to completely execute N instrucions
} on a CPU with a K stage pipeline'? Justify your formula WWM - M

#(rlp

I‘l l'{ #{M i J _]
(8 pts) 7.  Please change the following ¢ statement to RISC-V statements.
LL Assume that base address of array A is in register x10, base address of array B is in register x11,
and each array element is a doubleword (64 bit). Variables register allocation are:
c:x6, i:x7, andj: x8. % by tn
What is the RISC-V assembly code for the C statement?
¢ = A[i] -Bj]

addi x4, 1O, 4_ )M Xélxié/xi?
XC M@ X127 k%, X2
ﬂhwqp x13, x%,; » 9
:Q//M x.'f—"‘/xlz, x10
add x 15, xisf}ii
Id ri16, o(x14)
ld w1%, 6Cx1S)
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Name: (Print) _E&mn Ol.u:n y

(Sigﬂ)%[fdm__dlga‘; o

i 1 16 /vg"{
2 16 /57’7/
3 12 6|<
4 20 /b/
5 18 /b——'
6 10 85/
7 8
Total 100 é 82




@16pts) 1. Short answer (2 points each)
. (2 pts) (1.1) Of all the available datapath components, please specify (place a checkmark}

-

/~ whether the component will be needed for the execution of instruction: addi x10, x12,1

('>,,

vV

(K

~“such as C into a representation that is directly executed by a computer processor.

-

>

Yes NO
%] O Instrpction memory

g O AL
egister file

\ a
E]\— Immediate generation unit
O X Data memory

(2 pts) (1.2) For each of the following statement, place a checkmark in the column identifying
which memory technology, SRAM or DRAM, the statement best describes.

SRAM  DRAM
O is used for cache memory
issed for main memory

O K
g\_‘ %-f’is the faster one of the two technologies

is the cheaper one of the two technologies

(2 pts) (1.3). Computer architect divide processors based on design criteria of instruction sets
into two broad categories: Complex Instruction Set Computer (CISC) and Reduced Instruction
Set Computer (RISC). Choose all the following characterristics that are applicable to RISC
processor.

K Variable-length instructions
ixed-length instructions

/ Many instractions (typically, hundreds)
\ Strives-for a minimum instruction set

\ @Ea instruction perfoms a basic computation
ach instruction can perfom an arbitraily complex computation
(2 pts) (1.4) Please describe the steps that transform a program written in a high-level language

ALL e A SSCMM A ﬂac\n.r\«.
QA ss.cmbh?” (Tt
(2 pts) (1.5). Assume that one processor has 13 pipeline stages, assume it is perfectly pipelined
and the program is very long, how much speed up will it achieve compared to a nonpipelined

processor.
Answer ‘J.Fq_,l v S 15 dom, N

(2 pts) (1.6). Derived from the paper-and-pencil method learned in grammar school, integer

multiplication in computer is accomplished by iterative iﬂ«i and q&i‘“_‘t‘

o



—, . (2 pts) (1.7). The single-cycle datapath conceptually described in the class and in the textbook

V4 }mst have separate Instruction and Data memories beause (single choice)
a. The format of data and instructions is different in RISC-V and hence different memory are

negded
; /ﬁaving separate memories is less expensive.
The processor operate in one cycle and cannot use a single-ported memory for two different
\_~"accesses within that cycle.

.)/, (2 pts) (1.8). Name the special purpose register that stores the address of the next instruction
to be fetched from memory. \
Answer: QL ((i;%: 4 M—C-MJ ‘e

\_

-

// g ,g/ (16pts) 2. Concepts Understanding (4 points each)

(2.1) There are situations in pipelining when the next instruction cannot execute in the following
u/ clock cycle. These events are called hazards. Please name what are the three different types of
hazards?

S x»r u-\-ur(_, "\ﬁ 7%(&15
C. ;*lrol ))(“2 “)

Dby Heaed)

’< (2.2). It is the principle of locality that gives us a chance to overcome the long latency of
\ memory access. Please explain what are temporal locality and spacial locality, and give an very
—, simple example (in the area of computer architecture) to illustrate the point.

. 1

Y L O P B N N o memeryacLesses.
|

C|)‘ M‘-DO} Tem ru -a\\ l\}CKl'r-{ = Tk\_ funClr"‘l 'H'!t.-l' P ~S OurC ,.LL|‘_.l .lei 61'?'_(__
AW ,ﬁc-xo’f_‘;ﬂf-rn 4 fc\ st ont poiaf W\ Ve - ,’n‘ aukEa - [_

SPGU‘\\ loc ﬁl:..("],- Con C(P+ el erencn a N PP 3 S é ln} b I e

LY S

X Sourc o 1ot e g yudf _v-L.(t.f(Ac )
Gy A (2.3) When determine the CPU performance, CPU time is related to Instruction count, CPI and

clock cycle. Please fill out the following table to check which aspects are affected by the specific
£5) hardware and software component.

Instruction count CPI Clock cycle

Algorithm X, |}

X
ISA YR X X
X
X

Complier X \ /

Programming ~
language




(2.4) Could you briefly expalin/demonstrate Memory Hierarchy in a typical PC setting.

) 'mlu o

MNemor
\'\ 1 Lr’}'—tl\\;l

.’.z . - . [
B \n'.ma(,\n'”, *"\CM‘(:A Merprq . M6 t}wr’«t elise 5 B w

el atmfe L &3
(12 pts) 3 Assuming an Instruction cache miss rate for a program is 1%, and a Data cache
miss rate is 5%. If a processor has a ideal CPI of 2 without any memory stalls, and the miss
penalty is 100 cycles for all misses. Assume that: 30% of the instructions are load & stores,
50% of the instructions are ALUs, and 20% of the instructions EmF controls.

(o
pts) 3. = g
77 < (i) What is actual CPI witfi'the possible cache misses?
\

(i) Assume that we have perfect data and instruction cache (no cache misses), what is the
performance speed up of the CPU with the ideal perfect cache vs. the CPU with actual cache.

) e (e e B Vabuadin)
N cbval Cf’lg= LCPI(\JM 4\ ookt A

L= [y 1S
) (UVO\J\S) : ¢f | /(Aca.l C(PI

.t.\\ C?U [)" Gfmnncc. = i (_-I—u-x\

ws /o= (U5 5@

(6 pts) 3.2  What if the processor is faster, but memory system is not. Suppose we speed up the
ideal CPI without any memory stalls from 2 to 1 without changing the clock rate.
(i) What is the CPI of the system with cache misses?

(ii) What is the performance speed up of the CPU with the ideal perfect cache vs. the CPU with
actual cache?

(i11)What is your observation on the effect of the memory on the system performance?
‘ De! tebc
'.LH P\uh-\\ Pl s (CPK(\A&«\\ 4+ Lcacke # Dela ¢ \

. (\-{.i-tols-)\ :

\'\'l‘-/af"—l\g- Se PGFC-"’( ) Co"*()u'l' (e S“l‘or (2 C

\’6\\‘( v r—(-Sj_,‘?f-ﬁt 4img

\'\\ PN Uerlormmce = A chul o) /[ \deal cPl
. . Y
s RGBS
/|

Y e 1o (e se daef uddal CPL b

QV"'} MGV\DF} j‘l"\“-‘ CL‘LCfﬁ“'-L( ‘“‘"':4/\ Sg\"),?.'-h

?{/(uf ™ €al .tnquct‘L,,
-4 -



' @ (20pts) 4.

(4 pts) (4.1) Given a 32-bit binary number, please demonstrate the range it could represent if it
O represent a single-presion IEEE 754 floating-Point number.

513r~¢4- A UMS:‘}M_A{

o R e T — .
Ea Ak -'---1"';"'""‘) (0.'l ‘)'» [o,5 —(]

\‘{_‘ (4 pts) (4.2). What is overflow and underflow for floating point arithmetic?

Ov:/ﬁayq - A :L\}n\’lqn Ve NL'-LL a [)os ""ivb \'kf)uﬂﬂl' E)Lcom § 'l’\"
\o-\} 4o '-+ A ‘usg tk\m.-‘fni KCIJ

v
undirlloy - A S'rt—\”‘l-]'.\.:\/\ woht \ nowy Ll‘.\,.__ *‘-Klovﬂrﬂl hecomes
Yoy {

larxa s '\'a (j‘l' n -uVL Cxf i {:t cJ

b (6 pts) (4.3) What is the decimal value of this IEEE 754 single-precision floating point number

n 1
% LR S B S T o
(Ol 110001 TD10 1110 1100 0000 0000 0000} qib \13 TS N T e s
$:0 \ Ly 0 6 o0\
frukion = 01OWO11002 MV % (1 Frackion) x o (FXPed = Bin)
Exponeed = 1N\ QOO = 133
o 13- \F
x- (-0} % (1r.010 10O Moo\ ¥ 1
(6 pts) (4.4) Please represent the decimal number: -188.875 using single-precision floating
point IEEE 754 standard. v 5 .4 3 Lo
S : (Exponent-Bias) 3 B ') + a2 'l 2 1 3 2
x =(—-1)° x(1+Fraction) x 2"=%° N R
‘ (-7 a5h  lag L 3 \ iy
88 (1) (1+ oo\ x2 S N R
=5 \ Yo pas 3 = 0.12F
O '1— = (. 5
~ 31 18%=10 W00
ﬁ 335 = .\ 39z 0.WVC
\ -
S\ e s s VORR Y o 1B4= 10090 \10
N - 12%
= g3zt L
N g= =y
7 — G 000000 = -
JUESCAL S o, foochin
5  Expered

1 &

s



implementation:

v Calculate cycle time assuming negligible delays (for muxes, control unit, imme Gen, PC access,
shift left 1, wires) except: Instruction and Data Memory (200ps); ALU and adders (200ps);
and Register File access (reads or writes) (100 ps)

(‘ (18 pts) 5. Single cycle implementation — multi cycle implementation - piplined
5)

I( (5 pts) (5.1) (i) Please fill in the table and calculte the total time needed for each instruction
(i1) What will be a good time for a single cycle time (2pts)?

S
Instruction Intruction Register ALU Data Register

Clalss [ mtl:molry Reﬁdt Operation Melm Wrgilet ol

R type( such as ADD) 200¢e5 Do Py 00y VDOPS ‘,c(jfﬁ S
Load () 20003 | WoPs 1100Ps [ 20008 | 1pofS| Boes
Store (sw) o0 PS\JM w00 > ']"_00()) 2006
BEQ WolS| oo P agofs 500F}

(2 pts) (5.2) when we adopt a multicycle implementation. Each step will take 1 clock cycle,
'_2 please explain what will be an appropriate cycle time?

Cycle 1§ Cycle 2} Cycle 3 Cycle 4} Cycle 5} Cyele 6 Cycle 7 i Cycte 8 Cycle 9 Tycle 10
s I O T (R T (U U o N N N R

1w [ el » R-type
[WFetch | Dec | Exec [ Mem | wWe | iFetcbf Dec | Exec | Mem [ IFetch]

’)Dor > }3‘*(4 -\- W -L:’L(,, Lo

P( flo-t G 5-l(f)
(3 pts) (5.3) Please explain what is the ?plined impt€menataion.

? '\(’L\-I“}- R program A 'o} - qu(""ﬂ‘l ‘LL;
E\(Cul-l“ﬁ J[ 1 rlﬂ,(L,,,g

..___‘_\J‘_J



(|

Instruction [6-0]
R ——————

J.....E,
instruction [19-15] d
L bo- g:c?r(::ss 2:;518[1 Read
Instruction [24-20]
I 1 Read data 1
Instruction | | register 2
[31-0] Instruction {11-7) Write Read | _! | Addrasste::g 1
Instruction register data2 M
memary =
Write 0
data Registers Write Data
. data MEMOory,
Instructior: {31-0) 3z ® 84
~ Y

Instruction [30,14-12}

(4 pts) 5.4. Please fill in the following table, which specify how to set the control signals when
kp/ executing the 2 instructions.

Instuction Branch MemtoReg ALUSrc RegWrite | MemRead | MemWrite ALUOp

Id O k- \ \ T O 00

Beq 1 M\/Q/ 0 C | O ] wm

,7/ (4 pts)5.5. Please explain the detailed execution steps for the instruction:

S
sd x10, 40(x11) - -

’f- pdofc' o e o
SD(SLW’L C\Oulalc_m,,)\- RuriPese [ "'o SLorc clovl’ -1 }
Forv“'\al'- sD r"’ 0((5,_.1 (L«.\c,\

X0 5 ('\?R (‘}”‘H/A\ {’Urf’u-"{__ .r-ulixlf/
)\\\ Y LqSL \ l_l\) vy by “JI

—n;& 'lnj"{u{"']u,\ Sabe y L\\«. (‘bll:l-ml— 'II u{ rL -L- '\'\'\-L | P dad T
\\_)Lt‘t(.\’l Vi (Laxe Al D(/SC"’\ ) Tt& f'u-«‘l"nl b/ X '0 —\"‘q-\)K/ 3

A. Lo ekim M(mon), (k\\ + ‘—l()\ (NL‘L:L w \\ hu‘gl_) _{L\ baig e

ﬂg\t‘rl‘! b[ {_L& ‘“{Mo,} lo(cl—:a«\ ".,J I—L\_, ]L,, L).-} S:]Le,l

SOd gk Yl T cald o GPR bage (xl]) o
‘C(»'H '\'\'\'& -((‘é({-'nk.g, n&lé‘l el 4y U, .h,\ .

)

Wﬂwcf;)\



7

L

D ‘S\'A“

S\'a\\\

(L.

ALY

Y [\j

(10 pts) 6. The following RISC-V code segment is corresponding to the C code:
A=B-E;, C=B+F

id xl,. 0O(x6)

Id 8(x6)
sub X3, x

sd x3, 16(x6)

1d (x4,2.24(x6
add x5,x1,

sd x5, 40(x6)

FEOy L W —

(4 pts)6.1 Assume forwarding (aka bypassing) scheme is adopted here. (i) Please specify the
data hazards even with the forwarding scheme and point out where stalls should be added. (ii)
how many clock cycles do you need to implement the above code sequence?

q+3 =\ Clock ng«. 5
?\\)5 s\—a“s \\ 2= \:)_Cflo;l(/ Cyr_lc_s

(4pts)6.2 (i) Please reorder the code segment (while do not change the function of the program)
to avoid the stalls. (ii) how many clock cycles do you need to implement the above code
sequence}, 1 v\ OC(Kb) EREE I SN

RV PR
1 a %L'.tb\\ \ . add ys Y\”{__gi)

5000 1Y)
4, Sob X% X\ x2 1 54 x5 4o (xU)

(2pts)6.3 What is the minimum number of cycles needed to completely execute N instrucions
on a CPU with a K stage pipeline? Justify your formula.

[V EL’_(;\\

(8 pts) 7. Please change the following c statement to RISC-V statements.
Assume that base address of array A is in register x10, base address of array B is in register x11,
and each array element is a doubleword (64 bit). Variables register allocation are:
c:x6, i:x7, andj:x8.
What is the RISC-V assembly code for the C statement?
¢ = Ali] -B[j] X
sw xR
add  y § xlo X¥
¥ s
S\ v \ w 4) oY
a4d  x N\ iy W\, O
1d ¥\t O (xv_ )
Sub «\¢ x\D x\F
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Name: (Print) ‘\\GSir \)a'l'{-

(Sign) W W

1 16 /)/
2 16 ) SL’
3 12
/
4 20 /5/
5 18
‘ -
6 10 ?/
25
7 8 .5
Total 100
irh:




a?/" (16pts) 1. Short answer (2 points each)
(2 pts) (1.1) Of all the available datapath components, please specify (place a checkmark)
l US whether the component will be needed for the execution of instruction: addi x10, x12,1

_Yes NO
) O Instruction memory
My, O ALU
L W Register file
Immediate generation unit
a Data memory

= , (2 pts) (1.2) For each of the following statement, place a checkmark in the column identifying
L~ which memory technology, SRAM or DRAM, the statement best describes.

SRAM DRAM
lS uscd for cache memory

sed for main memory
1S thc faster one of the two technologies
is the cheaper one of the two technologies

= .- (2 pts) (1.3). Computer architect divide processors based on design criteria of instruction sets
o into two broad categories: Complex Instruction Set Computer (CISC) and Reduced Instruction
Set Computer (RISC). Choose all the following characterristics that are applicable to RISC
processor.
a. Variable-length instructions
Fixed-length instructions
¢. Many }mtructlons (typically, hundreds)

3 @u trives for a minimum instruction set
(eFach instruction perfoms a basic computation
- Each instruction can perfom an arbitraily complex computation

(2 pts) (1.4) Please describe the steps that transform a program written in a high-level language
such as C into a representation that is directly executed by a computer 1pj:tarcessor

HLL "l—lﬂsseqw ‘(Omsua}e W Cthjua;g

(2 pts) (1.5). Assume that one processor has 13 pipeline stages, assume it is perfectly pipelined
and the program is very long, how much speed up will it achieve compared to a nonpipelined

Processor. 6 .
Answer hM

_
(S

l/ (2 pts) (1.6). Derived from the paper-and-pencil method, learned in grammar school, integer
(ﬂch tian

multiplication in computer is accomplished by iterative and o
-~

&

N



(2 pts) (1.7). The single-cycle datapath conceptually described in the class and in the textbook

/must have separate Instruction and Data memories beause (single choice)
a

The format of data and instructions is different in RISC-V and hence different memory are
needed.

. havipg-Separate memories is less expensive.
processor operate in one cycle and cannot use a single-ported memory for two different
sses within that cycle.

(2 pts) (1.8). Name the special purpose register that stores the address of the next instruction

to be fetched from memory. '
Ans\tr_:)e

A
1“{ (16pts) 2. Concepts Understanding (4 points each)

(2.1) There are situations in pipelining when the next instruction cannot execute in the following
clock cycle. These events are called hazards. Please name what are the three different types of

hazards? Dada MZ(L(A ~Need To Lt for previass msfructin o comple fe

t doke  teod |
‘lbjrmd—w( Cl?,onl A ﬂ‘.’cluutal dercc 5 quy

condl hazod - Df’crdrg on Conird action depnds e PZvrey

f (2.2). It is the principle of locality that gives us a chance to overcome the long latency of
k(/ memory access. Please explain what are temporal locality and spacial locality, and give an very
simple example (in the area of computer architecture) to illustrate the point.

el \owlily~ %‘\zﬁc& 'H\O& T d(h‘a localien fs rebeenas] Jhen 17

H wll he veferncel a O(am = ax alady 11 a dafa memory
and Y Will go Here e <0 g el

foencel Hen T date localbn heody el dr
Spacu l (a' -~ States fh"d ff:al /€. Yor o
an qdde Yo anfl Slox e roal! Near
(2.3) When determine tne% rf] pergrmance CPU time is related to’blunstrucu?)ir?C count, CPI and i4

\&r/ clock cycle. Please fill out the following table to check which aspects are affected by the specific
hardware and software component.

Instruction count CPI Clock cycle

Algorithm \/ . \/
IS i v/ V'
C:;lplier M /

Programming \/ \/
language




(2.4) Could you briefly expalin/demonstrate Memory Hierarchy in a typical PC setting.

" Neway ek s whee floe are leels
{impodance N h{l@[/ﬂg(y ke Memuy 13 Featal
"N dittecnt tives ik ._y}g 4 execuk a (aa/(

(12 pts) 3 Assuming an Instruction cache miss rate for a program is 1%, and a Data cache

miss rate is 5%. If a processor has a ideal CPI of 2 without any memory stalls, and the miss

penalty is 100 cycles for all misses. Assume that: 30% of the instructions are load & stores,

50% of the instructions are ALUs, and 20% of the instructions are controls. "’o M I.S‘S p il F)': IC

T U fin (CIL"l:l
(6 pts) 3.1 st % d“,cp’:a

(1) What is actual CPI with the possible cache misses? Dd‘kl Cach =&
(i) Assume that we have perfect data and instruction cache (no cache misses), what is the
performance speed up of the CPU with the ideal perfect cache vs. the CPU with actual cache.

Nen=22H B

"

(6 pts) 3.2 What if the processor is faster, but memory system is not. Suppose we speed up the
ideal CPI without any memory stalls from 2 to 1 without changing the clock rate.
(1) What is the CPI of the system with cache misses?
(i1) What is the performance speed up of the CPU with the ideal perfect cache vs. the CPU with
actual cache?
(iii)What is your observation on the effect of the memory on the system performance?



J\/_@ (20pts) 4.
(4 pts) (4.1) Given a 32-bit binary number, please demonstrate the range it could represent if it
O represent a single-presion IEEE 754 floating-Point number.

(O] L3

"

o

'77 (4 pts) (4.2). What is overflow and underflow for floating point arithmetic?
Qdefow = A Siduadtn Whee a positie infejar Can't 177 on an
C¥porent ficld
Sderflow—/ StuitenWliee & PCurlie inkger Can ) 777 /4
iegen ficld

.3) What is the decimal value of this IEEE 754 single-precision floating point number

b 01 11 0001 1010 1110 1100 0000 OOOO(@,
233~ W=\
1 : 1060
\ H\'Q\\OHWOX
- N

b (6 pts) (4.4) Please represent the decimal number: -188.875 using single-precision floating

point IEEE 754 standard. 1
o.t;#-:i,?r}

X = (—1)° x(1+Fraction) x 2(®eonent-8as)

otsxn =1.§
\%%/R = qq‘ Oﬁ\ O.gx} ‘:J-. 0
W =t o I
@ =2> | ¥
Wa =5 - F
sja =2} 5}33 + 127
Ya =1 O f B
Yo =t 1 U 1000 o310 TOW oMl . - -




(18 pts) 5. Single cycle implementation — multi cycle implementation — piplined

@ implementation:
Calculate cycle time assuming negligible delays (for muxes, control unit, imme Gen, PC access,
shift left 1, wires) except: Instruction and Data Memory (200ps); ALU and adders (200ps);
and Register File access (reads or writes) (100 ps)

(5 pts) (5.1) (i) Please fill in the table and calculte the total time needed for each instruction
(i) What will be a good time for a single cycle time (2pts)?

S Y

Instruction Intruction Register ALU Data Register
Class memory Read Operation Mem Write

l} R type( such as ADD) B\m ps ' OOPS ao‘onf x ’CC” GOOPS
| Load (Iw) L B\MPS l O(XA' a@ﬂ( aa’)pf l WPI %mm

Store (sw) 4008\ lC_X)pﬁ //a/CKJPS hddps x ?OOPS
= doops Wloop” [Boops | X [ X [soops

Y Goed Sr@la cYele fim waald be L00ps

o (2 pts) (5.2) when we adopt a multicycle implementation. Each step will take 1 clock cycle,
' please explain what will be an appropriate cycle time?

Total

Cycle 1 ECycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 : Cycle 7 Cycle 8 Cycle 9 :-Cy\cle 10
o3 I [ N [ N (N A [ SN (N N B N e N I R D T

1w sw - R-type
[Fetch ] Dec | Exec J\Mem | WB L AFetch| Dec | Exec ]| Mem | IFetch]

— Th apprpriat a/cloWl be AOUPs
% (3 pts) (5.3) Please explain what is the piplined implemenataion.
- Piphd implementation 1 OUcrlapprij inShchion To Imprae
SHUGH, %raﬂhpu+\/
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X
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Instruction {6-0)
pr—————————————
Instruction {19.15)
el et o
Insiruction {24-20] Read 2data 1
Inatruction Lt AT
3101 [T instruction (1171 - Road ALY ALY Read|
R Write (7] p-| Address
Instruction register data2 M rest da i
memory e X
Wile ol 0
dala Registers Wnte Data
data MEMOTY
Instruction [31-0] 32 fimm | &
ol

Instruction [30.14-12] l—. I

r (4 pts) 5.4. Please fill in the following table, which specify how to set the control signals when
\-v executing the 2 instructions.

Instuction Branch '.l:\_f_l_emtoRe_g‘_r_I: ALUS(Q __.:._il_ing_g:ﬁ'ite [ MemRead | MemWrite ALUOp

id §) | | | [ 0 00

Beq \ XK NG 10 o) 0 01
gy

(4 pts)5.5. Please explain the detailed execution steps for the instruction:
sd x10, 40(x1l)

\. Fedch e nstraction from insituchion Mmemery

A, Registe XII Vake is Wrien do_The affset

3. T AUA 0008 Yhe atfsct o vegishr Yo

[, The Sumof 4l AL 15 el a» addess o clocts pmemey
5. Dofa is Steed in g e~ No



; (10 pts) 6. The following RISC-V code segment is corresponding to the C code:
A=B-E; C=B+F ) A‘L\O(XGS

. 1d xlI, O(x6) IR ‘3(%)

d x2, 8(x6)

: sub  x3,x1,x2 \A Y\u' HQ(XL)

3
4. sd x3, 16(x6)
5 1 :44_ 24(x6) Sub W3, AT
/’6. add x5,x1,x4- $d Y3, “'(n')
7. sd x5, 40(x6) add X5, M4

SA XS4 QO(X(;) i .
4 pts)6.1 Assume forwarding (aka bypassing) scheme is adopted here. (i) Please specify the

data hazards even with the forwarding scheme and point out where stalls should be added. (ii)
how many clock cycles do q(ou need to implement the above code sequence?

VlC'(AS 1z> Wtk fer peviass iastruclin fo canpht ifsdoty

OCk cy CLthe/
pts) 2 (1) Please reorder the’code segment (while do not change the function of the program)

avoid the stalls. (ii) how many clock cycles do you need to implement the above code
7 sequence?

1) N clack cycless~

')_ (2pts)6.3  What is the minimum number of cycles needed to completely execute N instrucions
~ on a CPU with a K stage pipeline? Justify your formula.

fae = Nilk-1)_~

/ (8 pts) 7.  Please change the following c statement to RISC-V statements.
7 . S Assume that base address of array A is in register x10, base address of array B is in register x11,
and each array element is a doubleword (64 bit). Variables register allocation are:
c:x6, i:x7, andj: x8.
What is the RISC-V assembly code for the C statement?
¢ = Ali] -Bj]

A X XKF,3 \
0dd YO Yg X Qaﬁw@w aMweastt
\d X7, 0(Wo) -

Sl X§ %63
add NIty YR

\A ‘«3 O(XIO) "
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Project 2: Modern Processor Design.

One of the main objectives of this course is to understand the modern computer architecture and
organization. Throughput this course, the computer performance concept in introduced in chapter
one. Computer performance in the perspective of CPU time is determined by three key factors:
instruction count, clock cycle time, and the CPI. In chapter 2 and 3, we explained that the compiler
and some details about Instruction set architecture using RISC-V ISA as an example. In chapter
4, the principle and the techniques used in implementing a processor, starting with a highly abstract
and simplified single-cycle implementation to explained the concepts of Datapath components and
Control. Then we moved on to a more realistic pipelined multi-cycle RISC-V implementation.
Memory system design will be introduced in chapter 5. The subject of modern processor design
is ever evolving. In this project. You will need to identify, retrieve, and organize information about
the modern processor design, based on the material we have learned in the class, and at the same
time taking advantage of learning opportunities available in the online resources, technical papers,
and other sources to gain the new knowledge in the area of the modern processor design. In this
project, you should develop a study plan, and discuss the appropriate learning strategies to acquire
new knowledge to better understand the subject.

This project will account for 15% towards your final grade. In this project, please include the
following components.

Part I: The discussion of different learning strategies. (20%o)

Please complete the on-line questionnaire. “Index of learning styles questionnaire”
(https://www.engr.ncsu.edul/ils/), and read the paper “Learning and teaching styles in
engineering education”. Please do not limit yourself in this source. In this project, you
may want to explore different learning strategies based on your experience and research
papers in the literature, especially in the context of Electrical and Computer engineering.

Part 2: Please use the handout/slides/chapter 4 as a guideline. Explain the principle
and techniques used in implementing a processor. (30%0)

For example, from single cycle implementation (builds up a datapath and constructs a
simple version of a processor sufficient to implement an instruction set like RISC-V) —
multi cycle implementation — pipelined implementation (a more realistic
implementation).

Part3: Please use a real processor as a case study to explore the topic of modern
processor design (50%0).


https://www.engr.ncsu.edu/ils/

Developed from pipelining, modern processors is trying to exploiting the potential
parallelism among instructions. This parallelism is called, instruction-level parallelism
(ILP). There are two primary ways to increase the potential ILP. The first is increasing
the depth of the pipeline to overlap more instructions. The second is replicate components
of the computer so that it can launch multiple instructions in every pipeline state (multiple
issue). There are other topics in modern processor design to improve the performance.
Please use book, papers, company websites, etc. to study this topic. Please use some
modern processors as case study.

(@) choice 1: The ARM Cortex-A53

(b) choice 2: Intel Core i7

(c) choice 3: apple M1, M1 ultra

(d) choice 4: AMD processors, such as Ryzen series

(e) choice 4: NVIDIA processors, such as the Grace CPU Superchip recently released
(f) You could also research and pick other modern processors.

Please make sure to find additional resources to explore this topic and make sure to include the
references in your report. At the same time, please discuss and demonstrate the appropriate use
of the new knowledge to solve problems.

This project is a team project, up to 3 students in each team. Both reports and
presentation are expected from this project.

Deliverable:

(1) Each student should submit a report to eCourses (Outcome 7 — An ability to acquire
and apply new knowledge as needed, using appropriate learning strategies). The
report should cover part one, two, and three. Part 2&3 could be the same for each
team, but part 1 should be specific to each student.

(2) A “mini-conference” will be offered in class (Apr. 28'"). Each team should prepare about
15-20 minutes presentation mainly about part 3. The presentation slides should be
submitted to eCourses. The tentative schedule for presentation is Apr. 28™.

Due date: Both report and presentation should be submitted before Apr. 28th.
This project will account for 15% towards your final grade. Both report and presentation
will be graded.
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Discussion of Different Learning Styles

Juwan Byers

My results for my learning strategy according to the North Carolina State University Index of
Learning Styles can be viewed in Figure 1.

Questionna r2 Resulis for Juwan Byers
¥ Actve 3 0¥ Senzirg 702 Wisual 9 X Segoental 2

Active
Sensing

Visual

A,

Sanuenia

Figure 1

According to NCSU ILS, “If your score for a dimension is | or 3, you are fairly well
balanced on the two categories of that dimension, with only a mild preference for one or the
other. If your score for a dimension is 5 or 7. you have a moderate preference for one category of
that dimension. You may learn less easily in an environment that fails to address that preference
at least some of the time than you would in a more balanced environment. If your score for a
dimension is 9 or 11, you have a strong preference for one category of that dimension. You may
have ditticulty learning in an environment that fails to address that preference at least some of
the time.” For the categories Active/Reflective and Sequential/Global, I scored a three which
means that | am balanced and have a preference of Active in the Active/Reflective category and
Sequential in the Sequential/Global category. Active learners tend to retain and understand
information best by doing something active with it—discussing or applying it or explaining it to
others. Reflective learners prefer to think about it quietly first (Felder and Solomon. 1993).
Sequential learners tend to follow logical stepwise paths in finding solutions; global learners may
be able to solve complex problems quickly or put things together in novel ways once they have
grasped the big picture. but they may have difficulty explaining how they did it (Felder and
Solomon, 1993). Further, | scored a seven for Sensing in the Sensing/Intuitive category. A seven

represents that [ have a preference for Sensing in the Sensing/Intuitive category. One of the facts
about Sensors is that they often like solving problems by well-established methods and dislike
complications and surprises (Felder and Solomon, 1993). When the opportunity presents itself a
google search of a question that pops in my mind is one of my favorite leisure activities and
leads me to go down the rabbit hole. Lastly, a number nine was received from the Visual side of
the Visual/Verbal category. Visual learners remember best what they see-——pictures, diagrams,
flow charts, time lines, films, and demonstrations (Felder and Solomon, 1993). My best tool for
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learnmb is watching YouTube videos or book examples of the problem being completed for me W
to learn the material. Also. I can learn from doing the activity such as fixing my car because once
I see it one time | can remember what was done and repeat the process. \:r“:/

Xavier Dukes

My results for my learning strategy according to the North Carolina State University
Index of Learning Styles can be viewed in Figure 2.
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What do my results mean?
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Figure 2

I personally have a strong tendency towards verbal and auditory forms of learning.It is
stated that “Verbal learners get more out of words——written and spoken explanations”(Felder). 1
have also enjoyed lectures over many other forms of learning such as experiments or
demonstrations. Not only do I prefer this form of learning I have experience in the past actually
learning less effectively when presented with visual or graphic means to learn. The document
titled “LEARNING STYLES AND STRATEGIES” does cover this predicament where it states
that “You may learn less easily in an environment that fails to address that preference at least
some of the time than you would in a more balanced environment™(Felder). However despite this
more one sided nature of my learning it is stated that a balance of both has been shown to be
optimal in most cases “Everyone learns more when information is presented both visually and
verbally”(Felder). Learning verbally can be supplemented via the writing of summaries or group
work and the associated communication that comes with such work according the Felder. I am
interested in expanding my strategies to become a bit more balanced overall so that [ can be an
all around effective learner however, [ can still maintain some preferences.
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According to the model on which the 11.S is based. there are four dimensions of lcarning
style. with each dimension having two opposite categories. The reported score for a dimension
indicates my preference for one category or the other. According to the result F am an Active,
sensing. visual. and sequential. | very much agree with the results. according to the definitions.
Active learners tend to retain and understand information best by doing something active with it.
discussing or applying it or explaining it to others. Sensors tend to be patient with details and
good at memorizing facts and doing hands-on (laboratory) work. Visual learners remember best
what they see: pictures. dingrams. flow charts. time lines. films. and demonstrations. Sequential
learners tend to gain understanding in linear steps. with each step following logically from the
previous one. The results are not 100% accurate because sometimes | learn combining both
dimension categories. | believe we tend to change the ways we learn as we grow,



Principle and techniques used in implementing a processor
Single-Cycle Implementation

The implementation schemes are different for the different type formats that are used
such as R and I. For the R-foprat the register file and ALU are mainly used. The datapath taken
and parts of hardware used are different for various instructions. For example, the instruction
could be add x1,x2,x3 and the two register files x2 and x3 will be sent from the instruction
memory to the read register | and 2. They will be sent from read data 1 and 2 as 32 bit numbers
and added in the ALU and then written back in the write data as a 32 bit number and written in
the write register x1 and a 5 bit number.

Tend ALU operatien
"| registar 1 Read
- Read data 1
Instruction] | register 2 T
Regislers
Writa
registar Rand
N Wnta dEtB?.
| data

I RegWnita

R-type datapath

For the l-typel:pplementation, The Register file, ALU, data memory, and sign extend are
used because of the muitiplexers that are involved in the operation. The control unit has different
instructions for the | format as it needs to send a signal from it to the data memory and a different
ALUOp for the ALU operation. For this example, we will use lw x1,40(x3). The load instruction
will be read by read register 1. Then the ALU will compute the sum of the register and the sign
extended 12 bits of instruction. The sum is sent to the data memory and then sent to the write
data which is written in the write register 5 bit file.

Rand

nesarl gy

Reud data L
Inwtruchion register T

— iter

Wnts Registers

remaus Read

Writa data 2

data

Load Word



For the I-type implementation, The Register file, ALU, data memory, and sign extend are
used because of the multiplexers that are involved in the operation. The control unit has different
instructions for the I-format as it needs to send a signal from it to the data memory and a
different ALUOP for the ALU operation. In the case for the store word, the ALU has the signal
of 00 to add. For this example, we will use sw x1,40(x3). The store instruction will be read by
read register 1. Then the ALU will compute the sum of the register and the sign extended 12 bits
of instruction. The sum is sent to the data memory and then the second register will be read and
sent to the write data in data memory where the address will be stored until called upon.

Store instruction datapath

sw St0, offset{St1) Mem[$t1 + se(offset)]=5t0

4 4 ALY operalon
Read
| registar 1 Mora¥enie
Read
ELAER0N register 2
— Registers R
Wrile ond
i hodress dsta
wnia
[} dota Dt
7 writa
Regwirte | rte
18 32
Segn MemPeac
N L extort
3E-26 | 25-21 [ 20-16 | 15-0

I-format

opcode | rs tt oflset

For the SB—fonnaE,/the instruction is gathered from the PC and sent to the instruction
memory. The registers would be read and then sent to the ALU. The ALU then subtracts the two
register values while the PC+4 value is sent to the multliplexer and the sign extended bit and the
PC value is added and sent to the multiplexer. The value from the ALU will let the Zero what
instruction to send to the mulitplexer to perform and send back to the PC.
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Multi-Cycle/Pipeline Implementation
A

In more realistic scenarios, single cycle implementation is not feasible or efficient. A
more realistic implementation of this would be a sort of multicycle implementation that makes
use of short bursts of clock cycles that correlate to the stages of instruction execution. However,
this stage by stage completion versus the single instruction implementation.

Pipelining is-essential for max processor efficiency as it drastically increases the
throughput of the processor, however during the implementation various complications can arise
due to this rapid instruction fetching and execution. These complications or hazards can take the
form of control, data, oro structural hazards. A contro! hazard being a type of issue where the
processor cannot fetch the next instruction due to a branch condition that has yet to be evaluated.
A data hazard is typically caused by data not being accessible at the time it is needed by the next
instruction because the previous may still be completing execution or hasn't written the value and
stored it back in the register yet. Finally, a structural hazard is caused by several processes
attempting to access the same resource at the same time causing one to wait or stall until the
resource is free for use. All of these hazards slow the execution of the pipeline and keep it from
being optimal. A general solution to all of these problems is to just stall the execution and create
a “bubble” however this is the least efficient option as it is not maximizing the throughput, other
options include hardware additions and connections or restructuring of code to prepare data well
in advance before it is needed. In order to solve data hazards there are several viable solutions
that can be implemented including forwarding or bypassing, code restructuring or reordering,
and waiting. Forwarding is the act of creating additional hardware connections in order to
provide data to the next instruction as soon as it is available from data memory or after the ALU
operation depending on the instruction. This does not solve all instances of data hazards but does
significantly reduce their effect on the CPI or [PC. Optimally ordered code paired with bypassing
strategies and connections can virtually eliminate data hazards and make the implementation of
the pipeline seamless in that respect. Structural hazards can be solved with some similar
strategies such as code reordering, hardware redundancies, and waiting. Hardware redundancies
allow for constant access to resources without waiting and code reordering can ensure that the
times that these resources are accessed by various processes is spaced out enough to allow
adequate time for completion with little to no wait times. Finally, control hazards are one of the
hardest to deal with as there is an element of prediction and guessing that occurs as to whether
or not branches are taken and what instruction is loaded and fetched next based on the
conditional statement. The ways to solve control hazards include branch predictions, early
calculation of conditional statements, and the preloading of instructions.

In conclusion, All of these methods are used to implement pipelines successfully and in
their most optimal form in modern processors.



Case Study: ARM Cortex A-53

The ARM Cortex A-53 processor is a 1-4 core, 64 bit, dual issue pipelined model of g
processor meaning it loads two instructions simultaneously and pipelines them for increased
efficiency. this kind of dual issue implementation gives an Ideal CPl of 0.5 or IPC of 2. This
microprocessor utilizes characteristics of typical RISC computers and was inspired by the
Berkeley RISC machine that was researched back in 1983. The ARM also has a CPU and
Floating point Processing Unit to handle various types of arithmetic. This processor has an 8-
stage execution of instructions with a max clock rate of 2.65 GHZ. These 8 stages are as follows:
instruction fetch, predict and register (which handles branch and jump predictions and early
reads/writes). decode. execute, memory read, memory write, write back and finally the use of a
forwarding stage that can make data available immediately available to the decoding stage of the
next instruction. This use of forwarding or bypassing is a key aspect when implementing a
pipeline and avoids data hazards that arise when attempting to maximize the throughput. This
type of processor is very common in mobile devices and embedded systems such as the
Raspberry Pi 3 and Zero. The ARMvS style of processors that include the Cortex-AS3 include
microprocessors with over 26 million transistors per chip and we have seen significant growth
from other ARM versions that in some cases have under | million.

This processor makes use of several features to increase CPl and makes the most of the
_/multi step/stage clock cycles. It does this by limiting possible hazards and optimizing the
pipeline with as little waiting time as possible. This processor utilizes the Harvard structure
which is a computer architecture with separate storage and signal pathways for instructions and
data, this helps ensure that structural hazards do not occur and therefore encroaches on the ideal
CPI. This type of architecture allows for some redundancy and the freeing of various resources
and therefore avoiding possible structural hazards. Some of these various redundancies include
buses, L1 & L2 Data and instruction Caches for each core that is present. This processor also
makes the common case fast as it optimizes its normal instructions or more frequently used ones
and has specialized hardware to handle encryption or floating values via FPU.

Another hazard this processor is built to handle is the control hazard, it makes use of
branch prediction and speculative instruction fetching which does not guarantee the execution of
the instruction but functions as a sort of hit or miss opportunity and will have a pipeline flush
depending on if the branch condition is true or false. The pipeline flush will dump the fetched
instruction and begin execution of the proper instruction. Several other techniques that help
handle control hazards include preloading instructions and data prefetching. Data prefetching is
when “The data cache implements an automatic prefetcher that monitors cache misses in the
core. When a pattern is detected, the automatic prefetcher starts linefills in the background. The
prefetcher recognizes a sequence of data cache misses at a fixed stride pattern”(ARMDeveloper
.2022). There is a Instruction Fetching Unit that sequentially grabs instructions from a 2 way
cache and " obtains instructions .... and predicts the outcome of branches in the instruction



stream”(ARMDeveloper ,2022). This part of the processor helps limit control hazards with its
prediction mechanism. The IFU will load instructions and then empty the one not used which is
determined via branch condition,“This stores up to two instruction cache fetches and enables the
branch shadow of predicted taken branch instructions to be eliminated”(ARMDeveloper ,2022).
This predicted branch is stored in a 256 entry Branch Target Address Cache for quick access to
all potential branch values, “the ARM Cortex A-53 processor hosts a 4 KiB conditional branch
predictor, 256-entry indirect branch predictor”.

The ARM processor uses L2 and L1 Caches to store various instructions based off the
frequency of their uses. Non-temporal instructions are stored in the level 2 cache by default as
they are non frequently accessed instructions. Making room for the more common case
instructions and therefore maximizing IPC.

In conclusion, there arp'many ingenious strategies that are implemented in order to
optimize processors and ihefease IPC. The minimization of various types of Hazards are essential
in the creation of an ideal pipeline. Along with the dual issue nature of the processor there is
potential for a CPI drop below 1. The Various ways that the processor limits the control, data,
and structural hazards assists greatly in the implementation of the pipeline. The prediction,
instruction preloading and various redundancies make up for the potential hazards and will
minimize time needed for stalls. There is a key role played by the memory hierarchy as well that
seeks to optimize clock cycles and timing when it comes to the frequent use of instructions
through the IFU. Overall, this processor uses a myriad of strategies to maximize the throughput
of the device.

8{;-*130( Sumpwan
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Part 1: The discussion of different learning stategies

Questionnaire Results for John Barrett:
> Reflective: 3 2 Sensing: 3 ? Visual: 7 2 Sequential: 5

&
Active H Reflective
3
Sensing Intuitive
7
Visual Verbal
5
Sequential Global
oowld have. litouted ~?*“dj |

The way | went about learning and gathering infor/I;ati‘on for the next to sections goes as follows. For

Part 2 | tried to remember everything that | could on the subject. Then, | went back to look at the

relevant information from what | could remember. For Part 3 | started by going to the website of the
manufacturer, (NVIDIA). Finding all the info pertaining to the topic by searching the website. From what

can be found on the website more searches can be made for relevant information. In this case all that

could be found on the manufacturer website was one press release, as the CPU was only announced one
month previously. I
e

e |-

Part 2: Principle and techniques used in implementing a processor.
Single-cycle implementation

In the single-cycle implementation, all implemented instructions are completed in one exact clock cycle.
This exact clock cycle must be the same length for every instruction implementation. The longest
instruction from the code, in most cases is the LW instruction, will determine the clock cycle for the
whole implementation.

In the LW instruction case, it must go through the instruction memory, the register file, the ALU
(arithmetic-logic unit), the data memory, and the register file. While compared to the ADD instruction
which only goes through the instruction memory, the register file, the ALU, and the register file again,
which is one less than the LW instruction. Despite the ADD instruction being shorter, when put through
single-cycle implementation it will still take the same amount of clock cycle as if it were to be the LW
instruction. This causes the overall performance of this technique to be poor, since the longest clock
cycle is chosen and kept fixed.



Multi-cycle implementation

In muiticycle implementation, each step is executed in 1 clock cycle and will allow a functional unit to be
used more than once per instruction if you are using it in another clock cycle. By doing this you end up
reducing the amount of hardware required.

When comparing the multicycle implementation to single cyclie implementation the difference will be:

* single memory unit is used both for instruction and data
s single ALU will be used rather than an ALU and two adders,

* one or more registers will be added to temporarily hold the value until the next
subsequent clock cycle.

In a subsequent clock cycle, the data will be stored in a state element. If the data is subsequent
instructions will be stored in the register file, the program counter (PC) or the memory.

While data used by the same instruction will be stored in additional registers that are attached to each
functional unit. This leads to the following temporary registers to be added which are the

e Instruction registers, memory data register to save output of the memory for instruction
read and data read.

e A & B registers to hold register operant values read from register file

e The ALUOut register that holds the output of the ALU

Below the multicycle data path is displayed in figure 1 that shows the different multiplexers
used for selection. In the first multiplexer, the selection will be between the PC and ALUout for
memory address. The second multiplexer will be a selection between the destinations for
register addresses. The third multiplexer will select between ALUGut and memory data for write
data input to register file. The fourth multiplexer will select between PC and register data A for
first operand input to ALU. The fifth multiplexer will select between sign extension and register
from data B. After those multiplexers have been established the control signals can be
established that can be seen below in figure 2.
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Figure 1 displays multi-cycle implementation multiplexers
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Figure 2 displays the complete data path for multicycle implementation

Multicycle implementation will be divided usually into 5 shorter cycles but will depend on the
instruction and are as follows:

s Instruction fetch, program counter increment

e Partial instruction decode and branch/jump target execution

s Source operand fetch, ALU Operation, program counter update for branches/jumps
s Memory access

e Register write

Despite being significantly more efficient than single-cycle implementation, pipeline implementation is
the most efficient mode that will be discussed in the following section.



Pipelining Implementation

Pipelining requires a multicycle model. In the pipeline model as soon as a piece of hardware is finished
being used after the completion of a clock cycle it is immediately used to start performing another
instruction. Below is an example of a pipeline implementation from the PowerPoint notes. "

Program
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Figure 3 Pipeline Implementation

As can be seen above, for example once the first instruction is finished with its instruction fetch stage it
then frees up the hardware for instruction two to then fetch during the next clock cycle.

Pipelining implementation is a technique that exploit&ga’;alreﬁsm between the instructions in a
sequential instruction stream. This technique is crucialin order to increase the overall performance of a
CPU. For example, pipelining helps increase the instruction throughput, and allows CPUs to work at a
higher clock frequency than RAM. An increase in the number of pipeline stages increases the number of
instructions executed simultaneously.

Pipeline Hazards

When using pipelining several types of hazards can appear when the next instruction is not able to
execute in the following clock cycle. There are three different types of hazards that will be explained
below.

Structural hazard is when the hardware cannot support the union of instructions that are executed in
the same clock cycle. This leads to the instruction to be executed in series than in parallel. The solution
would be to just stall or have a pipeline bubble for that cycle.

Data hazards occur when the pipeline is stalled due to having to wait on one step and must wait for the
other step to be completed. This is due to the dependence of one instruction on an earlier instruction
that is still in pipeline. To solve this hazard, you can add extra hardware to retrieve the missing
instruction called forwarding or bypassing. Another solution is to reorder the code to avoid use of load
result in following instructions.

Control hazards are when deciding on a control action will depend on the results of one instruction
while others are executing. You can insert a pipeline bubble to increase delay or use branch prediction
to make educated guesses on which instruction to insert.



Part 3: Explore the topic of modern processor design

Components:

{-__ O] Lol 3
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Figure 4 Grace Hopper Superchip

The modern processor explored was the NVIDIA “Grace Hopper” Superchip that plans to be released in
early 2023. The processor combines a Grace architecture CPU and Hopper architecture GPU, with a
NVIDIA NVLink C2C to deliver a combination of CPU + GPU memory model. This superchip is targeted for
Giant artificial intelligence and high-performance workloads.J'

The Hopper {(H100) Architecture GPU will have fourth generation tensor cores that are up to six times
faster than the previous A100 model. b

It will also include the new Tensor Memory Accelerator unit, that will assist in transferring large blocks
of data efficiently between the global memory and the shared memory.

The fourth generation NVIDIA NVLink is a multi-lane near range communication link. This
communication link will increase bandwidth to 900 GB/sec between the GPU and CPU and decrease
latency since there is now a link between them.

The Grace CPU will be explained in the section below.

The last feature part of the Grace Hopper Superchip is the LPDDRSX memory subsystem, a DRAM
designed component to greatly boost speed, make the processor energy efficient and increasing
bandwidth as well.



How to increase ILP

Instruction level parallelism can be increased in a few ways including pipelining, multiple cores, SIMD
technology, branch prediction, and much more. NVIDIA's “Grace CPU” Superchip uses 144 ARM V9
cores. ARM CPUs typically use pipelining. With 144 cores NVIDIA is using multiple cores. NVIDIA has a
history of making/designing graphics cards in which they use SIMD technology, so even though not
explicitly stated they are most likely going to be using SIMD in their CPUs. Another way of improving ILP
is with tier 3 cache slicing. What NVIDIA has done with cache slicing is create a shared tiered 3 cache
then sliced it up into smaller sections so that each slice can work independently and in parallel with each
other this allows each core to access closer slices faster and if work is being performed by cores located
physically closer to one core those two cores can share data faster through the tier 3 cache, which leads
to less delays in the pipeline.

One of the issues that ARM tackles with the ARI'(yﬂ architecture is trying to prevent the memory access
attacks that have been plaguing the CPU world. They accomplish this by using previously unused bits in
the memory address pointer as a “key”. Then the memory that is allocated for a program to execute is
assigned a “lock” that matches the “key” in the pointer. ARM gives the figure below as an explanation.
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Part 1: Discussion of Learning Strategies

The learning style | would say | am most compatible with would be visual learning style. As indicated by
learning styles scholars, visual students need to see pictures. Visual students need a lot of pictures,
realistic coordinators, maps, etc. to assist them with getting a handle on new data. You could advance
outwardly assuming you float towards infographics and infographic recordings to learn data instead of
talks or books. | perform easily when things are more hands on, and things are identified by pictures
which helps my memory when performing test.

Ottiey ﬁnd?;@& O
e Jetuls _(7



Part 2: Principles and Techniques Used in Implementing a Processor

Apple's M1 Ultra processor used TSMC's CoWoS-S (chip-on-wafer-on-substrate with silicon
interposer) 2.5D interposer-based packaging process to build the M1 Ultra. Similar technologies
are used by companies like AMD. Nvidia. and Fujitsu to build their high-performance processors
for datacenters and high-performance computing (HPC).
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Appie announced M1 Ultra, the next giant leap for Apple silicon and the Mac. Featuring
UltraFusion — Apple’s innovative packaging architecture that interconnects the die of two M1
Max chips to create a system on a chip (SoC) with unprecedented levels of performance and
capabilities — M1 Ultra delivers breathtaking computing power to the new Mac Studio while
maintaining industry-leading performance per watt. The new SoC consists of 114 billion
transistors. the most ever in a personal computer chip. M1 Ultra can be configured with up to
128GB of high-bandwidth, low-latency unified memory that can be accessed by the 20-core
CPLJ, 64-core GPU, and 32-core Neural Engine. providing astonishing performance for
developers compiling code. artists working in huge 3D environments that were previously
impossible to render. and video professionals who can transcode video to ProRes up to 5.6x
faster than with a 28-core Mac Pro with Afterburner.'

,



Part 3: Case Study - Apple M1, M1 Ultra

Before we get into all the technical details, here are some definitions of some of the terms used
in this report:

¢ System on a chip (SoC) - an integrated circuit {IC) that takes a single platform and
integrates an entire electronic or computer system onto it.

e (Central Processing Unit (CPU) - the brain of a computer, containing all the circuitry
needed to process input, store data, and output results. The CPU is constantly following
instructions of computer programs that tell it which data to process and how to process it.

¢ General Processing Unit (GPU) - a specialized processor originally designed to accelerate
graphics rendering. GPUs can process many pieces of data simultaneously, making them
useful for machine learning, video editing, and gaming applications,

* Advanced RISC Machines (ARM) - one of a family of CPUs based on the RISC (reduced
instruction set computer) architecture developed by Advanced RISC Machines (ARM).
ARM makes 32-bit and 64-bit RISC multi-core processors.

s Efficiency core/Performance core — A performance core is a CPU core that is designed
for maximum performance. Contrarily, an efficiency core delivers less raw performance

but is less power hungry to conserve battery. The performance difference is obtained by
varying voltages and clock speeds.

The Apple M1 is an ARM-based system on a chip designed by Apple Inc. as a CPU and GPU for
its Macinﬁfgh desktops, MacBook notebooks, iPad Pro and iPad Air tablets. The M1 was
released in November 2020, followed the next year by the Apple M1 Pro and M1 Max versions,
and in March 2022, the latest version of the M1 generation, M1 Ultra.

The M1 is the first Apple-designed SoC that's been developed for use in Macs. It marks Apple's
transition away from the Intel chips that the Cupertino company has been using in Macs since
2006. As a SoC, the M1 integrates several different components such as the CPU, GPU, unified
memory architecture (RAM), Neural Engine, Secure Enclave, SSD controller, image signal
processor, and more, all of which power the different features in the Mac.

Built into the M1 chip, the unified memory architecture lets the CPU, GPU, and other processor
components not need to copy data between one another and are able to access the same data pool
bringing notable speed and efficiency improvements to the M. This memory architecture means

that the RAM is not user upgradeable, which is expected since few Macs have user accessible
RAM.

The M1 chip includes an 8-core CPU with four high-performance cores and four high-efficiency
cores. The high-performance cores are designed to offer the best performance for power-
intensive single-threaded tasks. The four high-performance cores can work together to offer
impressive multithreaded performance that has allowed the M1 Macs to outshine even the
highest-end 16-inch MacBook Pro models.

The M1 chip brings up to 3.5x faster CPU performance, up to 6x faster GPU performance, and
up to 15x faster machine learning capabilities compared to the Intel chips used in prior-



generation machines. Compared to the latest PC laptop chips, the M1 offers 2x faster CPU
performance and does so using just 25 percent of the power.

In the M1 family of processors, the M1 Ultra is the apex predator. Not limited to merely expand
the original M1 with additional processing or graphics cores, it doubles the power by combining
two M1 Max chips onto a single silicon die, with a special interconnect called UltraFusion. This
high-bandwidth interconnect boasts 2.5 terabytes of bandwidth—four times that of the next
competing interconnect—allowing the bifurcated design to function as a single processor on the
software side.

And doubling the M1 Max means doubling pretty much everything about the chip. It's now a 20-
core CPU with 16 high-performance cores and four high-efficiency cores. Graphics are handled
by a powerful 64-core GPU, and memory bandwidth is expanded to a whopping 800GBps.
Additionally, double the chip means double the RAM, with up to 128GB of unified memory.

bo. more Q%%WZ/ ‘
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Students’ Project Presentation

A “mini-conference” was organized in class on Apr. 28", Each team was given 15-20 minutes to
present their findings, then followed by Q&A to the whole class. Sample presentations slides are
attached here.

In general, the students did pretty good job, it demonstrates that they are interested in such topic.
The topic related the trend in industry to what they have learned in the class.

Based on the presentation and the response about the questions from the class, the presentation is
graded. The “above average” presentation shows clear understanding of the technical details,
responded well to the questions. The “average” presentation shows a good understanding of the
topic and responded ok to the questions. The “below average” presentation need more clarification
during their presentation and responses.
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Evolution of M1

M &M1 Pro M1 Max ®M1 Ultra



What is M1?

The Apple M1 is an ARM-based system on a chip (SoC) designed by
Apple Inc. as a central processing unit (CPU) and graphics
processing unit (GPU) for its Macintosh

desktops, MacBook notebooks, iPad Pro and iPad Air tablets.




M1

This critically-acclaimed M1 processor
delivers:

* 16 billion transistors and a 119mm
squared-die size.

* 4 performance cores, 12MB L2
Cache.

* 4 efficiency cores, 4MB L2 cache.
« 8 GPU Cores.
 16GB DDR4x memory at 68GB/s.




DEVICES WITH M1
PROCESSOR

* 13-inch MacBook Pro
 MacBook Air

* Mac mini

e 24-inch iMac

* 12.9-inch iPad Pro

* 11-inch iPad Pro




What is M1 Pro?

* The M1 Pro is Apple's second SoC developed for
use in Macs, and it marks Apple's continued
transition away from the Intel chips that have
been used in Macs since 2006.

* As a System on a Chip, the M1 Pro integrates
several different components, including the CPU,
GPU, unified memory architecture (RAM), Neural
Engine, Secure Enclave, SSD controller, image
signal processor, encode/decode engines,
Thunderbolt controller with USB 4 support, and
more, all of which power the different features in
the Mac.




M1 Pro

The M1 Pro takes things higher with:

« 33.7 billion transistors on a 240mm squared die.

8 performance cores, 24MB L2 Cache.

2 efficiency cores with 4MB L2 cache.
16 GPU Cores.
32GB DDR5 memory at 200GB/s.



DEVICES WITH M1 PRO
PROCESSOR

e 14-inch MacBook Pro
* 16-iInch MacBook Pro




What is M1 Max?

 The M1 Max is equipped with 57 billion transistors, and it is
built on a 5-nanometer process. It has 70 percent more
transistors than the M1 Pro chip and it is also the largest chip
that Apple has built to date.

* As a standalone chip, the M1 Max is the best Apple has to
offer for MacBook Pro laptops and is available in top models of
both the 14-inch and 16-inch versions.




The M1 Max provides:

57 billion transistors on a 420mm squared die.

8 performance cores, 24MB L2 Cache.

¢
M

RA

2 efficiency cores with 4MB L2 cache.

32 GPU Cores.

64GB DDRS memory at 400GB/s.




* 16-inch MacBook Pro
 Mac Studio

Devices With M1 Max  ° '4-inch MacBook Pro ‘




What is M1 Ultra

 The M1 Ultra is Apple's fourth SoC developed for use in
Macs, and it puts Apple one step closer to entirely
transitioning away from the Intel chips that have been
used in Macs since 2006.

 Compared to the M1, M1 Pro, and M1 Max, the M1 Ultra
is special because it is a new feat of engineering from
Apple. The M1 Ultra is essentially two M1 Max chips that
have been connected through an Apple-developed
method, so it offers double the performance of the M1
Max.

 The M1 Ultra features 114 billion transistors, the most
ever in a personal computer chip, and it is Apple's largest
Apple silicon chip to date.




M1 Ultra

The M1 Ultra offers:

* 114 billion transistors on an 840mm
(about 2.76 ft) squared die.

* 16 performance cores, 48MB L2
Cache.

» 4 efficiency cores with 4MB L2
cache.

64 GPU Cores.

* Up to 128GB DDR5 memory at
800GB/s.
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' Devices With M1
Ultra Processor

* The M1 Ultra is used
exclusively in the high-end
Mac Studio, which is also

offered with an M1 Max
chip.
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Intel Corei7
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Introduction

Intel Core 17 1s a line of Intel CPUs
which span eight generations of Intel
chipsets. They feature either four or six

cores, with stock frequencies between

2.6 and 3.7 GHz.




The first 17 processor was introduced in 2008;

the 17 1s the sixth generation. The basic

. structure of the 17 1s similar, but newer
Intel Core 17
. generations have enhanced performance by
History

changing cache, increasing memory
bandwidth, and expanding the number of

instructions in flight.




INTEL'S NEXT MAJOR ARCHITECTURE

Intel Core
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Figure 4.72: Memory System Components

Intel Core i7 Pipeline Structure

The total pipeline depth is 14 stages, with branch
mispredictions typically costing 17 cycles. This design can
buffer 72 loads and 56 stores. The six independent
functional units can each begin execution of a ready micro-
operation in the same cycle. Up to four micro-operations can

be processed in the register-renaming table.



e X86 is a family of complex set
IS the Intel computer(CISC) instruction set architectures

initially developed by Intel based on the 8-86
|7 RI SC or microprocessor

C I SC? e X86 is used to describe a CPU instruction set
) with the Intel 17 and its' successors as well




What s thﬁtel Core
|/ used for




9TH GEN

What the processor
IS used for

* The Core 17 is typically preferred to be used for multitasking,
media editing, and high-end gaming

* The Intel Core i7 has 4 cores in its processor while having 6
cores is known as the_sweet spot for maximum performance

* The intel core 17 can compensate for its disadvantage
of having less cores from their implantation of hyper-

]

H L —_
threading TEL(E) CORE™ 7 |
* Rather than jumping from core to core that has [7-9700K - 1
specific instruction sets stored in them the Intel Core SAGIS LEBGHI o
i7 can execute multiple instruction simultaneously LeZ2EME (&) - -



* The processor uses Hyper-Threading

Th e I n t el C O r e * Allows more than one thread to run on each core.
More thread k can be done 1 el
|7 Advantages ore threads means more work can be done in paralle

* Hyper-Threading Technology improves CPU

throughput (by up to 30% in server applications)



Intel Core |7
Disadvantages

The following list includes some possible performance
problems

* Branches that are difficult to predict, causing
misprediction stalls and restarts when
speculation fails

* Long dependences—typically caused by long-
running instructions or the memory hierarchy
—that lead to stalls

* Performance delays arising in accessing
memory causes the processor to stall



Modern Processor design to improve performance

* Memory access reordering

* A processor can potentially perform the

read operation earlier to prevent
subsequent data processing from being
stalled

* The memory accessing is a suitable

option but when addressing two or more

processors(shown in the example)

Processor B will take data from
memory location X that has not
been updated which will result in a
stall

Processor A

Processor A is running
processing on data
block X

Processor A sets flag
variable Y to indicate
that the processing on
data block X has
finished

'

Processor A continues
with other processing
tasks

Processor B

l

Processor B waits for
flag variable Y to be set

Processor B detects
flag variable Y is set

Processor B uses data
block X for other
operations




* Chopping the pipeline in more stages is the
easiest way to increase performance

* It canrun faster because each step contains
less logic, so it is able to run faster

P| pe“nes * Consequently, Deeper pipelines can result
increase the cost because of extra pipeline

registers and hardware required for
hazards

Deeper




Core™ 7 '

| |

The Intel Core i7 Processor

The heart of this system design is the Intel® Core 7 processor, a
high-end 64-bit implementation of the Intel architecture. Including
several notable features:

e Four independent CPU cores

e Two-way multithreading per CPU core

e A built-in two-channel DDR3 DRAM controller
e Integrated L1, L2, and L3 caches

e Direct Media Interface (DMI) connection between the processor
and the PCH



Performance & Comparison

* The clock rate is 3.4 GHz on the i7 versus up to 1.3 GHz for the A53

* The average instruction time for the Intel i7 is 0.64 x 1/3.4 GHz =
0.18 ns

* While the average instruction time for the A53 is 1.36 x 1/1.3 Ghz =
1.05 ns

* This means that the 17 moves 5x as fast, but also uses 200x the power

* High energy processor which could lead to possible overheating



Sources

“Intel Core 17-12700K Benchmarks.” Intel Core 17-12700K Benchmarks - Geekbench Browser,
https://browser.geekbench.com/processors/intel-core-17-12700k.

Patterson, David A., and John L. Hennessy. Computer Organization and Design: The
Hardware/Software Interface. Morgan Kaufmann Publishers, an Imprint of Elsevier, 2021.

Here’s how Intel® Hyper-Threading Technology (Intel® HT Technology) helps processors do
more work at the same time.[d:604] Here’s how Intel® Hyper-Threading Technology (Intel® HT
Technology) helps process, Intel. “What Is Hyper-Threading?” Intel, 2021,
https://www.intel.com/content/www/us/en/gaming/resources/hyper-threading.html.

Ibrahim, Dogan. “Processor Performance.” Processor Performance - an Overview [ ScienceDirect
Topics, 2021, https://www.sciencedirect.com/topics/engineering/processor-performance.
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ARM Cortex

1-4 core, 64 bit, dual issue pipelined
model of processor

CPU and Floating point Processing
Unit to handle various types of
arithmetic

8- stage execution of instructions with
a max clock rate of 2.65 GHZ

common in mobile devices and
embedded systems such as the
Raspberry Pi 3 and Zero

Cortex®-A53

ARM CoreSight™ Multicore Debug and Trace

NEON™
SIMD engine with
ARMv8-A cypto ext.
32b/64b CPU Floating Point
Unit

8-64k |-Cache 8-64k D-Cache
w/parity w/ECC Bu

ACP  SCU L2 w/ECC (128kB ~ 2MB)

Configurable AMBA®4 ACE or
AMBAS CHI Coherent Bus Interface




Breakdown of 8-stage pipeline

IF: instruction fetch

PR: predict and register

* Branch predict

* Jump-target predict

* Register file read/write
ID: decode

* Mult/Div

EX: execute

* Resolve branches

Figure 1: Pipeline Stages

MR: memory read
MW: memory write
WB: write back

FW: forward
* forward WB value to ID stage




Adds an optional 64-bit architecture, AArch64, and A64
instruction set.

‘ n St r u Ct i O n AArch64 provides user-space compatibility with ARMv7-A

S Et Thumb instruction set has no 64-bit counterpart

A R M 8 Allows 32-bit applications to be executed in a 64-bit OS, and a
V 32-bit OS to be under the control of a 64-bit hypervisor

Used with Apple A7 in Iphone 5S and Exynos 5433 in Galaxy
Note 4




Increase of cycle per
Instruction

> Utilizes the Harvard structure

» computer architecture with separate storage and signal
pathways for instructions and data, this helps ensure that
structural hazards do not occur and therefore encroaches

on the ideal CPI
» allows for some redundancy and the freeing of various

resources and therefore avoiding possible structural
hazards

> buses, L1 & L2 Data and instruction Caches for each
core
> L1 cache is 8 to 64 KiB and L2 cache is 128KiB to 2
MiB
» Specialized hardware to handle encryption or floating values
via FPU




* Control hazard techniques

* The processor makes use of branch prediction and
speculative instruction fetching leading to a pipeline
]12 LIISh depending on if the branch condition is true or
alse

* pipeline flush will dump the fetched instruction
and begin execution of the proper instruction

CO ntro| * Preloading instructions and Data prefetching

. Thefdatﬁ cachhe implements ahn automatic ]
prefetcher that monitors cache misses in the
H d/d rd an d core. When a pattern is detected, the automatic
prefetcher starts linefills in the background. The

P re | 039 d | N prefetcher recognizes a sequence of data cache
g misses at a fixed stride pattern
* Instruction Fetching Unit that sequentially grabs
instructions from a 2 way cache and “ obtains

instructions .... and predicts the outcome of
branches in the instruction stream




Future Generations vs Older Generation

ARM
Generations

ARM Cortex A-53

ARM Cortex A-55

ARM Cortex A-510

Instruction
Set

ARMv8

L1, L2, L3 Cache

L1 = 8 to 64 KiB
L2 =128 KiB to 2 MiB

L1 =32to 128 KB
L2 = 64 to 256 KB
L3 =512 KB to4 MB

L1 =32 KB to 64 KB
L2 = 128KB to 512 KB
L3 =256 KB to 16 MB

Cores

1-4 per cluster

1-8 per cluster, multiple clusters

Up to 8 cores per cluster, Merged-
core, 2 cores per complex

Clock Rate

957 MHz to 2.65 GHz

1.8GHz to 2.3 GHz

CPU not listed but

Hypertransport is a
speed component




References

Developer, A. R. M. (n.d.). Documentation —arm developer. Retrieved
April 27, 2022, from
https://developer.arm.com/documentation/ddi0500/j/Level-1-Memory-
System/Data-prefetching/Data-prefetching-and-monitoring?lang=en

Developer, A. R. M. (n.d.). Cortex-A53. Retrieved April 27, 2022, from
https://developer.arm.com/Processors/Cortex-A53

Ltd., A. (n.d.). Cortex-A53. Arm. Retrieved April 27, 2022, from
https://www.arm.com/products/silicon-ip-cpu/cortex-a/cortex-a53

Wikimedia Foundation. (2022, April 6). ARM cortex-A53. Wikipedia.
Retrieved April 28, 2022, from
https://en.wikipedia.org/wiki/ARM_Cortex-A53







	1_4339_2022s_coursebinder
	2_Exam1all
	1_exam1_P1
	2_exam1_aboveaverage
	3_Average
	4_exam1_average
	5_Below_Average
	6_exam1_belowaverage

	3_Exam2all
	1_exam2_start
	2_exam2_aboveaverage
	3_Average
	4_exam2_average
	5_Below_Average
	6_exam2_belowaverage

	4_Project1all
	1_Project1_start
	2_AboveAverage_Project 1
	3_Average
	4_Average_Project 1
	5_Below_Average
	6_BelowAverage_project1

	5_FinalExamall
	1_final_start
	2_AboveAverage
	3_Average
	4_FinalAverage
	5_Below_Average
	6_final_Below_Average

	6_Project2all
	1_Project2_start
	2_Project_report_above_g
	3_Average
	4_Project_report_average_g
	5_Below_Average
	6_Project_report_belowaverage_g
	7_Project2_start_presentation
	8r_Apple_above
	9_Average
	10r_Intel_i7_average
	11_Below_Average
	12r_Presentation_a53_below


