CS2214 COMPUTER ARCHITECTURE & ORGANIZATION FALL 2009

SYLLABUS
1. Professor : Haldun Hadimioglu
Tel : (718) 260-3101 haldun at photon dot poly dot edu
| Room: 114LC | Fax : (718) 260-3609 http://cis.poly.edu/haldun

2. Lecture Section : A (1286)
Recitation Sections: = A (1299, Friday 10 - 11:50) = C (1300, Friday 12 - 1:50)
=> B (1916, Friday 3 - 4:50)

3. Prerequisites: One of the following two :
= CS2204 (Digital Logic and State Machine Design, C- required)
=> CS2134 (Data Structures and Algorithms, C- required) and MA2312/MA2322 (Discrete Mathematics 1/2)

4. Course web page: http://cis.poly.edu/cs2214
=> Course handout and recitation files are at the course web site

5. Textbook : Computer Organization and Design : The Hardware/Software Interface, D. A. Patterson and J. L. Hen-
nessy, 5th edition, Morgan Kaufman, 2009. 1SBN : 978-0-12-374493-7
=> Publisher’'sweb site, http://books.elsevier.com and the CD that comes with the book have alarge amount of
material. Students are strongly suggested that they study the web site material and the CD. The CD has var-
ious sections related to the chapters and tutorials, software packages and other supporting material.

6. Goals: The course has intellectual and technical goals:
1) Theintellectual goa isthat studentslearn how to learn fast. Thisisnecessary during one’s lifetime.
> The more you learn, the better for you. Do not go for the grade !

2) Technical goals are for a successful technical career : acquiring skills to be systems oriented and a problem
solver aswell as acquiring the necessary course content which is digital systems:
> Main technical topic : CS2214 covers digital systems, such as microprocessors, computers, calcula
tors, digital camcorders, DVDs, iPhones, etc. CS2214 focuses on developing a computer, by designing
its architecture and then the organization (microarchitecture) :
=> Designing the architecture includes machine language set design and programming.
=> Designing the organization includes learning the skills to design a computer with a single processor
(auniprocessor or single-core) and understand its subsystems and their interaction.
= The processor, one of the three subsystems of a compuiter, is the Central Processing Unit, the
CPU. The other two subsystems are the memory and Input/Output (I/0) controller. The
computer we design is named EMY and is based on acommercial microprocessor, the M1 PS.
= Digital systems are on chips and chips are on printed circuit boar ds (PCBS).

7. A successful course experience: In order to benefit from the course as much as possible, i.e. to achieve the goals
of the course, students need to be committed to the course, need to be a part of it. Learning the material, not going
for the grade, needs to be the objective.
=> Attending classes and recitations and doing the work are needed.
> |tisnot OK to missalecture or arecitations! You cannot make it up.
= Students cannot make up a missed lecture or recitation even if they study the notes alot.
> |_ectures are dependent on each other and recitations are also dependent on each other.
=> Study the notes, books, handouts and homework. But, just reading does not mean studying !
> Also do not study past exams.

8. CS2214 Recitations : Recitations aim at reinforcing and complementing what students learn during the lecture.
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Recitations help students understand subjects discussed in class better.

=> The recitation covers new topics besides covering lecture topicsin detail. It also presents practical aspects of

topics covered during the lecture. In addition, the recitations are intended to discuss homework assignments.
> Sudents who attend recitations are faster at solving problems.

=> Therecitations are given in three different sections. Each section has one hour and 50 minutes aweek. Rec-
itation sessions are given by the teaching assistant (TA). Students cannot attend the recitation of other sec-
tions. Attendance istaken during recitation hours.

=> Students in each section form 3- or 4-member teams by the end of the third week of the semester. Team
members do the homework assignments together until the end of the semester.

9. Homework : There will be seven homework assignments. The homework will be submitted by teams. An
assignment submitted late will not be accepted.
=> Students who do homework are faster at solving problems. Students are suggested to study the textbook prob-
lems that are on the textbook CD, besides the ones given in the textbook. Showing work (intermediate
steps) isrequired to get full/partial credits on aquestion. The homework is graded by the TA. Although, the
homework will not affect the term grade, it can help raise grades as described below.
=> Homework assignments include modified past exam questions and answers to help learn chapters and solve
homework problems. Students need to study them before they solve homework problems, not before
exams. Note that, these past exam questions are samples and do not give hints about exams this semester.

10. Exams: There will be two 110-minute midterm exams and a three-hour final exam. The exams will cover class
and recitation topics.
=> Showing work (showing intermediate steps) is required to get full credits on a question. That is, both the
final answer and the steps to get it, the approach, are important.
> These steps are given in class and past exam solutions. Therefore, students are expected to solve
exam questions as such. Showing the approach also helps students acquire and improve their docu-
mentation skills, critical for the technical world.
= In order to facilitate this, the exams are open book exams : students can use their own mate-
rial, i.e. their books, notebooks and handouts during the exams. Simply, students have to refer
to notes and handouts as they solve an exam problem
= In addition, remembering the following is needed during exams : (i) No multiple answers to a question, (ii)
precise answers to questions, no answers like “therest issimilar,” (iii) answering the question asked, and (iv)
using the exam booklet space well : start a new question on a new page.

11. Textbook simulators: The textbook CD has a number of simulator software packages. Some simulate assem-
bly language program execution, such as PCSPIM and MARS. The others simulate the CPU hardware, such as the
MIPS SDE-LITE and Xilinx FPGA CAD software.
=> The simulators help students better understand assembly language programming which is different from
high-level programming, such as programming in C++. They also help students better understand hardware
design, including CPU design and what computer hardware does when it runs programs. However, these
simulators will not be discussed in class nor recitations.

12. Term Grade: Theterm gradeisasfollows:
20% Lower of Exam | & Exam | 30% Higher of Exam | & Exam |1 50% Fina Exam

=> The homework does not affect the term grade directly but it is taken into account when a student’sterm grade
isnear agrade “border.” Also, taken into account is attendance. |f they are good, the gradeisraised. Finally,
the professor may change the term grade computation. Thus, students are strongly suggested that they fulfill
the requirements of the course, i.e. labs, lectures and homework assignments.

13. Office Hours : The professor has an open-door policy that if he is not busy, students can ask questions in his
office. If the door is closed, he might be teaching or at a meeting. If a student wants to see the professor at a certain
time, he/she makes an appointment with the professor.
=> Students can use email. But, they are strongly suggested that they see the professor to ask questions, instead
of sending email. If email is sent, a Polytechnic email address must be used and student’s name and section
must be included. Broadcast messages are sent to class to make announcements. Note that grades are not
given out to students viaemail or telephone. Students need to see the professor to learn their grades.
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14. Material Coverage: All chapters, except Chapters 6 and 7, will be covered, some partially, some completely this
semester. Students will be given additional material in class. The tentative scheduleisasfollows:

Day(s) Subject Chapters
Sep 8, 10 Introduction. Computer systems overview. Layered computer design 1B
Sep 15, 17, 22, 24,29, Oct 1, 6 | The architecture of the EMY computer 2,3,B
Oct 20 EXAM | HW:1-2
Oct 6, 8 Digital system design fundamentals 4,B,C,D
Oct 13, 15, 22 The organization of the EMY computer. EMY CPU design. Hardwiring 4,B,C,D
Nov 10 EXAM II : Cumulative HW:1-4
Oct 27, 29, Nov 3 EMU CPU design. Microprogramming. Performance measures 4,B,C/D,1
Nov 3,5, 12, 17 Pipelining 4,B
Nov 17, 19, 24, Dec 1, 3 Semiconductor memory. Memory Hierarchies 5B,C
Dec 8 High-speed binary arithmetic 3,C
TBA Final Exam : Cumulative All above chapters

15. Thetheme of the course:
a) Most digital products we use today are digital systems, such as microprocessors, computers, calculators and
iPhones. Digital systems consist of digital circuits, such as ADDers, MUXes, DCDs, registers. Digital circuits are
built from two basic components : Gates and flip-flops. Thus, today’s digital products contain gates and flip-flops.
=> CS2214 covers digital systems. To study them, a computer containing three smaller interconnected digi-
tal systemsis designed : the CPU, memory and I/O controller. Also, state machine design for the control
of adigital system is presented in detail. Note that CS2204 covers digital circuits.
b) The CS2214 computer, EMY, is a MIPS-microprocessor-based computer. To simplify the design process, we fol-
low atop-down (layered) design technique where initial design steps (higher layers) are relatively simple and as we
move down, layers become increasingly complex. The layers we focus on in varying details are from top to bottom,
application, architecture, organization, logic and transistor layers.
¢) The digital system we concentrate on heavily is the CPU (the processor) of the EMY computer. The CPU isthe
most important unit of the compuiter.
d) Our mgjor design steps are as follows :
=> Wefirst determine the application set aimed for the EMY, where the application layer is the top layer.
=> We determine the ar chitecture of the EMY, i.e. the register set, data types, machine language instruc-
tions, etc. based on the application layer.
=> We move on to the next level below which is the organization (microarchitecture) layer, first, we
design the hardwired CPU. Then, a slower but cheaper way of realizing the EMY CPU is done : the
microprogrammed CPU. Both designs are based on the architecture.
=> We study perfor mance measures used to evaluate computer systems. These measures help us see if our
architectural and organizational decisions are sound.
=> We improve the performance of the EMY CPU by pipelining (the organization layer).
=> Finaly we discuss memory subsystem design alternatives to improve the capacity of the computer (the
organization layer).

16. References : Students are suggested that they study recent computer architecture books since the field advances
rapidly. The following references are recommended with respect to their relevance to the course and the textbook :

a) MIPSRISC Architecture, G. Kane and J. Heinrich, Prentice-Hall, 1992.

b) See MIPSRun, D. Sweetman, Morgan Kaufmann, 1999.

¢) MIPS Assembly Language Programming, R. L. Britton, Prentice-Hall, 2004.

d) Introduction to Computing Systems : From Bits & Gates to C & Beyond, Y. N. Patt & S. J. Patel, 2" edition,
McGraw-Hill, 2004.

Polytechnic INstitute of NYU Page3 of 4 CS2214 HandoutNo: 1 Septembert 8, 2009




e) Digital Design & Computer Architecture, D. M. Honey & S. L. Harris, Morgan Kaufman, 2007.
f) Computer Organization, V. C. Hamacher, Z. G. Vranesicand S. G. Zaky, 5" edition, McGraw-Hill, 2002.

) Introduction to Logic and Computer Design, A. B. Marcovitz, McGraw-Hill i 2007.
h) Logic and Computer Design Fundamentals, M. M. Mano and C. R. Kime, 4™ edition, Prentice-Hall, 2008.
i) Computer Organization and Architecture : Designing for Performance, W. Stalllngs 8" edition, Prentice-Hall,
2010.
j) CPU Design : Answersto Frequently Asked Questions, C. M.R. Thimmannagari, Springer, 2005
=> A book giving insight on microprocessor design from the concept phase to the production phase : The Pentium
Chronicles: The People, Passion, and Politics Behind Intel’s Landmark Chips, R. P. Colwell, John Wiley, 2005.
=> A book describing how and why technical work involved in computer design and development is ajust small part
of alarger picture with emotions, ambitions and conflicting goals of many people involved : Dealers of Lightning :
Xerox Parc and the dawn of the Computer Age, Michael A. Hiltzik, Harper Business, 1999.

17. Reminder s about the course:

Students are required to read the handout prepared by the Dean of Student Affairs at the CS2214 web site: NYU-Poly
Sudent Affairs Syllabus Addendum. This handout is aso on MyPoly under “Polytechnic Community -> Policies &
Rules” Other material for studentsto read include University Code of Conduct at the Poly web site : Under “ Current
Students. In addition, keep the following in mind :

a) Students are strongly suggested that they concentrate on learning, not on grades (tests). This guarantees a good
experience on the course and a solid foundation for the follow up courses. If a student falls behind, the student needs
to try to make up (learn) quickly, without thinking about the grade.

b) To concentrate on learning, students need to pay attention to classes and recitations and not disturb others by i)
coming to the class/recitation on time, ii) staying in the classroom/recitation, not going out and coming back fre-
quently, iii) not talking and iv) turning off their cell phones and notebook computers.

C) A reason for alow grade is missing classes and recitations. Even if one gets the notes, it does not help. Thisis
because, first, the notes are not perfect. Second, someone taking the notes may not write down all the verbal com-
ments and suggestions made by the professor and TA. Third, attending classes and recitations forms better memory
because of visual (seeing the writing on the board), audio (listening to the professor and TA) and tactile (writing down
the notes) inputs. In addition, during lectures and recitations, the professor and TA refer to earlier lectures and recita-
tions (past topics, comments, suggestions, etc.) which refreshes students' memory and further reinforces their knowl-
edge. Overal, students learn more and remember more. Finally, since their memory is fresh, students save time
when they study for exams.

d) Missing an exam is not aminor case. A careful assessment is made to excuse a student or to grant an incomplete
to astudent. The professor makes the decision. The decision is made aso based on the information by the student’s
academic department and the Student Development Office. One of the requirements to excuse a student is that at the
time the student is not able to take the exam, he/she be in good standing in class, i.e. has good attendance, a good
homework performance, a good recitation performance and a good exam performance : The professor wants to see
that the student has been committed to the course and learning the material has been his’/her main objective. A stu-
dent who is excused from a midterm exam is not be given a make-up exam. The weight of the midterm exam is dis-
tributed to the other exams at the discretion of the professor.

€) For a course, the semester is over when the final exam is over. Students will not be given extrawork, a project, a
make-up exam or any other kind of special treatment to raise their grade during or after the semester.

f) It has been observed that a student pays unnecessary penalty, because he/she does not know/follow Polytechnic
University and course rules and regulations. They also do not seek advice from Polytechnic staff. Students are,
therefore, strongly suggested that they speak with the professor, the TA, the personnel of the Student Devel opment
Office, and the Counseling Center when they experience difficulties/problems.

g) Students are strongly suggested that they not make assumptions and decisions on the course without asking the
professor : About the exams, lectures, recitations, the homework and attendance.

18. ABET Core Competencies: CS2214 addresses the following ABET competencies :
a) Students apply mathematics, science and engineering knowledge to design and analyze advanced systems.
¢) Students design adigital system that meets the desired speed, space and cost contraints.
e) Students identify, formulate and solve engineering problems.
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