The Unversity of Texas at Austin
Department of Electrical and Computer Engineering

Course Descriptor: EE 382N - Microarchitecture, Unique Number 15940

Instructor: Male N. Rt (http://wwwece.utgas.edu/ patt)
Office: 541a Engineering Sciences Building (ENS)
Phone: 512-471-4085

Email Address: patt@ece.utes.edu

Office Hours: MW 6:30pm to 7:30pm, and by appointment
Course Ttle: Microarchitecture.

Course Overview:

Objectives of the course -- EE 382N is intended to primle a serious introduction to microarchitecture at
the graduate iedl.

At one time, | thought EE 382Nas only for the serious graduate student who is interested either in PhD
research in microarchitecture or in an industrial position on a leading edge microarchitecture idmyject.
eva, | haveconsulted on enough application-specific chips lately thatvibsdieve tis course can be use-

ful to the serious student of embedded processors, visi circuit design, andre#sditvare codesign, to
name a fev disciplines that are not microarchitecture-centiitie course is knen for being a lot of wrk,

so before rgistering , you should check with your research advisor teraak it is right for you.

As in everything else | teach, the emphasis in EE 382N is on deep understanding of fundamental principles,
so that students will be better prepared to carry on original researchedheakplaces on design teams
chaged with pushing the frontiers of what one can do in a microprocedgmexpect to accomplish this
objective in two ways:

(1) Each student will participate as a member of a design team to complete a substantial design of a cpu for
a dbset of a commerciallyvailable modern microprocesso¥e will use Intels x86 ISA as our starting

point. Eachteam will start with a clean sheet of paper and design the data path, microsecmienagro-
grammed or hardwired control, microcode or logic, as appropriate aicéetd memory & 1/0, and the se-

lection and interconnection of parts to implement all of thevabidhe design will be done at the logiatg

level, in structural lgel Verilog where the design will be concerned with timing issues (patipagdelay

cycle time). The design may be an aggresgpeline, or a more consetive mcroarchitecture, at the dis-

cretion of the design teanDur expectation is that each student will come out of tkjgeeience more fully
appreciating the problems that come up in designing the microarchitecture for a general purpose I1SA.

(2) Lectures, in addition to dealing with design issuevanteo the project, will praeide in-depth ceerage
of some of the important latest hot topics in high performance microarchitecture, amar@meas and ap-
preciation of the field of computer architecture, particularly altermatsign styles and implementation
tradeofs. For example, although we will certainly discuss theykarrent hot topics that mekup the latest
superscalar microprocessors, we will alseegijual time to other microarchitecture ideas that ensghase
when superscalar is not the right answdfe will deal with problems imolving instruction supplydata
supply and instruction processing, compile-time/run-time traffeofery aggresse kranch prediction,
wide-issue processors, in-order vs. out-of-ordecetion, instruction retirementCase studies will be tak-
en mostly from current and nefrm future microprocessors, although we wihmine where relant
some aspects of classical older implementatidims.example, although we will discuss Pentiwnthe be-
all and end-all of superscalar processors, we will also discuss Niagrawmigrearchitecture touted by
SUN Microsystems that isxactly the opposite of superscaldie will discuss Pentium M, where the de-
signers did not dismiss performanag mollified it with enegy consumption.Finally, we will study the
challenges presented by a chip containing ten billion transistors operating at a clock jrefuénGHz,
...which we &pect to be @ilable within the ngt ten years at the latest.



Relevance of EE 382N to careers in microarchitecture -- This course pnddes a fundamental body of
knowledge useful to graduate students who plan to do PhD research in microarchitecture or plan to seek
employment in the microprocessor industry upon completion of thegjrege

With respect to PhD researchyaal major IEEE and &M conferences deal specifically with research re-
sults from this field, including ISCA, Micro-n, HPCA, ASPLOS, afCP. Seveal prestigious journals
publish research based on the foundation material taught in this cdustethis year alone, the IEEE ap-
proved Computer Architecture Letters as an avehjournal, chaged with rapid publication of short arti-
cles on breakthrough aalnces in the fieldThere does not appear to bg d&ssening of interest in this ma-
terial in the research community

With respect to the microprocessor industompanies seek graduates whoete insights acquired from
this course.Many major emplgers of our graduates (Intel, faxample) hae a increasing need for grad-
uates who hae tese insights.

Where | am coming from -- The syllalos lists my "compile-time" schedule of what we will try to discuss
during the semesteiVe will undoubtedly not get to all of them for\aeal reasons: (1) there is too much
here to cuer in one semeste(2) "covering” the material is not something | particularly aspireFarther
more, we will probably not a@r the topics in the static schedule Magroduced, rgardless hav much |
plan to, today

My objective in our class meetings is txm@lore ideas that will be useful to your future research and/or your
future work in industry My view of research is that if you kmothe outcome before you start the project,
then | am not interested in theot as "research.'l suspect that manof our class meetings will follw

some unintended path as wekre dynamically some issue that comes upiant you to think critically
about what you read, andpore creatiely what might be possiblelf that causes us to spend three times
as long on a topic as we might otherwise if weeted the topic from my notes, it will not makre unhap-

py. If we get the material from my notes to yours without going through the brains of either of us, that will
malke me very unhapp.

Lest aryone think this is intended to encourage wie@ departures from fundamental lwiedge, let me
assure you that the one thing weals try to do is tie things to the fundamentaidy hope is to encourage
you to combine mastery of the fundamentals, critical reading and analysis, anc dna#ting.

CAD Tools -- For the project, we will be using a modern set of CAD design toolside by Synopsys,
which use the ¥filog design languageéWe will provide suficient introductory material andkamples to
help you get started with these tooldastery of the tools is not an end in itself; on the conttheytools
are epected to be a means to enhance your prodiyciin completing the projectYou are encouraged to

help each other master thetools, so that we can all get on with thadiness of carrying out our designs.

Finally, an important caveat -- My experience from teaching this course has been that the design project
requires a much lger amount of time to complete than most studexpec to be the case in theglre

ning. Ifthis semester goes as the ones before it, you will be pleased with whatgaodwenplished after

the term is wer. But during the term, sometimes after wf@onsecutie deepless nights, you mayonder

what lapse in sanity caused you to sign Bpease consider this as yowgarize your vorkload for the
semester

Meeting Info: The course consists of three hours of lecture plus one 1 1/2 hour discussion section each
week. Lectures and discussions willggttace MTW from 5:00pm to 6:30pm -- on MW in ENS 109 and
Tuesday in RLM5.124.

On average, tvo of those three sessions each week will be a lecture, the thirdd@ge) will be a discus-
sion. Some weeks, it will be more beneficial toehapre than tw lectures. Otheweeks, it will be more
beneficial to hee nore than one discussion sectiofhe eact schedule of lectures and discussions, as best



| know it today can be found in the Course Sylisb

That is, | hae (prior to the start of the course)véoped a static schedule for the materidbwever, once
the semester starts, | suspect | will mélom time to time dynamic scheduling optimizatiohsnay also
substitute a guest lecture if someone with an important message happens to be in Auséiablelan a
particular day Bottom line is that | gpect you to plan on beingailable all three days (MTW) for lectures
and discussionsPlease do not sign up for this course unless you are able ®wahtikee class meetings
each week.)

TAs: Danry Lynch (lynch@ece.utas.edu), Chang Joo Lee (cjlee@ecaagedu)
Course Home Page: http://www.ece.utgas.edu/ patt/06s.382N/

Textbook: There is no required xé Referencesvill be suggested where appropriate, depending on the
topic. lexpect to preide handouts on additional material when | feel that is uséfisbh, Some of the lec-
tures will use transparenciel those cases, you will be mided with copies of the transparenciégom

time to time, releant material will be gailable for davnloading on the course home page.

Prerequisites: Satishctory completion of courseswaing the material of EE 316 and 360N with a grade
of A, or consent of the instructolf you are concerned about whether you are prepared ¢o382N,
please meet with me petely.

Homework policy: Homework consists of three types: (1) problem sets, scheduled atghenimgy of the
semester to get the student ready for the major term project of the course v{@patgiroblems assigned

in class from time to time as | feel appropriate to test your comprehension of a point or to get yeu to tak
the point we are discussing to thexnlevel, and (3) the major design project discussed/abo

Quizzes and Exams: There will be tvo exams in class, a writterxam on March 29, and an oradaen on
April 27 or 28. There will be no written finab@m. Also,l do not expect to gie a make-up am except
in rare and well-documented circumstances.

The written &am will be closed book, with twvexceptions: (1) The student may bring into tixare three
sheets of paper on which the student mayehaitten arything he/she wishesAll three sheets must be
original sheets (not printed noeroxed) in the studerg’avn handwriting. (2) The student may bring into
the ekam ary handouts that hee keen apressly permitted by the instructor prior to txarm.

The oral @am will be an indiidual ekam in Room 541a administered by the instructor at a time suitable to
fit the studens hedule. Iwill be 30 minutes in lengthThe student will be free to bring whage refer
ence material he/she wishes into tkare.

Grading mechanics: Three major items will contrilie to your grade in this course: the major design pro-
ject, scores on the twmid-term exams, and honweork and problem setsYou will note belav that | hae
allocated 6% of your grade to "other" tosgithe TAs and me some féility to include our subjectie
evduation of your performance in the assignment of a final grade.

The items will be weighted, approximately as falo

exams, 42%

major design project, 42%

- 30% for functionality 12% for final report
homevork, problem sets, etc., 10%

other 6%



Final Exam: There will be no finalxam in this courseln lieu of a final @am, you will hae a fnal design
review of your design project, and you will submit a final design project refdrat final design project
report must be submitted in 541a ENS by the end of the fiaah @eriod resead for a final gam in this
course.

Cheating:

Students may ark together BEFORE anxam to study for thexam. Studentsnay work together to
learn/understand the design toolst bot to work together on their indidual design assignmentStudents
must work together within their design project group to complete the term projdlcother work of the
course must be youmm work.

That is, ag other collaboration, unless specifically instructed otherwise, constitutes academic dishonestly
and will be directed to the Dean of Students for Disciplinary Actibgou are not clear as to what is per
missible and what is not, please agkdlure to ask ahead of time, and latevdking the statement, "I
thought it vas ok to do" does not constitute an acceptable reason.

If you need help, you are welcome to see the Instructor or one ofAtheRecering help from ag source
other than the InstructofA, or someone designated by the Instructorislebsolutely not permitted.

If you have any question about the alie paragraphs, please ask the instructorAbé&fore the &ct. Ifyou
cheat, you violate the soul of the Marisity, which | tale very seriouslyand will not compromise.

Course evaluation: The MEC Common BEaluation form will be used toveluate the instructor in this
course.

Additional details:

| am asked to remind you to consult the Waisity policy on the deadlines for adding/dropping coursHs.
you need help with this, please check with me or one ofalse T

Allegaions of Scholastic Dishonesty will be dealt with according to the procedures outlined in Appendix
C, Chapter 11, of the General Information Bulletin, http:// ute«as.edu/student/fgéstrar/catalogs/.

The Unversity of Texas at Austin praides, upon request, appropriate academic adjustments for qualified
students with disabilities.df more information, contact the f@e of the Dean of Students at 471-6259,
471-4241 TDD, or the Colige of Engineering Director of Students with Disabilities, 471-4321.

Finally, for those of you who decide to continue in this course, Good Luo&pe you find thexperience
an important part of your computer engineering education. | also hopey®a lgod time doing it.



