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| liked the job at Berkeleyherein the stimulatingenvironment
andthe work with my colleaguedDave PattersorandAl Despain
andthe nice weatherSo| said,"Yes," andduring that summeror
at the endof that summerwe movedfrom New Jerseyto
Berkeley.Again it waskind of a dramaticmove. This time not by
boatof course butit wasalmostlike the old settlers We hadour
VolkswagenSquareBack, which sevenyearsearlierwe had
freshly boughtin Germanyandthenmovedwith usto Franceby
boathereto this continent.We now loadedthis SquareBack up
with our importantbelongings.

Actually, sorry, that'sthe yearbefore.The big movewaswhen
we whenwe cameto Berkeleyin 1976,wherewe hadour
belongingsfor a yearthat we needecandour two childrenin that
car. We took like two weeksto travel throughthe country. We're
campingalongthe way andstoppedn all the majorroadside
parksandour daughterEvelyn,who wasthreeat the time was
rating thesevariousparksby their quality of the swingsandother
facilities. Sorry, thatwas’76. In '77 basicallywe hadeverything
here.We just neededo go backfor a coupleof weeksandpack
up our householdandput everythingin a big van andsendthem
onthe way. Thenfly outhereandwait for its arrival.

Whenwe movedinto our house,andnow it suddenlywas
empty of furniture, it didn't look sonice anymorebecausall the
walls hadcracksin it. We realizedthat the housewaslike 70
yearsold andwasn’tascloseto the quality thatwe hadin New
JerseyAnd herewe pay so muchmorefor it thanwe hadactually
thought,sothat’s suddenlya little bit of a shockinginsight.On
the otherhandi,it hadthis greatwindow in the living room
overlookingthe bay. In the beginning,we hadno furniture sowe
just hadour sleepingbags.We essentiallyhadour sleepingbags
right up againsthis window. | think the first night, we probably
musthavebeenawakealmosthalf the night just looking out the
window anddownto Berkeleyandoverto the GoldenGateandto
the lights andthe starryskiesandall of that.

Thenwe forgot aboutthe cracks.As soonour belongings
arrivedwe did what the former peoplehaddone,we hunga lot of
pictureson the walls andcoveredup all the cracksandthenforgot
aboutthemanddidn’t botherustoo much.But the weathertooin
77, it wasa very rainy yearand,someof the housesslid downin
the mud andtherewerelong periodsof very heavyrain. | almost
felt like it wasbreachof contractHere |l hadthis gorgeous76, it
wasa droughtandeverythingwaswonderful.lt's underthose
conditionsthat | hadsignedup andnow this wasjust wet and
miserable77, andsothatwasn'tquite asgloriousasl had
thought. Thenl foundthat now | wasteachingafull load, not
just a half load| hadasavisitor. In addition,therewere all this
comedywork andstuff andall theseotherthingsthat| was

tape 1\8: 00:00:12 - 00:03:39 interview: 05 July 2002



CARLO H. SEQUIN, AN ORAL HISTORY

interview: 05 July 2002

Klemmer:

Séquin:
Klemmer:
Séquin:

Klemmer:
Séquin:

shieldedasa visitor. And | hadto startraisingmoney,which |
didn’t haveto worry aboutthe yearbefore.BesidesManny Blum
who wasthenChair would stick his headinto my office every
otherweekor soandsay"Are you publishingyet? Becausef you
don’t publish,you can’t survive."Soit waskind of scary.lt wasit
wasrough, someof thosethings.

Now did you comein with tenureor you camein onatenure
track?

No, | did comein with tenure.
Sothatweightit wasoff your shouldersat least.

Basically. Thatload wasnot on my shouldersput still | didn’t
wantto comehereandembarrassnyselfandbasically*he said
thatI’'m kind of onthe fringesandjust hangingon there.l would
sayfor severaimonths,everyday at leastoncel askedmyself,
"Why did | dothat?Why didn’'t | stayatBell Labs?"Then
graduallyit gotlessandless.| think afteraboutayear,my
worrieshadgoneawayand| just knew this wasright. Then
actuallythreeyearslater,| musthaveconspiredenough
confidencehere,they mademe CS Chair. At thattime |
absolutelyknew this wasthe right decision.| wassoglad| did it.
But also,therewere many otherexciting thingsout here.

When Tom Everharthadhired me, he said, "Look, you're
goingto bein the CS Division andfor your survival, you haveto
makefriendswith the CS guys. They'reyour future. They're
goingto write your promotioncasesThey’regoingto judge how
well you're doing. But you havethesevariousfriendson the EE
side.And you shouldkeepthosefriendships.As a matterof fact,
you'rein auniqueposition of doing somethingvery importantanc
thatis bring EE andCS more closelytogetherMake themnot
two separatdoring factions,but makethemonedepartmenand
really bring the two halvestogether."

In 1977,wasit onedepartmenbr wasit two departments?

It wasonedepartmentBut therewasnot muchtalking. As a
matterof fact, therewere someanimosities particularlyamong
the old CS faculty whosethoughtcameout of mathematicand
originally hadthoughtthey would makea new ComputerScience
Departmentwhich they would thendominate. Thenthe merger
with EE wasdiscussedhey thoughtthatit would be CS
dominatingand EE would be self-absorbedBut the CS side
would be the dominantone, of course.That’'s not how it turned
out. EE wasthere.It wasestablishedlt wasmuch strongerAnd
CSwasthe fledgling newtwin. Soif anything,.CS wasalways
realizingthatthe kind of the minority andall of that. Thatwas
hardfor someof the peopleto takehere.

Therewasn’ttoo much nice collaborativework goingon or not
too muchtalking becauset hadn’tquite becomeclearwherethe
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contactpointswould be or what that boundarymight be. The
explicit chargethat wasgivento me by Tom Everhartis to do
somethingaboutthat andbring 'em togetherObviously,me being
in the VLSI field which relied heavily on integratedcircuits but
really wantedto build systemsandcomputersandevensomeof
the chipsgot so complicatedyou neededhe computerdo help
build 'em, it looks like there’samplecontactpoints. Thatwasmy
mission.And | said,"I'll seewhat!| cando." It sometimedelt
like herel washolding ontotwo supertankersvho were slowly
drifting apart.It wasmy armtrying to preventthemfrom drifting
apart.

It took alittle bit of doing, butthenthroughthe VLSI classes
andthroughthe work in IC-CAD, | think we havereally been
ableto build a bridgeandglue the two divisionstogetherto the
point whereit actuallybecamea model.l think severalother
departmentsMIT andothers,they'velookedtowardswhat’s
happeningat Berkeleyandhavetried to takethat asa model.|
would say someof the mostexciting thingsin thefirst five years
or sowasthe work on the RISC,SHAPEand SOAR andthe like.
Thenthe BerkeleySynthesidProjectreally wasonly possible
becauseave hadthis closecollaborationshetweerthe faculty on
the CS sideandonthe EE side. And the work in computer—aidet
designwasdefinitely the bestwork doneanywherein academia.
Again, becauseve hadcritical masson both sides,the EE side
andthe CS side,andthey’re both requiredto makereally good
CAD tools.

Sothatbecame] think, a very successfuventurein the end
andgotusalot of visibility. Whenwe built SodaHall, or now
mostrecentlywhenRichardNewtontried to go andraisemoney
for CITRUS, alot of moneycamebasicallybecausef all the
CAD companieghat at somepoint hadstartedandfelt loyalty to
Berkeleyandrealizedthat their rootsgo backto Berkeleyand
theywerewilling to help uswhenwe neededheir help. Now the
wholething, of course hadstartedin earlierdays.In the early
'70s it wasDon Pedersorcreatingthe programSPICE.And
actuallycreatingan integrateccircuit labsat Berkeleyandthat
wassomethingvery unigue.

WhenDick Fatemarandl wentto Japarto raisemoneyfor
SodaHall, oftenit waspointedout thatit wasSPICEthatreally
waswhat they were gratefulfor. They saidthat it hadsavedthem,
somanytensor hundredsamillions of dollarsby essentially
makingsuretheir chipswould work the first time andthatthey
werereally gratefulsomethindike thatwasoutthereandin the
public domainandcomingout of Berkeley.SodaHall was
basicallycashingin on the pioneeringwork that Don Pederson
hadbeendoingwith SPICEandwith the integratedcircuit things.

SPICEwasBerkeley'sfirst CAD tool?
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Yeahor the onedominant,mostimportantfirst CAD tool. Not
surewhetherthereare otheronesor smalleronesbeforethat, but
definitely that's the onethat createdall the visibility. So how did |
getinto the VLSI busines$ere?Obviously partof it wasbecause
of my backgroundrom Bell Labs,butalot of creditalsol have
to give to Lynn Conwayat Xerox PARC becaus@assoonas| was
no longera Bell Labsemployee——sin my secondyearhere
whenl wasnow formally officially employed-—-shehired me asa
consultantFor manyyears,| forgot how manyoneday every
weekl wasspendingat Xerox PARC. It wasalwaysaday| was
looking forwardto. And | didn’t haveany particularfixed
assignment.

It wasmostlyjust be downthereandhavegoodand
stimulatingdiscussionsvith peoplelike Lynn ConwayandAlan
Bell, Chuck Thacker.CarverMeadwould often showup there.
We weretalking aboutdesigningintegratedcircuits. That's what
I'd beendoingat Bell Labsfor six years.And CarverMeadand
Lynn Conwayhadthe firm convictionthatlaying outintegrated
circuitis somethinghat could be formally taught.Now at Bell
Labs| nevertook a coursein that.It's somethingyou learnby
osmosis.You watchedhow the seniorhackswould do it. Watched
overtheir shouldersandpickedup sometricks andusedyour own
tricks andcommonsense.

Eventuallyyou knew how to lay out integratedcircuits. But it
wasvery muchlike a secrefcraft. | think it wasthe convictionof
CarverMeadandLynn Conwaywho said,"Theremustbe logic
behindit. And if there’slogic, we can capturethe logic andthen
we canteachit." And thatwastheir pushfor developingthis
programfor VLSI design.And the pioneeringoook by you know,
Lynn ConwayandCarverMead,on VLSI design,that,| think,
waspublishedin 2000.It really revolutionizedthe field.

Sothat's 23 yearsafter?

Sure.Wait asec.No, no, no. Sorry. I'm 20 yearsoff. 1980.1980.
All right. It wasaroundnumber,but notthatround. So suddenly
they convinceda wholelot of peoplein academiaand
particularlyin computersciencethat VLSI designis fun andthat
it's actuallysomethinghatthey could be doingat universities,
andcan be taught,andmight be successfulEventhoughindustry,
| would sayIntel andMotorolaandthe likes, werekind of
skepticalbecauségheyfelt, "No, no, that stuff doesn’twork and
particularlynottrying to automatet becauseventhe best
programyou guyshaveare only half asgoodasour best
designers.Thatwastrue aslong asyou tried to automatethe
layout of a programlogic arraythat hadself write like 10
midtermsand 10 inputsand 10 outputs.

True.Somethingike that canbe doneby humandesignerand
they canthrow in anytricks they canpossiblythink of andtake
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shortcutsghe computerhasn’tbeentold aboutandmakea small,
moreefficient PLA. But by the time you have50 inputsand100
outputsand200 midterms,humandesigncannoteventrack
anymore——keeptrackanymoreandwill probablymakemistakes
andcertainly not havethesehand-craftedittle tricks on different
lines. Thegainis clearonthe side of the computerBut it took a
few yearsto convincethe die-hardsand——andtheseestablished
designhouseghat that’'sthe way it wasgoing. CarverMeadhad
this firm beliefandsol waspushingaheadandit wasvery, very
exciting to work with thosepeople.

It seemdike you've madetwo really powerful generalizations
here.Thefirst beingthatyou havecowboycomputerscientists
building a bunchof stuff. How do you takethat andmakeit a
moreformal discipline?And you've seemedo havepushedhe
front on both educationis oneway to makethat a moreformal
discipline.And goodtoolsis anothemway to makethata more
formal discipline.It’s really interestingto me thatyou push
forward on both of those.

Right. In away that's alsoan interwovennetworkof good
coincidencesThroughthe stimulusof working andhelpingLynn
andCarverwith theirbook| becameacutelyawareof the
educationapotentialof thatfield. My first coursethat|
introducedto Berkeleyfor its graduatecoursewasin VLSI desigr
andwasbasedon the notesthat were emergingon this
collaborationwith Carverandwith Lynn. And | usedpartialnotes
of the bookthat they werewriting in my coursesanddebuggedt
andgavethe feedbackbackto them.At the sametime | was
working very closelywith Dave Pattersonandout of that
essentiallycamethe RISC chip.

the RISC chip, of course wasthena first powerful testvehicle
to seewhetherthat methodologyreally works. Becauseall the
studentghat worked on that chip wasgoingthroughkind of the
sameVLSI| designmethodologyandthey usedthe kind of tools
that were being collaborativelydevelopedetweenXerox PARC
andMIT andBerkeley,primarily thesewere kind of the three
leadingplaces And we hadto build on thosetools. So building
the chip reinforcedthe educationamethodologyandthenthe
educationamethodologygave us enoughstudentghat knew
aboutit andcould really work on thosechips.And it all fed on
eachotherandat the sametime it becamenow clearwhat my
mechanisnwasby which | could bring EE andCS closer
together.

It wasexactlyin thatdomainbecauseve couldn’t really build
chipswithout someof the help of our faculty from the EE side.
Particularly,David HodgesandalsoAlberto SangiovanniRichard
Newtonlater,andthenthe field becamemore CAD dominated.
Theytook the leadershipandthey run thingslike the Berkeley
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SynthesidProjectandfurther strengthenedll thoseties. Thatwas
very fortuitous. Very quickly | realizedthat this wasa goodthing
beinghereat Berkeleyandit wasfar more exciting thanjust
working on onething at Bell Labs.It wasmuchmore
multidimensional And yes, at first confusingandalmost
overwhelming but at the sametime wastremendouslyexciting
andwasabsolutelywonderfulto be here.And that'swhenl
stoppedwvorrying aboutdid | makethe right decision.Becausd
knew it would havebeenthe right decision,l would havebeen
very sorry andsadhadl notdoneit.

During thoseyears,the Bell empirestartedto crumbleand
practicallyall the goodpeoplehadleft within a shorttime after
thatfrom the areaof devicesthat | wascomingfrom in Bell
Labs.It wasonly a shadowif its formerself. Sothe excitement
hadreally goneout of that particularareaat Bell Labs.Soit
definitely wasa goodtiming of jumping ship andcomingto
Berkeley.

Couldyou talk alittle bit aboutwhatit waslike to be a professor
anda consultaniat the sametime? And whetherthat was
supportedor discouragedor how that playedout at Berkeley?

In generall think it wassupportedandthe experiencavas100
percentpositive.lt wasabsolutelya wonderfulthing to havethis
in away, oneday off or atleastoneday different. It just gavesort
of arhythm. One day wasclearly differentandit helpsrecharging
your batteriesIt gaveme newinsightfrom the outside,which |
immediatelyusedin my classeslt would havebeenharderto get
the samekind of impulsesfrom the literatureor whateverlt was
really vital to keepme current.At the sametime, the feedback
from the classedo the bookwasequallyimportantto Lynn and
Carver.

This whole communitythat wasbuilding up with sponsorship

RISC chip.

tape 1\8: 00:17:28 — 00:19:32



of DARPA, who earlyon, | guesswasconvincedof creatingthis
designenvironmenbut alsoa whole newgeneratiorof designers.
which would clearly be neededor the computerchipsthat were
very rapidly growing in complexity. We just didn’t havenearly
enoughold—fashionedlesignergo keepup with the demandof
designingall thosechips.Sowe hadto havea pool that's at least
10timesbigger.This effort herespearheadefiom PARC and
thentried out, first at Berkeleyandat MIT, andthenvery quickly
it waspickedup by many otherschools,Stanford,the University
of Washingtonandotherplaceswhich thenspreadquickly.

Whatwasreally vital in someway for the quick evolutionof
the electronicsndustry,particularlyasfar asVLSI digital logic
chipswere concerneds computerchips.In Berkeleywe hadour
own excitemenin thatrespect! vividly remembeioneday Dave
Pattersorand! weredriving downto a microprocessoconferenct
in Sylmar.While we wereriding down 280, which is kind of easy
driving andal little boring, we're talking aboutplanfor the next
academicyear.Pattersorwantedto do a three—termsequence
wherestudentsvould takemaybethe VLSI coursefirst andthen
an architecturaktourseto evaluatenewarchitecturesThenan
implementatiorcoursewheretheywould actually put everything
togetherandbuild a chip. We weretalking aboutpotentialforcing
functionsandhe suggestedbuilding a microprocessoAnd my
instinct reactionwas,"Oh no. That's way to complex.No way
thatwe can handlethat becausd’d kind of seenwhatit takesto
build an integratedcircuit andhow big an effort it wasandl hada
feeling that with nothingbut amateursandstudentsthat would be
would be a difficult task."But fortunatelyl hadthe goodsenseof
not makingany noisesin thatdirectionbecausé know the most
importantthing to get somethinggoingis to believethatit canbe
done.

Sowhile | wasoftenalittle carefulandtimid aboutwhat | was
settingoutto do, I didn’t wantto spoil thissol didn’t makeany
suchnoisesandsaid,"Oh yeah,let's seewhatwe cando." But |
madea point that we shouldkeepthis chip assimple aspossible
andonly putthe functionson therethat we absolutelyhaveto
have.He agreedto that.It madegoodsensdo him. We argued
backandforth aboutwhat might be on the chip andwhat not.
DavePattersormadeit clearthat maybethat would be the first
studyin this architecturaklassthat he would offer wherewe
actuallywould look at how baddoesa computerchip getif we
leaveout multiplication andleaveout all kind of otherthings,and
only havemaybelessregistersor whatevercomplexity we could
strip out.

How badwould the computerchip be andwould it still be
accessibleBo atthat point I pointedout almosta joke that
"That’s goingto be risky businessLet’s makeit aRISC
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computer.For the reducednstructionsetcomputerandseejust
how little instructionsetwe canget awaywith andhavea decent
computer."So that'swhat Pattersordid. He did essentiallyrun
this class.They analyzedvhat a RISC instructionsetwould really
doto performanceTheamazingthing wasit seemedike notbe
that negative.As a matterof fact, it seemedike if you did things
right you could actuallybetterperformanceout of it becausdoy
leavingoutthe really complicatedstuff, the machinecycle
becameso simplethat you can now run the clock faster.

Maybe becauseéhe cycleis so simpleyou canrun the clock
twice asfast. Everynow andthenyou hit the instructionlike
multiplication that you don’t havein your instructionsetandyou
needto decomposehat now into smalleroperationsshiftsand
adds.It maytake20 instructionsto run this multiplication. And
you maythink, "Oh, that's dreadful."But the analysisthat they
did in thoseclassedo find out how often do multiplication
instructionsshowup acrossthe boardin a wholelot of programs
thatthey’re running,they’re showingup lessthanonepercentSo
if they showup lessthanonepercentthenthey’re even20times
slower,you're still ahead For many of the complexitiesthat we
cut out, we realizedtheyreally didn’t hurt thatmuchat all.

Theoverallsimplicity we gainedin the chip really allowedto
run the chip maybetwice asfastor morethanit would otherwise
andthat startedto look really, really attractive.l think therewere
somepaperghat cameout of that which were published.But they
werejust paperstudies.Like somany otherpaperstudies,
everyonesays,"Yeah, yeah."Nobody paid any attentionto it. So
it wasimportantthat Pattersorinsistedon havingthis
implementatiorcoursewherewe would actuallybuild the chip.
Whenwe finally hadthe working RISC chip, it actuallyworked
andwe hadreal clock dataandreal performancedata.We were
allowedto publishin the very competitiveinternationaland
solid—statecircuits conferencebang,suddenlyeverybodypaid
attention We actuallyhavea working chip.

Now everybodyclamberedo readthe papersandlook at all
that. And causedhe revolutionthat it actuallyhascausedAlso

DavePattersordid a fantasticjob. He really becamea missionary.

He traveledthe country.He musthavegiven 20 or moretalksin
oneyearaboutRISC computersandRISC versusCISC, that’s his
versionof the complexinstructionsetcomputersandthe like. So
the word got aroundvery quickly andbeforehe knewit,
companieglamberedo call their computerRISC just becauset
washow the in-word, eventhoughmany of themwere not RISC
atall becausehey still hadlike 200 or 300 instructions But they
still triedto find someway of how they could justify calling it
RISC becauseverybodywantednow RISC computerdecauset
wasthe cool thing to have.Sothat wasvery exciting.
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Now in orderto build the RISC computerwe actuallyhadto
havesometools to makethoselayouts. Therereally wasn’tmuch
goodstuff aroundandwe didn’t haveany of the thencurrent
Alma, or I'm sorry, Calmaor Applicon SystemsOur students
complainedbecausall we hadwasCaesarwhich wasa little
home-brewedystemthat JohnOusterhouhadessentially
single—handedlyput togetherlt wasjust an editor that allowedto
placeandconnectrectanglesn differentlevelsandthat would be
thenthe masspatternto makethat particularchip. It wasvery
straightforwardjust doingthe simple operationghat neededo
have.Therewere noteven45-degredines. You could only go 90
degreesso—calledManhattangeometry. And the studentdelt that
while it worked, it seemedike aratherkludgeyanddull, the
greatthingswe could do if we hada CalmaSystemor an
Applicon Systemandall that.On oneof our fieldtrips, we took
our studentsdownto Intel or Hewlett Packard] forgot, oneof
thoseplaces.

This wasan undergraduater a graduateclass?

It's mostly a graduateclass.But therewere undergraduateis it as
in mostour graduateclasses.

And how big wasit? How many students?
Oh, I don’t rememberput | would saya guessaround20.
Mostly in computerscience?

Yeah,almostexclusively.Maybe a few EE studentsput mostly
comingfrom the CS side. So we took themto downto oneof
thoseplaceswherethey built integratecdcircuits for profit. As part
of the tour we actuallygot to seetheir layoutroom,which may
havehadabouteightdesksbecausé think it wasApplicon
computersandwe noticedthat on the otherside of the room,
therewere abouteightdraftingtableswith greenMylar onthem.
All the engineersvere bentoverthe Mylar with penciland
eraserandwere drawingandmarkingup on there.And there
were someclerks andsomegirls sitting at the Applicon tablesanc
busily enteringthings.Looking at Mylars andthenenteringit to
the computerWe felt that wasstrange Why would you first draw
it on paperandthenenterit to the computer?So we watcheda
little bit closely.

Thenwe realizedtherewasonewomanandshetried to make
arow of like soft pencontactson oneof thosecomputerchips.lt
wasa very sophisticatedystemsoit could makesomethindike
an alphaor somethinghat would signify to the computer,'l want
to entera contact."So shewould scribblethis sign,thenwait a
few secondsAnd nothinghappenedo you would scribbleit
again.And maybea third time computergoesbeepandnow
computerunderstoodshewantsto makea contact.

Soit wasa pen—basedomputer?

tape 1\8: 00:26:34 - 00:29:35 interview: 05 July 2002



CARLO H. SEQUIN, AN ORAL HISTORY
Séquin:

Klemmer:
Séquin:

interview: 05 July 2002

Yeah.Had a tablet.
Backin 19807

Yeah,not on the screenlt wason the sidetablet.Now shewould
go andmark acrosson the actuallayout screerof wherethat
contactshouldgo. The computerwasvery sophisticatedso asit
placeda contactit would checkthe designrulesto makesurethat
no two pulley featureswveretoo closeandthe contactwindow
didn’t cut anythingelse.Thattook abouteightor 10 secondsSo
sheneededo place,sayfive of thesecontacts.Thereshefinally
hadconvincedthe computer,'l wantto makea contact."She
placedthe first oneandthenit goes,one,two, three,four, five,
six, seven,eight, nine, beep.Thenshecould makea secondcross
Thenit would go one, two, three,four. And you canseel don't
go throughall 50 seconddecausdy the third contact,it has
driven us bananagandwe realizedthis is ridiculous.We can't
work like that.And that's exactly so.

That's why the engineersthey go zip, zip, zip, zip, mark five
crossesn aboutfive secondsaindthat’sthat,andthentheycango
andscratchtheir headandwhat next?But they’re in command,
they're thinking at their rnythm andthey’re puttinginformation
downattheir rate andnot at the computer’srhythm. Of course,
the systemdidn’'t haveto be that slow. It wasjust avery bad
design.A few yearslater,JohnOusterhouhadcreatedthe Magic
Systemwhich hadautomaticdesignrule checking.But learning
from that experiencewe knew you neverevertakecontrolfrom
the user.The useralwayshaspriority. So what shouldhave
happeneds you go andsaycontacthere,here,here,hereand
here.And the systemimmediatelyacknowledgeshat andshows
you asign.

Thenin the backgroundwhile you scratchyour headandnow
whatdo | do next, it startschecking.If you comebackwith new
thingsto do beforeit's donechecking,it just suspendshe
backgroundprocessandwatcheswhat you're doingandgivesyou
the feedbackandthenhe goesback. Thenwhenyou go for a cup
of coffee,in the backgroundt cleansup all the details.Thereare
somanythingswrongwith the userinterfaceof thosesystems
thatin spite of themcostingtensof thousand®f dollars,having
very kludgey, big apparatusesheywerereally hardto useand
peoplewouldn’'t wantto use.Whereaghe little bit of scaffolding
that JohnOusterhouthrewtogetherin a way wasmore powerful
andcertainlymorefun to use,eventhoughit wasvery primitive.

Sowe havethis contractwith JohnOusterhouthat for every
chip that we would build, he would build a newtool that would
addresshe critical need.Now, he built Caesasowe could do the
layout for RISC-I. ThatworkedandRISC-I actuallywas
operationalBut it wasfour timesslowerthanwhat we had
predictedoecausave overlookedonelong, winding controlpass

o
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wherethe signalhadto ripple throughandaroundthe checkthen
througha PLA andanotherPLA andthis andthat. Thatone
slowedeverythingdown. We hadto slow the clock downby a
factor of four to makesurethat signal could completeits path
beforewe could hit the nextmachinecycle. We said,"Why
couldn’t we seethat before e neededa tool becausesven
thoughthe chip wasvery simplein somesensejt wasstill hard
to seeeverythingthat's goingon at once.So the nexttool that
JohnOusterhoubuilt for uswasa timing verifier.

It wasa tool thatwould analyzeessentiallythe changeasit
happenedn eachclock cycle,seehow long it would taketo ripple
throughthe variouspaths,andmark alongthe cycles.Says,"Look
this onetakesthatlong." Says,"Oh, no, no." Thenyou cando
somethingandbreakit into two cyclesor putthe buffer in to
speedup the signal or whateverit takes.Bring it downto the
allocatedtimeframe . With thattiming verifier, we thenbuilt the
RISC-II chip, which wasessentiallythe samearchitecturebut
slightly different layout andwe took careof all thoseproblems.
Thatoneranto specandthat’sthe onewe could thenpublishin
the IEEE Conferenceon Solid StateCircuits.

After that he built the Magic Systemwhich took the layout
onelevel up. Ratherthanlaying out individual rectanglesexactly
wherethey go andto their exactdimension,you would only lay
out symbolicallythe connectivepathsbetweenthe various
elementsandplop downmaybecompleteblocks symbolizing
transistorghe crossingessentiallyof a silicon gateovera
diffusion channel And createthe overallarrangementhat
connectivityandverifier that works. The geometrywould be
automaticallycompactedy separat@rogramthat would run and
moveall the featuresandmunchthemtogetherascloseasthey
could go without violating the designlayout rules.With that
environmenit wasthenpossibleto build the SOAR chip, which
is asmalltalk on a RISC,andlater the SPURsystem,which
actuallyrequiredthe constructionof threeseparatehips.But by
the time we gotto SOAR, | essentiallyhadbeencommandeered
to becomeChairmanof the CS Division.

| waspretty muchout of the loop andit wasDave Patterson
who hadto carry the torch aloneat this point. He gladly wenton
andwith his enthusiasmandmadeall of theseprojectsinto good
learningexperienceandgoodsuccessesxceptSOARwasa
typical secondsystem.Whereyou now think you know what to
do andsoyou wantto do everythingonebetterandyou throw
everythingin andthe kitchensink. Thatchip really wastoo
complex.It wasactuallynotreally a RISC.

Whatan ironic problem.

Exactly. Exactly. Sothenyou haveto backup. Says,"Wait a
minute. Whatwasthe spirit here?0h, keepit simple,stupidwas
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left).

the real missionandspirit, andevaluatecarefullywhat features
actually contributethe mosttowardsthe final performance.
Everythingthat's notamongthe critical onesarethe onesyou are
throwing out.” So that wasforgottenin SOAR. Thatgarbage
collectionof all kind of neatstuff in there,but theredefinitely
wasn'tRISC anymorein the true spirit of the word. | guessit was
the SPURsystemthat a nice compromisewasfound. By that
time, technologyhadadvancedYou could do many morethings
onasingle chip. We still createda three—chipsystemhavinga
floating point unit separatenda cacheseparatérom the CPU.
Now the SPURsystemwasa very defining momentin | think
EE/CScollaboration.Probablythe highlight that I've seenherein
all the years.Involved severalpeoplefrom the CS sideand
severalpeoplefrom the EE side.| think at peakit hadsix or
sevenfaculty involved andup to about30 students.

That's huge.
That's huge.
The managemenf that mustbe——

Yeah.Again, | think a key managemwasDave PattersonHe is an
incrediblecoachandwith his charismabutyeah,level headed
sensegoodsenseof humor.He wasable to keepthis all together.
At momenttherewasa friction andtensionsut somehow] think
he wasoneof the key peoplethatreally keptit togetherThekey
thing at that momentis that we developedools andchips
simultaneouslyThatwasdefinitely uniqueandthat wasdefinitely
somethingvery specialBerkeleyEE/CSthat nobodyhaddoneso
far. It wasdoneatthe scalethat nobodywould havedaredto
attempt.Therewere severalcoursesnvolved atatime. | forgot all
the numbers put someof themwere EE coursessomeof them
CS coursesDidn'’t really matterat thattime, we definitely hadan
audiencehatit wasequally balancedetweenEE andCS

B i

12

tape 1\8: 00:36:10 - 00:38:15



13

Klemmer:

Séquin:

studentsandthey both took both kind of courses.

We hada matrix organization Every studentinvolved hadto
be involvedin oneof threechip designefforts, eitherthe CPU, or
the SPURcache or the SPURfloating point unit. As partof that
team,he would learnvery intimately exactlywhat it takesto lay
outthe chip andwould usemany differenttools to do that,to do
the layout,to do the verification anddo the compactionand
varioustiming analysesAt the sametime, we were pushingthe
varioustools that we had. Thelayout tools, the compactiontools,
andthe verification tools,andtiming tools. Every studentalsohas
to be amemberof one of thosetool developmengroups.And as
partof thatteam,he would find outintimately what it takesto
actuallybuild atool that could be usedby othersbecausall the
otherswould thenusehis tool.

He atthe sametime, would gotto useothertools aspartof
oneof the chip designefforts. So this matrix organization think
wasreally truly brilliant andwasat the heartof this effort and
RichardNewtonandAlberto Sangiovanniverekey ingredients.
They were basicallypushingthe CAD sidethroughthe Berkeley
SynthesisProject. Then Pattersorwasmorein chargeof the
architecturabdevelopmentThefact that we're building tools and
usingthemimmediatelyto do a real world tasks,somethinghat
we really carefor that we wantedto get done.Not something
trivial to just showthe tool canbe used but actuallya taskthat
standsonits own andis notdefinedby the tool. It definesthe
tool. | think that wasdifferentandthat’s why the BerkeleyCAD
tools were a classbetterthaneverybodyelse’sCAD tools. Just
did an academicexerciseandbuilt a tool to show,"Oh, | cando
this," but didn’t really build a real chip with it andprovethatit
canbe done.Sothis, | think, madeBerkeleyatruly uniqueplace.

Couldwe mentionsomeof the professor&ndmaybea coupleof
the starstudentghat wereinvolved?

Thebestthing is if | lookedthat up off line. Pretty badwith
namesasit is andwhenl! edit the final thing we canfit in some
of thoseandmaybel canevenconsultwith Pattersormakesurel
give the right creditsto the right studentsOnething | cansay
offhand,the RISC-Il andIl chipsby Manolis Katevenisand
RobertSherburneThey both werereally outstandingdesigners
andthenvery meticulousandvery carefuldesignersThefact that
the chip really cameto work andworkedaswell is primarily due
to thosetwo studentsefforts. Manolis Kateveniswentto Stanford
afterwardsbecamea professoithere,but thenwenthometo
Greeceandis a professomow in HerculeanBob Sherburnés a
little harderto track. He hasbeenin many different placesThe
lastthing | heard,l think he’s now actuallygoingto business
managemendchoolbecaused guesshe’d beenfrustratedthat he
hadbeenin so many placeswherethingsweren't quite donethe
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right way. But | haveto look that up too. Every coupleof yearsl
got an email andhe hadanotherexciting job again.Both of them
havereally donewell astheyfully deserve.

Couldyou talk aboutthe tension,or maybeit’s not a tension,of
building real systemdn academia®ne reasonthat academics
often give for not building the fully debuggedsystemis, "We just
wantedto provethe researctpoint. And goingfurtherthanthat
would just be notreally the role of the university."Whatdo you
think aboutthat?

That's certainlyareal dangerl think alot depend®nthe
environmentghat you're in andwhatkind of supportyou have.l
actuallyexperiencedhat very acutely,sothereis no doubtin my
mind andmost of my colleaguesmind that Dave Pattersorwasa
heropulling throughthe RISC effort anddoing somethingpath—
breaking.t happenediuring my stintasCS Chairthat| hadto
write his tenurecase.Thefirst versionof the casewasrejectedby
the BudgetCommitteeandthey saidthey couldn’t give him
tenurebecausde hadonly two journal publications.Now, there
wasa problem.Of coursehe hadfifteen or 20 conference
publications.It took somecarefulwriting andexplainingto say
that we now haveentereda newerawheresystemsbuilding has
becomereallyimportantandthatin BerkeleyandCS,we have
madethe consciousdecision,we wantedto actuallybuild real
systems.

Firstof all, it takeslongerandoften the payoff comesonly
many yearslater whenyou finally canwrite the definitive journal
articlesto summarizelooking backwardsof what hadhappened.
In the meantimeyou haveto rely on the conferenceublications
that showimmediatelywhat the resultsare that havebeenbeen
achievedn everysingle step.But also,someof theseconference:
arereally very competitive.To getinto thoseconferencess
maybeharderthangettinginto a journal becauseg/ou get oneshot
andthenyou're eitherin or out. If you're out, that'sit for thatyeai
andyou cantry againnextyear.Whereadn the journal, evenif
thefirst time it getsrejected you can seeall the complaintsand
takecareof all the issuesthat the editor raisedandfix upthe
paperandtry again.lt maybecomesbacka secondtime for
minor modification. You fix thoseandeventuallyyou're in.

It maytaketwo or threeyears but eventuallyget your journal
publication.Somehowgettinginto goodconferenceshatare
really competitivein away is a biggerachievementhangettinga
journal article.So very carefully spellingthis out to the Budget
Committee which hadseenlittle of that beforeandhadto get
usedto the ideaof engineeringsystemseingthe important
factorswasattask.l got somesupportinglettersfrom the
Chairmanat the time at Stanfordandat MIT. Interestinglyenougt
the following year,| hadto write similar supportingettersfor
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thembecausdy that time they hadsimilar youngfaculty that had
comethroughthe system’'sendandfacedexactlythe same
problem.l hadto write whatwe did in Berkeleyandthatthat’s
now the newtime andthat wasacceptedgrocedureandhelpthem
to gettheir casegyonethrough.Fortunatelyon the secondattempt
therewasno problemandthe BudgetCommitteeunderstood.

Wherewasthe BudgetCommittees that engineeringwvide or
universitywide?

No, that’s universitywide. That's the problembecauséhey’re
seeingpeoplethat basicallyjust write downideas,andnow you
canwrite ideasmuch more quickly thanyou canactuallyrealize
themandmeasurghemanddemonstratethemandthenwrite the
paperaboutit. | think that educatiorhastakena hold andnow
doing systemss understoodasbeing measuredomewhat
differently andit's really measuringmpactmore often now than
just measuringhet numberof papersin thatrespecthe whole
RISC andthe CAD work herein Berkeleyis definitely
outstandingWe haveestablishedhatin Berkeley,the various
Chairsincluding the Deanswere supportiveof systembuildings
anddid whateverthey hadto do to supportthat effort andsupport
the rewardstructurethat would encouraggeopleto do that.

We alsohadthe infrastructuresetup sothat this wasnot too
daunting.We hadgoodstaff, we hadgoodmoneycomingfrom
DARPA alot, butalsofrom NSFandfrom otherplacesfrom
industrysupport,which allowedusto havean infrastructurethat
makesit possibleto really pull off projectslike that.We hada
faculty that wasbig enoughsowe hadenoughpeoplewith the
sameinterestsandthe samespecialtiessowe could actuallyform
teamsof faculty to dealwith that,notjust anindividual faculty.
Thatcertainlymakesit easier.Thefact thatthey're only half as
big andwe hadonly atotal of two or threethat were somehow
interestedn VLSI andarchitectureand CAD tools,the SPUR
effort could not havetakenplace.Havingatotal in the orderof 70
or 80 faculty aswe hadat the time acrossEE/CS,the chanceghat
you'll find six or seventhat overlapthat areawasmuchbetterand
that allowedusto build all that.

We hadall the right environmenin placeto actually,in
Berkeley,makethat somewhatessdaunting.lt still takesguts
andstill it's a big effort. The otherthing | think that made
Berkeleyunique,which | often point outwhenl go aroundthe
countryandtalk aboutwhat makesBerkeleyspecial,is we hada
very closeintegrationbetweengraduatenstructionandresearch.
We would give the studentsn our advancedcoursegrojectsthat
weretakenright out of the researchthat professorst the moment
areinterestedn. We would takethe resultsfrom the researcrand
feed’em backto the graduatestudentsn thoseclassesWe would
takethe mostadvancedools that we were building aspartof our
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researclteffort andusethemin thoseclassesandhaveawhole
classof non-voluntarytesterson thoseparticulartools.

Soin thosevariousclassedhat formedthe matrix of the SPUR
effort andthe Berkeley SynthesisProjectfor the CAD tools.In
thoseclasseghey haveto do certainhomeworkson thosetoolsin
a giventime andthey were gradedon that. So they all gavetheir
besteffort to makeit possible but boy, would they complainif
the tool really hadsomeflaws. And, of course thosecomplaints
immediatelygot backto someof the tool developerswho were
actuallysitting in the sameclass.They heardthe outcriesfrom
right andleft. Sotheyknew exactlywhatto fix andtheyfixed it
typically within daysin ordernotto havethe wrathof their
colleagueson them.And they fixed that andmadeit possiblethat
the tool wasgoodenoughto actuallydo the homework
assignment.

This cross—fertilizationwasvery important;it pushedools
very quickly to be actuallyusablefor real taskandusableby
many otherpeopleotherthanthe designergshemselvesAnother
frequentstory hereis the way we pushedhe frontier, the onethat
| mentionedat the retreatwhereAlberto Sangiovannivas
teachingone of thoseCAD coursesAfter afirst somewhat
mundaneassignmentlealingwith someoptimizationof some
proceduren this classicalSPICEprogram,he gotsome
complaintsfrom the studentghat that wasmundaneandcouldn’t
they havesomethinga little bit moreinterestingandmore
challengingHe said,"Okay. | knowwhatto do." And he gave
themthe assignmenfor the nextthreeweeksto makea compact
endlevel channefouter.

Now a channekouteris a programthat connectsa numberof
wiring pins,sayA throughZ, on oneparticularblock,to a numbei
of wiring pins,say 1 through20 with potentialbranchesndso
on, which are maybein a completelydifferentorderon a second
block. Havingthoseblocksto be ascloseto oneanothersothat
you canonly haveasfew longitudinalrails runningbetweernthose
two blocksasyou cangetawaywith. Theideais to try to have
asfew of thoselongitudinalrails andso you needto makethese
dog legsandzigzagsjogs and, of course you needat leasttwo
levelsin orderto do a goodjob onthat because/ou thenrun, say
the horizontallinesin metalandthe verticallinesin polysilicon.
Thatway you cansimply jog overcertaindistancego to the other
level, goin thatdirection,jog upto thefirst level againandgo
across.

The stateof the art wasthat for thesetwo levelsof
metalizationghat were pretty goodalgorithmsto makechannels
with the minimum numberof theselongitudinalchannelsand
potentiallyminimum numberof up anddownvia poles.
Technologywasmoving aheadandwasactually providing a third
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level of metalizationin many chip manufacturingplaces Also
thoseblocksthat haveto be connectedThey grow everlarger,
from 20 paneghey now wanted50 or maybe100 panesandmuch
more complicatedwiring pattern.Soit wasreally crucialto use
thatthird layeron the bestpossibleandof coursenow it's notso
obviousanymore which way shouldyou zig andzagin just two
layers.It wason the horizonbecomingclearthat beforetoo long
theremight probablybe a fourth level. Who knows,maybeone
daywe havea fifth level.

So Alberto boldly statedto the students;Build an endlevel
channekouter,whereendcan be anythingfrom two andactually
higherthantwo. And designan algorithmthatif | tell you you
havesevenlevels,you will dothe bestpossiblething, try to
minimize the numberof rails betweenthosetwo blocks,anddo
the bestjob possible."Whathe didn’t tell themis that eventhree
level wasconsideredretty dauntingby mostpeoplein the field
andpeoplehadtried andnobodyhadto comeup with something
really goodyet. But studentgdidn’t know thatandthey were
happily goingawaywith a neatlooking problemthat seemed
challenging After two anda half weeksthey camebackandsaid
that seemedike a hard problemandcould they possiblyhavean
extensiorof anothercoupleof weeksor so becausehis wasreally
a hardproblem.And Alberto says,"You're kind of sissiesput
okay, I'll give you 10 days,but that'sit, not morethan10 days
andthat'sit. And you haveto haveyour solutionby then."

And theywere happyto getat least10 daysandtheywent
awayanddid somework. Now during thattime Alberto gota
phonecall from a colleaguehat workedon someof the eastern
universities andtheytalkedaboutresearchThis colleagueof his
saidthat he hadjust appliedfor a grantwith NSFandhe wanted
to studyendlevel channekouting overthe nextthreeyearsaspart
of his researctprogram.Alberto pointedout andsays,"Yes, that's
just a homeworkassignment gavemy classthis pastweek."
Thensupposedlyhe tells the story, it wassilentfor aboutone
minute, disbeliefon the otherend.But | love this story becausaet
pointsout of what you canactuallyachieveif you don’'t know
how hardthingsare.And the studentdidn’t know.

| shouldsay, practically all the teamsof threeor so students
perteam,cameup with somesolution.Somewere elegant,some
were kludgey, but they all found someway of doing something.
Two of the solutionswere so goodthatimmediatelyafterthey
could be extendednto papershat were submittedto the big
annualconferenceon ComputerAided Design.One of those
paperswon BestPaperAward. Both of theseefforts werethen
steppedup to Masterson] think oneevento a Ph.D.program,
beforetoo long becamecoreof layout systemsandreally
importantfunctions.So this kind of integrationbetweernresearch
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andclasswork | think is somethingreally, really wonderful.We
haveusedthat a lot at Berkeleyandalwayswith greatsuccess.

Sounderall that,it thenbecomegossibleto actuallybuild
real systemsBecauseyou havethe culture, studentknow they
haveto delivernotjust paperbut somethinghat works, they
expectthat. They expectyou to useotherpeople’swork. They
expectto build stuff that otherpeoplecanuse.l think with this
sort of a backgroundohilosophyandtheninfrastructurethat's
supportiveenoughandyou'’re higherups essentiallydoing

whatevemeeddo be doneto give you the right rewardstructure.

Thenl think real systemduilding becomesa fulfilling job atthe
university.| think we're lucky andblessedn Berkeleythatwe
canactuallydo that andwe havesuchan environmentBut it's
not possibleeverywhere.
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