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MIT Reminiscences

Student years to VLSI revolution
By Lynn Conway March 11, 2014

A trip back in time: M.I.T. and the Charles River Basinas seen from Lynn'sapartmenti n M. Hastgété 1078.
[Click on photosin thesereminiscenceto acceshigherresolution imageb

Therds alwaysexcitement in the air at MIT. Now, instead ofseeing edctronics as infrastructure

) . for doing physics, lglimpsed a vast world for
| first Ejrefathﬁdthat a|_r|n_§teplzten:bgﬂ955£sg 17 exploration abstraction and metaarchitectural
;’?é: ?joo:i? kr::gvlugglngm N gts) f ampu ISf.HO?; innovationi aninsight heightenecoy M1 T Raosbert
: ) geopenedbetoreme, 1 hille Weine® sisionarywritings onficybernetic
with feelings of empowerment.
I vividly recall Weiner tundling toward me one
sunny dayas | headed teardthe Building 8 entrance.
Although he waseemingly lost in thought,tried to
catch his eyewondering whahe saw insidehis mind.
Whatever it was, he was <cl ear
Startingout in Course8 (Physics)l did well, making advaning age.A signalalsorose above the noisé
HighHonor s Deano6s Li SButafter nu masemeanbtdlo engingarngfter all
taking the Course6 (Electrical Engineering circuits
sequencel became unsuref my goals

Those feelings soonextended into everything | did,
whethersailing Tech Dinghy'son a blusteryday, or
rock climbing in theQuincy Quarries or lateron
whenexploring New Englandn a motorcycle

But suddenlymy whole world came crashing down
Unable to find any helpny intenseefforts to resolve

Party it was the magic of the time. Auge paradigm my lifelong genderissuestotally failed. Losing all
shift was underwayin pulse and digitalelectronic hope ofeverbecoming agirl andliving a meaningful
circuitry, triggered by the WWII tsunami of life, | dropped outate in my senior year

innovationatM | T Rasl Lab However MIT had madeits mark | would instantly

| 6d beknsinspired by briliant young EE feelat homeuponreturning two decadetater.
instructors like Dudley Buck who enabledus to
visualize at a glanc¢he behavios of devices and
circuitry we were playing around witinside our Two yearsof backroom work repairinchearingaids
minds convinced meahata life of the mindwould be better
than no life at all. Living back at home inWhite
Plains, N.Y, | butchedit-up andrestarted mystudies
this time in electrical engieering at Columbia
University, commutingto the City by train.

Getting it back together:

Out of the blue, | became obsessed with digital
computingi a wavejust thenrolling into Columbia s
Electrical Engineering department with big-time
support from IBM.Timing is everythingeh?

| got my BS,went onto my MSEE, had hopes of
seeking a Ph.D.and took every computerrelated
course | could’ from hardware design to computer
architecture to numerical methodsto advanced
programming. alsobegan minoringn anthropology
(yetanotherwholestory).

Figure 1a,b: MIT's Dudley Buck and Norbert Weiner (1950's)
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See alsoPaul Penfield, "Th&/LSI Revolution at MIT",MIT EECS ConnectoiSpring 2014, pp. :13. (PDFof full issue)
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Along the way|l did an independent study witterb
Schorrprior to his joining IBMResearchl must have

there to run circles aroundeans elsewhere a full
decade before sucimtellectual poweitools became

made a good impressipand just in timel ¢ o u | d n 6 morewidely available

survive on & A 6 s ang degperately needed a.job
In and out of IBM:

Recruited in June 1964 by IBM Research | soon
found myselfworking for Herbon a secretive, highly
proprietary,superomputer project

Advanced Computing System$ACS) had been
launched byBM CEOT. J.Watson, Ji.to create the
wor | d o6 powerid sdentific computer. Staffed
with preeminent IBM experts including the
legendaryJohn Cockethe project movednh 1965to
what wouldbecomeSilicon Valley. Overstimulated
by it all, | began makingoundationalinnovations in
superscalacomputer architeare

| also spotted another incoming wavelnnovative
medical treatmentshad begunenabling successful
gender transitiongutside the U.S(although society
was hardly ready for thig. With help from Harry
Benjamin, M.Q | boarded thefitrans underground
railroaddin San Franciscandbegan my escape.

When | informed ACS6 spersonnel departmenn
1968that Iwas transitiomg, word lurchedto the top
| B MBxecutive @mmittee(incl. T. J. Watson Jr)
sent down their decisiohwas fired

A gritty survivor, | completedny transitionin spring
1969 startingall over againin a covertidentity as a
contract programmer.lt was a terrifying time.
fi Out couldRave ledto becomingunemployable
andcastonto the streetsChanreledby fear,| covered
my past for decadesi always looking over my
shoulderi as if a foreign spy in my owcountry.

Simultaneously | beame so happy and productive
that my career took off like a rocket. Recruitéyg
Memorex | climbed the ladder ansbongot backinto
doingcomputer architecture

The big break:

The break came in 1973: was recruited byXerox
Palo Alto Research CentgfPARC) just as it was
getting underway.

I t 8s h a todvordstbe agventurehatiollowed
as P AR C éommmunity of researcher@nnovated,
prototyped and evolvedthe modern form of
networled personatompuing, while working within
the very techneecology they were jointly
bootstrapping into existence

It was as ifPARC werea throbbingmetaarchitecture
generator with feedback andyain in the systemits
rapidly evolvinginfrastructureenabledcreativeteams

The onrushof complexity:

Ivan Sutherlanchad joined Caltechin 1974as Chair
of its new CS department. Famous fdris work in
computer graphigs lvan was excited about the
potential of microelectronicsCarver Mead soon
joinedthedepartmentbringing hisexpertise in device
physics and circuit design and his connectiontghe
semiconductor industry.

During 195 Ivan Cawer, and Tom Everhar (then

chair of EECS at Berkeley) conducted a major ARPA

study of the basic limitations of microelectronics
fabrication. Their report urgently recommended
research into the syst-em desi
larges cal e i ntegrat edpredictedcui t so
advances inlithographic scaling no methodsthen

existed for coping with such complexity and no
approaches then uadvay heldoromise of solutions

That same yearBert Sutherland(lv a n 6 s brother
joined PARC, managinghe Systems Sciences Lab

where | worked He introduced me to Ivan and

Carver | began studyig theirrecent investigations

Figure 2a,b: Bert Sutherland and Ivan Sutherland

In January 1978van wroteBertanow historicletter
proposing thatPARC and Caltecljointly attack the
microelectronicscomplexity problemSoon after.the
Sutherland established a formalcollaboration
betweenteams alPARC and CaltecHed by me and
Carver respectively Our mission: hnovate methods
and tools thatenablel digital systers to be more
readily implemented in silicqrapplying the personal
computinginfrastructureat PARC to the task.

The mystique of MITdeeplynourishedthese events:

Bothl van and Bert . haeimgsgudiddl T Ph. D
thereunderClaude Shanng | T Wildnesshad also

infected me

Going-meta | went prospecting ith P A R Cablture
in mind andits tools in hand andstumbledright into
the mother lode
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Distilling the design methods:

In a burst of activitywe all went toschool oneach
ot h &nowlexlgeand begarpatrolling foremerging
practical knowledge across Silicon Valley. Peering
down into thevast array ofemergingknowledge
stovepipes| looked for connectablewild stuff and
distilled it as we went along.

As a consultant in devigehysics, Carver had learned

Inteld NMOS circuit designmethods. He 6 d

coined the termiMo or e 66 fLaw t he

circuit-density scaling Bruce Hoeneisemnd Carver
had also shown that the limit of MOS gatelength
scaling vas under 0.25m. It followed that single
chips would evetualy contain tens of millionsof
transistorgturned out to béar, far moré), rather than
tens of thousands.

Figure 3a,b: Lynn Conway and Carver Mead

Ivan had shown thatwith existing methods,
interconnetion  wiring consumd  increasing
fractionatarea as circuit density increasedThis
insight vectoredus into composingdigital systems
using arrays of innovativeMOS circuit cells on
matching pitches

Meanwhile, Doug Fairbairn at PARC and Jim

Rowson at Caltechevolved Icarus an Alto-based
interactive layout editor and webegan usingt for

exploratory designMead 6s connecti
to occasionally fabricatea few projects from his

CaltechNMOS circuit design courss. We followed

that trail to fabricate research prototypes.

However, at the timehe only way for a fiwritero (a
computer architeclike me) to commerciallypublish
an fiavantgardenoveb (an advancednicroprocessor
design was to workinsidea fipublishing company(a
semiconductomanufacturer likéntel).

Moreover,Mo or e d s
years an ACS-like supecompute would fit on a
single chip as would countless othecomplex
systems yet to bimnovated But how on earthcould a
handful of semiconductolcompaniescontain &d

|l aw pr adozent ed

channel the looming explosiexponentiation of
creativity andnnovatior?

Electrified by ths technesociopolitical opening |
went on amission to ensurethe fifreedom of the
silicon pres® Step one bring the new language of
VLSI designto the masssof potentialwriters.

During a wild sixmonth period, Meadnd | pooled
our knowledgeof integratedcircuit devicephysics

a | saaddigital-system architectureespectively Reverse
oengineeringamd re-assemblinghe existing hierarchy

of digital-designabstractiorlevels we coalescedand
distilled aminimalist designmethodologythat could
quickly be acquired by system designers folks
skilled in the digital problem domainbut lacking
backgroundin device physics andrcuit design

By exploitingdynamicNMOS logic for statestorage
and using two-phase nofoverlgpping clocks to
control registertransfes, we conceptually simplified
and made transparent thexpression in silicon of
VLSI state machines and data paths

| alsoinvented ascalableset of digitallayout design
rulest h at
fabrication process scaletbwn It was thekey that
finally unlocked the puzzle

SuddenlythereitwasWe 6 d di stil | ed
complete system of design knowledtpat connected

digital system architecture to scalable digital patterns

in silicon. Better yet,the system digitalinterfaced
designandmanufacturing in a manner that echdled
laserprinting emerging at PARC.

We o6nthde awild first ascentScrambling gop, | saw
the grandwalls offi V L @alleyo loomingahead

The idea ofdoing iThe Bo o0 k 0

But what could we do witrsuch knowledge? Write
papersDesign chips?

T homas iksightshadlexposed thenlikelihood

on ﬁf I @cl&ir&su&l}ja Raradigmshifting system  of
nowle

geby publishingbits and pieces traditional
journals or scattering fragments into commercial
products

In June 19771 gottheidea of evolvinga bookin real-
time to coalesceand iteratively tune-up the evolving
methodsu s i ng RMRUEedssandnformation
infrastructureto create,cohere,laserprint and share
emerging results

If clayerly crafted ang flled with classicallooking

working examplessuch a boolmi g ht afaptexts s 0

based on years of sound practided if it did passit
might help trigger a paradigm shiftThe concept
wildly excited mycolleagues
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In July 1977 | beganwriting the fiMeadConway
text on my Alto at PARC, while stimulatinginputs
from Meadandcontributionsfrom team members

Meanwhile, Ivan and Carver stimulated workat

Caltech on an important designthe "'OM2"

microprocessor As grad student Dave Johannsen
strictly applied our emerging design methods to
generatethe OM2, | began exploiting its design

throughout the book to convey the new
methodologicahbstractios.

Importantly, |vividly knew my targetudienceand
how passionately they wantédto this game. They
were computer architds, digital system designers
and computetool-builders,just like me.

Figure 4: Lynn at Xerox PARC (1977)
B e r thaéllengec

By coincidenceBert Sutherlandvason M| T BECS
departmenadvisory committeeHe soonoffered me a
challenge: iGo to MIT next fall and introduce a
senior/masterevel course on this stuff. | was
t hr il | e dntestiigpatdof thedook ina few
MOS circuitdesigncourseshut herewas achance to
pioneer /LSl systendesigncourse

| was alsoterrified. Shy among strangeffgarful of

public speakig, | lived in dread of beingd o u.d e d

Sheltering iNnPARCO s b a ¢ kI wasovictually
unknown outside Teaching atMIT would be an
overwhelmingchallenge In my anxiety | wavered,
butBert i nesudvednpoid hi s! 0o

Glancing atCharlesSteirmne t phte onmy office
wall, his story came back to mintl e Gadnched the
AC revolutionby distilling and passionately teaching
his method at Union College It wasa turning pointl
threw caution to the windnd went for it.

Planning the MIT course

That springl immersed myself in finishing the book.
A full draft wasreadyby summer, just in time for the
course. It included an open graphial standard for

layout interchange CIF, initially created by Ron
Ayres and lvanat Caltech and was backedp by a
guidebook of distilled information on mashkaking
and waferfab by PARCsummerintern Rob Honand
PARC casultantCarlo Sequirof U.C. Berkeley

Then itdawnedon me If | compresed the gist of the
methods into the first haemester, students coud
design projects the second halff | could then
organize quickurnaround(QTA) project fabrication
studentsould get chipbackshotly aftewards

Knowing MIT culturg | sensed that the
unprecedented opportunity talesign your own
custom siliconchip would draw brilliant, intensely
motivated students. Their projects would in turn,
heavily test the design methodse book, the course,
the design toolsand the QTA maskand wafeffab
methods.As summer progessed, | based the course
syllabuson this schema

Summer passkin a whirlwind of preparatiarBefore
long | was paking-up boxes of freshiyninted, laser
printed VLSI textsand course handoutandheading
outonthe 3000mile road trip to MT.

Launching the MIT course

Figure 5a,b: Reseach Laboratory for Electronics; Eastgate

Ensconced in W corner apartmertighin Eastgate
I hadgreat vieve out over the CharleRiver andMIT .
While How to Get Around MITHoToGAMIT) helped
me get back up-to-speed around the campus, the
apartmentvas wonderful place toome home tokick
back andet my imagination roam

Even s launching the cose was a formidable
? i experience.l was terrified of
becoming tongudied in front of
the students. My solution was to
be massively oveprepared.As
the preplannedlecture sequence
progressd, | wrote out each
lecture in complete detalil,
including every instructional
point, every drawing and every
calculation.

Figure 6: HOTOGAMIT, 1978.
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Along the way, | unfolded thenderlyinggenerative Framed with smoke and mirrors:
concepts ofeledric circuit theory electronic design
switching theory,logic designand computer system
designso that all studentdbecamewell-grounded in
the gist ofeachlevel of abstraction, independent of
prior badkground. With that sharedknowledgein
hand they learnedfurther detaik justin-time while
working onteam projects

I di d n @dmingsaktke time but the effort to
avoid gaps irstudentcomprehension would have far
reaching impact. The accumulating handwritten
lecture notehiadcapturedts unfolding

Most students thought they wetearning how chip
design was done irBilicon Valley. The material
seemecelegantand easy to visualizeso they delved
in andfilled their minds notrealizingthey wereusing
newly distilled (and not yetfully-validated) method
for chip design.

Some teams began expressingpreexiging sorts of
digital subsystems ilNMOS. Others began riskier
work to innovate architectural structures that
creatively exploited the embedded topological
properties ofthe technology Excited competitions

Jonathan (Jonlhllen was faculty host for the course and collaboratios developed as teamisegan their
and his grad studenGlen Mirankerwas TA Both ficreative writing® The gestalt was reminiscent of
went way beyond the call of duty to makaisuccess my mental efforts to exploit insideknowledge of
The class included 32 students andfa8ulty/staff | B ME&SEL integrated circuity while exploring
auditors. RsearcherBill Henke built a symbolic superscalar architecturgears beforat IBM-ACS.

layout editor for encodingCIF layout specifications,
while Glenset up a latenabling students taccess the
editorvia DEC20terminals and plot layouts usithtf
pen plotters Meanwhile, Icoordinatedwith my team
at PARCusing a portabl@exas Instrumentprinter
terminalto transmit emailsviathe ARPANET.

However,somestudents alsdntuited that they were
deeply embedded ian exotic MIT hacki andthatif

we pulled it offit would astonistthe entire industry
As thiswild conceptsank in,theyseized thenomert.

Hugely ambitious projects got underway held my
breath. Tis could either blow up in our faces or it
couldbe huge.

Launching the revolution:

It was now time for techneociopolitical Step 2:
show budding VLSI novelists how to print their
works in silicon.

By now, PARC researcheBick Lyon andAlan Bell
were well into preparations for QTA project
implementation. Eeryone pulled together at both
ends to coordinateventsas cutoff date approached.

Figue7ap: Jonat han Allen; Lynnés offpapedembdt'6E1978,sent the final design files to
PARC via the ARPANET Lyon and Bell merged
projects ad mademasks aMicro Mask Teaming up
with Pat Castro at HewleRackard wafers were
fabricated ather Integrated CircuitProcessing Lab
(ICPL) at HP Researchising a 6 mMNMOS process.

ARPANET GEOGRAPHIC MAP, OCTOBER 1980

Figure 8a,b: Students at DEG20 terminals in VLSI design lab;
Jim Cherry, Gerald Roylance,Glen Miranker study checkplot.

Although primitively minimalist, the overall
infrastructure was sufficient to bootstrap the course
into existence i given the motivation multi-

A PLURIBUS IMP

disciplinarity and creativityof the overall assemblage S fumisde,

(NOTE: T SHOW ARPA'S SATELLITE

of students. A gromn ARE 1 RAMES, NOT NECESSARILY) HOST NAMES
Figure 9: Map of the early Arpanet (1980)
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It all went off without a hitch. &ckaged chipfor the
19 projectsarrived atMIT on January 18, 1978
time for students ttest thenduringIndependent
Activities Period [AP).

Although studentshad used minimalist early EDA
toals, the new methods saregularized designthey
made few errors Thus begana rapid parallel
evolution ofnewtoolssuited to the new methods.

For example, | used a chalkboard to tratie
pr o] ereatregdirements. As the deadlineared
for merging designito a multi-projectchip MPC),
I mounted scaled papercutouts on a whiteboard,
rearranging them to minimize wasted aredile
juggling lastminute sizing contingenciesOut of
context,those statuboardslook like primitive hacls.
However, byautomating their novel functionality
enableda dramatic spreadof MIT-like coursesthe
following year

Figure 10a,b: Project Status Log; MPC Space Allocation

The course led toexciting projects Jim Cherry
dedgned a transformationamemory for mirroring
and rotatingimage data, andis chips were fully
functional Guy Steeleeven designeda complete
LISP microprocessbiThe machine almost workexh
the first try, except for three smalwiring errors,
settinga high mark forarchitectsto follow. But the
overall set of projects had donefar more. It had
validated the prototypsystem ofmetaarchitectural
knowledge in asymbioticallycyberneticsort of way

MT8MWafer.

Figure 11a,b: Wall-sizecheckplot of chipset

After IAP, | took a leisurely routé¢hrough the South
and Southwesback to Californial knew something
profound had happengdbut had no ideawhere it

would | e a d also jainedonfidence as a research

leaderanditched to do morel drove on rock music
blaring on the radiomy head inthe cloudssavoring
the moment
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Figure 13a,b: Project map; Wire bonding map for Project 3.

Figure 14: Class photo on final day of class
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Something powerfuhlsorode along on thatoadtrip this timeusing a 8 "NMOS processPackaged chips
back to Californiaanl nst r uct oronsowGu i dverb shippedo designerson Jan. 2, 1980The set
to teach such a course, in the form of hundreds of contained 82 dagn projects from 124 designers.
pages of carefly -crafted handwritten lecture notes. Astoundingly, turnaround time from desiguatoff to

Fallout, pushback, escalation: packaged chips was only 29 days

Many designs pushedhe envelope ofsystem
architecture Jim Clark for example probtyped the

fiGeometry Engin@ and went on to launclSilicon
Graphicsbased on tawork. Thedesi gns wer enb
it oy s 0 Aaarchieecturahdolt rushad begn.

During the spring of 197%é§ | learned much later, in
2012, the explosive results of the MIT course were
shared witin an innerelite of youngturks at the

fi i nv i-amltAsidmar Microprocessor Workshop
(AMWS5, 1979. Many were destined tiater become

Silicon Vall eyo6s l eading i n Design Methodology ademic
figures. CarveMeadwas one of them. \

Text, Instructors’ Guide, and other Documents
Uninvited and unaware AMWS5 was even happening, \
| was cluelesshow the word had so quickly spreadn Courses
elite circles Even s@ | sensedthe resultingValley \
tremors. Kcited by that sensation racedto finish Desiy Eovironments
the book andjetit published for courses the next fall. st Dt Pejcts
However, disturbing signals of resistancalso arose N
Some inthe TTL industry feared displacementif '"w\":m"""m'm’“'g”s’m"
engineershegan designingheir own VLSI chips. kmg..mmm.

Narrow over-optimizersin acaderia sawthe simple
looking MIT projectsa stoys$i ainworthy of making
Tribal pushback everarosewithin PARC. The book

was headdinto an establishmeftor net 6 s

Figure 15: The real-time evolution of a system of knowledge
Design prototypes povide feedback forevolution at all levels.

nes Itéxponentiation:
Grasping for straws, | ponderdww to infectmore
schoolswith the MIT coursejust as the book came
out. Thel nst r uct provided theSsariptdbat
howto fabricateso manyproject®

The beauty otool hacks ishey stand § themselves.
Like magictricks, what works,workd Even if folks
have nacluewnhatit is, howit works, or whodid it.

It cameto mein a flash:What if | created a server
basedsystemto mediatelogistics via the ARPANET?
In a frenzy of activityAlan Bell, Martin Newelland |
lashed one togetheat PARC The pioneering e
commerce systerprovidedthe scalabilityto support
simultaneous QTA fabricatiolor multiple schools.

Launching the MPC79 hackathon:

That summer | drafted a startling e-mail to
ARPANET-connectedesearch universitiesf: any ran
MIT -like VLSI courses that fall PARC would
coordinatefabricationsof their studentprojects We
call ed t hiMPC7BaBerkwnerit dlang witlii
the scheme, crossing his fingers every which way.
Zoned on adrenaljn steeledmyself anchit i &ndo

Figure 16: Aclassic MIT hack (2009) Sdar-powered Red Line

A dozenresearcmniver_SitieStOOk th_e bait The MIT car circlesthe Great Dome's circumference Boston.com
course had gone viralSignds of resistancalsogrew ) _ .
louder Rumor wasthat somebodynamed Conway During the spring of 1980the MPC79 hackathob s
had gone off the reservatipsiippedup the river into hyperexplasive results were rapidly and privately
Cambodiaand was spreadingiunsound methods If shared among thgoung turks at AMW6 Although
MPC79 di dnydame wooldhekurtzd e d not a oneevertalked tome about itthey now hadno

doubt Whatever the heck was going on, it was real.
Events climaxean Dec.4, 1979 We closed external
interactions and began diayout planning for mask Back atMIT ChancellorPaul Gray graspedwhat had

making. Pat Castro again provided fabrication at HP, ~happenedandhenotedon the recoravh 0 6d .done it
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Twelve universitieshad offered MIT -like coursesin

1979; by 198-83 the number totaled13 The book
eventually sold over 70,000 copi&sser moreauthors
wrote novelsin the language of VLSlediting their

writings using the emering EDA, then remotely
printing them at what became known agisilicon

foundriesd Eachresultingwave ofdigital machinery
enabledthe writing of more powerful novels. The

resulting burst of courses, architecturesools, chip

designsand stadups spawnedrainvasivelythriving,

collaborativdy-competitive industrial ecosystem.

Closure:

This sagawas aboufar more thanjust makingdigital
systemslt wasthe exploratory launch of amvolving
fimetasystemof humanmachine systends one that
internally-motivated a tumult of further todduilding

and tooluseto opportunistically expand the envelope

of the overallmetasystem There was gain in th
cyberneticprototype The rest is history.

Figure 17: The MeadConway text
Figure 18: Lynn Conway in her office at Xerox PARC (1983)
Photo by Margaret Moulton

Epilogue:

I movedon toDARPA in 1983, thento the University
of Michiganin 1985. Along the way levengot a life

Meanwhileno one cald explain the VLSI revolution,
becausaown through the decadésoqgdietly hidden
away in the shadows fearful of losingmy career
again if my paswere uncovered Folks simply took
my elegant body of workor grantedand @an with it.

However, ly 2012 the world had changedDave
Hodgesreached out anthvited me to write acareer
reminiscencefor a specialissue of thelEEE Solid
State Circuits Magazind beganunfolding the story
in that specialssue andhavecontinua it here

It all began at MIT, triggeredby the excitementhere
int he |5ke alkoneypee on a return flight felt
compelledto bringsomebackint he 706 s .

16 vodt returnedto walk M1 T éomidorsandbreathe
that airagain My mostmemorablevisit wasOctober
6, 2008, thirty years aftetaunching the courseA
beautiful fall day, a passingstudent captured the
momentwith my cameraoutin front of Building 10

= SRR
Figure 19: Lynn Conway at MIT, October 6, 2008

Going back in, Iclimbed the stairs angeeked into
10-250 Seeing no one there ligpedinside andtook
a seat high up in the great room where these
adventuresbegan in 1955 Replaying memorable
physics lectures in my heaithe magic lingered

Got torun nowi justspottedarotherincoming wavé
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