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VIRTUAL ENTERPRISE

2000

Fred Kovae, Goodyear Tire & Rubber Co.

Epmewhera in the year 2000,
Fyou walk intw your aciivisy
center st hame with  your
morning cap of coffes. Tou my
good morng o VES (formeriy
TV and computer but pow your

E-nail there i& & priovity musage from
Gocdyear that your VED rakes az prierity
8. Tenr miroaity areneed, nma tell tha
VIS to display the GoodPoar eseags,

A B-D hotographic hnags of &
Goodysgar tire o Four
cir appeard. The message
statas that this tire has been
designed specifically te update
your car. Goodyear offers to
further cusiomize the tires 0 Four
lifaxtyla, -stFling options ocac Gbe
urmad.suchuudawﬂl design and
color, s well B3 your deaired ride and
handling requitemants. They know that
¥your current tires have consjidepralie
miles remaining. . Jbut in today's world,
you don't replase a product when i is
worn out but rather when it bRcomas

As Tou ponthoue your test drive, tha

tirefavtomeblle Eystam s modified sn
the COmEater 35 measd Your needs.

Az (oon B5 Fou £nter
the omder for your oo
Wres, Gopdyears omuz-
tomer toamn seto in mo-
tion A compuier search of data bases for
errent prodeciion end shipping sched-
ules, faw material roguiremenss, our
rency rates, Qeliveritd coste, ete. They
simulate an actue], sutemated, Lghts.
out produstisn 1o & Virsual ReaHir envi-
ronment end infeem you of daltvery
dates anywhers 1o she worid.

@rmummhmdm
amd place to hase the
tires meunted oo yowr car In addition

o Four local Qoodyesr denlasr, some of
the more unique choises inchde whers

you work, your koms, 7 In Glensden
Baach whers you are currently planning
A trin {0 & conference on “High Speed
Computing e the Noxt Millenniam.”

tha

and materials for your tustomizad tiras,
orders the raw massrials, schediales the
production apd shijping, and notifies
the local deader when t& zchaduin a
"heuse call" Thie completas tha 1og1st1Gs.

last mivvote changss [0 2F 006 & Inted-
fere with your golf game, and AvtOLaati-
cally chargar FOUr aocoait siver Yoo e
perince customer delight.
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VWIRTLUAL
ENTERFPRISE

the world approaches the millen-

nium:

& CstomerfConEuTar
Satisfactton/Pelighw/loraley

* World Clase Quality and Vahae

*3 and
: Eggl;h Haspuns%vanus

+ Changing
DemsgraphicsTifestyles

& Mage Cuptomizarion
(Differentistion)

& Bhorter Product 1ifs Cyoles
» Tanovetive Naw Products

a Topradictabls Tachnology
Changes/Eymagnic Markats

* Think Qlobal |, . . Customize
Local

# (31cbal Bationalization of
Investments (Beoncrples of
Boale, Seope)

» Intanes Global Competition
(Froducts/Encwiadge}

* Governroental Regulations
& Bovironment Sustain bty
+ Employe=s Commitment

& Bharaholdsr/Stakshs]der Valus

To yneet theee chellenges sUCCOOES-
fnlly, & new agile business Etroctars
aallad

TIRTTAL ERTRERPRISE 2000

based oo informaticn eystems tech-
nclogy, is emerging (Pig 2}

Fig 1 - Virtual Enterprise 2000

If an smterprise B o
compete 10 the jeer
2000, ks asiocjates
{employens) must be
motivated by & vwision,
Assocjates without a
vision resors to aotivigy. A wislon
sets forth the kind of operstiop the
corpany wants to be. It ahowld be
ap agile *stretch,” not an extension
of the past. A vislon for wirtual €n-
terprise 2000 is presented in Mg 2,

A RECONRCLHRLE ENTERFRISE
THAT CELIGHTE EUSTOMER D WITH.
ASH VALLFE IHAO WETWE
FALUTICHS (PROCUC T EEAVIC EF)

CLUSTON| ZEC TO THER

REEDEWANTSAERFRC TATTING
ANYTIIR, ANYWHERE M THE
WOHLD

Fig & - Enterprise Yieion




A wigion 18 a leadership statament.
It focusss oo the foture. It can
shape the futurs.

Whila a vision peints Qeecidon, 2
missicn for Virtual Boterprise 2000
Bhates purpose (Big 5,

THE CREATICH AND
TAANSPFORMATION OF KNCWLEDGE
BY EMPOWERED AESDCIATES INTC

PROOUCTS, FROCESSES AND
SERVICES THAT RESLAT IN
CUSTOMER SATISFACTION,
SUSTAINABLE COMPETITIVE

ADVAMTAGE AND
EHAREHOLDERSSTAKEHOLDER VALLIE

Fig & - Eoterpriee Mispion

The vision and misslon 26t the stags
for the ocbjartives of the enterprice.
The example in Fig 4 deplats the ob-

Fig 4 - Etan Gauit Objectives

Btrategies are then devwloped to
adhieve the objectives. These estab-
Ush the company's strategle focus
from which business planning snd
respurce slocedon can be forme-
lated (Pig ),

Viartual Enterprize
2000 is made posal-
TR | e by sophisticeted

infarmation systeme technology. The
smerging interpaticnal mformatian
infrastroctcre (T  revsluticndizes
antarprize, aducaticm and entar-
tainment (ERER). Information and
data are transparent, seamlags end
caslly  accessible ooy time, &Ry
wolee, v, and tnaging ws well as
differences In lapgusges, tustoms,
currencies, ste. Informeation swg-

‘ments  produsts (machatropies

andior oybemetlos’.  Information
leeraging is vival to Virtoal Enter-
prigs BOOD.

Information Age technology permits
full spectrmam delivery (Fig &), Bnk-
ing iofermation and eoterprise
goals,




& Qllant zerrey -~ work stations on
iocal ares networks for distrjb-
uted computing

o Compact disks - mini data re-
positories

» Majpframes - epterpriss scrvers
for massive comsclidated deta

pepositoriss  {right Bizing s
businass critical)

o Modeling end simulation - sys-
t8In visualizer

« (lobal netwerk - universal ao-
sess telanoynmunications systernt

& Open systems - plug and play

« Data acquisition at polot of ori-
#in - vars and all

# Sepsitg  amd monitoming
repltime wetres with optical
ECanners

» BT with custeiners, suppliers -
interecoapany bounderies disap-
peAT

* juatomomoue  agent based sye-
tams - walk and chew

#» Lighte-qut dara prosessing func-
Hops - untoashed by hwman
hands

+ B-mail oommunications -+ the

great collaborator /  equalizer
(race, gender, rapk ars trans-

PRAIEDL)

= Infotatprpent - informaton can
e fun

s Computer commuting « milljons
save on gas!

& Bystem securivy - high to low

Ml STRICTURE

oy | WamOELRG

NSRS N SPREADIHNTE]

L J
Low STRAUCTUAR

Pig 8 - Information Eystams
Infrasirocicre

For Virtual Enterpriss ROOC, resdn-
figurable, pervasive, information er
genomics expand the business hoyi.
.

& Object data bases - modular in-
formation systems for rapid cus-
tomt zation

« Groupware - freryone knows
what everyent Enows, anywhets
# Scalable power - when you need
&, where you nead it

» Home shopping and interastive
media for datsbase tapgdet mAar-
Leting - thme 15 o0y

» Hirh bandwidth « volume apdior
distarica not & constTalnt

» ¥lai soreen systems - hang 2 pic-
Hure oo a wall

# Laptope - cradit card size

#» Complex models » resl4ims 5-D
cOnsLIacts

® "Smart’ data - live jotelligent e¥s-
taImn dinks

» Neural netwerk - cepture the
ganiue of the human mind




* Voice interactive synthesis - talk
14 your systeamn synergistieally

& Secare satellite syotecns - gobal
internet

& Virtna]l mohbility - ywhicles sre
information centers Unking the
aspbhalt highway aod the infor-
mation highvrey

& Pergonal digital assistents and
personal communisators - the
cdfice is wharye Yo ars

# Myultimedie imaging - Hollywood
cOInes t0 everyday busingss with
the marriage of TV and the com-
Tater

& Fuozey logie softwars - Dot Ewery-
thing s black T white

» Masgively peralls]l processing -
the body bullder of information
EFEteIs

» A1 wEpert systems - STBRTVOLR
ean be the bast and the Bridhtest

® Virtnal Reality - immersion into
what couid be; experiencing the
unknown

& Encbote - intalligent assistants

In Fig 1, the information flow ie
represented by the arrows or shen.
oele LpiHng all activitiss. Through
this framework, tha lifs Blosd fovws
end the syetem iz nourished.

Virtual Baterprise 2000 transpar-
gntly transforms and intagrates a
oontiouing stream of data chaos
into usable informaticn images lead-
g to mowladge for business
decicion-making.

A Tirtusl Boterprise has
. -* CuslOmEer - Lo - COsLOImar
T | torus iz 1. T 35,
LUStOmeR | marketplace BULOESS
Ftts | stamte with customer
nesds/wants/expectation: and fol-
lowrs through to customer delight
£RE 7). Quelity is In the eye of the
customer. To understand ocustomer
needs, 2 “wolee of the sustomer’
process i pequired. That 1s, & ouss
tomer information eystem that en-
compesass everytbing fem point-
of-gale input . . . to 2 telscopamond
cations "het line® . . . to on-site, In-
the-#isid coztomer sotlens . . . to
global information highwags., Tech-
nology pushimarkst pull can be fully
expiored for share of market and
growtl. The cbjectiva is the right
prodact for the right customer at
the right time.

For antivipating customer needs and
developing Innovative new Droducts’
services, Informsaiion Eystems eI
praki b

» Market mapping for nithe mar-
ket identification (Fig &) posl-
tlens produste to indicate aress
of the marketplace that are
without product or service oG-
arage. Thie matrix facliltaies &
market-accass Sirabegy.

=
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FyNERE~E
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g LT
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COMMONTY

g & - Market Mapping

Customer foous groups, panels
and workshons utllize electronic
QfD, or guality functicn deploy-
ment (Pig ©). This datsbace
marksting technlque extablishes
relationehips betweesn custopmen
TEQUITEmMEnts and business decj-
sions, e.£., technics) capabiiities.

'R
[ T T Ty I I T T
LREEL] |.

I 1
—m S s o = mP T
R N
:

k.

- L Hrd e A by
i [ |

-- ---!u # oL~ = o
L] L]

et -{’i-

CUSTOMER - LT ""r'i'"
REQUREMENTS ot T 0T gt 1)
Lo
g9 -

Techuo-business  regsarch  fop
tochnological/markerplace  fore-
carting (Fig 10) Hnke smerging
tachnclofy with emerging wants
and ensuPet that foture technols
oy sarlsfies latent grpectations.

& CUSTOMER
T WANTE

Fig 10 - Tachno-Business Rassarth

+ Wirdual Beality v antenha shops

ganerates breakibroupgh prod-
uctsEervicas (Mg 11). Caswom-
ers do net really koew what they
want until they experisncs i,
Creating the syperiencs &an ors-
ase the el

& Analytical Heunstic Protocol

{AFF) synthesizes the informa-
tion chiained from Market Map-
ping, D, Techno-Bukifiess Rea-
saarah and Tisusl Reality. Com-
bined with associates’ sxparuize,
AHP (Fig 12) crestes dissinctive
forms of mowledda that predice
fuvare trends, cleyify common
chuses, Asgegs ayternal  envi-
roprasnts, sorean jdeas and pri-
oritize tactics to mest strategic
oljectives.

=




Languags

Fig 12 - Analytical Hauristio Protoss]

Leveraging the marketplece 15 a
strength of Virtual Bnterprise 2000,

Virtuzal Enterprize

OYHAMIC A0 consists of &
OREANIZATION ) fiar, flexible orga-
alzational  struc-

ture (PEl). The history of orga-
nizational stracturess has basn o
haticoary . . . from wertical to herd-
gontal . . . with a gradual redumicn
of levals in the hierarchy resulting
in ar increased span of control. The
span of control has moved over time
from a low of one-on-0ue repoTting
to ¥, then 35 and tovwarde 100. This
epan will continae to increase, How,
managar=s are leaders (listen . . .
lsarn . . . and lead) for doing tha
right things, and assoclates are sm-
Fernrered to do things right. (Fig 13).

DOWIG THE. RIGHT THING

Bt T i
DONG THHES AKGHT

Fig 15 - Lateral Hierarchy

Toe crganizaticn is sveryons. Hi-
tech manafing provides an envi-
remment forr assoriates 1o perform at
their best for mawimurm organiza.
tionel exsailence.

Just mp form follows functicn,
structure follows stratedy. Blimina-
tion of & nonvalue-addad Bierarchy
is made possible through advanoed
information 5Systems, £.4., Froup-
ware (everyone knows what evary-
ore e,

The resait is 2 senss of urfsncy and
quick responsiveness o tArA EVEry
challenge Into an opportanity end
EuppRly rapld solutions 15 CUsLoIneErs,
Spesd §5 & competitive advantage
and direstly relates to Information
Eystems techinelogy,

Corporate strasegy for com-

petittve advantage has ex-

panded from the concepts

of rew materie] access and
me asgets utilization o Enowl-

edde power. Teday, learning
i the maln scurce of susialnable
ccmpetitive advantage Once the en-
tarprisa moves from a pipld hisrar-
chy to a fexble organizational
structure, it gains the potentlal to
bacome & learning compeny (Fig 1)-
Information  systems technology
makes It achiersble. The ioforrma-
tion highway enables assosistes to
faln ioternsl and. €Eternsl perspeoe
tives and state-of-the-scismos Endow]-
edge. o longsr do commundcations
originate from cone’s dmmediuie




managsr but from enyone, ANy
where gobally, Informaticn-rich
Fysterns permlt everyone to buldd in-
bastTuctars, identify cptions, add
expersi=e rom other industries, and
sain cotside viewpoints. Bveryone is
a global networker (gatelkeeper),
Unlimited inputs and synergistic
collaborationg defite the learrong
company (Pig 14).

Cisting & EXPERT # ETRATERIG
Eoge FYHERGT CHANBES
TYPE OF
KNDWLEDGE
MENTFT ABELTIVE
Fusgamenal .'II"I:II]I'IE .HIIII'H:IIHI!I
e Eemal
SDURCE OF
KHGWLEDGE

Fig 14 - A Loarping Company

Challenges such as thess are now
tackled routinely:

# Jdamtifring criticad susosss feo-
tors, value-addsd activities and/
or codt drjvers anywhera in tha
value chain

# Clustar sharing acroes portfcling
# Accscking consnitants’ seprices

¢ Condusting technology asesss-
ments, esperally enviropmental

NIE (oot inventsd here) 15 gresuly
nipimized ©r sliminatesd through
#irategic use of information sya-
tems,

A lsarning company Sacliitates tDe
acquisition of Enswledge and con-
timuenisly transforme itself, A lsarn-
ing eumnmpary buildeo data reposito-
ries containing technical, merlket-
ing, manufacturing and finaneial in-
formatiny. A laarping company cap-
tnres koowledge In eEpeart Eystems.
These intellestnal scestt San be as
walnabhle as real properiies (plante).

A learming  company leverages
Eoowledge and eMpowers assocls
ates. Bome managerial functions o
the Imelligent BEoterprise will be
perdormed by learning specialists o
humarn resourca:s facilitators.

Benchmarking is part

S~ of & learning oom-

§B4L rany. Benchiparking

broadly cowvers comL-

peiitive assessment end best prac.
tices, any fndustry (Fig 1.

Bepchoarking 15 esgential for:

o Bullding eustaimable sdvantage
over competition,

* Outsocurcing for best-1n-class

* Harly warning gystem to pravent
FITTTites

« Mzintaining an sxternal focus
Penchmarking  ijdentifies  giobal
oompetition nolnding:

& Other producers

» Emergng technologies

» Bubstinane prodacts




Benchmarking involves imfo-4ech in-
cluding:

& Bearohing on the information
highway with knobots (Industey!
academia/government)

* Reverpe englnesring competitive
products (by computer)

s Patent mepping to pinpoint fo-
ture focus and predict Fotupe
compatitive progusts

Banchrearking should slso inchade
internal self-assessment, Or eOLER
yrise analy=is. This inoludes jdenti-
fring strengths/weakneszes, CooTe
competencies and organizational
health.

Fey mastrics measure productivity
and progress, Dot activity. Metrics
for ‘benchmarking agilicy are
grouped as follows:

& External (mstomer) ~ customer
complaints, prodnct perfcrm-
ance, average product age, e,

» Intepnal (essoclates) - gales per
associate, profit per azsociate,
dagrea of networking, percent of
profit from new products, cash
fow, concept-to-ROIL, et

Sophizticarad Lhenshmarking tech-
niques can eluda:
# Teshnalofesl fopeshsting, &g,
DOrmative
& Modeling of change

» Alterpative scemarios of funaae
competitive environments

Thees techniques can bring fatupe
competitive threats and steategic
oppatenities intoe focus and provide
technclogy road maps.

Belf-managed, £rosss
SELF- functional teams are
MANAGED ) replasisg rigid hisr-
TEABRS archies in the Virtual
Bnterprize (Fig 1). Az
coTpoTats stractures “geb hoviden-
tal " tepms dissolve functional walls,
Teame are buginess units . . . minia-
ture learpning odpnpandes . . . they
have o wision, mistion snd ohjec-
tives , , , they esteblich lataral inte-
graticn, permitiing functions to op-
erate copourrently, not ssquentlally
. - . they have responsibilitier and
accountabd¥ties | . . they make deci-
slems, Thay fanedon by 1meens of in-
formayion: systems. Thelr infotech
toGly inslude:

& Ingtantanese  telecommmtndea-
Hions systams

* Blohal telecopfarencing

* Fobal data repositories

s TUnrestricted informaticn Oeowr

® Statistically Jdesigned  experi-
ments

& Oritical path Bow charting

& Talue gap anairris

@ Ferformancs predctions

* Bimulitions

» Modeling

* Interactive axpart cyotems
¥echnology veanis, for sxample, e
ate, snginesr, bulld apd evaduate
pew products oo the oompaater wills

izing an integrated knowledge nst-
work.

=




Artificia] intelligence permits oom-
pater diagnostic sprtems to affact
technology transfsr and razolm
challenges (problems)} anywhers in
ths process with & sense of urgency.
Input symptome and outpat solu-
tichs (pricpitized options) with
feedbask are ustrated i Pig 18.

GUTRUT

INPUT
— == SOLUTIONS
SYMPTOMS [QETIONS)

FEEDRACK

Fig 15 - Diagnn=tic Byetame

Teawm formation ia & seiepoe. For ex-
ampls, using Ned Harrmann's left
brain/right brain techniques, diver-
gity and team success can be bulkt-in
(Big 18).

Fif 16 - A "Whole Brain® Team

Teams showld be structursd for 1n-
dividnal sxcellance and be composed
of innovators, evaluptors, nebwori-
aré, planneps, nplanenters, ana-
iyzers, ete., iIn addivion v being
muliidiseirliinary and interculsuar-
=l. This can be called THA MAGTLITY.

Te marimize gynerdy, teem bullding
i= nacacsary (Fig 17).

S
B
/

Pig 17 - Tezm Puilding Modal

Team-besed corganizations Iinteract
mors wWith customers to galn Insight
into thelr nesds Wwants/erpartations,
Im addition o cross-fonctional
tegmg, the Virtual Enoterprise
thrives ©oh orose-GOrDopate  teams
with memmbers o0 COSLOMETS
andor supplisrs andcr nstwroried
companies, LAN: and WANz faclli-
tete team cperations.

Belf-ransged tearms with
participatnry  decision-
making smpowrer azeoni-
ates (F¢ 1). Informa-
tion flow empesrs o8-
eociates. Bmpoverad assooiates also
reguit from & fatter hierarchr

Asgorjates’ soIomitment 1s strength-
gred try:

» Trust (overyone wants to do a
good job}

» Flatter hierarchy composed of
leadercoaches who motivata ard
Energize




Empowsrment 1= the opportonity
for ggsociates to dmidds what nesds
tohe dene and discipline themgelves
to do it. Humanastios catalyzes this
process, Fumaneties i= a symerdy of
Enowledge-assoclates and emmpnater
cognitlve shills.

The philoscphy, be-
Hefz, behavier, and
shared walues of an

Virtnal Enterprise (Fig 13 has a to-
tal quality cudtore (TQC), Whatersr
the terminclogy adoptad, i is a
maasure of the opganissdion's
tealth. TQC imwvclvee sl apgposiatas
at all fazilitiax worldwide, TQD ra-
flects the quality of work 1ife. TOQO
means moving fom problem-
oriented tovision-led . . . from mak-
ing and seling products to Anding
and parisfying needs . . . & Jearning
company . . . Hom solving problems
to developing innavative syeterms to
prevent problems | . . from checking
quality to bolldinsin guslity . . .
from a hisrarehy to natworking . . .
from saquential to esmeurrant | L
firorn  tanctional sfos to Ealf-
managad taams . . . from control to
empowarmant . . . from intarnally-
focused to customerfocused. TOO
means re-enginesying around proc-
esses, not funeblons . . . fowchart-
ing ths job to gliminate pon-ralus-
added steps . . . pethinlhing the job
to identiiy opporfanites for im-
provement . . . And  feed
forwardfoedbacl from crastomsre,

» Atmosphere of diversityy Ior
maximizing associste  gymErgy
and inrweovation

& A ereative epvircsiment with job

# Qontinning sducatice and train-
ing for continucus personal and
organirational improvement
(muitimedia iwarringy

* Broad-band job: descriptions (i
any)

# Ulear chjectives (lnked to cor-
porate and basiness ande ¢hjec-
tives) with performanse zp-
praieal (major yesponsibilitias,
performance standards)

s Hi-tech tools witk high band-
width

» Budget pesponsibilities

s Partictpatory  declsion-making
through groupiwraee

» Opportunity for entrepreheur-
ship (&.g., d=credonary funding
monleg)

® Reward and pecognition, includ-
ing oslebraticns

# Carger-path  informaetion and
“lateral promotien e’

# Buensspien planming eriteria

* Work-and-family programs (ilex-
1ble work hours, job shering,

work-at-home, work-at-rustam-
eTE, ote.}
& Continmous crmmunications

and infermation flow {fully
Enoviledgealils on the corporats
wision, ohleotives, strategias)

=

11




TRC means bougdaryless inforrap-
tion fiow, TQC means dlversity fop
synergy. TQC mesns truft betwesn
associates.

Y ¢ORE M Virtual  Enterprise
COMPETENCIES] 2000 is bullt upon it
N &l BOP&: compotancies

(Mg 1). Qore octupetencies are the
collectiva lsarning in the cpganisa-
ticn. COore competancles ¢nable a
COInpPAny to remaln an independent
enterprize, (ore competencies arg
what & company dons mry well L ..
preforably better then thé competi-
tiopn . . . and possibly beiter than
anyone else jo the world.

In addition to TIRES, Goodyear has
ten other core competanciss, Just
three, b exarmnples:

» GLOBAL STRATEGY (includes
Think Global . . . Customize Lo-
oal)

a Domination of FI-TECH RACTHG
{also builds "senee of nrdancy”y

# BYSTEMS MAREETING 4o &o-
phisticased hitech oustomers
(e £, mehicls manufactursrs )

In areze where a oompany lasks
coe  sompatenciss, # often  oat-
sources o collaborates for exper-
tise. Tha abjlity to do this & a core
compitenay for & Virtual Baterprise.
Thess activitia: create strategic
partnershipe and alliances.

& ALLIANGES
N, 1). Thess operats on

several Jevals,

& Strategls partnerships are astab.
lished with customers and sup-
plers as a basis for longrangs:
planning in a win/win combina-
tlen. This s often esseniial for
custoypner Joyelty.

s AlMiarnes andfor joint ventures
am often formed 0 peEnstrate o
new geographic markst or to en-
ter & pew Seld where addigonel
cora competencies are required.
Thess collaborations often in-
wwohre leveraging techiolegy or
cores compstenples on a global
basis. Goodyear jolnt vepturss,
for xample, molede Bouth Pa-
cifiz Tyres {Australia) and South
Aeia Tire: Lirpited {Todiab,

* Enowledsge relationships with
acadgmle andior govsrnmentsl
entitiss expand technology and
business capabilitisx.

These collaborations demand elan-
tronic pertnering threagh infoyma-
tion techmology, such as grouprrars,
BII, ete.

agile, reconflgur-
able prodoct [ proc-
ess [ servics (Plg 1). &gl and re-
configurabls imply the capabdlity o
continually restructars sveryuhing
including rescurdng with other

12




Lunguagn

sompanies to aohieve customer sab-
iefaction, rFuatainable somapabitive
gdvantage and sharsholder / giaks-
holder value in en =snvironment of
continucus change. Ordanizations
can be reconfigurable cn An anmual,
monthly, weekly, daily, smn hogrly
basiz. It iz the abilicy to thrive oo
constant change. Opsn Zystems are
essentia) in a reconfigursble anvi-
ronJment.

Reconfigurabls means maximizing
quality, cost and spssd; Enmelsdge
of the marketplase; opsative envi-
ronments; continuove search for
ne=w materials; rapid project selsc-
tico; strategic resource allocation
and robust rellability. Reconfigur-
able mequires palentless cost im-
provement over the product life oy-
cle while retaining guallty impera-
ttves. Longt=rm high-vohame prod-
ucts are commodivies, There b a
coptinuong strearn of innevative
new products and flexirls manufas-
turing procossas Global lagietine
enalile & GOOEUMEr ofder tO ITELaAn.
taneously trigger corporate activity
back to raw materials sourcing, low-
saost differentintion, wwive prising,
parmnerships with complementary
companies, ste.

A reconfipurabls Virtuzl HEnter-
Drise 13 a solation defivery gyshem
for oustomers.

4 reconfigurable Tirtual Boterprise
oan dulight sustomners with high
walue, innerative solutiens (prod-
uctsfaarvices) customized to their
applicstions  (nesds/wantsfexpsota-
tions) sarytirne, soywhere in the
world.

A Virmal Enterprise l=varagss
change, and, benefits from shaos.

ﬁ The regult i ness oa-
muss | tomization . . . ultimate
CUETEWRANONY rrayket eogmentation...
10w cogt produet differentistion with

potential detiverables of ene (Pig 1).

This strategic agility is the pority of
essance for custorver delght and
Yogalry.

Customer dslight then is
real {or parsefred) value
exceeding  expoctations
with gzerc customsr
pommplaints (Mg 1), Cus-
tomer delight remalts when oompa-
nics realize they are selling walus-
besed solutioms, =net  products
(M 180,

DONT LIKE TD - . .

= AW DFTMEE Bl S paL & TR
D cvbasd S T W TE k- TIREE Ad L FEARDN THRER

B ORIVE M THE RAH AL TALD TIRTS

B alaw gl Lt TASS L LTERH T i T T

Daliver Salutiens...
NOT Predosis

Fig 158 - Bell Bolutions

=




¥iIRTUAL
ENTERPRISE

The basic components of Virtual En-
terpriss S0O00:
& Visiop/Mizzion b actives
® Customer Focus
# Total Guality Culturs
» Agile, Reconfigursble Syatems
* Plaxitle, Flas Organization
& Divarcs, Empovwerad Associates
o Belf-Monaged Teams
* Learning Company
* Benchrpariking
¢ Core Qompstancies

& Strategic Partnerzships and
Alliamoes

& Mazs Customizaion
» Global Birategy

Thess comporents ere intertwined.
They are unlfied, ensrdized, and
"wired” for agiliny by informoatlon
systems technclogy. Being agle, &
Viraa) Bowrprise can ooty bs char-
acterized, not defined.

':'..'“

Fig 19 . Corporate Symbilosis

Assoctates eailsly customers; cus-
toroners pravide shareholders valhas;

sharebiclders support associates (Fig
18],

The VIETUAL ENTERFRISE 2000
lgverages this corporate symbiosis.

14




MANAGING
USER EXPECTATIONS

Tom Maurer, Summit Information Systems

CCE Message Count

Year 1903

(01=01=95 to 12-31~97}
— Mesage Counts by Day

HIGH PERFORMANCE COMPUTING

IS DEFINED BY THE CUSTOMER’S

EXPECTATIONS




TECHNICAL PARAMETERS

RESPONSE TIME
CAPACITY
AVAILABILITY
RELIABILITY
RECOVERABILITY
SECURITY

O = W W Rt

",_I-

RESPONSE TIME Posomsiloani
AVERAGE RESPONSE TIME FOR USER et

REBFMOH TTHE
AV E e b Tl P R

AVERAGE RESPOHISE TIME TN SECONDS ke A

1

1

14|13

3 3

4 5 6 7T 8 9 W U 12 13
PERIODS IN 1994
M THRESHOLD OBJECTIVE [IREXNET

Puncgtoa el 1 [ it ar’s I the Raid

=

16




PRIMARY NEEDS

EASE OF CHANGE

COST TO OPERATE/MAINTAIN
TOUCH/FEEL

AD HOC REQUIREMENTS

> ©o o o ¢ & & ®

MANAGING THE EXPECTATION
CUSTOMER SUPPLIER AGREEMENTS

IDENTIFY CRITICAL PROCESSES
SERVICE REPORT CARDS

KEY MEASURES

CUSTOMER SURVEYS

BUSINESS PLANNING PARTNER
SYSTEMS OWNERS

MATCHING SUPPLIERS TO THE TASK

17




® & & 9 ¢ 0 0 0

THE QUALITY CYCLE

IDENFIFY IMPROVEMENT OPPORTUNITIES
IDENTIFY KEY CUSTOMERS/SUPPLIERS
AGREE ON REQUIREMENTS

DESCRIBE CURRENT PROCESS

IDENTIFY THE GAPS

DETERMINE ROOT CAUSES
DEVELOPAMPLEMENT SOLUTIONS
MEASURE AND MONITOR

MONITORING KEY MEASURES

DRIVES IMPROVEMENT

is




Model 204 Resource Utilization

since AM204+BM204 merge
processor cycles and storage reads per transaction

Wik 19: rowrsan 3AOMG3D
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AXD dapleynmml e

M storage reads

Wask since AM204+EMZ0S merge

processor cycles

CICSIMS RESPONSE TIME FOR STORE AND FORWARD SYSTEM

cIcE myaken Jdentiticat lansfiid ARPLICATIDNSCCE DOMM

FRED. PCT. PCT,

AT T AT
S e

ettt 4ty ez e
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33 1.0 BE.mMm

1718 d.6a T

n 4013 JD0 o

N R L I I A RS R R | LIRS I BN B LR B bl b o o
& 4001 e Dol o0 L

19




IE TATAFILE

B AT

N

i ENYTRONMENT
= Qo8

K FL

P OPERATIONAL
A APRUCATIN
£ TELEYIEW

L2 BYSTEM BOETWANE
nr = HANDWANE

= NI EOFTWARE

FLASH CALL STATISTICS
1994
{NUMBER OF CALL%)

140
120

106 -

B -
60
0
20
0

1 2 3 4 § 6 7 8 9 10 M 12 13
PERIOD

INFURMAT MW CENTIH

CALL STATISTICS
B TOTAL CALLS RESOLYED BY FLASH
B ESCALATER TO 2ZND LEVEL




FINAL THOUGHTS,
CUSTOMERS PARTICIPATE THROUGHOUT

NO MAGIC SOLUTIONS

COSTING MECHANISMS CRITICAL

PERCEPTION SENSING ONGOING

21
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Survival of the Fittest

Gary Smaby, SMABY GROUPS

Game Plan

v’ Definitional Dilemma
v Market Snapshot

v A New Paradigm

v Outlook for the 1990's
v’ Emerging Applications
v Q&A

ISLA MUJERES - MINISUPER

23




1993 Supercomputer Market

Leading Enterprise Vendors

564 Systems

NEC 28 Hitachi 43

\V

Cray Research 321 Fujitsu 152

Total Sytiam Installstlons f Worldwlde

1993 Supercomputer Market

Scientific/Enginesring/Tachnical

$2.15 Billion
Servers & Entry-Level
Clusters Enterprise
SoiBM $463M

Specialized |
Protessors

S 100M I—fj High-End

W, Enterprise
T e $759M

Total Worldwide Fagtory Revenues - Hardware




Llaenguaga

Supercomputer Market

Scientific/Engineering/Tochnical

1992 to 1993

¢ 4%;[:i High-End Enterprise
5% En:ry-Level Elnterprisa
2% :l Spe:ial:l'zed Pmc%ssnrs
18% Servars & Clusters
0% 0% 10%  20%  30%
Seqment Growth

1993 MPP Market Leaders

S/ET and Commercial Database

$600 Million

Other $27 . ATATIGIS $300
KSR$18 4 a

MasPar $23 k_\

nCUBE 257 — ——>

THIC $90 Dby =

intel 592




24

A

Language

E o in the ¢
Collapse

of the
Evil Empire

. I \
. ' :- - :‘-iII f-l
e, P ] IIIT A
U R IR | | T )
L Dol e gl .
f{l‘h‘. jy Lt - n
o v
i) ==

From

To i

Genes and Greens

26




MPP

Goes
Commercial

|
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The Corporate Database

B Woven into the Strategic
Fabric of Business

B Database Mining as a
Competitive Weapon

“We are drowning
in information but
starved for knowledge.”

John Naisbitt




The Opportunity:

Forward-thinking IS managers are
deploying new MPP technologies to
competitively leverage their most
valuable asset.

Why MPP?

W Compelling Price/performance
H Tremendous Scalability

M Tolerable Entry Price

B Tackle Intractable Problems




The 8 FIEEE:
New A e =L
Paradigm 8 8 &2 20

R
UT \_‘-5‘\'\\\‘\!‘“

AT&T/GIS

— {formerly Teradata)

300,
250
2004
150;

100+ '
50, :
o g,

1988 1989 1990 1991 1992 1893

i
-1

i
4
1
3
k!
=

Produet Revenuss
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1993 MPP Market Leaders

Scientific/Enginsering/Technical

$300 Million

15%

Other
Intel SSD
9293 G
nCUBE . rowth Rate

Can Early Adopters
Claim Success?

Real customers are tackling real
problems across the industrial
spectrum:

M Financial H Manufacturing
B Banking W Retalil
B Health Care H Transportation

31




AT&T/GIS

{formerly Teradata)

Airline/Transportation 4%

o aa

4§ OEM 7%

Insurancef
Haalthecare 4%

Government £%

Retail/Consumaear %
18%

1951 Inxtalled Base by Industry

MPP Segmentation
ooven 1992 - 1997

2000
1600
1200

800

-
=
& ] - A -
e - e e
i R L (L ¥
B I
400 7R
1 i i P
Eor o B ;
= : . .
[ . :
&+

2 93 9 95 95 97
[T]Scientific/Engineering/Technical
BZ] Commercial Data Processing




The
Old
Paradigm

IBM 3090 PHOTO




A New Paradigm

v Killer Micros

v Software is King

v Open Architectures

¢ Standards Domlinate
v’ Proliferating Networks

The
New
Paradigm




Near-Term Outiook

B MPP - Enabling Technology
B New Class of Applications
B One Piece of the Puzzle

8 From Testbed to Production
B Transition Will Take Time

Emerging Applications

T INEREAL LECAGYOF RCHIEY KERKEDY

Newsweek 1. new technofogy

L e —-,

in ter -ac tlve that will chinge the
B i 34 way you shop,
- ' -4 play and learn
2. azillion-

dollar industry

{maybc) !




Emerging Applications

§ Miilone

1,200
£00-

400~

Interactive TV

————

LAy

SST (Smart SetsTops)
]

AST (Analog Set-Tops)

Anntal Salas

0 ; ; v
1993 1994 1895 1996 1997

Emerging Applications

$ Millone

1,600 1

800 |

400 |

Video-On-Demand_
1,200{| Servers ;

. =

95 9 ©97 98 99 00

Annusf Salae FHIgh-End Systems

=




Emerging Applications

2 5High- water pants aleet! The

zquants haveardved, butd s
sanyone know what li ',. w0

~Aalking about? v

“The greatest challenge
of the computer industry
is to learn how to build
information bases,
not databases.”

Peter F. Brucker
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s MPP
Industrial Strength?

B Connectivity and Transparency are
Key to Commercial Users

B Support Tools and Infrastructures
Stil! Immature

S oercompating i the 4
Variations
oh a
RISCy Themeg




Supercomputer Market

Ecienlific_,l*Egngnaiagriagnachnlcal

& Elllion

By Segment

21 [Specialized
=~ | | Processors

Servers & Clusters |

2- A
1 [ Entry-Level ($1- 5 ]

[ High-End { >5584) | i
¢ ! !

93 94 95 o6 a7 08

Supercomputer Market

Scientific/Enginesring/Technical

1993-98

£ Billisna

3 - i Departmental
: CAGR: Z8.1% Systems

2' -

14 [caah: ©7% ] i E;;il:nﬂ:e

0

93 94 95 96 97 98
Forscasi By Market Segment

= .




Architectural Evolution

Scientific/Engineering/Technical

% Blllkon 1 993 - 1998

4,

3-

2

| Scalable fParallel |}
1" __—____'__‘—'—-—- 3
|  VectoriScalar | -5

0 I I

83 94 85 896 a7 98

Outlook for the '90s

v Moderating Growth

¢ Continued Globalization

v’ Decade of the Database

v Complex Distributed Computing
v Digitization of Everything

40
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1994 Supercomputer Market

Scientific/Engineering/Technical

$2.57 Billion

High'End EHW'LE'JE'

Enterprise h
$830M s

Specialized
Processors |

$170M

</ Servers &
Clusters

== 510820
Total Warldwide Factiory Revenues - Hardware

1998 Supercomputer Market

Scientific/Engineering/Technical

$3.8 Billion
High-End
Enterprise
521M
Sgrvmrs & N
justers Entry-Level
$2.078 Enterprise
3662M
> Specialized
Processors
Total Worlcwide Fastary Rovenues - Hardware $548M

= .




Supercomputer Market

Scientific/Engineering/Technical

~ 1993-98

(-7.3%) High-tEnd En‘r::an:nris;.aI
7.4% . I':'jntry-La:.rel Enteirpﬁse
S E—
20.4% Servers & Clusters
sl Mazker_'[nta[f

Segment Growth

0% 0% 10% 20% 30% 40%

Challendaes

v Riding Out the Recession

v Staying Lean and Mean
v Picking the Right Horse

v Shrinking Product Cycles

v Product Differentiation

42




SGI LOGO

CRAY LOGO
IBM LOGO
Peaceful

CoeXxistence?

13




Industry in Context

Toys = =7
Workstations ¥ i3
Breakfast Cereal
Disposable Diapers
Powder Socap | MPP

Gourmet Coffee

0 5 10 15 20
Annual Sales in Billion Dollars
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IS ECONOMIC COMPETITIVENESS
A MISSION?

Hassan Dayern, LANL

CHALLENGES FACING
THE NATIONAL
LABORATORIES

NATIONAL LABORATORIES*

StaH Operating Budget

{millions)
Idzho 8,220 % B8
Lawrence Livermore 2,035 51,145
Los Alamas 7,550 1,024
Dakridas 4,855 $ 505
Sandla 8,600 $1,900
" Frizdna

45




LABS = SCIENCE & TECHNOLOGY

Muclear
Deimrrana

- indusirial
Applicalinn

Testing

Technology g, Y
Daovelopment -
(Computing)

Manutagiuring

A

POST-COLD WAR MISSIONS FOR LOS ALAMOS

« Defensa nedsds
Reduce $%ie ratlesr gangar. Stewardship for nuciear weapony and
kechnoiogy, nonprodileration, and manage the legoacy of S0 years of
production. Technology for nonnuelear defenge snd Imeligence.

« Ciilian nailonal needs
Govarnmenl driven: agency and mduwshy coltaboraton
- Enargy - Bagi¢ sesparch
= Envirstitnent + Edualion
+ Inmirasliuc e + Space
+ Aforiahle health gare

= Commercial tachnologies
Inhisiry driesn
=~ Cost-shared, makal-drivan research and devalopment
= Uszar {ecillilea
- Technology exstatanoe

~ Emireprengurial starl-ups 59__
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Mudehng and Slmtg:n

gh Performance Eumput:ng ar"ia:EDm

formation, lnfrastr
A
‘&.__ﬂ

= Theoryfexperinte u.!tl:lr‘jlir‘mdﬂllr'lq.r.ﬂu.!flrnulat[gn
salftegration of capabilities and ‘.ter.hnv:—]ugﬁ

- Sha'red, alicnal resources — DOEDoD - r
Impnnd igthe past, erucial for the future =

I Los Alamos

National Security

L

|
— Stackplie steurardship .
— Bridging the gap: alfowed experdments vs., nuclear rcgim{:a

+ Simulation of complex systems with homan decl(sion makers

« Inereasing imporiance uf modeling and simulakion

+ Ingraasing ensts, both rardware and people. Tharelora, we must have
hh:ll"iﬂ TEE iellity for this critical techialooy.

* Heducing the nuclear danger

| os Alamoes
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« Capabifity i5.& direel result of national secunty requirements

= Technelogy s on the threshold of rem arkah!r} gicnlific achissemants

« Compuiional Sclence {s an emerglng discipline
= Enables industrial collaboration
. FI(_..:ﬂ'LirEf‘ sharing o must

Lo= Alamos
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!ndusfm 3

+ Deal use N -

+ Economic compelitivencss

. Appllﬂc-:ttictn's .

+ HPCO Induasiey -

+ Easy access N
+ Higher payoff iechrology fnvestments

A
i

UNDERLYING ISSUES

!

+ Defense conversion

+ Natlonal economic compefiliveness
+ Nuciear competlence

= Competition within industries

» Indusirial policy

= Cost sharing

~ Staying power of the Labs

= |[dentification ang sefection of areas of
cooperation

49




Lunmaue

LOS ALAMOS INDUSTRIAL
COLLABORATIONS

« 85 CHADAS
- Appreximataly $200m
=1/4 small businesses

+ 45 Licensss
= 3M small businesses

«38 Companies started using LANL devalopid Inchriokegieos
Examples: Heat pipes
Laser - basad eell s0Hing
Side - coupled cavily acceleralor

= $1B industvial revenues 51_

IS ECONOMIC COMPETITIVENESS
A MISSION FOR NATIONAL LABS

Yeu
+ Leverape ta payars” investmend
« Maintaim nuclear deterrence
« Solve large, compley, nterdisciplinary probdems
+ Strategic research

= A de facto industriad policy

+ Busimess knows best; jusi give them the money (hat
would go 10 the labs

= Lat/Gov response time loo bong

« Japan maodal

o A—

50




LABS STAYING POWER

» Changing geopolitical priorities
» Changing national priorities

NUCLEAR COMPETENCE

= Cradible deterrence
» Capable people
« Dual use science and technology

31




COMPETITION WITHIN INDUSTRIES

+ Precompetitive techinologies

= Wheo do the labs work with

« How ara pariners chosan

= Constructive action may bleck other opportunities
= How does industry find aut what labs have

« Commodity is knowladge - make more accessibk

Y —

NATIONAL ECONOMIC
COMPETITIVENESS

Law - Labs can't competa with industry

= Polltles of indusirial policy

+ Malntalning ndusirial Compelence
= Lab Investment |s trrelavant

« Inpaet 1 hrough RED

+ Univarziy & indusirial labs see national Labs as competitors
800 tb. goridas

« CARD. Lab mission Since 1917 - boneflis mid slze companles;

iechnology developmant/daployrnesnl
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DEFENSE CONVERSION

» Lack of understanding of Industrial needs
+ High cost
« Mismatch in timegcale industryflabs

- = bureaucracy Impediments

=« propet scake of problems

= = return on investment

Fight with plow shares & plow with swords

] i

We salecl our programa on the basis of our core
technical competencies {what we do wall) and our
approach to problem solving {how we do things)

» Cowrw Taetwnloal Compalsarios

= Muchear weapans sékence znd fechnology

= Thaaty Modeling snd Mph perfonkianss compuling
= Comptex experimeniation and measuramand

=~ Nuchear bl atdviviioad midkdal

= Eanth and environments! sysiems

= Hisachkenes and bistechnofgy

= Analysis and o33e3Iment

= Hueheor, 30TMh0es pfacmas, and beams

u Loy Alamos sodves problaniz that typlcatly:
= Are large In 3o03s o KA, opace, 5i2&, oF comphey
— Mrpalre a sirong adence baze
= RPN enpnearing, wamwors, and spaclal fAciktins
= Benell fmvm & mdildsciplinary spprosch and comtinully of etford
- Banelll the public

Lo Alamios
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MISSION

The Los Alamos Nationa! Laboratory is dedicafed
to developing world-class science and technology
and applying them to the nation's security and
well-being. The Laboratory will continue its
special role in defense, particularly in nu¢lear
weapons technology, and will increasingly clviltan
problems.

50—




CCC:
CRIMINALS CAUGHT BY COMPUTING

Tom Kraay, Booz, Allen and Hamilton, Inc.

Quantifiable Damage to the Public

On a Yearly Basis
¢ Drugs %110 Billion
» Telecommupications Fraud 424 Billion
s Welfare Fraud $15 Billion
+ Sprial Security Fraod $10 Billion
+ Food Stamp Fraud $10 Billion
+ Worldwide Credit Card Fraud $40 Billion
» Healthcare Fraud $38 Billion
* Property and Casualty Insurance Fraud $17 Billion
* Loan Fraud $15 Billion
& Vandalism %5 Billion
More than $300 Billion
Motivation

¢ Over 1.8 Million Violent Crimes Oceur Bach Year Inchiding:
- Murders = Robberiex — Carjacking

- = Asgaults
- m — Product Tampering
. Mlﬁhﬁﬂmw&mﬁaﬂ?ﬂﬁﬂuﬂm
i — Burglary
—_ anvalﬁ:hﬂu&

* Proliferation of Illicit Crganizations Includes:
= Muotorcyele Gangs — Varioas "Posses”

— Rellgiotis Cults — Forsign Controlled Gangs
— Sirpet Gangs — Termrorist Organizations
+ Fraud Caosis to U5, Citizens Have Become Unbearable
— Diffioult to detect
— Instiutional, Colhusive, and Crganizational Fraud is Causing the Maost
Danage

= ]




Unquantifiable Damage to the Public

* Death

= Disability

» Sorrow

» Grief

+ Fear of Venturing Out

* Frustration

+ Embarassmertt

» Quality of Life

* International Perception of U1.S. Society

MPP-Based Currency Tracking System

W g e 10,00 .}
LG INCH Wik —
Cluin Selzwan =N
Sy Dy Salen Rawial Py, Tasiom, Fompinss b Botemmicimc 35 |
Bl
Exiorion Fayas

Trackdng

Syshwm

%

“hhmdm
r I o Finrypepanl inkprmbiet |.|"'IJ

!ﬁ

g

¥

Fehivxie:
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Algebralcally Speeking ...

n=1

=1

i=0

L n

771 77!

Esz - Zczm =0

i=0 i=0

n=1-2j n
Y e, =0forj=12,..,~-1
i=0 2

Clumsy System to Solve Because There Exist only 2+ equations in n Unknowns

To Simplify a Solution ...

Introduce Additienal Equations:

0 'cn-l_'l 'C..--g-+2 Cn-s'-.. "(?1""'1) Cﬁﬂ
Oz'C.,-l—lz'Cnﬁz"'zi'cn-;‘... "(H"l)zCn=0

04 C, 1570 Ca# 24 G ~ (-1 C, =0

=
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The Four Coefficient Transformation Matrix

(S SR N &1
c -G G -G
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G -G G -G
[
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- CI -c:t

A
CJ' -C:
G G G G
E: "‘Ci C‘I. _cl- .
[ AR S N
LT MR 44
C,
&

C
=L,

G
C
&
c,

G
L

s
~Cy
LY

“Cy |
Choose the Cl's So That the Transpose of he Matrlx is Its inverse:

L

=L

Daubechies Systems

Solufions to This System Lead to the Famous

DALUBG: Cﬂ-(iﬂ.r’ﬁ-t-ﬁ:m}nsﬁ

C,=(ln-zuﬁﬁ+245+zﬁ'o]nsﬁ C,=
C,={5+vip-

DAUB2: =, -E

DAUBA: C.={l+«-‘i)mﬁ C,=(2+3)142
L=

3B} E Cy=l1-¥3)i4E

Ci={5++10+3V5+210 )/ 16v3
(10-2vi8 - 2552955 ) 16vF
35+ 210 11642 Cs=(1+418) - 5+ 2410 s16v3

=




Hamassing More Coeflicient Solutions
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Haar Transform

i e e T e .

Filtered Haar Transform
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BEYOND LITHOGRAPHY:

Molecular Manufacturing and the

Future of Computing
Ralph Merkle, Xerox PARC

Nanosystems:
Molecular Machinery,
Manufacturing,
and Computation

by

K. Eric Drexier
Wiley 1992

Association of American Publishers
Prize for Best Computer Sclence Book of
1882

Second printing plannad

Impravements in computer hardwarg
ever ime

-
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2 vacuum

% tubes
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manufacturing
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Nanosystems:
Molecular Machinery,
Manufacturing,
and Computation

by

K. Eri¢c Drexler
Wiley 1962

Assoclation of American Publishers
Prize for Best anrgugtgr Science Book of

Second printing planned

Flrst printing:
12,000 papearback

Trends in computer hardware suggest
that between 2010 and 2020 we will
develop:

1. Mass memory that stores one bit
per atom

2. Energy dissipation per logic opera-
tion of kT for T = 300 Kelvins (ther-
mal nolse at room temperature)

3. Logic elements with only a few
dopant atoms each

4. Manufacturing resolutions of an
atomlic diameter




Escalating Cost
of
Manufacturing Facilities

Minions of doliars
8

b

1 M ] ' ' ' 4 L]
1965 1570 1975 1980 1985 1500 1995 2000

{From Elastranics News, Saptamber 27 1993, p2gs 26)

Using molecular-beam epitaxy or lithog-
raphy for nanoelectronics seems increas-
ingly ltke making a suspension bridge by
carving it out of a large block of steel.

John Hopfield, Caltech, 1992
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What would happen if we could arrange the
atoms one by one the way we want them
(within reason, of course; you can’i put them
so that they are chemically unstable, for
example).

Richard P. Feynman, 1959
Nobel Prize for Physics, 1965

Molecular manufacturing

1. Almost every atom in the right place

2. Manufacturing costs not greatly
exceeding the cost of the required raw
materials and energy

3. Able to make almost any structure
consistent with physical and chemical
law
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“While speaking to a group of senior
naval officers last week, | stressed the
need to invest in nanotechnology.”

“We want R&D in things like
nanofechnology to continue to keep us
ahead of potential enemies.”

Admiral David E. Jeremiah, USN
Vice Chairman, Joint Chiefs of Staff
February 11, 1992

“More specifically, given severe budget
constraints, an emphasis toward long-
term research makes most sense. In the
gshort and medium term, fairly modest
efforts will suffice to maintain our lead in
defense technologies. But over the
longer term, a more coherent program is
needed.”

Project 2025 report
November 6, 1991
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DOD and mokeculsr smanufacturing:
Tundameral observations

1. DOD hae a bongy (-35 yaar) planning
harizon. Other LS. organizations
glgnlficant RED anpahilﬂhs hinyve
planning hodzana undar ~10 yaars.

2. Trends in computer hardware suggeet that
maobkgcular manufacturing will be
developed in somewhat over 20 years.

3. Molecuwdar massufacturing will have & major
sanomic ang sirategle impact.

4. Thera ke no fesused reseorch aimed at
achlwving this sbjectiva in the LS. today.

Therefore:

8, DOD has a fundamental kverestine
directad program of kong rangs research
alined at developing molecuiar
ranulacturing,

The Major Research Objectives
in
Molecular Manufacturing:
Design an Assembler
Computationally Mode! it
Bulld it

TO




Computational
Experiments
can be used to:

Design and Model
Long Term Goals
(diamondoid systems}

Medium Term Goals
(many possibllities)

Short Term Goals
(aid existing
experimental work)
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Molecular Manufacturing
(slightly simplified)

1.} Inexpensive

2.} Molecular precision
(fewer than one atom in
ten biilion out of place in
properly designed struc-
tures)

3.} Make almost any stiff
diamondoid structure
consistent with the laws
of physics and chemistry

T2




§/%

leguage

Nanomanipulator for molecular assembly:

s fubutar dlamondoid structure  » - 105 seconds por motion
« ix drive shafis « » 25 N/m bending stiHness
s gix-axis control + ~ 4,000,000 afoms
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Synthesis of Diamond Today:
Diamond CVD

1.) Carbon: Methane (ethans, acetylene...)
2.) Hydrogen: Hz

3.) Add Energy, producing CHy, H, ete.

4.} Growth of a diarnond film.

The right chemistry, but little control over
the site of reactions or exactly what

is synthesized.

A Site Specific
Hydrogen Abstraction Tool

N 7/
—=—H +C=C—C—
N

ADVAENS
HANDLE

Theoretical smdies of a
hydrogen abstraction tool for
napotechnology,

by Charles Musgrave et. al.,
Nanotechnology 2 (1991)
pages 187-195,
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Precursorto a
Hydrogen Abstraction Tool

N
—X
’

— C

HTANVH

/7
Cc—C—
AN

HANDLE

Weak Bond

A Synthetic Strategy
For the Synthesis
Of Diamondoid Structures

1.) Positional Control
{6 degrees of freedom)

2.) Highly Reactive Compounds
(radicals, carbenes, eic.)

3.) Inert Environment
{vacuum, no side reactions)
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A core concept:
self replicating
universal constructors

Van Neumann’s architecture:;
UNIVERSAL UNIVERSAL
COMPUTER CONSTRUCTOR

Drexler's architecture:

MOLECULAR MOLESULAR
CONPUTER CONSTRUCTCR

moisauls tip ehomiatry
poalticnal capability

The theoretical concept of machine dupli-
cation is well developed. There are sev-
eral alternative strategies by which
machine self-replication can be carried
out in a practical engineering setting.

Advanced Automation for Space Missions
Proceedings of the 1980 NASAJASEE
Summer Study

Tb




Gomplexity of
Self Replicating Systems
(bits)
Von Neumann's Universel Construstor ahaut 500, 000
Intarnet Worm 500, DO
Mycoplasma capricolum 1, 600, 0D0
E.Coll g, 000, 000
Drexier's Assembler 140, 000, 000
Human &, 4000, 000, Q0O
MNASA Lunar Manufacturing FacHity over 100,000,000,000

So | want to build a billion tiny
factories, models of each
other, which are manufacturing
simultaneously, drilling holes,
stamping parts, and so on.

Richard P. Feynman, 1959
Nobel Prize for Physics, 1965




Molecular Manufacturing
Today

What We Think
What We Cen BMolecular Manufacturing

Synthesize Today Looks Like Today

‘/o< :;o GOAL

- (Gap —»

Molecular Manufacturing:
A Poor Approach
For Closing the Gap
Extand only
what wa can

Bynthesize;
Exporimesnt alone

GOAL




Molecular Manufacturing:
A Better Approach
For Closing the Gap
Extend botf:

whet we can

aynihvesing
and

what we can modsl

GOAL

Theory &
Experiment Computational
Experim

Problems to Avoid

Finding the lowest energy
conformation among the many
possible for floppy molecules
can be computationally
intensive.

Solution: The use of stiff
molecules (bricks) can avoid
this.




Problems to Avoid

Radlation will cause damage and
errors.

Solution: Radiation shielding is
difficult. Instead, assume that
background radiation is
unavoidable and causes a
certain error rate. This etror
rate still permits systems with
tens of hillions of atoms with a
mean time between radiation
hits of many decades. Design
systems that tolerate this error
r'atai

Problems to Avoid

Light can cause photochemical
reactlons and photochemical
damage.

Solution: Keep itin the dark. Even
a thin layer of metal (a few
hundred nanometers) will
reduce photochemical damage
to below radiation damage.

An alternative approach
{(somewhat more complex):
design the system to be light
tolerant (transparent).




Problems to Avoid

Thermal noise can cause damags,

Solution: Desiagn the system 50
that transitions from a corract
state 10 an incorrect state have
bharrlers that are large
compared with kT.

To achieve thermal error rates at
reom temperature comparable
with radiation damage, barrier
heights should be about 300 to
400 mad (350 mad is about 2.2
electron volts, or 50 kcals/
maola).

Problams to Avoid

Computational models can
produce the wrong answer if the
actual physical system differs
from the abstract system (due
to contaminants, e.g.,
unexpectad atoms in
unexpected places).

Solution: deal with all
contaminants at the system
boundary. Robust harrlets that
tolerate external contaminants
and keep the internal
environment well orderad are
easier to design than complex
systems that tolerate dirt.
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Problems to Avoid

Thermal noise: thermal vibration
can cause significant positional
errors. This is of particular
importance in the design of
positional devices.

Solution: if it’s not accurate
enough, make it bigger. Scaling
laws mean bigger objects are
stiffer, and hence less subject
to thermal noise.

Problems to Avoid

Modeling errors: the system
design must work despite the
use of an imperfect model.

Solution: Robust designs that
work in the face of expected
modeling errors must be used.
In many cases, this can be
viewed as designing for a high-
temperature environment.
Thermal errors and errors
caused by the model can be
viewed as abstractly simiiar.
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Many of the questions raised
by the design of an assembler
¢an be answered

By experiment
By computational chemistry
By a combination of both

Computational chemistry
is a historically unique tool

which lets us pose and answer

guestions inaccessible to
pressnt experimental methods.
This makes it of unique value in

planning the malecular
manufacturing systems of the
future.

Computational Nanotechnology:

Maodel future molecular machines
using today’s
computational chemlstry software.

Feasible for devices that are difficult or
impossible to make with today’s methods.

Speeds development of better systerns
Rapidly review and discard dead ends
Inexpensive
Informative
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Langunga

DESIGN AND FABRICATION
CFTHE FIRST
MCLECULAR MANUFACTURING
SYSTEMS
WILL REQUIRE EXPERTISE IN:

Physics

Robotics

Chemisiry

Surface Sclance
Materials Science
Computer Science
Electricat Enginaaring
Mechanical Engineering
Computational Chemlstry

The best way
to predict the future
Is to invent it.

Alan Kay

[




STUDYING OCCUPATIONAL
HAND DISORDERS

Frank R. Wilson, M.D., University of California
George P. Moore, Ph.D., Univarsity of California

Humans have established a powerful hold on their environment largely
because of the exploitation of novel sidll potentials created by the hand-
brain marriage. During the latier part of the 20th ceatury, computer-
machine technology has been widely exploited in the workplace to
achieve acctracy, efficiency, and economy in tasks dominated by rapid,
stereotypic movement sequences. Although robotics remains a rapidiy
growing industrial science, computerized machines designed simply to
augment human moior performance have not been the ungualified
success designers and users had hoped. The computerized human
worker does not always behave as expecred.

During the past decade, the incidence of work-related repetitive motion
disorders has more than tripled from approximately 6 fo 21 per 100,000
workers, making them now responsible for more than pne-half of all
occupational disorders reported in the United States’ Ainong the most
cammonly reported of these are tenosynovitis and tendinitis, nerve
entrapment syndromes, (especially the carpal mtd’ cubital tunnel
syndromes) the hand-arm vibration syndrome? and reflex symparhetic
dystrophy.? Operators of electronic keyboards (especially ai computer
work siations) comprise an especially fasi-growing group of individuals
disabled because of hand and arm complaints. Another group
increasingly coming to attention are performing artists (especially
advanced insirumental music students and orchesira musivians). The
stiidy of the latter group has yielded improved undersianding into the
cause of some forms af occupational hand disorder.!

These unexpected difficulties have contributed [o a new generation af
research questions in motor conirol, and may require novel strategies
and assessment (cols. As ergonomisis search for ways io improve the
*i" between Mimans and mackhines, and as computers (and employers)
drive workers toward higher output, it becomes increasingly apparent
how litile is actually known about the biomechanical and neuraphysio-
logical correlates of human skilled — especially manual —- movement.
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We will briefly review the history of occaparional hand disorders and
will Introduce the results of preliminary siudies of timing among high-
level musicians experiencing loss of musical performence sidll Initial
expericnce with these stdies sugpests the possibility of significant rew
irends and opportunities in research on biomechanical and
reurophysiofogical processes in human skilled movement.

The following are among the more noteworthy implications:

MID! devices and software developed to control themt represent a
high level and comparatively inexpensive technology readily
availgble and appropriate for swudy of the control of hand
movemenl;

individuals with inotor impairments {including exiremely large
popuiations of patients with congenital and acquired neurplogic
disabifities) comprise a huge untapped subject population for
clinical research and clienr population for cognitive and motor
rehabilitation effores;

improvements in miniaiurized, fast, accurate position sensors and
Pphysiologic transducers, as well as supporting software, are
needed, as are devices for more detailed study of hand
biomechanics;

computer modeling of biomechanics and reuromuscular control
will probably be essential for the study of muscle synergics in
upper exiramity movement,
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and beyond = 3 mndﬂ version gf the Prometheys myih! An underslanﬂmg of
disturbznces of the origing of hand and arm problems presupposes an
appreciation of the normal operation of the entire upper extremity, incleding
shoulder and scapular movement, elbow and wrist function, and the spacial
features of prehensile and non-prehensile movements of the byman hand. The
human hand differs from the ape hand in several important ways: the thumb is
longer in relation o the phalanges i bumans, permitting grester condact
between palmar surfaces of the thumb and finger tips; greater axial rowation
oceurs at the MP joints of the digits, permitting a "3-jaw chuck” (baseball) prip
and "S4aw chuck” grip; the ulnar side of the hand ¢an be opposed 1o the
thumb, permitting an oblique grasp of a shaft and thereby pemmitting the long
axis of the arm to be greatly extended.

Other modifications in wrist bones {especially the capitate} and ligamenis
permit dispersion of impact forces delivered through the long axis of the
central metacarpals. Most of these changes were present in the hand of
Australapithecus afarensis 2.4 million years ago; the hand of Homo sapiens
sapiens differs mainly in the increased pronation and opposition of the thumb
and preater axial rotation of the 4th and 5th fingers, and their capacity for
opposition. The increase in functional capacity of the hand as a result of these
“minor" changes. however, probably explzing the enormous expansion of
manval skill of humans over ather primates, the exceptional capacity to make
and use refined taols, 2nd possibly to some extent even the three-fold increase

in brain size that followed the advances aver earlier primate forms found in
Lucy's hand 34749

= .




2. Functiopa] anatomy of pretiensiop: In a landmark paper published in 1956,
anatomist LR. Napier established the first anatomical-functional ¢lassification
of hand movements.!” First, he separated *prehensile” from "non-prebensile”
movements.* Prehensile movements are those in which an object is held partly
or wholly within the hand; non-prehensile movements are those in which the
object is manipulated by the hand or fingers, but not seized or grasped.
Combing one’s hair is an example of the former; typing or playing the piano is
an example of the [atter,

Within the prehensile group, Napier distinguished two kinds of grip: the
"pawer grip," in which part of the object is held by fingers and/or thumb
against the palm; and “precision grip," in which the object is pinched between
the thumb and any of the other fingers, without touching the patm.

Anather power grip is a carrying or “"porter's” grip, also cafled a “"hook" grip, in
which the finpers do most of the work without the thumb — deing chin-ups,
and carrving a briefcase use this kind of grip. What is interesting about fhis
grip from an anthrapologic point of view is that it does pet require supination
of the ulpar side of the hand, and therefore control of the object is very crude.
As Mary Marzke points out, non-human primates, including A. afarensis, are
limited to this kind of power grip.'!

4. The lemm "peshension” tomes from the Latin word meaning *to seize* and does not quite
do juslice to the variety of uses 10 which 1be hand can be put in cbject manipalation and
cantrol,

=

88




L‘muﬂﬂ&

Subsequent classifications have added refinement and modifications to Napier's
sysiem. Elliott and Connolly proposed use of the terms "intrinsic® and
"extrinsic" to distinguish between movements in which the object is
manipulated within the hand {intrinsic) and movements in which the object is

"displaced by the hind as # whole, using (he upper limb."?

Elliott and Connolly proposed a further subdivision of intrinsi¢ hand
movements into those iavolving simple or reciprocal synergies and those using
sequential patterns. Simple synergies involve simple flexion of the thumb and
fingers, as in handwriting; reciprocal synergies involve separation of the thumb
from the movements of the other fingers, as in tightening a nut; sequential siep
moavements jnvolve complex rotary movements, like tuming a combination lock

or manipulating knitting needles and yarn.

Less attention has been paid by scientifie writers to non-prebensite movemenis,
but the inereasing prevaleace of occupational injuries related 1o keyboard use
wili change that. There is in fact a very large body of technical literature on
these movements, but the source is Targely within the domain of professional
teaching of keyboard snd musical instrument use. Unfortunately this pedagogy
is for the most pant entirely empirical, The Hand Book, written by a concert
pianist, has recenily been published and sugpests that concepts drawn from
high level musical instrument study cowld be bave a favorable impact on the
present epidemic of computer keyboard injuries.”
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of tremity bj ics — what we have Jearned
from: musicians with occupatjpnal cramp: In a series of English language publi-
cations beginning in 1974, Christoph Wagner provided deiails of the static and
dynamic characterislics of movement in the upper extremities of musicians
whase ages range from 16 10 72 years, and wha play virtually all instruments
in common use.**¥ The role of joint hypermobility in musical performance
has recently been siudied at a major American conservatery.”’ In general, these
studies have indicaied that unusual biomechawrical pre-conditions are associaied
with recurrent pain syndromes of the upper extremity. Most prominenily,
stringed instrumenl players with chronic forearm pain have a higher than
expected incidence of low supination range at the ¢lbow; keyboardisis with
forearm pain, by contrast, have a higher than expectied incidence of low
ptonation range at the forearm. Because of the himited avajlability of
guantitalive measures of upper arm biomechanics, the conribution of such
abnormalities among office and industrial workers with repetitive stress injuries

is unknown,

4,_Musical vamps and manval eramps. Even more disabling than repetitive
stress injury is the syndrome of occupational cramp. A reeent study reported by
Wilson, Wagner and HGmberg links biomechanical abnormalities 1o the
establishment of a "learned motor disorder,” and to other risk factors, including
repetition raies and psychological factors.” Moore's studies of timing and
muscle activation in performance of uills on the cello and piano eswablish the
feasibility of simultanecus recordings of movement and muscle sctivation in
musical performance.'™ The recent adaptation of MIDI (musical instrument
digital interface) technology creates both new opporiunities and new problems

=
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in that regard.® We are now seeking ways ta use these new methods 1o
examine movements in which there ate proven disturbances in the physiologic
conirol of reciprocsl inhibition of flexion-exicnsion movements of the fingers, a
hallmark of writers’ cramp and related disorders. 2

5. Treatment and prevention. The ubiguity and intraciability of occupational
hand disorders has generated a vigorous response from both indusicy and the
medical community, Some prevention strategies (focusing on work Station
ergenomics) appear to have been helpful, and moedification of work habils
(including upper body and limb posture during movement) have been helpful in
many cases. Individual biomechanics bave not been addressed (as they are
beginning {o be among musicians), and physiologically rational training for
computer-operated keyboards remains a largely unmet challenge in injury

prevention.
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Figure 1. Pianist UD. Unedited ! 5-s56cond segment Chopin B mio
Sonata. Note descending rens. 2-secand segment of third run
{grey box) is 25 potes bng and is reproduced in follpwing figures.
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o
-
T

P Sim
L W, e -
* S -:
- — b fea e L
- . " EH
= - RO
™

)

E“';" i bl et T ]
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Flguredn RS, Jefl hand trill, self-paced. Avecage interval enpih is 202 ms
(std 15 msk average note duration 197 ms (std 20 ms); averags valosity 56.6 anitt.

Vertical bars indicate gote vebority; circles indicate new high or low in the satie
[) 8.
e (color veverse) shows G-gacond detail, ¢

»

Al dadan

a
DELAT (EEC)

Figure dc. RS, left hand trill, interval autocorrelation diagram. Each nots is
plotted as the first of a series to indicate short ferm and Jong term timing
control. This performance demonstrates extreme stability of note intervals.,
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Figure Jo. RS, right haed trill, self-paced. Avecags interral bength 15 384 ma
ferd Hm:];:":uge durslion is 385 mx (xod DOmE); avarage velasily is 6553
units {atd 351 nies). Vertical bars, circles as in gure 43, Insert (color revers)
show s §-sacond detail.
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Figure3e. RS, right hand trill interval aviocorrelation diagram.
Compare with figures 4c, 6¢. Anaiysis shows no evidence of

note-to-note rhythic precision.
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THE HIGH PERFORMANCE
STORAGE SYSTEM

Dick Watson, LLNL

The Kuhn and $-Curve Paradigm Shift Models HPSS t:

+ Kuhn's mode!

* The S-curve mode)

Liml
For? New Pamadigm
or Valthe
ke Paraa ®
Dhicontihwity

Inveroitd o Tiee

Challenges Driving the Storage Sysiem

Archlteclure Paradigm Shifts HPSS g

= Moving and storing terabyte datasets genersied by scientific zad
commercial applications and experimental data ¢ollectivo devices.

= Achieving 10 and query katency balanced with advances In processing
and memory sizes:

- EfMectively utilizing high performanes acbvocks snd nerwork-
connected storage devices.

- Integrating scalable, parailef storage and scalable paralled computing
SYSLEmS.

+ Integrating large scale data management and hieracchical storage
SYSIems,

« Integrating distribuied storage environments.

+ Providing more effective system management services for the
jncreasingly complex distributed sforage environments.
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MPP computing sets pace for growth
of archival storage HPSS g

- anthos) tracparmcy within prototype metwark
= study of sdvanesd Lata management

= NSL protoiype:

« w8 5 TH storags

+ = 40 MBSsa

+ trancparency within prototype netoori
= snudy of sdvatced data maosgement

1985 1056 197

7SS},
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NSL A Growing DOE Laboratory, Industry,
University Collaboration

HPSS |

v p Ay s

Origleal Indusiey CRADA Members  Laboratory and Government Members

IBM Federal LANL

IBM 55D LLNL

Ampex OBRML

COpan¥isian SNL

Metwurk Systams Corp. ANL

Maxd evum Strategy Spsc

Zhel Coroell Information Technologies

Cornell Theory Center

Nawr Industry Participanis NASA.LERC

Cray Besearch

Intef

CHI

IM

Khsesix

PsiTech

DEC (ptnding)

Kendal Squere Research (pendingy

Mulko (peoding)

National Storage Laboratory {NSL) Objectives

» Technical

- Tested, evaluated, demonsirated general purpose bigh
performance, distribuied, bicrarchical storage architectures,

» Development and demonsiration of new storage systewm
functionality.

- Cummeréiuﬁmlinn

- Pemanstrated, tegied, evaluated integrated hardware and
software products from multiple vendors,

- Commercial availabibity of the testbad bardware and softoars.

- Inflvence on and testing of slorage system standards.
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The Challenge of Achieving Balanced T/O Archilectures -
The Limits of Mainframe Channe! Connecled Slorage

FDD, Ethernei

Slow

HFPSS [

Py iTe e

Architectural Overview of
the Nationat Sierage Laboratory
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NSL UniTree Performance

m-—

HPSS ]

Mmﬁ [

' . . « RISC/6000 TCP/IP
PPO * .90 HIPPI

— s mas *4 v oa
BTN gk

8 18 24 37 ad od 85 &

Block Size in MB

The Challenge of Archiving Scalable Parallel L/O:
the Extended Data Layout Problems

HPSS g

B e

chanmaly

$ ey — p high spasd pommunlcailon
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An Example: The Configuration fhat the NSL High
Performance Storapge System (HPSS) Will Support HPSS |

Control

HPSS
Contral Server

. - .|

500 MB/s tn 1GB/s
Parulizt Data

Parallel
RAID Throughput
Disk
Farm
Farallel Tape Fario
Characteristics of HPSS PSS
i

n P M

* Focus on scalability and MPP integration

- Ability to 244 hardware to suppoct stripibg across devices and 10
channels,

- Servers designed for molfitasking and muliprocessing.

- Atbility to distribute servers,

- Petabyte store, containing billions of files, mitTlons of directocics.
- Scalahle data transfer o GB/s range.

+ Interfaces to suppoct integeation with large scale datz management
systems,

* Support for a wide range of storage devices and multiple storage
hierarchiss,
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Characteristics of HPSS {eontinued) i HPSS !,

+ Support for standard inlerfaces, NFS, AFS, DFS, FTP.
= Extensive GLUI based siorape system mapagement services.
» Security built in froin the inifal dasign,
« Portability to multiple vendors plztforms.
= No kergal modilieations
- Buolll oo OSF'y DCE infrastructure, implemented In C POSIX
companible,
+ Layered architecture based on IEEE Mass Siorage System Relerence
Model: Yersion 5.

+« Built using components from multiple vendors,
+ Migration path from NSL-UniTree.
« Projected 3 yeor development investment = $10M.

 Reliability and recovecabibty featores (e.g., Transaction management,
system aod File meladata on separate mediz and multiple copies)

HPSS Architecture HPSS &

Va f

f RS- R S

A fampon X
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HPSS Organization | HPSS E

Daslgn/Development Teatms

E1ECEE

Layered Access to Slorage Sysiem Services HPSS ¥

i
O L]

Applications

Data Management Sysiem

File System

Bitile Server

Btorage Server
Fhysical Volume Library

Physical Voluroe Repository
Storage Devices and Networks
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The Challenge of Integrating Large Scale Data _
Storage and Large Scale Dala Management HFSS l;

+ Problem: Users dob"t think of their data In terms of files or clnsters
of fies, bul rather 35 application oriealed absiractons (e.g.,
climate conditions in spatial und temporal ferms).

v Approaches

+ Subsetling of the duta based oo predicated or observed query
bebavior and storage System chavacteristics

- Abstracts or compression
- Query time prediction
- Storing sppropriately organized metadate

- Control by the data management systeta of clustered dats layout
(e.g., vilume pnd Grder)

- Aceess by the data management system 10 the appropriste
storage layers and absiractions

Example of Desirable HPSS and DFS Integration HFSS
T e ]

Global DFS Name Space
High Ferformance Domales *Ordlpary™ DF3S Domalkes

o

o LT

107




Dynami¢ Storage Hierarchies at the
National Storage Laboratory HPSS E

General Physical Mode) HPSS E

Cllent

v A transfar & betoveen two file systerns,
+  Deta is distribuied over a set of subsystems
+ [5831,2..} is a set of sending subsystems
+ {85¢1,}.}is a set of recelving subsystems
+ Data is moved between subsystems
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Conceptual parallel flow

all bytes flow in par'allel from sender to receiver HPSS |

.............

object in sender sent to objects in recelver

a gather lst for sender, a scacter Bst for receiver
list of sender and receiver defines a window

there will be mpny mappings involved

Data Mows from sender through window 1o reclever

. 2 = B @

Data Allocation and Storage Management Detalls oo |

T L] sonirol
ihe IMmm of dala
“custery’” uiing ihr allocation
Areciory and enhapced micel
sornge yyiem intarfaoe.
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The Challenges Requiring Improved
System Management HPSS

s

Evolving distributed, multiple dynamic hierarchies envircaments.

Need for integrated, standards-hased sysiem management
framewirk.

¢ Nead for more aod more sotomation and better GUI based ool

Ahdlity to manage systems in Constant evolubon gver years.

Parallel Transport Refleclor HPSS §

» WoodenMan proposal

»  will be sent o Refector Partlcipanis
» To get on Rellector,

« Email ta pio_request@oaerscgov

« Give yaur email pddress

+ Give your postal address

» (sive your Instliution
« To Parititipale io desigh review

+ Emal {0 plv@nersc.gay
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QUANTUM COMPUTERS
AND FREDKIN GATES

Isaae Chuang, Stanford University

1 Introduction

Why do computers dissipate enerpy? The amazing fact is that in prirciple, an idsal tomputer
does not pecessazily have to dissipate any energy ai all in order to Fanction properly. ‘Fhis
tonclusion is recent; before, it was widely believed that computation necessarily entailed dissi-
pation of AT 10 2 joules per elementary logic opetation, according to the 1949 apalyeis of von
Neumann. But in 1973, Bennett showed that for each logically irreversible Turicg machine a
reversible one could ba constructed, in pricciple. Around the same time, Fredkin also developad
his idea of a reversible logic gate. These demonstrated that in principle, a computer could be
built which dissipates negligible energy,

Today, it is believed that a perfectly reversible computer may be constructed in principle,
but susceptibility to noise would probably render it nsefass for practical purposes. Nevertheless,
we have learned severs! fundamentsl facts about the relationship beiween energy dissipation
and coroputing.

First, we now realize that enecgy dissipation is solely a matter of convenferce. Dis-
sipating epergy allows us to operate a finlte sized computer reliably in the presence
of noike, and finieh our calenlation in 2 finite amount of time.

Second, we bave come to understand better what “dissipatton” means. Landauer’s
conjecture is that dissipation occurs onfy when information £s lost, and vice verse,
Finally, It |s believed that through the study of ideal reversible logic gates, we may

come to understand better the physics of complez guontum systems and guesitum
measurement, the sebject of much controversy throughout the past half century.

Physice and eomputing have alwaye had a deep relationship. In partienlar, the study of
reversible computers brings us to what is perbaps the most intimate connection between the
two disciplines, as demonstrated by these three abservaticns.

"This work wan supparied by & Fannie and Johu Fertr Faondation Fellowship.
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ﬁda:.r, 1 would ke to present for you a review of the status of this field, and 2 summary
of my on-going research jn this area, What 1 will not tell you js that reversible computing is
the wave of the future; it is net. What I will cell you. is the following message. The study of
reversible computing will help to answer these questlons:

» How much energy must be dissipated in praciicel situstions. (o perform arbitrary culen-
lations? What are the fundamental physical Lrnits?

» What kssues are mportant in reducing energy consumption { bevend obvions terhnological
limitations)?

* What technolopies may be sxploited to better investigata complex {t-;ml',um] s¥stems?

This last item may be of particelar interest 1o those who are investigating semicondnctor
logic devices of bengeh =cales cmaller than a tench-micron. becanse jn that regime, quantum-
mechanical effects start to become impertant. It is elso a fascinatiag area for exploration iz its
own right, fromn the viewpoint of fandamental physics.

The outline of my presentation is as follows, 1 will heagin with 2 briel deseription of the
history of revercible computing, starting from Landauer’s exorciem of Maxwell's demon. ‘This
background will provide a basis for the explanation of my research goals and approach, The
nltimate application of my results will be in the area of minimal energy computing, which has
alteady benafited from the technolagy of reversible logic. Fiazlly, [ address some open questions
in the field by presenting early resulus from my research.

2 History of Reversible Compuiing

The originai motivation for the study of the thermodynamics of computing was the desire 1o
develop a thorough understanding of the inability of Maxwell's demon 1o violate the second
law of thermodynamics. As you may recall, Maxwell’s demon is an imaginary being that
was deliberataly constructed by James Cleck Maxwell in 1875 to violate the cecond law of
thermodynamics. He envisioned 2 minfature demon which could extract enerzy out of a gas
cylinder jnitlally at equilibrlnm by separating the fast and slow moletoles inta the two halves
of the cylinder.
[ Figure showing Maxwell's demon |

Whether such a heast iz possible or not eventnaliy bolled down 10 the guestion of what
information the deman could extract from the system it was obaerving, It was realized that by
performing 2 measurement on each ges molecole it saw. to determine Its velocicy, the demon
could indeed separate the gas into hot and cold molecoles on sither side. However. as Landausr
noted in 1462, 1o do this, after sach messurement the demon 35 required to reser its internal
state. 50 as to forget the results of its previcous measurement. This oct of ernsing information
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increases the demon's entropy by precisely the same emount taken owepy from the ges molesyiss
in the cylinder.

This key reafization, that information erasure corresponde to an increass W entropy, is
known as Landauer’s conjecture. More colloquially, we may say that information lose leads
inevitably to energy dissipation.

Dering this peried, electronic computers and quartum-mechanics wera both jntrodnced.
Also, in 1948, Shannon Jaid the basiz for the acience of information theory. First to apalyze
the analyze the epergy dissipation of a computer was von Neumann, who estlmated that on
the average, AT In2 Joules must be dissipated “per elementary act of information, that is
per clementary dedision of a two-way alternative end per elementary transmittal of one unjt
of informstion.” What j» most mteresting is that for elementesy boclean logic gates, van
Kenmane’s anewer toincides exartly with that expected from Landauer's conjectnre. This &
made obvious hy noting, for example, that the AND, OR, and XOR operations are logically
irreversible; dhey correspond to methematically non-invertible operations.

[ Figure showing logle gates, info dost, and energy dissipatad |

Until 1979, it was therefore widely believed that any computet would unaveidably dissipate
kT 1o 2 Jovles per gate on average. However, Beonett[l} thean realized shat nontrivial computa-
tion may be accomplished without use of logically irreversible operations. He proved that any
Irreversible Turing machine may be cast inte a reversible one by adding the appropriate boak-
keeping information. Arcund the same time, Fredkin]2] also came up with & logically revarsible
primitive whith is boolean complete. This gate, kaown as the Fredkin gote, has three jnputs
and three outputs, and the following truth table (Figure 1),

Inputs Qutpuis Al TA
A B C|lA B _C — -
T 0 0[O0 0 b Bl L
¢ 0 1|0 0o 1 c! '

0 1 o|l0o 1 0O 7YY
0 1 1|1 0o 1 L]
1 0 01 0 D
1 0 1j]0 1 1
1 1 0351 1 0
i1 131 1 1
Figure 1: Frediin gate schematic symbol and truth table

This gate is particutasly intaresting, and I shall shortly retormn to discass its properties in detadl.
In 1982, Fradkin and Toffoli introduced 2 concrete physical model for a reversible computer,
based on collisions between billiard balls and appropriately placed mirrors. The fascinating
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thing about this madel is that jt is marifeaify reversible. insofar as It operation Is based on
the laws of classical mechanics.

| Figure showing Interaction Gate ]

The billiard ball medel of computation is koown: as a “ballistic™ computer becanse it depends
on parect operation, and the absenee of external perturbations such as thoos ravsed by tharmal
poise. In contrasi, Beanett introduced the notion of a *Brownian™ computer|3], which depends
on the agitation caused by thermal nolee o propel a computation forward.

Finally, sicee 1922, there bas been significant progress in extending the realm of reversibla
computing te the quantum domain: Benioff[4). Deutsch|b], and Feynman[é] have proposed
several forms of a quaptum-mechanicel computer, whose operation depends principally on the
Hamiltonian svolution of a state vector. I shall return to this sebject later.

The central conclusion reached by researchers In this field chus far is that reversible, dissi-
pationless computers are cercainly possible in theory. although in praciice. energy dissipation
will certainly be requirad for system stability and poise immonity, We aiso now understapd 2
key prizciple — reversibility stems from keeping 1rack of every bit of information in a computer.
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1875 Maxwell’s demon mtroduced,

1940 Von Neumans estimated that kT In2 {3E-21 Joukec} muet be discipated “per
elementaty act of information, that is per elemestary decision of a two-way
alternative and per elementary transmittsl of one wnit of information.”

10 1062 Maxwells demon is exarcized,

961 R Landver attempted to prove von Neumann's anewer. But be foand only
that logically irreversible operations generate & loca! incrosss in the entropy
equal to the Information thrown sway.

1973 Bennett realized that nontrivial computation maey be scoomplished without
use of lopitally irreveralble operations.

1982 Fradkin published his reversible logic gate primitive, and showed that is is
boolesn complate, Fradkin and Toffolf aleo devised a model of computation
based on the eallision of "billiard balls.” This was the first model of 3 ballistic
computer.

3982 Benrett introduced his "Browntar computers” which deperd oz thermal poise
to agitate a machine toward completion of & computation. In tostrast to the
ballietic models, thermal nolse is ag integral part of the computational process;
in fact, the ballistic computer can only functien properly in the complete
abgsnve of thermal noise.

1882.1586 Study of gquantem-mechanical reversible eomputers by Benioff, Feynman,
Zurek, Dentsch, Landaner, eic.

3 Overview of My Research

Now I would lik= to introduse my own teteatch, I have been personally intarested in reverzible
computers sinte | was an undergraduste st MIT. My education has acturlly been in quantum
field ctheory and computer architecturs, while semiconductor device physics is something T have
been learning only ince toming to Stanford two years ago. My discuesion will be oriented
towards fundamaental physics and system insnec, bot I will be happy to entertain guestions or
womments from & different perspective as well,

3.1 Goal

The ¢oncept which Interesis me is & telation governing computation which bas been hinted at
In the Hteraturs, bat pewer explored quantitatively — pamely, that there exists some tradecff
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betwasn time, snergy, and reliability. This relation bhas hesn exprassed as the go-calied “Spreng
Triangle(7],” shown hers.

[ Figure showing Spreng Triangle )

The three vertices on this triangle represent the three extremes of fero time, energy, and
information, while the three edges correspend to maximal information, time, sod #nargy. Spreng
philesaphically noted thaz it is the ezarving philosopher who seeks the least costly solutions by
acquitlng waxkmal information, while the primitive savage is content te expand as much snergy
s is peeded to colve the problem, and medern man is converped primarily with a quick fix.

I am motivated In this study by ouwr corrent understanding of some of the posstble Bmbes.
For example, we Enow for & fact that given infinite time, we can perform an arbitrary edenlation
to a specified reliability, with zero energy. Specifically, Bennett has shown that the required
enetgy dissipation per s¢ep can approach zero as long as a veversible computer is operated
adiabatically. Howsever, thiz js not so interesting in practice. In reality, the ceptra] jesus jo
how to do some wsefal computation with a finite sige machioe. at fipite temperature, in & finite
amount of time. Given thess constraipts, how much energy must we dissipate to perform the
calculation, and how fast may sach logical stap be performai. at best? The altimats goa! of
my study is to answer Chese questions.

3.2 Approach
My approsch towards understanding the fundemental physical Hmits ta coraputation is based on

two efforts — first, the construction of 2 pew mathematical theory for describing the quantum.
mechanical embodiment of the simplest ideal physical logic gate. and second, the actnal exper-
imental implementation of 4 simple cascede of reversible Jogic gates in 2 mesoscopic eyetem.

Development of a quantum theory for reversible computing begins with the description of the
wpurest physical model for the elemeatary building block of the ideal computer. Caxcading ideal
logic gates into a complex system will than give 2 modsl which may be ctudied to ascertain the
periormance achievable under specific non-ideal conditions. such 2s in the presence of thermal
noige. Finally, by coupling cach ideal logic gate to noise resarvoirs, the amonnt of disipation
required to stabilize the bahavior of the system may ba determined.

Experimental fmpleymentation of an idez) logle gate is an ambitions goal. The prindpal
problem is that an Meal logic gate i a closed syetem with few degreec of freedom, and that
is hard to achieve in practice. This area of ressarch represents work in progress for me, My
group at Staoford University specializes in the siudy of neise in mesasropic systems. We will be
sxploricg the physics of two-dimensional electron gases in the GaAs/ AlGude material cystem
at temperatures below 20 millikelvin, using a dilutloa refrigeratar. My theds advisor and
group leader = Professor Yoshihizz Yamamota, who is well-known for establishing the field
of squeazed light semicondurtor laser diodes. (dur turrent idea for fabricating 2 Fradkin gate
involves possibly adapting & version of Kovwenhoven's single-electron turnstile device.
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[ Figere of logic gats casrade and Kouwenhoven's tnrusiile |

4 Applications of reversible logic

Before contivning with the description of toy owi reseatch, I will fow describe In greater detail
what reversible logic is, aad how it may be applied In practice.

4.1 Conservative invertible logic

What ir 2 Fredkin gate? There are many iarerpretutions of thia device. Consider once again
its truth table. The most important characteristics of its transfer faticilon are that 1. the
nimber of “ores” it consapved, 2. the mapping {s onetonne onto, that jo, one woique outpat
exists for ench input and vice veres. These properties, the axistence of an additive coprerved
guantity, and the invertibility of the transform, are the basis for desczibing the Fredkin Gate
25 A comservative invertibls logic gate.

:

[ Toputs | Outputs | ;m
A-l'

HH“:H:::I:ﬁ
H OO O ol
r-r-np--:.:li:lr-t:lf}
I — O R — — I — |
Lol — =N~
e S O R e S

Figuse 2: Truth table for s Fredkin gate classified according to bit clase (number of one's).

Why are thass proparties special? As Fredkin and Toffoli explain in their 1952 paper,
thess symmetries are motivated by principles-fundamental.to almoat all physical phenomenn
wa nnderstand, The comerved quantity is spergy {for ¢xample), and Invertibility comresponds
to micrapeopic reversibility.

The Fradkin gate is also special in that it is boolean complete and construction universal.
Since it may parform either an AND or an QR funetiop when confignred approprietaly, it ean b
cascaded to construct any beolean fanction, Sscond, the Fredkio gate can be need to paform
crosasver and straight-through ronting, which ate the two routing functions necessary to allow
consructiss of arbitrary rontes through a ragular graph. That thic preperey halds follows from
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Figurs 3: Fredkin gate conbgored to perforn Two elementary bookan functions. The left figure
shows the AND operazion, and the right. the NOT operation,

a1 -
A A X A A Y
B. 8 x Y 2_ B X
x c...5 x L g
0 7

Figure 4: Fredkin gate configered ta perform the two operations needed to be construction
universal. The delt Apure shows the fanout operation. and the right, the crossover operation.
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yet anotier fupdamental physical principle — that duplication, i.e., fancat, is anpatural, and is
an aperation that muost be acconnted for explicitly.

One more interpretation of the Fredkin gate truth table sdets. Mathematically, it is yseful
t0 view a conservatlve invertible logic gate as a data-depsndent grovp transformation operatlon.
For the thres-port Frediin gate, by dassifying the mputs by number of “one’s,” we sec that
the transformation applied to get the proper cutput ic just m stmple permutstion, with the
p?nir:u]ar permutstion which is performed being a function of the number of “ope’s.” In this
caze, all bit-classes are trapsformed identically except Tor the two-bit cace for which these two
entries are permutad.

4.2 Applications of CI logic
Conservativa invertible logic can be nsed 1o seduce snergy consumption in two ways, Firet,

epergy can be saved by constructing computational systerns from CI logie primitives such as
the Fredkin gate. This allows ueused “ope’s” to be recycled, thus lowering the amounnt of
epergy diedpated. However, achieving logical reversbility will never lower energy dissipation
bevond the inhetent imaperfection of the physical devices used, Thus, the next step is to replace
dissipative logic devices {such a5 MOSFETs) with charge-recover devives, then eventually with
hallistic devices, such as Milburn's quantum optical Frediin gate

[ Figure - “Reducing Energy Dissipation with C] Logie” |

The firet step is essentlally one of software technology. We know that it is always possithk to
embad a logieally irreversible caleniatinn into a Jogicaliy reversible one. As Bennett and Fredkin
have ehown, and as skoukd be obvious from the boolean complatansss of the Fradlin gats, an
jrreversible fonction may be calculated reversibly and repeatedly by petforming the calcalation
nsing suciliary storage, copying the desired result, then performing the reverse caleulution to
restore the storage to jts Initial stats,

[ Figure = Bennett’s reversisg computer & HPP kernel |

The problem of how mnch auxiliaty storage ie yagnired is known as the “garbape collection®™
problem In Teversible tomputing. However, | believe that tkls problem is not fundamental.
One fundamental attraction of wsing conservatlve fnyverilble dogic les in the potion that since
phyzical phenomena are mictoscopically reversible, it i reasonable that reversible microscopic
algorithrs for aumerically simulatiog them should aleo exist. Therefore, CI logic weuld form
natural primitives for implementing, either m bardware or in software, such simulations. The
eonclusion is that if probleme are formulated properly, dealing with garbagw chauld net be a
problem,

One immediate technological possibility utilizing CI dogic is 3 minimabenergy programmable
logic array, The device jteelf could be fabricated with CMOS trapsistors, and operated with
a reversible power supply, it could possibly dissipate asymptotically 2ero power as a fynetion
of elack frequency. Of couree, the difficulty ie in the opeimal reduction of the application
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Program to Gl JOgic promitives, 1his mathematical problem & Smmilar 1o difaculty to that of
norma! bockean reduction, but research haz showed that certain simplifications may arioe from
inherent symmetries due to the properties of CI logic. In fact, reduction into Cl Jogic primitives
is ap interesting problem io its own right; tecently, it has been shown that the colllsion kernel for
hydrodynamic Jattice gas simulations. which is normally implemented ax 2 Inokup table, may
be simplified significantly wien implemented using Cl logic primitives in an application-specific
IC.

A faseinating conecrete example js Barton's 1978 implementation of 3 subset of the PDP-10
processor wsing conservative logic, Shown here is a diagram of his basic machine stcucture, taken
from his paper. Thers is a random aceess memory M, a steck memory P, 24-bit Instruction
L, 24-bit accomulator AC, and gathage stack (3. Several fnterecting things may be noted from
his stody; first, most instructions may actually be implemented in a reversible manper, The
oply irreversible fanctions provided were ANT. OR. LOAD. CLRAC. B5H, LSH, and ABS,
and it is not <lepr that those instfuctions necessariy had to be irreversible {except as a matter
of convenience). Other jnsights gained were (hat it is necessary for a subrontine to have only
a single vaturn point. since the path of execution must be retraceable. Also, each myemory
operation had to be a read forite: pon-destroctive reads were not possible.

[ Figure: diagram of Barton’s PDP |

4.3 Physical implementations of the Fradkin Gata

1 now turn to the description of the physical devices vsad 1o implement conservative jovertible
Iogic gates such ac the Fradkin gate. There are two Linde of Fredkin gates, the “quantam®
Fredkin gate, and the “demon™ Fredkin gate. The difference is that the quantum one is to 3 vary
good approximation, a perfectly closed system. while the demon gate Is a collection of dissipative
gates (soch as a MOSFET) emufating the logical operation of a Fredkin gate. Behaviorally,
they ate also distipguizhed by their nolse properties. The demon gate. becavee it is constracted
from brreversible primitives, s manifestly stable. but it may never be dissipationlzss, no matter
how perfect the device s, Examples of some proposed demon Fredkin gates are listed here.
Demon Fredkin Gates

s Likharev: Josepheen Junction, Int J, Theor. Phys, 21, 311 [1988)

» Canifiedd: Liquid Crystal Modulator, Applied Optics 28, 2/59 (198%)

s Meskie: Reversible Charge Transfer. Nanotechnology 4. 27 [13935)

On the other hand, the quantum Fredkin gate is the real thing. In the Bmit of perfect phyeical
implementation, the device is expected to operate in a dissipationless manner. Becaver of this,
quantum coherence will persisi betwesn devices, and partition noise will arise. Ancther way
1o understand this effect is to toasider it to be simply due 10 quantem interference. In fact,
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coherexnt effecte are key to the operation of such devices. Several poteztial guantom Fredkin
gate propozalz ave listed hare. Note that no guantum Fredkin gate has yet been experimentally
demonstrased.

Quantom Fredkin Gates

« Milbumn: Quentam Ogptical, Phys. Rev. Let, 58, 212{ {1989}

» Islam, Soccolich; Billiard-ball solitons, Qptics Let. 16, 1490 {1941}
« Huang: Fiber Logic Sagnac, Applied Optics, 1o appear (1984}

o Lloyd: Pulsed Arrays, Science £61, 1369 {1993)

5 Open Questions

The quantom Fredkin gate Is perhaps the most Interestlng device 1o have emerged from the
study of revereible computing, Investigation into the inherent nature of this device has con-
necled the disclplines of computing, phyuics, and informeation theory, motivating a wide varisty
of apen questions, In this last part of my talk, 1 will describe some of the preliminary resolts
from my rescarch on the quantum Fredkin gate.

To recapitulate, my goal is 1o establish a guantitative yelstion between fendamentally in-
evitable dissipation apd €hwe rellability and speed of a compuiiag markine. My appraach s to
device a physical description of the elementary bullding blocks of a dicsipationless machine, then
to study the limits on its operation &3 external effects such as thermal noise are introduced.
To bugin with, I note that the Fredkin gate is an jdeal quantum logic gate. In fact, I postulate
that the proper quantum destription of zny logic gate congists of two cemmponents, one being
the Fredkin transiorm, and the other, a couplizg to an external reservoir {corresponding to
dissipation). By studying this separation, I hope to understand why dissipation ssems to be
eseential for system stability, even at the quantum fevel. Related to this is the understanding
of quantvm measurement, as a dimple quantum Fredkin gate gedankenexperiment shows.

5.1 The ideal quantum logic gate

I begin with the following observations. The ideal computer is a reverstble cne, and it may be
construeted from Fradkin gates, In fact, the simplest of the “ideal” logic gates is the Frodkin
gate, {or any of the squivalent conzervative invartible three-pert coutins}, since all higher order
copservative Jogic gates may be constructed by cascading Fredkin gates. That mo simpler
reversible logic gate axists is praved by Fredkin.

To capture the physical performance limits of an ideal logie gute, we sanct apnbody jts bogical
bebavior in & physical system. One of 1he dmplest sysleme we meay choose is the interaction

|__of three harmonic oscillators deserfhed by the usual quantum-mechanical picture with linear
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coupling. Althougk this theoretical model I quite simple, T will show that it indeed properly
describes the axpected performance of a real physical device, that of Mitburn.

Lat me begin by explaining the operation of Milburn's quantum optical Fredlde gate, chosm
here. The basic structure of the device i= a Mach: Zehnder igterferometer, corstructed from two
30/50 beamsplitters and two periect refeciors, Beceuse the path lengths of both arme are
identical, the two ncoming beams travel the came distance, then recombine; in the sbeanew
of any contrel signal, the outgoing beams are exactly the same as the incoming ones. When
a control signal is present, however, the path length of the upper arm is increased, and the
intarfarometer becomes nnbatanced. The device is adinsted to opetata i1 & manver ench that
when a controf sigoal is present, the arms become nnbalanced by 180%, o chai the input signals
are perfect)y switched 1o give the ontputs.

out
Figure 5: A prototypice! Mach-Zehnder based Kerr effect Fredkin Logic Gate,

The un-balancing vecurs becauss of the physics of the ~Kerr™ medium; 1his is a ¥* nonljpear
tryital whose index of reftaction is proportionel to the toral electric fisdd intensity in the
medium. In sther words, the more light going thronghk a Kert medium, the faster it travels.
Matbematically, we say that the inpui states yndergo eell and cross-phase moduation; the
phase of the light is changed by 2 function of the total number of photons present in the crystal
when the light beam passes through it.

| Figure: kerr medinm ]

Coming back to Milbura's gate once more, we ces that if we have Schrédinger picture opera-
tors for the beamsplitter and the Kerr media, then we can write down a unitary transformation
operator which describes the lopic gate, The logarithm of this transformation will then give us
the Fredkin gate Hamiltonian. We proceed with thit program by using the following operator
description of 2 beamsplitter, a8 destribed by Yutke and others

-B = exp |ip {a'b + at1)] . (I
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Tha key 2o thls descripdon js that a beamsplitter can he seen a5 a SU{2) group cravsiormation
apezator, which periornms 2 moiation in the space of its inputs, o and b

Bin
&in Zout
I}«:\»m‘.

Figure 6: Quantum-mechanical Bezmeplitter

Finally. puttiog all our mathematics together gives us an operator description of Milburn's
quantum optical Fredkin gate:

lout} = gt B1X B2 & BpByiin} (2)
= exp [—i"{ {ﬂu{ﬂ- = mim -1 4 ndn, - 1]}]
X exp [—l't ('Ena!h + telna + n;l)] exp [i:‘ng (uT&-I- -::b')] {m}, =} lpe}, . (3)

Here, the operator K is the Kerr madiom cransformation. while By and B; ars the beamsplitter
transforma. Por sumber-siganstzte inputs, the ouiput is found to ha this exprassion. The first
1wo exponentials are simply irrelevant phase transforms, corresponding ta seli-phass modulation
and cyoss-phase modulation. The third exponential s the rea) figart of the logic operation. It
% what we identify as the quantun: Fredkin sate operator,

What doss this expression mean? It is a controlfled beameplitter. The effect of this operator
i5 to perform a rotation in the SU{2) space of ¢ and k. by the angle xn.. That is, the rotation
angls ik determined by the figld strength of the control input. The constant y is an engineering
parametar determinad by the strength of the Kerr media, and can be chosen so that when the
conttol reaches the appropriata strength, the Jogic gate i switched on; when no control signal
is present, the gate [s patorally switched off,

5.2 The Fredkin gaic operator

This operator expression for the quantum Fredkin gateis a significant reselt. The logarithm of
the Fredkin gate ttansform immediately gives us the Hamiltonian

H = \elalb+ Ha). {4)
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Figure 7: Three-input Kerr medivin extension of the con-lizear Mach-Zehnder interferometer
which works 25 & guantum-optical logic gate,

Thie is the Fredkin gate Hamiltonian, 2 haantiful concreta example of Deutsch’s Hamiltanian[5).
1t i5, to my wederstaading, the first complete Hamiltonian description of as actually physically
realizable quantam Fredkin gate. The implication of this work is that since all conservative
Invertible logic gates are related through an equivalance transform, therefore in fact all quantum
logic gates may be described by the Fredkin gate Hamiltonian, The proof ks the same as that
for the universality of the Fredkin gate.

Note that although the formalism presented hers was developed with boson operators, it
generalizes immediately to fermions. o fact, it has been shown by Kitagawa that closely jocated
slectron wevegnides allow elsctron cyoss-phase modulation to occur; thue, the nonlinear Mach-
Zehnder ipterferomatar straeture used for the quantum optical Fradkiz gate rould sgually wall
be uzed jor a ballistic electron Frediin gate, in printiple {unfortunately, it je difficult to fabricate
with present techoology).

The Hamiitonian for non-deal dogic gates will bave the eame form of £4.{4), but the coupling
mxy be different. For example, a transister with dissipative source and drain, and & bellistic
gate, might be deseribad hy the Hamiltonjan

o=y xactcl(ath, + bla). (5)
.
The coupling bere takes on the form of a Caldeira-Leggett dissipative conpling to & resetvoir

with operators by, This expression, bowever, iv 26il) tentative, and coptinues to be the subjoct
of active Investigation.
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5.3 Quantum measurement and the Fredkin gate

My last eubject deals with the relution betwsen quantem measurement theory and the quastom
Fredkic gate. The interesting question io ask js, what Is the slmplest level 4t which one may
ask an “if-thes” guestion? That is, for example, “if particls A bas momentum P then eject
an efectron.” Such questions are naturally part of a logic gate's operation; physically, such
questions correspond to performing & measursment, ther acting on the result.

The key realization is that the “ifithen™ expetiment is nof potible if only two states are
correlated; a three-body interaction is essential. It i+ simple to see that a two-body Interaction
is ingufficient; for exampie, when the polarizztlons of two phetons are eorrelated with ench
otker then sart in oppasite directions (this Is the photon twin expetimont), meacurement of
one photon cemveye ne information about the other photon, even theough it collapses the
superposition state arhitrarily. No information is ancoded into the original polarieations, and
therefore supstlumisal communication & impossible witk photan twins.

On the other hand, if three photons are allowed te interact &t the origin, then nontrivial
ioformation trancler sooms to h'e possible. The following example is due 1o J. Jacobson?., We
prepare the input states A = [¥),, B = [0}, and € = (10}, + 18},)/+/3 and feed them into 2
Fredkin gate, with Hamiltonian  *Private commundcasion, 1993

He %c‘: {a’ﬁ + b*n] . (6)
The sutput state ks i
jout) = = [[o11) + [100)] , ™

4 macroscopic superposition state; messurement of the photon in one of the three modes col-
japses the wavefanction, leaving the other two modes in a mixed state. Say A’ and B (primes
dapote output variahles) are sent away to Antares, while the C7 cutpus Jc kept focally. B O
ju left unmeasured, the detector at Antares firde 4’ and B to be in 3 superposition state,
while on tie other hand, if C* s measured. A" and B ave fornd ta be jn a mived state. Thuc,
mexiurement of O would to change the statistics of A and B, facter than the speed of
tight,

At present, the paradox of this gedankenexperlemnt has not been caticfactorly resolved.
Superluminal communication showld not be poasible, and yat this example would sesm te show
that it is. The prevalent belief is that an answer lies in the definition of 2 measarement pro-
cess. Measorement, and the consequential von Nenmann reducthon of the waveparket, ocenrs
only after a contract is slgned batween two interacting eystems that stipulates they will neves
interact again, That is, thelr mutuel informaticn is discarded. Thus, the sesolution of Jacob-
gop’s paradox Ler in viewing the separstlon of tiw two signals ax an implicit measnrement,
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which sutomatically collapess the thtes-photon superposition state, and destroys their mutuoal
information.

6 Conclusioan

Tha study of reversible compaters probes 2 fertile new juxtaposition of the worlds of quantem
physics, computing, and information theory, Fundamental insights from thie field premise
to bring new undemtanding to the definitions of messremenrt, tompytation, and diseipation.
Hapefully, through the rreation of theories to explain quentum logic gates, and expetimonts
to test the avoidability of dissipation, we will eventnally develop not only new computational
machines and paradizms, but also quantitative limita for the computational performance of the
physieal world.
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Absteact « A method 5 migrare o bk dimamdeally
Jrom mviriunl SPMD mochine to @ vinieal SO0 machine is
Froposad. Jr iy assavvsed thay the STMD a2nd SPMD wirpual
incrhine models only differ o support the differanrmodes of
paraliziis, and that the progran: was codsd in a mode-
independent F'WWHE Imnguage, The o
cedvre does nar the SPMD PES 12 b af the same
docavjan in ke SEMEY program arshe time af the migration,
This work I3 divecily opplicabde o mizedemody ybrid
SIMINEPMD sysrems and par} of the general proplem of
sask migradon in STHOISPMD mixed-maochine herero-
SiTEAGUS SPIimE.,

LINTRODUCTION
I & heterngenesns sysam [11.3ﬁl.dii‘ﬁn‘m1rpfsaf

migmationi
Ter faull-tolerance; balancing, almindetralive neaeons,
nrmmwmgmecunm tmeofa single task., The migration
procedurs A program’ S execulion Siae of o
typs of maching and then maps it to a viable state on 1 &if-
Ferenr iype of machine, When task migralian is performed
in the contenl of faultaolerance, the “*capraring'™ of the
statz i done perivdically xt checkmposis, and the mapping is
doneaithe gmeof the fault,

One possibls approach bo migrating 2 1ask dynami-
clly between a synchnonaes STMI machine and an asyn-
thmnous single program — multiphe dag: dream (SPMDY
machiné is llusiraizd i Fig. 1. In genecal, SPMD mpde is
the wss of a MTMD machins when 2B PEs exeons the same
program, but acyhchronousiy with respact Lo ohe another.
A 1k Iy prromed o be coded In a hypotheticil mode-
independenr programmng language, refered 1 hape o the
NPL (vime) programming language} ... ELP [201, HFF
(5], Paratation Lizp[5], XPCE21]). Tie hypothetical VPL
compiler generates nhject code for eack maching or a sub-
set of machines on o merwork, s well as prodeces inferma-
don necessary for the tack migration proceduze. The dowsd
armgw in Fig. 1 indicate tha from g single VPL source pro-

This wodt was dow when Jams P. Ammouong war m Forder
Unlverdty and hmded Sy 4 NASA Jellewnabip usder gram nambcr
HOT:50961. Thit meaarh wa aley mppaned by Romse Laksntory
vt GnRm st FIGOE-S2-C-00 30, by MRad ueedist gontiic
b FE-D-YT99, ud by the Nations] Sciescr Foondation under
it noewber CDA 001 5585,

Siegel?, William E. Coher®, Min Tan’,
. and Jose A B. Fortes*

? Paralia) Processing Laboratory
E. E. Schocl, Purdue Universi
West Lafayette, IN 479071285 USA

gramach machingsexeciinkls program is generated.
F}emua mtnﬂm m m%;:i‘mlm
I (e n i 10

machine exeruling in snother mode of parmllelisne, twa
types of sansfoemariong are performed that rely on infoe-
muation generEed by the YTL compiler. The st iype of
manzfmation (dashed ammows in Fig, 1} maps the execu-
tion st of the Lask on a pactictdar machioe: (offrom 20 exe-
<ution stz on a ¥imaal machine model, which represents
all machires with the same ipode of parallelism. The dif-
Feoreme shaspes of whe ek s depica shedr dilering physical
architactures, Machanisms for migrating asks berween
wlifTereny single- processor & arpputers, whichcan be zppli=d
W spesifying this first type wransformation, have bezn ro-
posed (e g, [10], [14], [¥3), |26, [27F. [299).

SIMD Mackiner =
L],
S

o
Fig. 1: Graphical depiction of task migration béloétn
S1MD and SPMLr machines.

:I}mg':pmall Wdﬂm ask ba . é’;ﬂ!
ymipraiesiher skt 4 SERISON [
) S moachine and a sian:sna virgal SPMD machine.
mmmﬁmmmmwmm
nd the virual SFD machires negmesents thal te concep-
rual archiwectures only differ to soppor the: different sodes
of parallclism. The work descobed herz addreses the
EFMD: 0 STMD parion of the stoond type of wansforma-
tion. I proposas 1 method by which a mulliple instuctiom
gir=am SPMD program can be mapped 10 5 singhs incme-
ion siream SIMD pogram. The approach aken is to
charasierize a singls insroction sweam program and amal-
uple instroction smeam program 5 programs thal execuis
n & virtoat SIMD machins {Svbsection 2.2.2) and virtuzl
SPMDmachine{Subsaction 2. T 3), repectively.

A gencral appivach to oplementng the second Lype
ransformation was proposad in [E] Tt distusses 2 way to
mansfom any MIMD pmogram o pure SIMD code. It
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does this by having whe SIVMD cods {runting ©n an SIMD
maching) smalate the WMIMD program. e of the gosls
herz iz \o have the YPL compiker generats efficisnt code for
exch of the source and desination machines (e, the gan-
erated code is specifically @rgeed for cach machine). The
task migration procidune maps 2 poind in the sBciant code
for poe muachine & & point in the cficienl code for another
This retearch proposss & metuad by whick a point is
an FBMD program can be mapped v & paiat inoan $IMD
program, acsuming that the machine: wodels only differ wa
support the different mades of parafleliom. This assump-
tion Is dicect®y applicabls A mised-niodk Lysiem [7), in
which the procsssors of & single machite sre capable of
opecxing in either e STMD or SPMD for foll
modz of paralislisn and can dynaically switch between
modas a1 instracion-level pranclarity with relatively Bl
ovechead fe.g., OFSILA [F), PASM [4, 24,25), TRAC[1E),
Trikonyl [22]). Howsewer, this risearch is primarily targeied
for solving pantof the meneral protiem of task migration o
hei=mpenecus mixed-maching systems
(301, whers a seite of SIMD and SPRID systans ane inper
conoected by 1 high-spesd networke. Alihoagh parts of the
migriticn were implemented on the mixed-
mode PASM pratotype 29 3 proof-of-ceneepd, » foll irmple-
menlagon isheyood the seops ofihis paper. Section 2 states
e apec fically the assumgtions about the prdprameeng
language apersting sysient, and imochine models, The sk
migraton problem is stued formaily (i.£., mathemadcally)
in Section 3. The procadure 1 migraie a sk hetwern afk
i?hmmﬁsumwmmm&pmmmhm

2. THEHETEROGENEQUS ENVIRONMENT

2.10verview

This seagon deseribes the concepinal model of SIME,
$PWID, and mixed-mode comeuation thai is assgmed here,
and mendong some of the language ferures thal am
expesied w0 be: parl of 2 mode-independent programming
Bnpuage {ie, VIL). Baleo beiefly nverviews acpecis ol an
Operating sysiem they areretevantodbis sudy.

2L 2Vimml Machine Muodels
22.10verview

h is smmed that de vimal STMD and SPMD
mechines are as similar as possible, differdng ooly in the
mechanism neaded 1 soppon the Eiferent modes of peral-
Lelism, Thisiepliessuch tings as; all processors sione dals
in the sume format {e.g.. b7z order, nomber of Biix),
menory addreasss are Cangistent scross the machines'
mermnry mixbules 4o, walid addmesces on one maching ame
nat invalid an the oiierd, the mumber of processons aorss
mackines are the same, sov] the ALer-Procesconr REMworks
wied in botymachines are the same,

Fartherroome, both the STWD and SPAMD mae hines: e

ssvumsd whawe a physically dsoiues] memory organdza-

tiot In tuch 8 Gysiem, each processor is pabred with &
memory Todule to-fomm a PE (processing element), Most
paralls! systems comenaly in 03¢ are physicalty imple-

menited 22 distribwred memary organdzations (&8, CM-5
[13}, K3R1[56], MasPar pP | [6],andnCUBE 2 [12])
222 The Vinwal STMDMzchine

The virmal STMD machine iscompostd of a CL con-
trol wnit), £ PEs, and an imercommection nstwirk. The PEs
are geffvaled if they can be used by fhe xecuting progrom
{25 explained in Scheectiond 2.3), When a PE Bactive, His
sabd 1 be enabied if it execues insrucdons, The enabhked
PEs receive and synchronously execurs common inshrue-
tions thal are bmadeast from e OU. Tie PEs feich Jata
ability w0 snable sedectively PES for the execution of
insuuciions, Theose PEs chat an: pot eaabled for the partica-
L instruction being broadcan by the CU are digabled, iz,
remain itfe and do nog execine the insguction. The inter-
compestion petwod: allows PE: 1 comminicatz amang
themssheas and exchonge data, Furthernede, the CL pro-
cessar is asamned 1 have Creg general purpose 1egisen
waibble for storng datd ang sach PE's processor is
assumed 1o have Sreg general purpose regisers. Ezamples
olexisting S1MIFmachines witha similer frugwres include
CM-2[28] andMasPar MP-1.

22 2 The Virtoal SPMD Machinz

The virual SEMD machine consists of P PEs and an
inlzreonnestion navwork. Each PE"s insmacBons acd daLa
are slored in s memery module, Beeause there are mulii-
ple threads of control, the PEsexecite acynchronousty wilh
Fepoct i one another. As with the S1MD mided, the inwer-
cnnscion nerwork prevides commonicaton links amang
& PEs. Also, sach PE's procesor Is astumed i kave
Creg+Sreg pirpose registers awhilable for use
The reginers in the SIMD and SFMD machine modzls ar
assumved to heve the same size. Examples of construcisd
sysiems with & siméar smucturs ihat are capable of SFMD
execusion include the CM-5, K3R 1 and aCUBE ).

uvmmgm@m
231 Overviesr

Many of the aspects of the hypathedcal mode.
independen Lanmuage, VEFL, ars based on the sxizing ELP
Lenguage: [201. The ovemiding concern with YL & ©
insume thal the kngoags definlion i mods independen.
Language construets mast be cansiatable to botr the SIMD
and SPMD model of executon. TS, Constrcs el do
not lerve: 3 wanslation w0 both models of execution are ille-
gal. VPL is axphatned here using 2 C gynias with exien.
ghons,

Liks O, VEE. haspoiners, However, pointers In (el
varizbles are flkga) becanss L MiETAEH0 Process changes
the Jocalinn of varizbles inthe stacks and the wanskation of
1he poimers 10 the new addresses would be an expensive
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o implkement The olher semantic diffarences
from C areowing o YPL having more tham one Aowafcon-
od inthe program, The feamres unique o VPL will be dis-
cutead in gt darsd] in the following sybeeclions,

232 Vaiahe Anribokes

In acktfon o v sendard oypes inthe Clanguage mch
22 it fout, and daubla, varinhles in VPL alsy have atri-
Tues dhat describe the location of the variables and the
eypes of operations possibie on the varigbles. These auri-
butes ace monoand paky.

A paly artribuie specifies that & kel eopry of the vasi-
ahlerecides & cach PE in ahe moching, When apoly cxpmes-
sioaisbeing evitusted each PE in the machine isoperating
ot in independent copy of the sy varizble thatis Jocaed in
iz iocalmemory,

A variabie declares o5 mang effectivaly hes one copy
ams the entine machine. In pamicular, on SIMD
muachines, amomo varishle would Bave b single copy gioeed
on the CU. Operations Lavolving anly mono varsbies znd
comdtanls ans sxeculsd an the T, This may Jead 1o beer
sIvD ance than if the vatizhles were preseni on
each of the PEs [3]. In conrast, on an SPME: machine, a
iacal copy of hemana variable ssiordon each FE,

In SIMD mode, ke any operations thay fnvolve bath
mens and poly varisbies, dis mons variables an: broadcast
mnmmmhmmmmlm

2.3.3Few of Conmed

U acondiional suusment consing of ztleast ong poly
vareabls, the conditional & eonsidered to be o paly condi-
fjooal s@Ement, acherwisa it i5 2 meoa cond|GoRaT soE-
ment. Puring execution, 2ach PE on an SPMD weachine is
gble %0 it independenily Jocal mons o poly valoes aod
branch arvond oode thar shoebd nen be 2xecuted. in con-
rast, only the CLT ox the SIMD machine can xecie jump
insiruceions and branch arcund sections of code. A mono
condilivnal expression is evalunted on the CU in SIMD
mods, and thus ibe execunion af an i, for, while, ordo st
mane it similir 1o abe way o sequenrial machine woald 2xe-
fuis I Becanss sach FE may have dilferent resulis fiom
evaluaring 4 paly condiional exprassion, each PE may
fiezmir thmongh the body of a lor, whilk, or do siatetena dif-
ferent namber of times. In STMD niode, when 3 PE iz a
poly conditlonal ===t inafor, whils, ordo sigternen, it i dis-
ghied unil all PE3 have failed the poly conditional. Simi-
Larly, i the condidonal ssuement of a A-4hen-sha siatement
it apoly condiional expression, only those PEx that evalu-
A heconditionas* ‘wua’ * areenabled and execoe thethan
clunse. Thess PEs thar evadunted éhe condition as *'[alse™"
are dicabled unifl the thon class bos beety dxacuisd by the
enetded PEs, Only those PEs that evabuated ke condition o
e **fales™ aee enabled v execute hie gloa clonse, prd the
other PEs are dissbled uniil the eise clause has been exe-
cisted by (e enabled PEs. 11 i5 assumed in this paper dat
each FE inan §TMD maching has anenable stk h stoees

the PE's enable amous For various depth festings of paly
comuditipnal =xpressions (25 In, for exemple, the MagPar
MP-1and the CM-2),

Tounify the represencadon of STMD and $PMD Con
diianal execudon, the YPL compiler imposes several -
triclions. Mormmmmmmwm
XPG Langaage (211 is illosrasd by e poly condiSonel

# (FEnama —=0){A) shu(B}

The differsnce betweza SEMD and SPMD execution Xk the
ordering ol the exeqyuion of stements Aand B by the PEE,
Om i SIMD machine, swismen A wiakd excome helon:
stemient B, biot on an SPMID machine, tlal=mens A ol 2
Mmay execote concomendy. In VEL, onless it can be
guaranieed that the execotioms ender will not alfact the
tesnlis of the H4hon-alsa shatzment, thy SIMD semanitics
e enforced.

.54 Imer-FECommunicationand Synehnonizadon

The aperations that can affec) omering of daemenc
execution amross FE3 ars iner-FE communizadons and
synchronization operations. In S5IMD mods, eepically
when onz FE send data teranother PE, 211 snabled PEs send
&tz oo ather distinet PEs. Therefone, the "'send’™ and
“rezaive’  commands % IWpHGUY  myoehmoized
Becauss all ensbled FE2 are following the same single
insmraciion siream, sach PE knows from which PE e mes-
wige has been received and for what use the messtpe i
imended, Thus, nobelferog of messagss of xplicil awes-
sage idenciSoaion isneeded. M}.mm:uﬂu
program §5 execee] asymcrcnoush among a
mesult, the PES must exectbe sxpliclt synchmenization aod
identfcadon prowocels forsach lnm»PEmﬁ:r In acdis
thon, becauce 3 spacifie ordasing almessager cannos alwaye
be puaranised, messages nged Wbe puffEred. i is assumed
that Ebrary rootines implemen the variows communication
protocls. For the migration process discussed, it will be
necessary for an inizemedte SIME program oo maks w5t
of & explici synchiomization and idenabicolinn protoe,
as well ax the bullering mechanism, which is normally
assnciued with SPMD mansfers.

The appraach wsed for updating mono variables in
WFL, which iz the same 85 in ELF, 15 10 dizallow agsigm-
mmenis wmone variables withis poly conditonal Saemenis
bacsnrs the colrence of the mand varinbles cannot be
guaraniexd, Thix implies that a1 any poird n Lme, 2 mono
variohie may kave differsm valpes on Jilferen FE= in an
SPMD maching; howewsr, it will have te mme valos
across PEsat e same hocationinthe SPMDprogram.

24 Qpenting $y3lzm
241 0verview

Many partrand details of an operaling 6y5iem must bé
considered for the peneml cise of migrating & sk berwicsn
two machines [23). However, this suhsection focus=s o
the parts of the pperating syst=m that wiiquely impact the
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age

migracion of & program between wo machines thal have
differem migdoa ofparaticlizm.

2.4.2 Mamory Layout

Cros aspect of the operaling syStenn that B perinent 10
this ady is the viraal address space. It & assomed thes
mono and poly plobat varkable: xhame Lhe same virlual
addrexs ypace in eack FE, bul are grouped inge separas
memocy segmeme. ([n SIVD machines, the mind varkibls
viruel addisses map Lo CU memory locations.} Separte
mone and poly "heap' data stpmenls also exisr for
dmamic memory allocadon. By malking a distnclion
berwesn mans and poly dag segmenis, the modBextion of
the virlnad addrexs mhles is implied,

A YFL submutine can have both mens and pely
paramessrs and kpcal varabies In SIMID mode, upan the
eall oFa subrantine, stack rpace for mons pammetarz, mona
local varfables, and sybrovdnes” rmwwm addresees is allo-
eated on the CUF, The memory space Eor paly parameiers
and poly 1oca) variahdes 15 allocaed on the FE swick, as in,
forexampls, the MasPar MPL programming danguage [19).
n SIMD mode, il &5 assmeed the CU 2nd sach PE has 2
frame pointer that poims o i Jocally snred stack (6.5
PASM prowsype}. Iy 3FMD mode. mancand poly parame-
tersand xcal variablag gre prshed ona the PE suack, Stack
and frame polnierzare keprin=ach PE.

Ideally, within the usee sck, mong and poly Jocal
varisbles and parammeiers stiould v SEPEraE SSETIEANs as
will. However, bocanse local variabies ahd paramebers ane
sared oo the mon-time stack, ssporas geacks would be
required. This implies 1hat the S0 and SPMI mackines
have separale stactt podnier registars availabie o be nesd for
apoly variable siack and a mono vasizble sisck. Whilesome
SIMD machives (2., MasFar WMF-1} may hawve this
fearyes, in general SPM D machines donot. Thas, manoand
poby Jocal warjables and parameiers ane sgsamicd ooty
thé sam = me mory S&gmenLn thisdiscussion.

2.4 3 Program Migration

When o signad to migeaie the program is received by
the: 5P machine, e gperating Fystem musl save te
e of ehe program 5o the program can be rpsiariag o the
appropriace point on e SIMDmachine. n additom o e
Themory image, the opearating $ysem sikives odier informz-
tiom, such 25: meszages (0 processes onhe xame PE and dif-
ferent PEx that have nai been z2ar, messages received by a
process bl nol pead, and ineer-process and Imey-FE com-
mupacation paths established. The operating syssin i also
assrned 10 hive the cpability of “Hushing” mescigs
from the inter-PE netwerk {¢.5., CM-5 operniing syu=m
[13]). I the petwork f 2 packetswitched mokisioge nel-
work, some packews may be blocked withiz ihe nepwark al
the ime a process i inrmogked 10 be mapped o anciher
machine., En this cases, the operming sysiem “Qushes’’ the
ReLwirk ufummmmmﬂmaﬂ meEmges e zaved 2o
partal the ' per process™ Informaion mengioned above,

A MATHEMATICAL MODEL
1.1Goud

Let a VPL program, F. b compiked o produce an
object code pragram., 5, for a virisd STMD mackine and an
objert code program, M, Jor a vinoal SPMD machine,
Bitherio ST mode (due tocnablingidizabling’ or SPHD-
mode {do= W branching), not ol FEs will necezsarily exe-
cuws Lhe: same sequence DEInsTUc s, 5 o (5} demotes ihe
sequence Of states EpRESERERg he cotlectve actioas of all
PEx thai oceur dering the exscution af the entiee SIMD pro-
g witk dnpuy x, garting with stae 1 and ending with sese
0. M () Lsdefined similariy for the SPMDprogram. This

paiel dfierites 2 wansformation Hy. implemented o
SIMD mode, SPMD fnode, or wixed-mode, such that
$110E M 1, 000 ® 5 4fx), for 15150 and | $ /5y, and
far all x, The equivalence slalemezt means that if M., Is
imeryped at same poimt baving execuled the sequence of
slales M 1, then Hy can ransform the resulis compuisd by
M () inaform that 2an he processed by.!’,,{umwd in
suﬂDnmd.-.] 0 that Lhe re<alt smumummmw
51 In ciher wirids, Hy wansfoms the reslls of M
yitlda validtate ofS . Nupamul.armmnfpmueﬁm
& specibied For implementing My, . becas: In can be per-
formed iotally in SIMD or SPHD mode, a5 well 25 podaily
In either mods (Le., mixed-mode). Mors datails aboul the
mathemadcal modelarein[3).

32VFL Frogram Chacac 1srisces

Becapgs the twa machinss suppar two diffement
mode of paralichson, thirs oy b pofns in the executicn
of the program on one machine thal do noL comespond 10
poinis & the ciher. For exzmple, in STMD mode, 2 mono
variahle may need o be hroadeast toeach FE 0o be 2dded 10
4 poly vasisble. The “'broadeast and addison™ ity
may pquire 2 sequence of Msmucliacs in the & code,
but only a single addilicn inztructan in e SPMD ode.
The stiue of the STMD mechine during the 2xeention of
thest imstrctions may nol coeraspond # 2 30 In the
SPME machine, Anather sxample ts that the SPMD pre-
2m may need 1o ddenify sansfemed jafomacion gxpli-
cidy, which i* sot necossary Tor SIMD pansfers, The
EFMD machins sous while performing the idendficadon
peutacol may ol b aquivalent Lo eny S1IMTmachine sue.

To make all possihle ink=rmuptible poins in bt pro-
grams “zquivales,” the VPL compiler divides the abjeet
oot pogmams 5§ and M im0 ysintsrmpable Bocks of
insiructions width i Tollowing properics (1) there are an
acqual number of blocks, B, generzied Brom 5 and M, (2) the
fanczion implemenied by block § B S and block £ From A
are aqnivalent ibr 15 F2 5, and {3) no block in eliber 5 and
A can be: Fanber divided ino hlocks swch that propertics ( F)
el (2 are roes [ Ut pesuling blecks when £ 5 1. Bycon-
SrucHng 5 and M with anénusmaptibie blocks of
mmgmﬂq,forwi:mmpduewminu
there it an wauivalempaineing. Analporithm that performns
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this fimctoon i5 given in [3),
4. 5PMDTOSIMD

4.1 Qverview

This section discusses dw ransiormakn of the
suspendad szl of an inkermupted SPMD program, 3, 1 &
suale In an equivalent SIME* program, §. {Recall that pro-
grams can be inemopied only ot bliock boundaries, as
dafined in Sehsecdon 3.2} Mathematically, a fonclion iy
was pesenied in Sebsection M, wech  hal
SM{HM(H }.Em{::t.rhm”s‘ suandls::#mﬂ

ane possible implestaidion
dmn'bad. An axtirraisd m:mnsrmpmu:men;n
fwmhpunufd\:mlpaummdmkpvm.
achal Hme Mplml:r dn-. #nplemanaton

An i e degipn ufH that

Important mquuﬂlﬂ ar 5 that when
M is interrupeed, execotion of the program 1o be migraisd
o the SPAAD machins must end “quickly." This is desir-
able becanss ivallows the prompt migration of tasks by losd
batancing roanines, Tn the contesl of Fauli-tolerances, iner-
TupeE can be msed bry the operasng syvpem 10-chac kpob the
memey image of M. M can then be chaekpointed periodi-
c&lby in me ingead of At specific locationsm the program.

There aps several o srucoures thon woe assumed 1o
he produced by the VPL compiles for each program that
provide mapping information betwsen de 5 and M. The
mapngsbe twen the memory addresses of subrowtne call
tnstrucaions and betwesn interruptibls points in the SEYED
and SPMD programs are kept. This informatinn & esed by
Hy wmap mm addresses in M ra s in 5, 2nd is sormed
in a iohke called the ART {address resolution uble). This
bk, therefor, provides 2 Tapping fiow an Imtruction
Addeess in one program W the vl mstraciion
m in another {fir all those addresses dismyosed

vl

Enfematton shout which locarion on the FE sk is
oecopicd by 2 mono variable i afso kept. The VPL ¢ofi-
piter produses tus information for each sobrouting, Tidsis
done efficienky if the YL compiler aesores anardering om
the stk of parameter: and Jocal varishles, For example,
the YPL compdler ean push all mang paameiers o the
mack befome all paly parameders likewise, Foe mone and
poly local varizbles. Then, for each subroutine, te YFL
compiler assheiates a Jocalion on the mark thal separalzs
mene and poty parameizrs aud mone aod poly Jocat vari-
ables. Thit informasian is stored In 2 55T dsubouning suack
bk}, Also, in addlion w0 specifying uninkrupcibhle
blocks end reum address mappings, the ART maps al}
enintetruptible blocks w the any in the 55T for the aib-
routine in whichihe blocksappear,

Finally, each ART entry coaLling a pointes ude sniry
in i ART o the block tha rgaessnios Lt comnd [t ol syan:-
ment in whose seope it appears. I a block is noy within a
curdidconal saement the poinkse i mdl. The podler fields
for blocks repressnting sebroutine entry points are also
nd), Thess poiniess are ussd 10 creas 1he eable stack on

each PE of (he STHD maching when e SPMD progiam is
migrated (Subseciion 42,3 At the ime of the ntefropt,
the podnisrs are vsed inconfancricn with the renums address
values on Lhe run-time asck of each PE (Shawing the
séquence of subroutine calls) 10 detesming the nesting of
tanditionals at the tme the PE w3 ihlermopted. This ador-
madcncan then beused woea: the PE enabk sack onihe
SIMDmachine,

The discrssion 5divided inio two pans. The frst par
determines 4he starting instrucdon addrers in § given an
interrupeed M, The s2cond pan presents how 2 viahle s
ing st far S i established from the stais produced by
Hm-

A2 Derermining 5, o Bom i

42,1 Overview

At the tifte-6F in Tni=rrypiof P 1y becanse e FEsam
executing asynchronously wallk HEspec bo onk anoder, sach
FE may be at a different poini in ths execution of ths pre-
gram. D i the synckronois namrs of 8, the mulple indi-
widual PE states T M . must b mapped to 2 sing la stats in
iz Thisis dane by using & temporary inLermedize S1vD
]n'ngnmL Ttis assurned thon the entire sequence of stues
ofs” imprmnlr.dbya'. + The SEMD machine isnerased
hﬁuhmmamﬂ&?ﬂnmmnmmﬂn&hmm-
hifeade expeation o the SPIMD machine a¢ “quickdy™ 15
possible. Omee all individual PE sztanes have efiect
reached Lhe same point inthe §* program, the s 015, 4
{o" i5 e mare of 5 a1 the time.of migrmdon) smapped \oa
e in the efficiem SIMD program S5, Thut, a tw sie6p
mappog & implenemied b 5y,

429 Findingtha Starting Statein & rand § 4

The dificulcy in finding the strtiog st encambered
in §ip fom the mhnupwd fndividual PE swaics thot
mmpmwwmadnmm s char mans comditionst
hupmmmmmdﬂﬁVgLMTwmﬂh
i two FE states are within 2 VPL mono condidonal loop
satement, then the moas leop control varisbies wd dhe:
envl-of-lsop mons conditional =it eed 10 be checked o
determine which valye for ths mone Joog contol variable
froem the twry PEx shaold be usad for the sarng sias. Iy
Tact, e way vhe [oop variabls is modifed by each Seration
mupt alss bekmman,
FFig. 2 illesirates the typs of decizion Sy, mustmake,
at the dme of an iniemupt, PE 0 was a iy, when
and PE 1 was &t mp, when im8 (assume P=3),
Becnose, the toop madifies a mans variablei {the loap coit-
m variable), the valoe nf the o varisble 1 M, andat
Mg, 2nd the way it & modifed {decremenizd), needs w be
considered. If Ay evalustes the P (program coomter)
valuesf PE amd PE 1, 37,, wooldbe started a1 5, with the
state of FE 0. The | valys woukd be & From this staring
sae, £, woald never generte PE 1% stats (i, PE 1 was
nverrupeed 3t Mg with £ =8}, because § is decremented 2t




g

exch itamtion, Becancs there is 2 sople s pe iocation for
mors vaciaides in S0 mods, iLisnecessny woboos: the
vorrest fes stoe L §yp. From this stte, sil the valvss of
e mone variahles In the inlemegried PES” states from M ;
il be enoouniered 1o 5 -

1] BEne)

mona inl i; mene: 112

ol = 15 n 0= Lt TR HES oy |
%, m,

] | i

Fig. 2: Beiermining the saning a2 i §;.q.

Toravold having to check the yalues of the monn vari-
aivlzs and the way they s apdat=d, an intérmediate pro-
gram, 57, 15 pensrated by the YPL compiler, Thes iruer-
medine program s an equivalent SIMD program thal has
Comong varisblas. oy maps the varjous saesof My ; 0a
sz in i . The adventage that S” has ovee § & thal the
namber of times a loop isexermi=d is det=roinsd by e FE
and 201 the CU. Thersfore, 10 map the staes of the iner-
rupted PE3 in M 3 108,90 the mant variables do nothave
i heevahustsd ki steamines ut whichitéraicn of the loop in
the STMD'program processing begins. Omedisadvantge of
5 isthar CUYPE everlap may be reduced, which could lead
te poarer STMD pecformance [2]. 5° 3 oudy used Lem-
pararily (Le., j1i5 an niermediate program). {nce all the
PEs have boen activaied and they are nol execoting a loop
statanenl fial commesponds (o mond condiloasl loop siak-
ment in S, the ptawe o Sy o+ 15 mapped 10 o sate in 5o, ILis
possible tha ro padniin 5, - mesrs thic requirement given
m@mmdmmmmﬂshm
-] B

Fig. 3 shorws ths same code segmenl a5 that in Fig. 4.
Again, it is agsumed ok FFu and PE O and PE 1 wen
emuped & my and My, respectively. In s case, Ay
simply sons £ at 5, with PEQaai tepardbess of the
walue ol £. PE ) is acthvated when 5} * maches 55, The
Ioop's poly condidonal expression is evalualed on each PE.
At the eng of the loop, sssuming al! PES are aetivaed, the
mlau?gm* is magped 1 a valid 5@t in 5. Thus, m
effect, 5; .0~ Fymchronizes the interrupted sates of e PES
in M, o yieM & valid ziat= In 5., Thesynchronizalion i
pot done an the 3PMD machjne because it ks axmomed that
when an inlerrops oocurs, exesudon on tBe SPMD machine
mustend “quickiy.t Beceese synchrondsing te FES lakes
an indefinoiely fimnyg period of tme, it i done on the SIMD
maching by 57, Clearly, if the orlginal SPMD loop vsed 2
paly conditional the e =chnique would 2pply. O the
koop body contins imter-FE dula transfers, i iz nol 3 prot-

Jezn for 1.7 Becsuse SPMD-Ter protocols 2 nsed, 15
mentioned i Subscction 233 and funher discussed in
Sobsetiond. 2.3,

L ]

b SEM

ity it & rpnets Ik
om0 B =) o e A =M

——-m—“—-—m'

-I‘
) ]
Fig. 3: Determining the saring sume n 5o

. The PCvalpesalthe FEs a1 the dme of the imsrmapiof
M 1y cannoe be ysed alone Wodeisrmine whers ind” compo-
minn chould begin. This is bezanes 1 single sodnouting con
bt cal¥ed from muore an one place in a program. Conse-
guently, reo PEs can have a PC valoe in the arne sibmen-
tine, i the subruline mey have besn called from two
vagtly dillersns program kéibons. A nigus dyTeonis pro-
ram positicn can be computed by evaloating Lhe meien
addresses siored on each PE*s stack. Théas valss wopethar
with the cosren PC valos specify a unique program Joca-
ton. Thos, b Gnd the PE stace Brom which 8.y should be
sanied, te rtinm valoes of each FE®3 siack are companed
in the prder thay they wers prabed on the stack. This canbe
done by a seqrence of recurive doublting cperadons. The
program kcation tnS" that is “'closest W he begining'* i5
Chosenxs the stanting sate.

Mow, consider the ime complexity of Greding the
starcing locadon in £, . Assume thal the nesdng depth ol
sabrowines in M |, is £ and the number of FES & £, Then
the worst case e complsxily to compare by recursive
doubling the retem addresy values on each FE's siack and
their P valuels (2 [d-iop L

42 3Deremining When o Acuvate 2 FE

Oncefl. hosbeeo starizd, some PEs may b disabled
mm?ﬂlnqmwﬁmmsrmmum?ﬂ-
rupted alapaint in 4y, Tt appears fanher algng in 5y o
{han thestarimg stale. APE it scivated when S, - peaches
a Jocaling thal isequivalentio te location in M
21 which it was imerupted. Hewever, becanss a PE may
hauve: been imerrupied afier any opinlergpiible Mock af
instroctions, il would be costly 10 have Sy chesk, afier
each unimernypdole block, ifany PE: duuld be activaed.
lock, Tho VI comtio Srups bIOGKs e making

: npether E
the =2t of blocks minemuptble. The complier Zroups as
many blocks wgeiher a9 possible withour redecing 1nter-
TOp) FEspOnsE Wme (> unacceptable levels, For exanple, iF
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ik response time is st 21 01 seconds, then the YFL com-
piler would only group blocks togeiher that would ot
exceed 01 seconds 0 exscole. B ths compiler doss not
ke horwe maniy imes a Joop will Bemte, then a Jeast vie
ﬁlh‘:ﬂuhﬂ}rnt‘uﬂmpmmthehu ible Nt muatisr
short the Joop is. Subsequently, the 5* program only
nasdr 3 chack i any FEz nead 10 be scthvpied & the Joca-
tonsthalare equivalem v insmupable paints indd,

T aeomphish thix, the VPL compiler insens te {ol-
kywing code segmant st equivalesy peintsin 5° as te Inter-
mupuble poiztin M

pwaSKIP;
ativate_PEsramap, Bst}
BKIF:

As shown, the subeoutine activate_PEs!) £ noc reached
because of the goto instruciion. Although this code seg-
mentintrodocesaverhead oS, the goto comesponds 10 &
jump insmuston in a processor’s objeo, code and is
sxpected toheve sominal ovarhesd. The amaunt of gver-
head depends pon bow frequently the code SEERSAL is
sncaunizred, which 1t 4 functinn OF the Snemipi Tesponse
dime in A and how shor some loopsare.

Whan M ; is imerrupied, Hy makes 2 list of all loca-
ﬁunsn“i:hfismhwmpmduwuaswﬁchﬁs
were inerupted of each boctiion. Then for each lacation in
the list, My overwrites the goto insguction with a aop
insrueden. Malso wriles a valoe for kst thar Is passed 10
aedreain PEs(), which ira pointer wa finkes s (oter daa
strochacs <an be psed) of FEs thal have heen halizd inM 5
ot tha equivalent location. Then, whenever 8 reathes 2
point witan 1 PE may be activared itimvokes the sobrouline
aslvale_PEcl) passing M the lix of PEs that may be
aetivaed. Mod all whe PEs in the 1ist passed Lo i1 8% peces-
arily going w be activaled 3t sach Faworsion of
actvie_PEs(). This is because the jnoisupisd location
fnay be withina sthroutine that bas desn cafked from mulf-
pleplaces in the program. To activate the appropriae PEs,
activate_PEs() compares the neurm valoes o the T sack
and the carrent FC valpe i thal of those PES on the lisc
passed W it. Those PEs whase reswrn valoes and PC valoe at
thetime ., wachelisd comespondinthe ceum vilvesand
PCvalue ot the CU in 5.+ ane activaed, Whenalt the FEs
it the Fest are aodvated by this procsss, the sethvala, PE&)
contine overwrites the nap insucdon with the goke SKIP
far the ion in Sg Erom whish it was invoked, This
prevéat Sg. from checking wheiber any PEx need tobe
activatsd at this Jocation, becuse aH have besn,

Az menlioned in Subs=ction 2.3.3, each FE has an
enabde mack by which it dewrmines it it (s enablsd or dis-
abled foran SIME inssnuction. In SPMIYmode, the FEzam
newer disyhied el Lhug donot have an exabls stack., Thos,
activale_PEs() must esieblish an musbls sk For the PEy
that are setivated. This ks done by using the inforation in
the ART in conjunction with ihe petarn address vahies on
the nn-tine s1sek. For the PC and retam addmcs valves,
the ART hasa poinier it condivonal siaementin whoss

seope those insroction sddresses appear. Fareach addiess,
thi polnters can be raced wntil a mil peinter iz foond. By
adding the cumber of these non-null poinsets for each
address, the condional nesting depth of the intesropied FE
can be desermined. From thiz aomber {depih), the enable
siack ez ba fomud [17]. 1F ihe conditional nesting depthin
M ;15 £, then the PES 2an campoe thedr enutie sacks In
paraltelin woest-cass e complexity of O (¢ +d).

Given thy method of trivating PES, & problem may
arise when ¥, ETechtes 3 pdg:mﬁﬁmﬂsumnt.
Acually, ]l condidonals in 5° are poly conditionals
becapse thee are o mono variahles Acsoime than the poly
condiipnal stalemeng disables all setive PEs. This woold
couse 5y 0 “'skip™ the ten claose of the poty cond-
tional. Itis passitle, hawever, tha pome deuctivaied PEs
ol be aet inede die then cinxse. By *'skipping™
the then clmse, 5y miy Jeave thoss PEs deactiveied per-
manendy. Thus, for tach poly condidonal sistarment thar
avalualss eandien, i, Weondiion}{A] ste [, the fol-
lgwing cooditional test would be performed Inmzad by
31,,':

Hpcordition | (f_penaf) ki PE_adivaredINA}

K{lcondition | (f_nona() &4 PE_acihvated{ 1) B)
The §_nonaj) nouline demermines il none of the activalsd
PEs are efuzbled afiwr coadiion i evaloated and
PE_acthvaled() determines whether any PEs are activatd
within A or B. The then tlauss, A, 33 wkeen I condition i
e for some PE o if no PEs evaluale condiion us be
“yroa™ bun some PEs will be acrivatad @ A The sle
clauss, B, 15 execuied when gy PEs evalused condfiion a
“Ufalze™ oy if o PES evalated condiion it "fala'" buta
eastoneFE willbe actlvaied inB,

Todewrmine if any of the PEs will be atGvaied fnAoe
B, the C1F moutine FE_acivaied() uses the ART o find =
addrss of the sarrent f conditlonal snd e retum addnesses
o0 the run-iime stack v dessrming thacurment dynamnic fo-
gram bocaricn, The address gf the & conditional ang the
dynamic program location am ihen hroadeast o the acs
ﬁwﬁs{mﬂﬁnﬁngﬂmm a0 activa: them iem-
porarily for thie operuion), which use the information in
their suspended st 1 5ee If they were interuped during
exception of A or B in M., IM'so, PE_anthvaicd() ntums
i eehEroriee, it reoomns ks

Tha added compuatinn farsach conditonal isanother
sounceof mefbeiency for 7. The impaciof thisedded over
hezd is dependent upon oty many conditiond saemems
dizable all aclive PEs. This aumber i applicition dapen-
Jerdand canmnol be deterriined sutically,

InterPE communication in S, . also has added overs
head. Bacauss the FEs are nounecessanly actvaied at the
same podntin the program, ifntée-PE messages must be bal-
fered. Some PES may not have reached the poim inM 4o
where they read sam 1 them. These messages
mustbe beffezed in 5, undl the PES read them. Furtheér-
more, e orfer of e messages in the boiler is rot known
andthesa messags identibendon protoeodis necaseary, The
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overhead associmisd with SPMD infer-PE tansfers ar
sherefors rexarned in STV mod s whiphe 5o Sxocoes,
Becanse: of the oveshead in 5,2, # it desirable 10
i 05 a5 ywickly o possibl, Howsver, the PEsausthe
symchronized before this happens. Synchronizalin 1x
guaranesd when all the PEs am active, and 5 Isnoiio
the seope of 5 mens condilions L AL Lhe pime of
e inctrmope, My compoies whehs Sy o will be hahed and
s stats mapped © & state in 8.4, This is dezrmined by
finding the interrapésd PE ptate in &f,., dhatcorrespoads to
e site i Sior that is “fardhiest from the beginning ™™ of
Sn,- This iz dome the zame woy the ““closns™ state was
frond. Once the **Farthesc stape is found, By determines
which of the imemepudble Jocations is noL within & meno
eonditional loop i 5 that s af or past the “famhen™ Joen.
don, Fod 1hds locauion, a nop 5 winen avey e golo SKEP
inerucion, the list parameter i epacifed I need be .2, 5F
any PEs will be activated hea), and the remnap fag, vemeop,
is sat When sctiete_PEs() motces that all tee PE3 are
};Jiuud and the rerap fAag & ser, it invakes My o map
o 108 . The mapping from 2 docation in §° toalbealion
in 3 §5 just & maner of referencing the ART, § haz no added
overhend owing 1 the semapping procedure and can be ar
sficicmaspossible
Congiderthe Liews complexity of synchronizong al! te
FEs. Hy mostconstroct a list of all int=ruped Iocations in
Af, which would take in the wors| cazs & (P} ime. Then,
whepever acivate FE={} it called, i1 checks which PEs oo
the liz shomld be acdvaied. This is dome by comparing the
reoum address valoes and PCvaloe of the Ol aibaseof the
PEs" individoal inerupted staics in M 1. This il te max-
imum submowdne nesting depth in M, ic 4. this lakes &
warstcase (7 () ime (checked by all nonactive PEs simyl-
wneousty). Adso, for exch condivcnal mmemene in 5y
wwhere all acuve PES are disabled, 2 (d) comparfsons cike
place. Suppase the aanber of uchcandidonals specuted is
Meond, then an overbend of & (2N, it meurred
Finally, w0 desermine e pofer 21 whlch 5p. should be
0 5}, the ' farthest as"" from she begionjng of
it Doeds 1o be Found. This wiuld 1ake worst case
0{d-lpgF) dime (zame a5 finding the sening sae). Thus,
the Lotal worslcase Brie complexity iosymchronize Lhe PEs
0P +&-logP +d-Neond),

4.3 Specifving Ha,

4.3.1 Overview

This subeection specifies how Hyy Miaps the stz of an
interrapie:d SPMID program, My, joa valid siardog s@n of
an inwsrmediaee SIMD program, 5oy  and twn how & stats
msgﬂmMManmimm
§ 0% S1 =M 1 (recall 0 isahe inad s1aie of 57, The dls-
cuseion is divided inty hese parts: remappiog the siack,

moving daa, and realocadog e negisters. A wors-case
time comphericy todosah i piven.

4.32 Remapping the Sack

Torxzpdeanck from the SPMDPE: o bcth the CT)
and ¥E: in the STME tachin, the SPMD machiae's PEs’
sk mwﬂdmm:smm machine s 17 and FPEs.

The of the SEMD PE stack thar geis copied 1o the
mﬂ:mﬂamwmdlnmlm
abits, mone paramcwys, and the subvoyling reoom

:ddmses. msmmmmkwﬂlmmmswhrmm-
porary and local variabies, and pely paramenss. Dnforma-
mmwmwmm&ﬁmd:mmm by
moeng variable is kit in the 55T {Sobsection 4.1} The
SPMD coule subeutne meum sddmsses are mapped o
comesponding SIMD codfe addresxes wsing ehe ART.
Frame peinters for beth the SIMD CU and PE stackes ean be
derived fram e SPMI? PE frame pelnier. Anexampls of
remapping the nack is shownin Fig. 4 (resall in §° all mone
variabies ant- made poly wasiatiles). I the PE sk has coize
mmm:tmﬂumdp:ﬁepﬂrmkmahl&s the
WorEL case time cumplnlty requins I remap Ky s1acks
ﬂ‘mamlnﬂummalmsmuﬂ? {crze + prire))

Lrasrradinis

SRYT [ KD (3] S (5)
FE sack CU annk O e
l?"'—m.....'l =y men
poly parmly VL [ rhan EnilTab frit
it g PE suck 3 Ipqktion
o locicn Ve - mumhiq
ViR Mackbs PE sumtic
s oo ey g ey

It p

perty exn perere

Fig. 41 Remapping ihe sack om A o 5 and from § 1o
§. ns looation & die neten address and frame ptr sands
o Eroig: pomer,

4.1.3Moving the Dala

Becaose Fy 15 8 TWE s18p process o5ing &n ineermeadi-
ate SIMD progzamn, 5, wiich has o meno variables, all
mond variables in M mus be meaed aspoby voriables in 5”7
Consider & poinier o 2 global of dynarndeaily allocated
monovarisbls mAf, If the mono varishbs hasa diff=r=nt vir-
(ual address i 87, the poimer would peed 0 be Tmmapped
accordingfy. To avgid this added overhead, By maps (he
mon varkables of the SEMD program o the saonme vimaal
address focations in £, sven thaugh £ has ng mong vari-
ahles. Thisizzhownpiciorlly inFig. 5. StoriRgpolydatain
what i5 normally a mene dals sEmedtmay presenla pob-
Iunirmawmﬂmunfmsmdcdcmmfm
NSO iron apereLes on poly variables of song variabies, It
is assomed, however, for the STMD virual fnechine wsed
here:that samething char than the virtual address isused wo
specify operations on paly of mons doia {22, the opcade
for MesFarMP+1 and FPASM).

‘The second stenof the mapping aecirs when st in

wage




Tl i
ARl M)y BT ) »D 5
KEREL EERNEL SERMEL
....... s ] BTG, L UgER

Y FOLY HLAF FOLY RRAF
G HEAS FOLYHEAF | MM HEAT
TOLY DATA —t | PFOLY DATA FOLY DATA
ROHHORATS, | — FOLY DATA |t MOHIDATA
T Cxie] TNl TERTIC=4

Fig. 5: Dana mapping From M 40 £ eod fram £” 0 5.

5,7 Emapped ton siate in 5., Both §” and S axiston the
same SIMD maching, Thus, the same virual address apads
can ba shared by bodh programs. They can alzoyss the same
pags bks, Oaly mono data needs 1o bs mived from the
FEs 1ot CU and 1helbr page rable enrit: e mapned dusing
thizsiep,

1f the pomber-of mono and poly varishls dals byes ie
Cearg and Sdas, respecdvely, then the tme complexity 10
move thedaa fiomM ws  wiksG (P - (Fdawe + Sdara)).

4.5 .4 Realincating Temporary B

Registeruzags in 5,5°, and M may differ significantly
from cach othes. ‘The reason for this i3 that on an SIMD
maching, soma pgierers axic) o the CU and oikers on the
PEs.Tﬁ:n:g's::nmdﬁﬂJmmmﬂfmpnhrﬂrhhh
aperations. On dve SPMD machine, all eegisiers are on the
FEs and thusany register can be used for pely of mam vk
able operations. H ¥ possible to have the VPL compiler
slorz, inthe ART, tsmporary memary Lcadkon and register
mappings {demporary emery Jocalons are azsumed 0
exist ;1 ghobal memory and o in the $1a0K). A complier
kecps wack of duw iformation slored in negisters and tamh-
porary memory focationsas il genecaies andoplimizescode
[1], and coukd encede the relevan pans of this informaiion
In the ART of all e programs. ‘This informatiancould ten
beused by Hy, womapihe values pored inregisters and 1=m-
POy ME Jocudions ot an in pointindf .;i0a
valid staie in 33 - and Brom 2 state in 55" I0asttein 3.y,
whene 5, 5%, and M afhchenly ose the regisiers on the SAD
machine and SPMD machine, However, if some dogres of
register wsage <mulation {5 done in sither § and M, simple
MEappings may sxist,

As siaed in Scaon 2, the SIMD machine has Cregz
registers on the C1)and Sreg régistees on the FEs, Funber-
moe, the SPVID mackine has Creg +5reg regiacrs on i
PEs. If Cramgr and Shewsp temporary mEmory kations are
used for mona and poly varsables, Tespeciively, the ims
comphkadty 10 pedorm the meghiler slocation iE
QP {Creg + Cremp + Sreg + Stemp )y, This & the dme 10
move the rgieer and 1 daia between machines,
and does nod Inckde th lime s d the mapping berwesn Lhe

SPMD machine's regisier =01 aod G STMD machine's

regisir g2l The ing Ume is mxpevied 0 be

O (Creg + Coemp + Sreg + Seemp) (L., paforming & abls

Jockup foreath nigister o s porary value).
ESUMMARY

Ferr Eauli-tolerance, loa:l balancing, of varous admin-
istrative reasons, a lask may nead w be nigratad dynami-
calty berween gn 5TV virual machine amd an SPMIT vir-
sul maching, The mapping, &y, froma incerrupted piintin
wn SPMD progzam o o wizhle stare i 20 SIMD program
was presanied and the asympiodc Hms complesity was
given, One of the astum ptions made was thal the bk 1o be
migratsd was Foded in a mode-independeat programming
language {&.g., ELP, iPF, Paralaion Lisp, XPC). Hy, par-
forms 2 iwe sep mapping, The fira step maps the SPMD
program to asamewhat ineficiznlintarmediate SIMDY pro-
gram and the second stepmaps the intesmedae SEMD pro-
gram L & bnal STMD program. The inrodocoon of the
inkrmedise STMD program was found msefd 10 mees the
requircment that when dhe SPMD program isinenupted, it
ismoved “quicidy* off the SFMD machine. Thesaes of
the PE5 ars syhichmonized by the inermediae STMD pro-
grambetor=the final EIMD isimvnked,

Tolimit the scope.of thizpaper itwas assumed that the
hardware configuratios of ehe SPWD vimual machins and
SPMIT viniual machins differed only t0 support e dif-
ferent modes of parallzlizm. Ahhoagh this is not the cass
for ost sxisung SIMD apd SPMD machine pairs, the
asmmplion it appropeiace for mixed-mode machines (e.g.,
OF5ILA, PASM, TRAC, Triton/L). However, the goal of
the poper i3 13 salve pant of the more genesral problem of
Ziigraling B @25k bawesn twio zrbitery SIME and SPMID
machines. This wirrk i5 560 a5 2 necexcary siep ih salving
ths more geoeral problem in the el of heremEensons
COMPuLng.
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LOOKING UNDER THE HOOD WHILE
DRIVING THE INFORMATION HIGHWAY

Ed Krof, University of lilinois

Td like 1o atk about the Internet today, My approach will be 1o tell you a bit about what it
is, how iﬁwmdmdhwmmﬂ,butatmhpmmnﬁi;clg:mHMd wavin
explanation of bow it works as well. It varns oul itmzay be big concapts behind it are
pretty straiphiforward,

The Internct §5 a large noraber, over 20000, of networks who bave all 1o wse the
mebaﬂcmhmhg}rmdm?eachnﬂmtmfﬁn. For the end user, this means thet if
you are connecled to any ane of those petworks, vou have access to computational e data
resouttes oh amy Of the others.

Thers is no central control or chief operating officer of the Internet. Each neswork is

dently run. In its original incarnation if 2 network wanied ic becoime pant of the
Intermed, it would be conpecizd over 2 dedicated datz communicstions line. 1ers,
neeworking nodes on the joiring network woudd send a message 1o the closest neighbor,
saying that it knew bow 10 get 1o and would act as an ageot for a list of now networks.
The neighbor would ‘gassth:smfonnaﬁunun until fairly qpuickly, the entire pet would
know how to reach those new networks,

This model bas 2 numbsr of consequences, tha maost basic is that we have know idea
exactly how many people or computers there are on the Internet. When a networic joing the
Inernet il can be counied, but the owner of that network did oot have 1o register or ask

permission to add any of the computers on 1. Each of those computers may service any
numher;fﬁﬁlopla. again we don't lnow how many. Estimates of these numbers run
abow 2 million machines and 20 million people.

The growth of the Intemat has led o 2 slight change in this mods] for route acquisition,
Consider the problem, what i a pet tells its neighbor it can reach a network buf il really
2ant? In this simation, communi¢ations destined {or the ssphaned network pour into the
netwark claiming a coomection and they are lost. To get around this problem, many of the
major transit networks of the Inisroel maintain a believability datzbase, which says which
announcements should be believed when received by the transit natwork,

S%Wﬁhaﬂﬂ}hﬂﬂﬂnﬁ;mdﬁﬂmeﬁ@E‘u?hhmWhalEare-thﬂpmpeﬂiﬂ.ﬁ
which ra t special? major propecly i3 that it is peer to peer. Every computer on
the Intemet ean gither be a corsumer of 2 provider of resources. This zllows resources 1o
be made availatde for really stmall clientele, with no necessity for their sconomic vizbility or

Pprofit pofential,

The sccond property is that what is provided is a comtnanications pathway, with alf the
Smarts in the: peer machines. This the end machines (o do experdmental hings and
in fact improve over time. Al it takes & new software and there is new functionality.

To understand bow these peer machines comrmicate, consider the global postal service.
It's an intamat, too. You can sand a message from the US to France withéul aver knowing
the wndeslying wansport. This works becanse the postal services have apmeed (o act as each
others agents, agrecd on a standzrd format for handiing mait, and will pass messages cleser
10 & destination aven if there is no direst route.

The Inteenet is the same. The agreement is the Ineemet Protocol (IP) which specifies the
format of an envelope for a short packst of data, usually less than 1500 bytes, and an




address format. An applicabon on & computer merely has 1o put its message in ooe of tess
packets and address it correctly. The Internet will take it and afteropt o getittoits
destination.

Of course we all know the stereotypical stories about the post office being an voreliable
delivery mechanism. Tbad:il?cﬁteﬁafmmemmmestheme. Al any Gme an
IF packet might get Inst, or defivered put of sequence. A basic TP network is not 2
particulacly useful communications tool

To fix 1his, the Transmission Control Prowcol (FCP} is usnally ran between the application
and the IP petwark. Tt assuces that datz is nted in the szme order to the receiver as it is
gant, and that all miscing or corrapted are retransmitted. So 10gather TCHTP gats
vou 2 reliable byt stream betwesn any two Interns connectsd computers in the world.

Most peopde don't get erthitsed by meliable byls sreams - want 10 do real work or real
science. Doing real work on the Iniesnet involves clisnts and servers. Clients are pieces of
software which are manipulated by a hurnan to do something useful. If necessary clients
CONLICE $2rvers Across e pet 10 provide them with resources required to do the humans
bidding. Everything on the Intemet kappens in this manner. And. one of the benefits of
this type of computing, is that the server can handle requests from a varety of pladorms.

In the late 60's or early 7)'s the original applications on the Intemel were hammered out.
Thess were elecironic mail, remote login (tisoesharing across e Intemet), and file transfer.
Aswuwpkﬂﬂmemwmgmgl&ﬂwhudmudmmmepm.m
applicaion were command ling driven,

This is where the Internet’s development faltered, The first problem encountered bes been
finding the resource wo access. In its earlier days, the mejor means of finding resonrces,
was buman networking 10 support the Iniemet. Feople weuld go (0 conferences and
mectings, hear about good things, and write down their location. When they retamed
homse, 1bey canld use their new found information to access what wes these.

This Is whers the othes miscue occurmed. Since o client program had to be writien for each
piatform used, developers could have designed it uge the command stracture of the Jocal
machine wherever possible. This would have allowed the users knpwledge 10 be applied 10
its pew found 1asks, Rather, they wrote @ set of global commands for the Internet
applications. Even if you were quite compelent on a TOPS-10, Unix, or an IBM machine,
you: had &g learn "fip* 1o use the naiwork. It kept people from trying.

ks only beer recently that fhis trend has reversad. Now we are starting to see clienss,
which use the intrinsic characterisiics of the speciiic compuier w0 do neowork access. Tiis
mezns that anyobe compeient on a Macintosh, or MEcrosoft windows machine, can wse the
Internst in & manner thak they are familior with.

Another wend we see In the development of rew applications is a move to integrate just like
the evolation that occurred in the PC world. The PC staned as something that coudd run
BASIC. Next, paopls developad word processors, spreadsheecs, and graphics ﬂagz&
You could wrile your e2xv, do your calculations, and make graphs. You would then have
mmmmmnmmdmmﬂmmmmmw Now, there are
imeprated packages that aHow you to 4o all of thase things and peint a finishad product.

Thusmeﬂling‘;wmingmﬂmlmem We stasted with 4 bunch of discrete low level
tools and have our way up ko tools which allow you o find a resource and say pive
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me that, and it appears. Inwerestingly enough, these new tocds wers so simple in concept
thanheymokfzgemmhedevelcped.

The first of these 1001s which hrought the Intemet ot of the realm of compueer peek and
allowed its use by the common computer liverate person was gopber. Gopber is 2 menn
orientad o0l for delivering prmnapily wxt files. It starned owt a5 a campus information

at the University of Mi In the course of showt 3 ygars it has gone from one
site to well over 1000 servers,

A gopher client prasents (o 1he vser neenns. This is 2 screen fror Tuwebogophber on a
Macintosh, but it dossn't matter. You counld have accessed the same data frooo just

o= NCSU's “Library Without Watls* | Se======1J|

W Internet Gepher @i991-1992 Uniueraity of Minnesota.

fbout KCSU's “Libraoey Uithout Halls"
@ HCSU Llbrarie= Informatlion Syatem
ClRaferance Desk

[Study Caprels (organized by subject)
CIElectronic Journals and Books
Eseftware Toois

(2

1@

O a7 A s

about any type of machine, including those with non-graphical displays. Notice thal eve
Line has a type icon to its left, The documents are documents - if you click on thal you wi
see the docaraent. The folders are sab-renns - click one of ther and anoiber menu
appears. The computer icon is a timesharing resource. | you select it gopher will
avloroatcally remale 1ogin to tal resource.

How docs this all work? Notice the similarity between a [ SCTVET 'S MERY Sucare
and a file seructure. A menu is sirilar 1o a direclory and are files. In fact tha's the
implementation. You run server software on 2 ﬂl;lgutﬂ somewhere and point it et a file
strocture. The one imeresing twist is that # by wli displays filenames and dirsciories as
menu flems, but if you define a "dibes” file it will substionre a human readable dile for a

Hm-lSmd}r Carrels {organized by subject}

Pon="7{}
_Path=1/ibrary/disciplines

=
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l.anguagal

Host=dewey.likncsu.edu

There is no long tem relationship between a gopher client and a particular server. When
¥0u access 2 server it sends your client a meno and some hidden data which iells your cliem
how to 2ccess the each item. That itern may be served from the same or another server it
doesn't roatter. When you choose another itzra, your client will contact the host specified
unlhegnspaciﬁﬁd.mdaskfumepalh. This will return something to be yied
depanding

oft the type.
Thar's how works, but the engineering push for simplicity also limited its high end
cepabilities. data displaved is a file of some type, horrmally text or a GIF image, This
makes it quite 2asy to make 15 available, bot there is no read way w have imbedded

irnages and other types presen: problems.

The alternative to gopher ix to choose the hipher end, bt more maintemance intensive
technology of the world wide web. It has been around Jonger than gopher but has always
suffered, because the docoment preparation time was grezter for Hite payback. The
reformatting effort necessary o add hypertex| links ta oiher dotumenis was just not worth
i since whal you got end looked a bot like popher. This lack of payback was dve to there
being no display clients. With the advem of a client called Mesaic this has all
changed. Mosaie, from NCSA, js the best of the WWW browsers arcond. Allowing
multimedia gresentation of audig, pictures, video, and text in a complere package.

Web documents are prepared and stored in an SGML derived markup langoage call
Hyperiext Markup Language (HHIML). When 2 client requasts a document it is returned in
raw form and formanted by the clienL This allows the clieat 1o do formatting in the best
possibie manner for the display provided.

This is a display frots Mosaic for 2 Macintosh (there are X and Microsoft windaws clisnis
&s well). Notice the variety of texi formas and the thumbnail sized fmage. This image is
displayed and should the user wani to pay the time (o et 2 full sized higher resolution
image il can be fewched by clicking on it
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http://lib.ncsu.edu

= Flle Edit Dpifons Nevlgate Annotefe Hotlist

e ——— e Torms osis R )
-g Q| & |G| [Fasiomatesis v [Feyword |i

LAL ntpTincyredinlags Uiowa £ 0u/Tad TR/ TeXt/ecrap Rl et b hmd |
D4 Transfer Complete ™

=r Tr T*

Pathology:

Tiw Iryngesd and thehedd Baions s tplesl pupiomaa Sathare o centnd coppectyve e anlk
s Viood aupply which i covered with mandied aqnamons spitbetivn,

|  TheTong kelomo vary m2ze from 20-30 2quamerns cells St mvchve 2 Do shvroli i exvraing
Jeaiemy ut may be setend pestimaters dn Sionedey The squamone cel ut the penphery of & g
Tetion Envade abval by dimct exension. Pimass may be teen

Imaging

I

mmmmmmwmm.mmmmummhmuum :
3{| dme. The majority ol the Jeyions end v choey pogedody in e chest leadlng credence © e sl |

The ability to have a link in one document to another of arbi format is the ey o its
summmdm&sumdﬂmﬂﬁfamﬁanmhcﬂwﬂ}.hlﬂi&m 1emet
standard method to describe the location of a particular document and the service
10 access it The basie format of 3 URL is a character string which begins with 2 service
name and is followed by saroe service dependent informadon, Mo y this service
dependent part will bock & lot like the gopher data stracture we looked at previously. For
example:

hitpindy.radiclogy.niewaedu/ad/Text86Papillamatosis. htm!

consists of a service "hp”, followed by the name of a machinz
“indy.radiclogy.uiowa.cdu”, then name of 2 fils pach end file name.

Hitp 15 the name for the Web's transport, £o this 18 2 WWW resource, The suffix " hitm]"
says this is in normal Web markup language which needs to be interpreted by the cliznt

Leis Jook at a bit of the HTMI. required 1o produce the above docurment.

Lhonse

} -

</H3> &

Radiograph shows rouliiple nodular lesions,
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http://indujadiologji
http://uioma.edu/rad/ITnVTeKt/e6Papillomatosis.htmr
http://mdy.radiology.mowa.edu/rad/Text/86Papillamatosis.html
http://indy.radiology.uiowa.edu

L rornge

ﬂ m .
HREF="http//indy. mdiology. uicwa edo/sad/f TTR/Radlmapec/papillomarosts. pa
ipg">

M - N -
5RC=“hup:ﬂ‘mdy.rad1olng;-,r.umwmdnhaﬂrn'R!Radlmgwpapﬂlmmm.paic
on.gif">

<A>The likelibood of cavitation increases with time. The majority of the lesions
tend to cluster posteriorly in the chest lending credence o the 2erial disgernination
theory.

This section of decomant starts with a paragraph marker (<F=). Then it puis out 2 level 3
section header beginning with <H3:- and ending with a </H3>. There is some tandon text
followed by some poiniers to other documents between the <A and <fA=. The string
baginning with HREF is a URL connection (o another docoment Er conld be 1=xt, andio or
a picture. This happzns to be a JPEG gaghﬁ: image [ﬂmﬂndinégs ™). The inline
thurnbnail image is located through the following the <M . directive. After
the </A> follaws some nommal text again.

So vow we see bow the Interpet hangs together and how you might use it. Now lets think
a linde about the challenges facing It ﬁrsuﬂremchmiclrg]y is neat, Ii.lntdpecpleduu'tmﬂy
know how w0 apply iL are applying il inapproprizicly by trial ezt t)rpma]]fy
building a worse mousetrap. H you consider the madical resource early, agk yonrself why

should build that. They are predosing a rmedical iexibock which ¢an only be read
while you are seated 61 a conpegted compuiee, If yon want 1o swudy a1 the beach, you can
only do i for 2 bours and Jose significant resolution, Gramied the technology will improve,
bul al this point its 2 waste of fime.

Currendy, we are in the trial and ervor phase of deploying Web echnology, Not only don't
we know when it should be deployed, bul the actual format of these documents is also
being hammered ont  Curmenily authors den't reatly know when znd how 1¢ include
images or when 10 inclode links 10 other resources. Many web documents have 50 many
Links its like reading & magazine article with Jots of side bars - there is mo obvious way 10
procead through it. The course will become more apparent 28 more documents get writlen,
read, and eritiqued.

Another problem we have is thai the caliure is biased ageinsi online resoamces. Libraries
work pretty poorly, b they are olerated. ll'}rnulnok:lpa book in the card catalog, and
then proceed 10 the shelf and dow't find it - you wens unlucky. If you find 1 netw
resource and try 1o cornect bul can' acvess it - the network doesn't work.

mlcfwgu ahoul how 10 do research in an onling environment, Traditiprally, if you
io Jeam about & new topic ane of the ways of doing i2 &5 w pet one article and look at
the references. That roethad] works on the net oo, especially in the WWW. I people find
ooz docurnent they like, it will usually have links eo others. People just refuse to do the
game old staff in a nerworked environment

There is also a problem with citability of online resource. How do I know the aathor is
authoritative and how do 1 now a work has not been and will not ba aliswed afiar i hac
been cited? This is purely a wehnoiogical problem, solved by deploying digital sipnatmes.,

Finally, there is support inerga. As the Intemet s Jarger and larger, it ge1s hasder and
harder tg do both support and expérimentation. You need 1o sectifice technolopical

solutions in deferenee to the installed base. And, you might nesd 1o slow deployment of
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new 1achnology becaves having many versions dﬁﬂowdmmmmmh of a suppont
problem. This in fact will culminate when the NI is deployed because the software will
probably be locked in silicon.

In conclusion, the Intemet is 8 communication pipe usable for whatever yon want. There

are standard things to do, but you can wse it 1o do any kind of buman collaboration o
compuwter colleboration you can imagine.

143




144



INTERNET DEMO

Tom DeBonl, LLNL, and Dale Land, LANL

The Internet:
“Takin’ her out for a spin
around the block”

define: Internet

The Internet is a Global interconnection of
some 30,000 separate, autonomous networks.
Many of these networks are outside the
Appropriate Use Policies as set forth by the US
Government. There are no uniform laws that
direct use and misuse.

The Internet Society has been given
stewardship responsibilities for this Global
Internet.

Your mileage may vary.
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The Scenery

Basic Functionality

- Remote login, file transfer, remote process
communicatlon .

Services and Servers

— E-mail, FTP, USENET News
Information retrieval agents

~ Gopher, WAIS, Archie, WWW and hypermedia.
The “Killer” application

- Mosaic

Inter-human communication
- Multicast; NV, VAT, and WB

Basic Functionality

+ Remote login
- Virtual terminal sessions with non-local computer
» File transfer

— Machine to machine file copy
— The baginning of moving infermation, not people

- Remote process communication

— Fundamental for all uses to come
— Building block of higher level services

=
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Services and Servers

« E-mail

— Asynchronous person to [one, some, many]
— Straight text initially, MIME to the rescue!
+ FTP

— Scalable, low-cost Information distribution

« USENET News
= Thousands of global bulletin boards
— Over 6000 subject areas
— Infinite time sync for the undisciplined
— Dpen ended {echnical advice from experts

Information Retrieval Agents

» Gopher
— FTP cllent/server palr
= Stataless - less impact on server
— Visual - more impact on the user

+ Archie

— Filename search sarvica - use it to find which servers
have named files.

— Database built by automatic monthly combing through
anonymous FTP servers on the Internet.

- Queries to Archie are searched In iis database
— Querfable by Telnet or E-mall.

% 1a7




Information Retrieval Agents

+ Wide Area Information Systems (WAIS)
- Content addrassable FTP server search service
— Inverted by TMC,

— General keyword searches of servers and their
directories.

« World Wide Web (WWW) and hypermedia.
— Integrates all of the above services.
- WWW protocol defined at CERN
~ Hypertext + Multimedia = Hypermedia
» Hyperiext - semantic network overlaid on linear text
» Multimedia - multi-me<dal data delivery

The “Killer” Application Mosaic

« Developed by NCSA - freeware
— Available on MAC, UNIX / X11, PC platforms

+ Implements WWW protocols with pleasing
user interface

» Provides common interface to FTP, telnet,
gopher, USENET News, and multimedia
applications

« Responsible for large jump in internet traffic

« Home pages are appearing with increasing
frequency -or- more info available daily

+ Demo (with any luck atall...)
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Inter-human Communication
Teteconferencing and Telecollaboration

+ HNetwork Video (NV), ¥V Audlo Tool (VAT), Whileboard {WB)
— Davalapad by Van Jacobson al LBL

— These tools usad In concart pravide a glitnpse [nto the
future of Hit based human communicatlon.

~ Network TV (exampie = Los Alamos braadcasts 1o the
Internet Clinton's vist there]; viewed on SPARGSIAlioNS
af LLML

— Imernet Radio uses this mediom - also avallable for FTP
using sforetmontionad technologles

= Mullicast (1™
=~ Foundetion for sbove technnlogiag
- Breadeast lke radlc - you “tune in" to an P address

Aside

+ Combinst brldges are a good solution to the “last mile
problem”

« Pre-requisite; switched Digital or ISDN service misst be
available in your area to make use of this technology

- Bridges two Ethernets across digital phone lines
« 2 basiec flavors -

- ISDN Basic Rate Interfaca uses bandwidth of hoth
B-channels (64 kbps each}

— switched 56 lines uses bandwidth of one or two 56 kbps
{ines

+ Costs "about a3 much” as a modem
+ Offers 5 to 10 times the bandwidth
+ Inactive use at LLNL
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ATOMIC/MYRINET - A NEW
GIGABIT LAN TECHNOLOGY

Danny Cohen, Myticom, Inc.

Overview

(« Past

ATOMIC [USCAHSI)
« Present

Myrinet (Myricom)
= Performance

Cosmit Cubs, Mosait (Caltech)

oy

Nty

» Conclusion

Mwtaris . B HAI Farde B Frrrek, Aribd, G e

Seitz’s Cosmic Cube

[Early 80’s]

[ L T e H%

Mosalic Caommunlcation

BEDBOOBD Self-Timed B
- B 2x(S00-300MbS s}

X-then-Y
NB={+5;‘ 3} Wormhola Routing

Indafinita Langth

B89

Tl Bt P ek s by s, ey s, N B

e

51

=%

Seitz’s Mosaic

-,
rﬂﬂﬂﬂﬂﬂﬂ-}ﬂ

g REE
BEHO0EREEE
DEDBboDBaR

128x128 notles
Mt

M e B R Pem ks Premrs fenalie. SAHI-

[Early 90's)

s

Distributed Comm’n

r;ﬂ#&ﬂh: uses a toially distributed A
communication, both for routing
(by using atateless switches) and
for data transfer.

Speed implies Statelass;
Stateless implies Source Routing.

ey s

Pty L g Kty iy s, gy, o e (1




USCASYrs ATOMIC

rATGﬁﬂC is an extension (and
expansion) of the Mosaie internal
multicomputer communication,
with patformance similar to that
of system buses.

Large “backplane”,

mnnt small WANI _

ATOMIC’s Components

r T
(11l
Host |-  1e-Port|—
Interface 1 Switch[~
i
Lﬂﬂrﬂmmmu "'""'%

Problems

-~
1. Tepology (incomplete meshes}

2. Lonper distances
3. Host intarfacas
4, Addressing and Routing

ATOMIC solved these problems

A backpiana Is not a LAN!
k‘-—.-.l'lﬂhurn

N, des I kS Ry i, B, il e 11

=

Landguage

ATOMIC LAN

iy a ff e by T —E

\ e Mtltiple stars, copper)

ATOMIC Switches

aenao ool switches or as 32x32

Tha boards are “mass-produced”
for the Mosaie multicomputer, and
are available at lew sost.

Erixin =
g, s, el ke B ey s s, Sk il St 10

Protocol Level

(ATOMIC is a Link Leve) protocol )
{217, same as the ethernet).

ATOMNIC supports IP directly, and
everything above it, such as TCF,

UDP, FTP, and the |
socket interfaces. TCP| \UDP
(No need for any P
Atomic Adaptation

Layer.) Arosre | | Ethem

it Bl BN S e S e, Pt 8 Pt
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Host Interface

' oy
-] TEP, usar muamory, 20 MbHisec {5-2)

v

2 1 Keme! mamory, 42 Mblsec  [5-2)
7 Raws ory, 378 Wpkiams) (4120
#7Mbk#G channsls, (600 Mséc - §130)

The standard UNIX is not dasigned

for high perfformance natworks.
New appreaches are badly needed,
\--nmnm- &

Foricm, o ¥ Barisy iy Sefa Mevms, Mol K HEO maas 13

Addressing

(ATOMIC doesn't have addresses, |
ft usas Source-Routss 1o dirsct |
pachkets to thelr desatinations. [
This allows switches not to have
any routing knowledage, and to
ba very simple {simplicity brings
low lateney and high data rate).

w
Hyfres, a3k Bl Birkh Ll Lewas, e, L HEAL Mgl 15
Source Routing

' Ty
All the knowladge about routing is

at the hosts around the netwerk.
Non# is inside the natwork,

All the switching elements operate
with the [atency of one byte, 18ns
{on 500Mbls channels),

k—mm'

3
mprieen, bt Gl et fanis Al Sevien, Libeia. G e Aai 17

=

Language

Direct Mapping

{ - . . S
The host interfate is capabie of

“zero-copy” operafion: directly
fromfinio user-space, without
store-&-forward by the kemel,
This significantly improvas the
performance, (GGF's 40x factor.)

Mrchtytcom

Myrioam, e T Mt Jasiy it derarasn, v, 8 3300 e 14

AC: Address Consultant

s ™,
« Logically eantralized, wfundant,
and fault-thherant procass
* Finds the natwork topology
* Provides Source-Routes fo hosts
» May provide Qo€ (high load streams)

* Monitors health {self healing)
+ Bupports mulficast and broadeast
k'~--.N1|1'I=n-|1'|n - J"i
Moalom, Y TR Hents danty. duby, by, Ry, 1SV et 16
Reflection
r =,

Keeping all the routing infornmation
outside the natwork, in the hosts,
does not acale to large networks,
but works very wall for limitad
networks, such as LANs,

l\-.mnu-u =,




Mosaic Performange

-
Singte Flow, programmed O
VME at 30MHz = 430Mb/s

Byielpkt [Kpktisec| Mbltis
4 788 25
54 475 | 205

1,500 | 37} 450
L"—-thn A

Switch Comparison

1 Wpkt's | labency chan switch N
(nz} ’1 {Mbls) | (Ghig)
AN 2 | 2000 00§ 1.2
(12x12)

vectar | 14 700! 100 | 1.6
[16x1E)

atomc| 31 125| 500 13
iEx8)

_— All measured ),

Myricaw, drm. Z Merlh Rarde Aeis Aemm Arpyaly, B3 A kil 21

Intra-Computer

 ATOMIC may be used In a uniform
way both as an intra-computer
extensible bus and as an
Inter-computer ..
LAM. [Like Diraet ¢
Inward Dialing.)

Effactive for Clusters
{e.g., PVM).
L

Npfimt, bul T M ks el Sraos Loy, DR HEW s 23

=

Channel Performance
e ~
Multiple Flows, programmed IO
VME at 25MHz = 400Mbis
Flows |Bytelpkt [Kpkiisee| Mbits
8 45250 | 168
2 54 | 783 | M3
2 1,500 331 | 405
Nt et
Reliability
r Ty
Owar pata (40 95) bit transfers

oceurred without a single bit-error
er a packet loss.

{P.5., the program was verified)

n«r::. L i gy Sk g A, T4 W unuj.'ii"
f' Ty
Myrinet
L—“:T::. T Mharlls Wiy Ay epirmee a4 TR M“‘Aﬂ




Myrinef

I.l' Ty
A refined commercial verslon

of ATOMIC, built by Myricom.

It uses higher performance
components, at abaut $1,500
for a Gigabit host eonnecfion
{mcludmg share of the swmeh}

The People - 2
fRabart &, Ealdwrman ™
ambat of e Tachnieal T
UCLA CEPRD. 1311 Marshirheir ol U5 CAS 1ML
[ LTI Er EagrLmmIng.
“Man E. Ktlawdk
Wi Daplan Briipinr

Caltech EE B.E. 19T Reyuwrch Enghtbat o Todta oy PR
Exporiiia; VLI giaalpn, slnctrieal prghwing, vymnn dekn,

. H Wﬂlﬂmillm
Exprtits! Bycim eiion, anilicrmpria ograin', VLS orilgn.

y Mczalc+ ATOMIC lsams foundad Myrlcom

Wyrioem, i PRI DA A e, AR A L

Myrinet
£ ™\
Myrinet uses more robust
¢channels sultable for several
physical media, coping with 40m
delay, with CRC on evary link.

DMA based, smarter interfaces.

Shipping in 6194,
k-::.m#m —_— = =

R, ok ik i, i sl s, Iy, G s 20

=

e 27
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nguage

The Pecple of Myricom
fCharks L Seitz N
Fmaldenl & Sanaial Barogpsr wi Wyrisem, n
-'rnw.mu mvuw—mu Cabahs {WT743,
. YEH desigre
-Dungﬁml of Iiyriciem, e,

Horvand PIL 1960 Rrsraebec ol USOTH T N-00
Expeiiiie;  Coaompafor poorminiopfon, SORpEi Ry P
-.l.tienl .L I:Iu-.lmlh:

.
s 4B

Wy, b B Harkis Ravke Arkn Lrwss, Ao, K M-

Myrinet, an Example

gt Puk ZEk WL Bl S Lrwfan, b, A N

Myrinet Channels

The link protocol is called dialog.
Dialog iz openipublic.

9 leads, for 8-hit data plus centrol.
Start/stop hop-by-hop flow control.
GRC {(cummulative) on every hop,
Synch XMT {infext), self-fimed RCV.
80Byte FIFO on the RCV side {40m).
Timeouts and fault detection.

k“-mlﬁ'l‘lﬂl\ e

Wysicym, v T Mt By fualy dowhes, Soepfiy, Th KM
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Myrinef and fiber Protocol Level
[ Y {Myrinetis a Link Level protocol )
Digteg has contrat symbols (217, same as ethernat+ATOMIC).
{including starv/stop and idle) Myrinei supports IP directly, and
« Myrinet senders are sync'd and everything above it, such as TCP,
may use external send-clock :ﬂiﬂrﬁ; ?;f“a"‘::;';e TCP' UDP)
.Thmmr&, it 15 e-aﬁ? Iﬂ II‘II'&TI‘EEE {Nn nmd -Iar an}f " J IP
Myrinet channels ia flher. Myrinat Adapiation
r Layer.} Myticet | | Etbemet
h-u!jm-amm-_n:g -
B, sk 2 Barrife a0 M. Lvieurks, il s, EN it rireg- | Pynlabn, hn. 'THE Nerie Svle Jrv Mnnan, Ay (UL IH ApEH
Encapsulation Myrinet Switches -1
fayrinet-hdr Myrinet-tail ) (« Myrinet switches have 4,8,12,15,
kd 11 .32 poris.
& —_— + Perfect crosshars, without any
T interference ameong flows (unless
e -1 ! they have same destination port).
A :plicatiun dEtE a A“ pﬁns hm fﬂlr dctase
— =1 | (na head-of-the-ling priority).
WHMML Lnlrriml'rlﬁ=mww
Bt bt 0 Ry Bt v A S, L rurarg = Whrlcan, dat X0 R Bt vt e, i, £ ik L
Myrinet Switches - 2 Myrinet Routing

[ «The switches have no Internal |
memory {"stared state").

+One source-route kyte selecis
the out-port.

+Hence, they don't have roufing
tables that have to be Joaded,
initlalized, coordinated, verified,

and checked. kﬂ?-:ﬂl: [3’@;@%;[2"3}[5%}!#
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Myrinet 4-Port Switch

~4" Dellvered
r to destination
" . ! j
e, xS Ml By it s, e, E1§KON o 37 Wb, XML inrry e vl A, ey, G K H-"Jaa
Components Myrinet vs. ATOMIC
[ : TIT "y fﬁwitchu without state ~
Tr - - «Simpler routing through switches
ATOMIC e l/ »Hosts don't route {single

BEE independent eopnestion)
«Robust dialeg channels (faster,

L L ; 40m, FiG, timeout, GRC, meore)
Myrinet m = N-Port 3 »Interfaces support DMA
" Switch *RISC philosephy
u_ =l=_ ) -mﬂercially available 3
Iq;-.hs IO s, Wty Aree A panty, R, A P [ T R — e T weasa 40
Myrinet Management Myrinet Host Interfaces

FThe Myrinef Route Manager )

-
1 * Host interfaces match tha host
{RM) halps hosts find sach ofher I AeEs M3 o%

ed to t =,
(Ilike ATOMIC's AC). speed fo the channels
-The RM is distributed among all + They provide hardware assist
the host interfacea on the net. for Internet checksums.
+The RM uses MIBs fo report * They have DMA capability.
about the network. * gg:ﬁ. §Gl, HP, 1BM, DEC, VME,
uﬁ;‘“““““mm“m j‘h gﬂ.:“: O Pl Mok sy s, sy, £ | m-4‘!




Myrinet!Sbus Interface
e —— —— A

...

- BT -
k‘—.u.“ ot
R, o SON Harh Egtie, AR E La i, dnpy, (3 S w43
ra Ty

Performance

l'“'—_:.k,—- A 2

Ipici, ok, T e Eaba Al frewies, Akada, CA Y B W‘E

Store-&-Forward Timeline

( 3
L]
(=
=
’
Mynnef is not a Etura-&-Fumard net
mﬂé

E % Wpfibhh, Fal Bk MVET Rk s Sewin, Al Kb BN _"4?

The LANai Chip

(" Ty
Host interfates uses LANaj, a
derivative of Mosaic-C, with a
RISC processor, packet interface,
and Interfaces to local and to
axternal memories,
It controls the transfers tolfrom
the host's memory and fromifto
the Myrinet ehannal.

frm )

v, Bl WK Merth Sams el Averss, Remaln, £ HS Akl +H

The News

" Good News: ™
Myrinet Is very fast

Bad News;
Host are slower

Good News:
Myrinet can help the hosts

The hardware problem is solved;
but not the software problem.

h"--—_~m'|;|'|r=-umn - =

e, . T M R Al Frrevir, Meeails, GR MR deri-b "E
Cut-through Timeidine
r Ty
]
]
Cut-Throvgh reduces tofal fatency

T e — — =

Myrioam, Jug T Mariks fyuly dnky duwsa, Spopha, S AN part B
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Myrinet timeline

- =
T RS T )

I, B L MW lards s diriesm, s, E1 300

Performance {defn)

Performance depends both on
the per-byie and the per-packet
processing.

The time to handle a packet of
sizelLis: T(L)=A+BL

PacketRate= —— DataRate=—=

) T

Hy
R, a3 Foersh et Aniln oy rfur, Sewrie, BARESL aprnsi 51

Good News

{We expect our MyrinetSBus }
interface, SunO3S davice driver,
and modified proiocol stack ta
achiove end-to-end TCRIP and
UDP/IP transfer rates of about
150Mb/s with KB packets (MTUs})
betwesn the fasfer Sun models,

such as SPARCstation 10s.
\-n:,-umm

Myricpy, b T el B el e ey, L ol

preaa 53
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Performance

(The performance of Myrinet )

is determined by its channels and
by ifs topalogy.

Its channels operate at 480Mbis,
with 2 [atency of lass than 30Byte
{500ns) per 8.port switch,

This performance will advance
with the sillcon technology,

me

Blgnm, b, P Kt Sy Adky s, S, 1, HN i G0

The Bottleneck

Whenh conveylng TCPAP or
UDP/IP packels over a Myrinet,
the performance bottleneck ks
definitaly the protocol stack as
implemented, not as defined
[sockets, copies, ete.).

N —

Wy, em. 3L Marth Banlls ek e, drcsale, A HEAL gk 52

Future Performance

r~ ——,
A= faster workstations become

available, the end-toend TCPIP
and UDPAP transfer rates will
creep closer to the 480Mbfs
Myrinat-channei rata,

{The Myrinet channal performance
is also expecied to improve.}

4B( -» G40 > 1,250 = ...
pu——

Iy, i 30F e e AR Ase i, G
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One or Zero Copies?
ffe

n contrast to this "one-copy™
implementation, a "zero-copy”
TCF/IP or UDP/IP is compatible
with other implementations at the
network level, but, Is lacking the
kemel-user copy, necassarily
presents a different programming
interface,

e et
Myrinef's Own

g 1

Myricom will 2120 provide a

“feathar-weight" protocol,
essenfially native Myrinet packets -
- for use between hosts on the
same Myrinel network, far
applications such as MPL

\-e.h—nem e o

ke, s [ Pt el St frvavars. a2 1 9GH 57

Expectations from SBus

e expect to be able to achieve
end-te-end feather-weight
transfers at about 300Mbls Iy
the best-case benchmarks on
these SBus systems,

{The $Bus guarantess that these
figures will not be excaedad.)

k-w-llrrln-m

i, gy, O b, Wy Sy ey i, (LT

Ty
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Zero-Copy

'ﬁrograms that need the increased |
communication efficiency and
performance of the “lighter-weight”
protocol require modest changes.

At such fime fhat Sun may start to
distribute rero-topy TGP and UDP
limplementations, Myricom plans te
aupport them on Myrinet products,

b

m
i, I W sl S S s, et A FTPR

SBus Performance

frhe performance boftleneck when
using this protocel is the SBus,
iimiting the transfer rates between
the inte;face’s and the SPARC's
memory to somewhat less than
AQNMEB!s (320Mbis) on models with
a 20MHz 5Bus, or o somewhat
less than S0MEB/s (400Mbis) on

@:“d_gls with a 25MHz 5Bus.

Epteves, en S T i Sy Sl CAPEEE

=%

Host Performance

~

Per-byte:

User/kemnsl copy Hosl Host —
Checksum Host ¥ UF
DA, \F Ik WF
Per-packet:
TCPAFP
Op-Sys

Tugical 100y Qo00v

Stack  Lighter

h'~--n:,~mm =4

N e e, A P g e e, i,k sas GO




Summary
-

r Yy

M, . s oy ke s, A P

Conciusion

fThere will always be need for more)
local bandwidth than for remote,
Luzkily, it's maore affordakle.
Myrinet provides low-cost
Gigabit communication, intra- and
inter-camputer, supporting LANS,
¢lusters, and multicomputers.

e e

— !
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Summary

* Network perfarmance

* Host performance

* Robustness + Reflabllity

* Emall Size (VLS technology)

*Low Cost

* Mosaic+ATOMIC provided the
proving grounds

e, e 0 M g o e s, e G

~

The End
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NEW FRONTIERS IN
WIRELESS COMMUNICATIONS

James Stuart, Calling Communications

Low Barth Oubit (LEQ] Wirsless Commusications Revalution

Negrmponia end ‘Fallon Margg'
National hrnm:im Inlra.smmrﬁﬂlt] ang LEQ's Rola

Wiralsts Satellia Servioes on the Horkon

GED Koblle and Widaband Sysisoys an e Hedzon

LED Communicaions Advariaes

LED MSS Fraquansy Alecalions (WARC-H2Z)

LED kioblle Sgiokie Sonicas (MSS) Caleporat and Sysiems on Hozon
LEQ MES Systymy and Comparisane

FGC Approval Stalus af MSS LEQ Sysiems .
Cantaets for 13k, 'Big' and ‘Mega® LEQ Saefllo Communicalions Syslams

Camparisan of Capital Cast par Subseriae tor GEO, 'Big' LEO and "Mega’ LEQ Systems
YWidaband Mega’ LEC {Telsdasic) Wirgkees Global NatwarkSystem Faatwas

Yoladasic Compomation Bachground and Status
Tglad:slc Hohwork and Systam Feauras
Telodess Space end Ground Seoment Featunss

Wiretass Ravolution in New Serdee Providets and Maw Equipment Suppllers

An Early Visw of the Communications Revolution

The "Negroponte" Flip

Broxcast
Transmission

L] L) |
Televisiomnre:

Cable
Tm;_r_;mim'un

1920 2010
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Language

Drher

Tektam

A Mots Racont View of the Communizations Ravalution

The "Pelton™ Merge

Bervices

Sarvies

1942 196 00 2005 2010 25

Low Earth Orbiv (LEOY Wirelaxs Communications Asvelution

LEO Communications Services Will Be Available Gipbally ang Economicaliy:
Wida Band Wales and Data, DAS, Mobil Servizes, Perscnal Communicaliong
FAX , E-mual), Short massages, Monitoring, Alarms, Posdioning, Tracking and Localzn

Fersanal Groond Tamingl Bugingss Iz Enornously Larger Than Space Segrmants
LEC Congislations Epdlia This Much Larger Business
Hmﬂw F‘umnﬂ Elecironiz Producis Since Ps and YER Wil Ba:
Communicays, Wirgless Modems, Pocke! Vi eophons s, 8z,
Sh'rnrmml.utan Ym of Satalite Cemmunicatians Evoluban:
Bliggéd. Mom Powerul, Longer Liled Satelliias
Hisrareivin Pelink-To-Polnt Communications Archilesturas

Biggest Advance o Satsits Communications kn 30 Years:
Liphuss Hetworder, imeveaiafite Linky, Mutwork Thinking, New Compeliva Muliipla-
Choicas, Intsrconnncivly, Imteropambbty, Global Markatplace Detamminaesn of ‘BesT

Fuars will Be Hatworke OF Hibrid Systems Connecting Evaryone To Everyone

Owerlaid Intarconnactod and Saleraparabla Metwarka
- Torrechial Wira, Coliuiar, Coaris) Cable, Fiber Opic Cable, el
« 350 Large Satelkps, and b New LEOQ, MEO and G50 Liphisats

Larga, Compeltva, Cpen, Dharse Global Marktels

Multiphe: Barvice Approaches Will Bacome Avallatle be All Cusiomers

Continucus Evolution O Mast Elfective Sai of Communications Natweriy

. +'Onva Sizo Fis Al is Vietim 0 Mava Convaniant 2nd-to-Markel Cholcas

« BandwicthCuaktyFricerComaanTanca -On-Darand {inkrcperable Choices)
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Katlohal infaometion Pnfrecirociure (N3

Ml ks & Vision of & Universaly Acceasible Wab of &ulliple Intaconnzcted Ketworke
Permittiag Acvess 1 Widely Blslibuted PrivenePubic Data Sases
Prirviding Fwady Tmndrlislon of Inlormation {Voice, FAX, Ted, imazes, Video, ez}
= In Any Format, To Anyone, In Any Place, and At Anytime

Mt s & Enlee HI Sysem:
+ Hurman Usarg {and Devalepers)
= LizRra Infainmation Appiianacss [CompiAing and Consumer Eectronicg)

- Accassed Inkemmation, Dalz Bases and Computing Resounces
« Matwirky

Tha NI Nabwork Wi Ba an intricstely Tangled Weh of Muttipla Overlaic Networks
Wirst and YWirelass

Terrectrial and Spaci
Physteal and Virnueal
Privats, Commarcisl and Governmant

NK (and Large Evaling Commercigl Marfeet) Will Mgrabe to Efficient Wab Elenmenis:
Fefizble, Ublquitous, Seamiess, Marconnazied, Figdbie, Cost atfactive
Soccesaiul Elamants will be Intercparakie

«'Open’ Imﬂms with Ae-uemed Standards

~Wide Amay qumﬂm SnY Tools

I'B-II
« Many mafmm)la numpatng S-I-NIH Providerz and Equpment Supplisrs

A Gurrent ¥Yiew of LEOs Aole In the Hailonal information Infrastruciure (KT}

F___,_..-'-_“'"‘""'—--
XTI T
= = Iendi nmalns ¥ |
= wostenion el
-k sy \
Hatwronn Taiwlcoe (o Maxinkhiy IR
= Ty T v e Wty Prael ety —
o a— =T
Rl Feet —
=T Sy S e
= .rﬂ i * "’EE LT =
==l H 3 it R T
inio : £ R e
- o fcum nk Pl oDy .
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[ e iy

:I:'iniiiﬁ ),

Wirslses Satedlite Sarvices on the Horlzon

%,

LT

’-L| "ﬁ ?

Comamymicalioas -

- e e . W

G50 Mobite and Wideband Communicstions Syatems on the Hordzan

MSE GSO Above 1 CHe:
AMSC (MBAT), USA
Celsat (Colmar), USA
(MMARSAT {Inmarsal, Europs
Mexico [Solidaridac), Muxdco
Telosal {MSAT), Canada
{+Other Notlone) and Reglons) GECrs)

MSE 4505 o 20-30 GHy:

ISAS (ETE-VI), Japan

Mol [Norsmr), USA

NTT {N-Blar}, Japan

NASA (ACTE), USA

- High Parwr, Salelir-Switched, Wuli-Beam, Ka-Basd Saieiile

2.4 Year LBeline, in 100°W Stat,
£ Ka-Sand TWTA's (20 GHz. 46W) through 3.3 @ AN
& Fleed Bpams {Cloveland, Allanta, Tampa)
Stesrabin Hopgling Epot Beam (€50 km dtam., <3 ms dwel}
£ Kops - 1.54 Wby {64 ¥ops increments, Bendwidih on Dernand)

- ADTE Saklfte Tima Sams for ACTS Exparirarsans

70 Exparimériers 1 Date
E’%S-an‘lml‘m-‘iders. ] 1 Prowiders,
gﬂm&mwuﬁnﬁum :Iﬂﬂﬁlgnd 2l Bould
1 5, & hﬂw o uri
an, sbe, Availabile 1of Jou EXpRrimens)

Conkact tmam's E:pawhna‘u I Tom Meyer [300) 454-8144

=
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ACGTS Moble Experimenis {Examplas)

Exparymnt THis Princlnad kmastigator Exparirment Descngian

L pictlly Sl Proputsion, betweiney Baobity Termired vecliomsen,
W

Secwa Bipibe Naiiony Cosrvnonpiboag Spmem e (STUSNT Land dol'y

i AT oAl el o0 Gy Laca? FrCotd ¢

(=20 LMEL dyrmy MMy Lang oty Koarmuescm sy
Mo Coramund and Corrgl

Emkgarcy Malicel | W3AT. Agano) Taknwrogy For | Iy G ickily

Luns mphke Enigils | fmispancy backcd Sanicn Toarngricpyions For Fypnaiice

e

L Unbarnky ol Wighingion blilecad | RO gt (T Tounaariictiong Btvan

oty ) RN Aped biobbs Ui

Lplpity Mpst T0fl Ciwermyrirytiond Araly ivracien sl For Bamalln My

L Gl bty

Simiay Heey Yoricw | HBC Migbix Commamicmean: For Ramobe
Mpas Vans

Sy Tyl Balizorn ey Wit b Lty T

Famorl Comrmonice: Fyraonal Communicadion Muraiy

fiona Barvices

Hg Qhushly sty CHE R e ]

el LN LS Lo Ol P el DNB LA
Tlcfmnﬂrm

Saronmncy Taacitng | Fciwad fCalin Ceorreel L Full Wiohon ideo, Seve ]

e ach Dol gy Fgpratin: Cabpllty Athing

Coviupramtiony

*  LEOMED Constollaiians Compatitve Advaniages ovar GSO iby faclors of 10}

Communicatars Advantages of LEO Systems

+  LEC Poformance Advantages
Cammunicatlones Untamity
Communicatcna Time Delay: LECYMEOD COrbis

increassd Link

(50 times choar tuan G50)

High Fraguangy Fs-lixiga {tmallar footprinls)
Reliabikty: Smal SSFA's (versus HPA TWTA'S)
Aedundzancy: On-Crbl Spary Lighmuts

Graceiul Infroductian O Maw Technzingies
nhwrent Doppler Shift Far Postion Catemminaton

+ 180 Frice Advaniagos

Vilume Preduction Methods, Econcmies Of Scale §Setailies and Launchars)

Smakar Lechors and Piggrback Launch Opprrabusitios

Reduced inzurmnce Cost and Debt Servica {Smalier Capaziny Danands)

Smaller Liser Tomminals (50 times choser than @509
neremenial Inareata In Capacity Can Follow Astual Demand
= fnvistmipnt Caplisl Able to be Cotrplad To Revenue Fow

LEQ Hetwerk Visty Superior In Invested Capital Required per Wortd Subsarbar

« 'Last Mile' [Remata in Mesl of World)
= hirginal ot Cf Mow Subscibers, Bic.

- Cotbrulicn, Dperation, Manenance, Impeovemants, eic.
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WARC-82 LED M55 Fruquency Allocatione

WARC 82 {Tomsmolinos, Spain Concluded an 3 March 1892
New Workdwide Frequency Alacauons for MSS:

Workdwids Satelkte Freqguency AHocalions
Agragd ta xt WARC.B2 thalow 2 GHr)
- —Primary 3talus Only—
“- P
T
% n 1,
: . ]
- e
Hy |t
= o1 e
B -y 1o
LEG LEQ |Any} Sound
YT 1 ki Ll
Wty iy 1525 Mz 2013 MHE IR M

2030 GHz Provivusly Alocaied Worldwide for FSSMWES

LEQ Moblie Satslllte Servica (MSS) Catagorias

= ME5'Lmis" LECrs Delrw { GHz

Hanconintaous Worldwids Coverage,

Ho imergallite Links (vat), “Store-and-Forward™

Gatirwiaps, PETH Cannaotions, By-pass aption

ity FecalTima snd Meqr-Hem) Time Digital Mobie Sendces (-2.4-9.6 kbps)
Shon Digital Mexsages, Alarms, Meneing Daw, Pesiioning Tacking
E-EaH Tl pages. FAN pagas

Typical Delvery Delay Times
Within Footprint (~4000km Dizmeter):  <30-30 e
Intamational {o.g., USA-Europe): 30 ez - B hourg

Typieal Sobaciber Gosts
Tuminals: $H=00-$100
Dam: 1.0¢ «0.001¢ per byte

« MBS "Big" LEC's Abgva  GH2
Contnuous Wordwice Coverage {«Tamesuial Diialtona Aol b ty)
With/withaur iqtersataliits Links, Gieways, PSTN Connections
Local Gelltdar Skza tlargest: ~250,000 Subseibecs at 0.1 Edang)
Rsal Fims Mob¥e Servicas [ 4.8 khps)
g Gk ioiceey, INarmowebiand B1ode {<Toll Cuaking

Typleal kang DHstancy: Dby Timws- ~Terrastrial Delays
Typioal Subsodber Costs

Tearminais; H1000-5500

Dutz $3.00-50.50 par minule




LEC MpbEe Setallite Sarvice (M35) CawgoHes

+ F55 Widehand Mega™ LECr 8 20-30 GHz

ConSnuous Workiwida Coverage (Tormasidal Dial-tone Avaltability|
Augienad Ball Oparating Comparny Sz
» 20,000,000 Substribirs al 0.1 Erlang
Mieretalita Links, Galoways, PSTN
Real Tims Fixed and Miobile Services {36 kbps-1.2 Bbps)
Bandwidth On Domand
16 kbps =2 Mbps (using Teledesls Standard Tarminals)
155 Mbps - 1.2 Ghps (using Teledasic Gigalink Terminals)
Wigeband Dabs, Video, Dighal Volce [Tol Quality]
Al Typlcd) Phone Company Senicas ang Fexiras
Typlezd Long Dictance Datay Times: « Fiber
Typical Subscribar Cosle

“Terminat: ~$1,500 {and toling sharply with volums and compeition)
= 57,500 For \Gigalnk' Tarminats {and faling shamply)

Data: Comparabie t» local PTT changes (2few ¢ par minta}

LED Mobile Satelilts Communicadions Syxiams pn the Horiean

MSS “Lide* LEQ's Balow 1 GHz
LEQ CHE Fanampdsana ﬂHE:. WMgsico
12 Satal {4 incd 1100 km arblis)

QG (Db, LISA
}'33 Satellies e -polar and 4 ngdingd 775 km ¢ibiks)

Smelkzal Russin
Satediies {5 inclinwd 1800 kmn orkits)

: “‘a‘l%.am {5 Indlinad 1,370 km orbits)
VITA (VITA}, US4

£ Smalittas {1 pur-prne 708 x BIE lam entshi}
MSS "Big" LEO Abova 1 Gz
Consistiafion Communicabions, ne. (Aies), USA
ﬂﬂ@sﬁpﬂﬂmmmh}
Cor. ¢ E &hﬂh[&mﬂmﬂmmm
ummmﬁ-sm
e 1,41 kmwtms]

Motercia {lrdi usa .
mimﬁ pokar 780 kin Brbits)
THW [Cdyesay}, USA

12 Saieiias 3 lcined 10370 ki orbits)

FS5 Wido-band "Mepd" LEC: & 20-30 GHz

Telagesk Corpoaion {Telodasic), LISA
B4 Sateltas (21 son-oync, T00RMm crbils]
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FCC Approval Sistue of MES LED Sysams

"ise" LECs [Balow 1 GiHr)
Expavimenial Liconsus Granted to 3 of the Litke LED's
» DSC {Ovbcomm): 2 stalies
-Sharsys{Samets  ground Legts
-VITA (VITASAT): 1 satolie
Pionpet's Protamnos Designation Awarded to VITA

“Litte* LEC's Agroad on Recommendaions 1o FGC ior Rulamaking
Notice of Proposed flulsmaking laaved (Band Swgmantation)

By’ LEOS (Abave T GHz) .
Expanmental Liosnsas Granied 10 4 of the 5 Big LED's
- Canstuftwtion Communlcatons, inc. {Auiesl: 2 catalies
« Ellpgat (Fnenk: 6 satelitas
« Molorola (idlum): 5 satelites
«THY [Cdytzay); greund tasts
Pictear's Prafprence Dealgnation Deniwd to Al the Big LEO's
"Big” LEC's unable 1o Agred on Recommantiations fof FCC Artammaking
Nota of Proposed Aulemaking fssued {Band Sepmanmatian)

Mega LECs (& 20-30 &Hx)
20-20 GHz Alreudy Aiocated Worldwia for FSSMSS by ITU
FCE Fiing Submitied by Telodasis Corperation (35 March 1984)

Copliktts o7 LEO Mobile Sswdie Communicallons Syviieras

L LEO Contaedn

F. Gomez, LEC OINE Pasarediteans on
sen (202) 25382029, lax@itﬂjﬂi-ﬁzazm E)

Adn """a‘i’&wﬁ" %’"&% ﬂi-ﬂﬁw
vern w&m rm:[lm:l
O A pm}m-aaaz ia: 0 i

Sy 21800, 1ot (70k) 240-1685

" %?”m%@&ﬂm

Douglae B, DM, LorE Cucicomom gy s Sarviows ]

m'fm 100, Tk (00 BAs 0008
P20 YR (e

“age” LEC Contact slrdncs
Merk Lawr
{NI]EEH-HH fax ({1 GBZ‘DTg ?

=
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Capital Cost Par Subscrtber for Genetic GED, 'Hig' LEOD and ‘Mo’ LEQ Syslams

CAPITAL COET PER SUESCRIBRR OF BATELLME COMMUNICATION SYSTEME
AL A FUNCTION OF DESGH CAPACTY
(iektad o6 204w e cyele, dorduding mdktting o)
e b 1y
wana
Sy e yooncae
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Teludosk Corporation Bagkground and Soatus

. Talateaic Backpround
Founded in July, 1990 (a5 Calling Communications Corp.)
Caneept Origlnally Devaloped freducod o wiking) in 1988
Curvent (and Otiginal) Carporale Mixsin Stalamen:

*Our goa!l is 12 bk, my mpkly an poasibis, £ priviisie-oened Egiem 1o phovice
Islaphone and OatE SRrviso, wilh Suality ot lsart sl i G betl barvise adalabie
meradvarg . . . Dehwean FAncOmly $AMGIRg pointy on ERND B B0y GM . . . TIE EYRm
il g row Eoolly' b0 Gty & subkliil portion of Swi's ., tethicin g B Centry 2

. Taladoske Siatus
Fnﬂﬁatyéﬁt}udfmﬂ Fot Dﬂ:rgnTlPMHM Compictod
> 'wars by Extracdin |
Sl Bebaomory fon b B s Empigposs. Conautants i
- Continicus Intamal Peur and Periadic Externad Criical Suppliar Asviews
= Exiwmal Telodes!c-Contractes Tachnizal Amvizws Design Audits
NASALIPL (& Raviews: NowDet, 1953
A Mzjor Aarespacs Prime Contrasir 984)
FEC Appation Filed (3/94)
Primay Shargholders:
'.ﬁ'+ % Q- m‘“
« ir. Wilkam H. Gialms
=L Davmlopmen, (nc.
- Kinghip Partmars |
Hazcqueriam in Mvdand, WA (Prasiden: W, Ructall Daggat)
= Diztributed Program Developmend Taam

172




Telocksic Sarvices and Applicationa

. Provider (Wholezi} of Telecomminications Senvices s In-County' Distibuitons
nlaractive ‘Wetwork-Cluality Viloe, Guta, Viceo, Mulimeda, ele.
Bendwidth-un-Demand Lo Motch Usyr's Applizations

16 kips 12 2 Mbos (Standerd Tamminads)
155 Mbpa 10 1.2 Ghps (Gigalink’ Termenas)

+«  Bwilshed and Palnt-to-Folnt Gennectians
Drecty Batwaan Tehedaske Network Tarminale
Via Gatewanys 1a Teminals on Other Nesworks:

Teledesk Bprvics Suality

Camparahia to Medam Urban Matwirk

‘Floar-Like' Dglays

18 kbps Bask: Channely Suppont Hetvok-COuallly Valce

1.5 Mbps Chanpals Suppant VOR-Ousky’ Vides

Bit Error Sates <309

Link Avaiiatiliey in Mos! of US: Comparable with Tarmresirtal Notworks
»98.9% fwithoul sita-dirersity)
=80.50% {wilh site-chversity)

Telxdeslo Capachy and Coverage

«  Teindosis Notwork Capacity )
= 14,000 Uiarg® within a Teladezic %3 % « 53 kin Call
> 20,000,000 Lsars® Globally

. et ol ot ohan el 1 i typionl DU
"ﬁwlﬂku mﬂ:&m ﬂ%anmﬂnumw.

- Tadndlosie Noweork Handlat Widc Varadion in Channal Rates &nd Lkuar Densies

+  Tetwdagic Contousus Convarege Zone
» S5, of Earth Suifaod
» 99.9% of Popukation

= Telodesic Netetni (Grows SGrcefully B kot Hipher Capadty
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"Muape’ LED Wideband Metwork anc Systam Feoturss

Tledasic Sutelita Configuration Features
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Toistaslc Bpace Gagmeni Rey Featuras

dodemn, High Padtormante, Hgh Fowsl, Mass.Produtit ik SaiaEta Syilem
idantical 3-Axis Stablized SalsEas for Al Conziallalion Poailons
High Patformancs, High Falabiity, 10 year Lhalime Sutelfts Systim
= High Fowsr (~5,6 kW EOQL, 15 kW surgs Gpahiliy)
High Compnriational Fowar E300 MIPs, »2Ghylas Py
High AV Low-Trnigl Praputsion {»1000 myps)
Lightweight {750 kg )
Rucbast Phass A Polnt Decign with Lange Design Marging
» 20%, Inivass, Yeluma
> 40% In Powrer
» B5% in Propifshva AV
» 300% In MIFS and 2005 n RAM
> §% itn Aelisbiiy -
Basipn Features Talored Specificamy for Largs Consisitalion
High Volums Productien gl Companants {Lange Econcmies of Scals)
Axtomaled Inlogralion and Test of Smeliio Sysioms (On-Boass Test SW)
Seoll-Stecked, Saf-Dyployed Group Launch by Yarely of Launchars
Automatic Qb Transler, Insarton.and Gap-Filkng
Auonnmatic On-Cvbh Weath Menfiodng and Constetiaiinm Contel
Activa OreCrtl Spanes {Routine Bk Replanishmants)
Frallable End-of-L¥a DizposalDeorblt Capakilty
Modam Tachunogy end Archilectyre Gayeling (Fhase A Pelnt Dasign)
Cumritit, Cottahiv, bkss-Producible Technologhs and Componante
Mutiple Existing Asrospace Supplars and Extmates for ANl Componants
Exixiing LSA and tikemational Leunchers or Priommancetost Estimates

Taladosic Oround Sagment Key Ehmans

Termings .
Stendand Tarminalt: 16 kbpsto 2 Mbps
Cigalink' Tarninals: 155 Mbps te 1.2 Abps
COCE, NOCL, SPAC Gatewnyx (1.2 Ebps)

Hotwork Operatons and Sontrd Canlers (HQCC)
Ascundant Fagiifes, providing 2.,
Subscribar and Notwork Dalabases
Faaturs Processors
MNotwodk Managemean
Glkcba) Adminkstration and Bilmng Systems
Ownad and Dpermed by Teledeslc

Servios Providar Admintstratian Genters (SPAC)
Floiundae Gl oway Antinrds
Hsgicnal Admin(airaticon and BIERY Syskems
Crwned end Speraled oy Sorvice Providar

Consteitaion Oparations and Conrol Gentars (GOGE)
RAodundanl Facliiss for 4 Toams
Levnch/initiakzetinn/SapiocemaniFaam
Heatth Monhtcidng/Falluea DalscnTeam
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THE TELEDESK: SFACE SEGMENT KEY TECHNOLOGIES

Basabne Madem Tachnology Enhancad Techtology
Soca Tachnolonlus Baceups Abemaives
Puiss Plarma Eiatric Thiuchds Falt Thiyatare Daflegssion Throtars
[Tafion, B k-5 1205 bep} Arc-duls
e Tk Fim
T e S TRER S
Coscyniniare inclusm Sppigalta, 1%
MM Buisioc #Hg ICPV) panenios Wm Jon Egtienax
Teun Film Patymar Qatipnas
High Periommancs Mlorpmoknias. PCE0T RES000,1750, SRR Patlawn, POEOA, e
Puptin (HOF} batciyDapioy Mecham i Mo, Spang/Tarod G Thups IOy I s
Wiy Boba Ay Boowna Beaom Bocme Bhape Moy Extenuonc
ool Langasan Baamy
Advanced Compoxte Sauatmie Souwiond Compomta Emmt Sinasty
{misgraiod Eaking 478 Thermal) Ao, i it
VLEI Dy Eiganl Froceasats, Fasl Packal {VemEina; Buppias) Opboal FIOOMETY)
Swricher IGaAE, CMDE}
Lo Cryatal CuciBnion [Fermewina) Buppliang) i
iy MMICYY [High YolsmaiLow Cod) . —
Ay Phasad Ay ATannas - ilthaiig ESL Ay -
&0 Qg Learaats e Linka (Fhansd Qimbaiied 8O GH 131 Arays npbullummum.
A Supranchaeang B G
Arnnameass Ch-amit Opa o BW Parifally Anonamaos W Auiemous THRG BV
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Wiralaas Raevolutlon in Hew
and: Hew Equipment

Service Providers

Suppliors

HoUrse: Dy, Jamph Praiice: [CU], Fib, T
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New Frootiers in Low Earth QOrbll Wirglen Communications
Dr. James R. Smoani
Directe, 5 Teledesl: Corporntion
mw.ms:m.mﬁ'ﬁ. BOCRT G00) SGS-IGET, fux O3 SGS-Q3EE

Conferancs On High Spoed Cowputing, 1994: High Performance Systems
Seaion B: mmhmmspmuumm 11PN
Safhet Lo, Olanmtien Aprll 54

Beach, Oegan,

AbEIrpct;
Thiz wil] sinmerize e tew mabile and widshand of currendly plannesd low Earth orbil

) saredli mmﬁudms:ymmdmmmwm umlhfmmmnglﬁummumm
cmmhwhpcmdmmmﬂsm 10 & furure tha inchodes Linde', ‘Biy' and the new
wide-band "Mega' LEC's (with maoch Larger 1000 or mere sasklies). Fw:::nmph,l‘ﬁhdm
mmammmw md&hndglubﬂnmummu&lg w
eurrendy proposed Tiule’, Big' aod pmﬂsymmswib:prmwd(n:. Bras » BETVices,
ekt projec liuus.npmlﬁu lubsnibﬂm ﬁmﬂoﬁmlm , e} Current and planmed
widehand peosudonary (GE0) saollites will be also be pddressed.

The featares of the extreme] W Teledesic LEO samlbiaes will be daserited (e.g.,
mymim.enm{ mps. 1000's nf:pn: BIDE, S Mmyufm:u'hsmmpnunu.
marerials mdmmdwchpd EpEce tien and patinnal defense have applicaticon diecd
indirextly in oit's spate cegment. The tie wutalliles are 8 new class of small stellitet, w ch
demonsmen: the jmportnt mmmndﬂbm:ﬂunfﬁni‘d nolagy deweloped for other parpoasy by 1.5,
Nauunnlhbmum:s(mchuﬂmﬂlllﬂ.]m“w edesic satellice manvfacmring, intepration sod st
v use madern high wlmln%odncm techadques that reselt in sorprigin gly low spece segment eosts.

iz tulrent Surge in :pma- witelass onunicason: sysems and archiveciunes demonstrulss the

commercial beaeflis belng dechved from mmg wechnology, components, malerialt and proceises

developed for space exploretion and ntional defense by U Eahumnns w}unhmnnwheiu:ﬂ:d
te the informanion supahighwiy. mw&mmo{mm nis and service:
muslmqmﬂmmmnndupllm:hmm:cmﬂm be wmfficikent 10 CETtain
indeztrias to world market Muﬂppmﬁmuﬂuﬂeamlmhhmuﬂwfmﬂ 1EQ and
G50 comnercta) conrmunicatons saellios sysems do will affect ug all.

Dr. James B Smiar is the Directoe mmmrﬂmic&qondm{lhmuu&mdbbmmm
Ka-tand LEO speelliie mmﬂ:nnﬁam and an hﬁcp:ndcm. internazomally ru.‘-ugmnd AETO LS CONSEIANT

sg::i:ﬁm:inndvmmlspm development and manngement. He has pliyed en oiportat mols in
& (rilicn and development mmﬁmmﬂﬁ:mmdkmmﬂymuﬁwpww
bumﬂmtmherhmrml mmpunus Involved with commDynications,
surelHizs and smnlllumh Ix. Smmmnﬁ?n y Chi=f Technical Advisor for LEQ
QNEPuumn:‘mm
brSmm mhﬂmﬂmumsﬂmﬁnmdﬂuﬂmmu-mhﬂms:smmmm
He wes abse founding M!Tmnfﬂrhﬂhm&muun.MHmhbomm
of the Laboratory for Atmospheric Space Ph :ur.'ulhivm of Colorado. At NASAf e
Fmpnlﬁm Labazatary be was the first Praject hhm;ﬂ Observer, Mm nt‘ Advanced Planctary
among other posiions. Dr. Stoard bunmmmmnmlnu Undversity of Colorado
at Boulder fer over 13 years: in the Eleettical Ba g_mum Amm;w&;lmuin;
Eﬂmnwﬂmwu.uwdluinﬂmﬂmm Space Consouchion. He meeived his , in Systems
esring (1979}, MLE, in t Reseaeck {1977), and MLE. in El=etrical Engineerin (1914}ﬂ'nm1lw
Unbersior o Goutieas 200 813 B8, In Phyidos (1968) rom 3¢ Unbeersity ot W

m:umhumdve&h Snlumuphm E:ﬂmwmﬂmsmgly mr-:ud‘ufl mmm
| managendsat

sapelline project He & also Listed in 's “Top 0 Executives in the §areHite Comununleations
Indosiry”, DrSmmhu_pu‘blkhdm nil papers on the toples of small satellite syptems. Fpase
echnologies and comemunic-aons S ¢oonnmics,
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SPECULATIONS ON THE STRUCTURE OF
SOFTWARE IN THE 21ST CENTURY

Michael Gorlick, Aerospace Corp.

Agarida

« The Sohtware Concems of The Aergspace Carperation

+ The Information Ecanomy
« Hinls of the Sottware Siuctorss of the Future

+ Tasting Ihe Software Siruciures of the Futur

» Pracictions

Jusi Who Is The Aeraspace Corporation?

* FFROG consliulad a8 a pvare non-prolll corparakion
= sighar arganizalions inchida AAND, M, and JPL

= Genery systems anginesing and integratkon for milllary space syslums

* Primeary cuslamar bs Air Foree Spaca and hesle Syalerny

= responsibbe kor evenything tha miilary kls imo space

communivations, recopngissance, navigetion, weather
- WE Spe Space syakems from st i ousl

articelate requirements

write 3peciicalions

mondior dexign and fabrication

iradend(=

problem resclilion

erizls management

invmsigation and reseanch

= Why do we conre about software?
Bacposs fosi about sveryiinng wa £ these Says is software drivery
= simulallon & modaling
- salellte kedemelry procassing
= networking
= hupanicompuler ileraction
= sothwara wark gmironmanis
= largerseals sotware anginearing

= .




The Ascendoncy of Infariatian
* Why do we cars?
= Asrospace s one of (e puresl examples of an Mfarmadion sompany
= Asrospace has an 161N century information archilacturs
= Tha smvival ol Asrospace dapends Lpon ady accass K inkonnalion

=~ Jugl sbout avarycna is i fhe information business whedher (hey raalize it or not

Tira acerdancy of formeton products ovar physical products

= are infomatkon: precucts
gtock markal anslyzas
technic repons
data bass and ndaxing sorvices [Lexus, Masus, WAIS)
modaraled news digests {Nainews RISKS
= rabal b manlachuring
NeXT Fatafcalkon faciity
= pripgrammable azsambly nes
Sulomolne
MOZE
= purchasing
FAST
= classical manuachaing
lactony conlrol
market anhalysie, planning. sales
degign, simmilatlon

What arg 1hi Furklamenial Underpinnings of the Infermetion Economy ?

* Fgason by analogy with ihe indstral resokubion
- BrErgy
Eloam = powadul, cheap TR
= lransponaicn
mads, ralheays < high bandwhdih networka
= F¥W materale
lumber, metals, wiool = information & sofwane
- angial & hagal frarmewgrk
sconomic, legal, inkdlaciisal propeny o coppighl, soffwars patsnis

* Whirs will mlprmaliaon and software coma kom?

- no shortage ol sowrces of nlommeation
MWIWNET
enterpiice inflomation
MASA Earth Dbsarving Sysiem
Intemal traffc analysis
MBONE

= wh will arite all The sofwans (hal we nsad?
Angwer: Everyone will b wriling softwara whethor thoy raaliza il o nol.

Wivy? Look b Mhe pardy history of e Lataphana network prior ko te intreduction of
automeled switches (= 19200
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The Software Capabliity Gap

CPU Pirwir
E‘(/mm Hard ol
e i tilespan il I Lifospan

» Pmsosssan: will be everywiiom, sl dressod up 20 with nowhens 10 go

= Socislal compuling wil csamp svarphing ake
» Softwark oun must mov from Mnaear 15 nofinsar growth

= Shorian the cothwars Blsspan

= Mexitiiny

= rel=bility

~ misticestural versus monocuural soffaars
Bfalgical monaculivres are stk to catasiophls lalure
iamel wom
PC ard Macintosh vinices -
inismet-wite pasasword oolesciion

periormancs
improvements IR aigoiihms

Flaxible Sottware k5 the Holy Grall of the 2151 Century

*» Brivens: bor change
= mrvolution i Compuling Rardwarne svery 2 yeors
= Lha information economy is nsatiable
» qrowtt in inlemet rac
= Mosaic, Gopher, WAIS
* [nkamedia
* MEOHNE
= invfeumriation spece will be highly chandic and easily disrophed
= hardware [silres
= garyice Tadures
+ TS

+ delberaln sabetane

» W don'l krecev wihoal wie wani il we'vs bulk
- spral madel of software development
—rap’d protolyping

Evenythiing s & protolype
— pystame &0 complay Lhat no ona 15 =marl anough to get theem aghl thi firsd e

» Besiliensa in evanghing
= WPTCP dicham
Accep! anything from anyona and adhere sincly ta the profoeol
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Compaeitional and Intagration Services as Loversga

* The anabytical maxir of ompuier sclence is divice aod conguer
= 1ha synthedic: maotim will he comense and ukte

+ Tha alaboration of archilecturg] structires 1y the search for compozikonal operalons

rocadures
conlmll spmpos gn emperl COMpO R
Chrnnlinas futyres ramoba e call
producetizonsnds [ hantsavRr
W o
bubarad dalg thieads CORBA
ileroction 0 Kextcs el (it g
Py " o' Tpwp
« Tha secret s in tha glue O ey i P e, s, e 1]
= Unix piges and Mlirs A HAT Sarmn Tumrmg bt Forctoin’ s
= inlemals of Linbe uliliies iyt -
R i Smprog g mrE 4 Sk Tha BRI St " KA THTL sy
- ! W v & [ Holvn  “Fescorolieg vevecrressl Enbagebi ol Sodverk
ﬂP [IJ‘H'I-H. m“hlﬂ gl - il SN L1 W oy B PEE
1sinal (controd composiion)
- Mosaic

» Cotnposiionsl sendces ane the e honcs mulliphers

Populated

* Weaves an nahacics of inlarconpeciad oo KEgments commuricaing docl or
remole) by sendng and receivag ohjacls

= Computalfon is strictly separaled lrom commuontcalion
= Toclragraents are chikious (o connaclivity { biaa’ commenscation)
— Run-ima recorilgursion ol the network

+ Each togl Iragment nens in pacallel with other components.

* Applicalions charaslenized by sireoms of dala  20mm L7 amms tme e i S s
Sty i injuigeiery. Binfir 1raan ilny BN
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A Portlon of 3 Weave for Sleren Tracking

Edlling the Weave to Insert Instrinmentation

Comglate Oiject Imipeshin

- <
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http://Cand.da.es

Editing the Waave 10 Insert nstrurmentation

Talgmainy

[

Tecks

Teo! Fragmenls as Bubweaves

Tunm BouGad Rafumly

MMH‘“;—!

Tisa Bunoid Biphmnsy
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Framework lor ProduecerfConsumar

Dmsl.nner'

Cﬂmlz

Framework for ProducerfConaumer Relathonship

a Ea:rnrf




First-Come First-Served ProducerfConsumer
Aelationship

Cansumary

Aound-Robin Producer/Consumsy Refatlonship

Single-Wiiler Consumer,

Mutiiple-Reader
Qusetin
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Round-Robin Transport Service

Hiararchical Software Message Buses

o T et 3 Dt

mﬂhmmmt-_cﬁ:u,
WA I ool A i P i M [T
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Composition af Hisrarchical Softwore Massage Buses

Briefing Map

Objoct Baxe Associate Fepasany

— |
¢—@—o

Gind Base Giid Englna

Teheseript

* Commerciat puaduct from Genaral Magic
~ Teteserpt i5 to networking as Posledipl is to page descipton
= mierpreted, obisct-onentad ramake progrEmmng RaouAge
— SOrCRPIS
~ places
iﬁm
= bravel
+ Meatings

* Obvarse of AP
Jon send data send pragrams instesd

* Cflerent view of compasilion and integralion from wesvas
= Une possible mariage of ke twe approaches |k 1o use Telesmipt agents az wogvers
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Tasting the Softwars Sturiures of the Fulure
+ Tanl eardy and vilen (Debra Fichardson]
- gpecilcaiions can be aflachad ko weave Trameworks and compononis
+ gmbadded direcity in the waava
= travel with lhe weave
*can ba evaloaled al waave construction fime or defayad unfl runlima
« Wonsparent spileing of tesling cormponenis a1 amy Hime

+ Transpamncy al mxsculion
~weavas fich in Bghiwelght bultin bstramentalion
— reaftanie anwstion o1 execaudion
- performance and behavior logging

» Gonlinuaus seli-esting

- pssertions
pra= & posat-cond|iipns
range chacks
retalionship & inlegrily chichs

= rebusinesa
make the bazst of what your have and revsr 13l
gak: hatars )

+ Continuous selF-monitoring
— abzervare can monlier hehavior of waave
= Ikpht recorder

Tesling the Software Structures of Hhe Fulune

* Conlinuuus self-rapalc
—4zck (250 Unb)
= anili-vird whilities (P & Macintesh)
—gryplographis ehiecks (Thojan Horsez)
~ SCAYBNIRE
« ponlinually run in e bisckarond pohing aboat in The innands of 3 systam
= repalk inconslstancies and log Insubda eports
telaphona switching systems
nabwork roLeTs

* High assUrance corpnenls
~ software siucturas o1 tha fuluse will e highly componint Desed
= "ified aruf (IE" componenls
= werilind componenis
= e gTeed COMPONMILE m tevs 0 Merise o Sy

= Trxiing raafilies
— softwere skuctoras will by highly dynamb:
= gokware stnciures and Comganenis wil by necasshy be paranoid
+ yau will have no idea of whers your softwars is axeceling
= gignillcan] Tradioh of processing power will be davodad 1o sall-checking
— tiegtribited debugning will be The nom
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Pradiictions

Nearderm (= goimg lo be very unpisasant
inadequate developmant metndoiogias
nadagquals compaskion masharsmns
inadequala nahid lechrology
madeqaate testing Ihetry and mechanies

Tha information economy Is golhg to sleamraller everyone
We are a¥ got 1o ba roschkll an the infarrmalion Righivay
Traditionel sofiware methads amownl 40 crimingl neglige ree

The government and marketplace will demand a mew research agenda
Don'l wrile software genetale il
Dot generdte solwara compose i
Software 2= a by-produc] of other procezsas
Cron’i da I hers when yobr @an do 1L hare
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