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Conference Review:
Evolvable Hardware 2004

Hugo de Garis decariseres,usuedu
Computer Science Dept., Lial Stale University, USUL Old Man 4230 Logan, Utal U
SE3A22-1205, LA

e 200 N ALY Unnference onc b oofoalde Hianlovose

Ricardo 5 Zebulem, David Cavaltney, Gregory Horbwy, Didier Kevmenlen, Jason
Lol Adrian Stoica, eds,, sealtle, Washingeton, UsAL TRRFE Computer Sovicty Pross,
2004, ISBN D-7045-2 145 2, pp 332

Fhe 2003 annual NASA Do Conterence on by olvabde Hardware 00122004 tool
phace on June 24826 20040, 10 Seattle, Washington, USAC The tull list of sponsors, as
well as most ol he PowerPointand POE presentations of the conference can be tound at
[ S LT S A S 1 '
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The Conference

About T or <o people were present al the conference, whivh wasa bitup on carldier
vears feag, JL 90, etch There woere 3o Lalks, a panel discasston, 12 posters, and at least
Foaroup posters. The fiest authors of papers, both invited and sobciled, came Trom
13 difterent countries (LS 13, UK 7, Germany 3, Mesico 3, Brazil 20 and | each trom
Credi Republic, Romania, Japan, Switzerland, Spain, Norwas, France, [taly, or as is
done incressingly Tately, the L (Furopean Union 14)).

From these sustaimed numbers, it s clear that the rescarch Tield of ovolv-
able hardware is now well established and s g stable component e other con-
ferenues such as Fyolutionary Compuetation (1C], Artificial intelligence (A, Neu-
ral Setworks (NN=]L Foolutionary Svsiems (FS) etes There i already o jonr-
ual deading withe the tield ("Genetiv: Programming, and Bvolvable Machines™)
and  probabhc aboat JOU vescarchers o the specially, spread worldwide over
at least 6 counlrics faccording oo Adrian Thompsan's list, 1o be found at
(RN P3N ST D L =T A s b e AT P RHW s wses bl last ap-
dated, Septumber 200500 The UK is st the strongest nation o the warld in EED seith
at least 1o groups, closelv iallowed by the US weith al feast 14 groups, thein Germans
A, b 32 each for Canada, Tapan, Norweay, aod 1 each tor Denmark, Craech Republiv,
f-rael, Holland, switzerland, Romania, Mesivo, Braal Sastralio.

Phe conterence seas spread over 3 davs with Jinited speakers wohospoke an hour
cach, and 32 ordinary speakers of 25 minufes cache The Giest ovening, o poster session
(12 posters) included ancadditional group poster session (7 of them that allowed the
major b research gronps around the warld Lo <how ol what they do

The paper sessions were grouped into 27 categories: Tyvolution of Analog Svstems
(2 sessions), Pvolution of Digital Svstems (2 sessions), Revolutionary Technologics
for Space (2 spedial sessions), Laull Jolerance and Survivability, Finbrvonics and
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Bio-lnspired Architectures (2 sessions), Toolvability, Trom Giology o Robotios and
Sersars, Mualli Objective Optimization (special session), New Avenues for Fuolvabide
Hardw are.

Seve b this NASA Dol Y EH conterence swere the lwo special sessions on “Revolu-
tonary Technologies for Space”, wlose confents will be mentioned later in this repart.
What was alse encouraging was the growth ol embrvonic fembreological electronivs)
thinkang as retlected by the fact that there were beea sessions on this opic o s con
ference, AL carlivr conterences, the tapic merited ondyv o single ses«ion, Obyviously, g
crovving number of FH rescarchers are thinking that Tuture electronics {ospecially at
the motevubar =scaled will have to be “gronmn™ the way o babyy groves, embrvogenicalie

Highlights of the Conference

I nony summarize briethy the contents of the Jour talkes given by the inviled speakers
and then ihased ona straw poll taken tron o small handtal of FEE notables at tiw
conterence sununarize the talks given by asmall seloction ot the "hest” paper prosen-
tations, 50 as not to nwke this reporl any longer than i s,

Neville Marswell (P LsA
O it Lo e seed s ot NARA

Noeville Marswell s manager of “Advanced Concepts and Technology Innova
Lion=" at JPL ilet Propudsion Labl e spoke about Tiioman and rabatic technologies
necded for NASN S visdon of space exploration, especially sinee US President George
W Bush bas committed the TS do reture peaple o the moon and o send people to
Mars withun the coming decades. T le made the strong painl that NASA will not be able
to avhieve its lomger-term esploratory goals i space unless the rescarch field or BT
= able to solve some basic problems concerning cloctronic circuils such as =ell-repair,
robstness, selt assembly otes When spacecratt spend nmany vears in space, thev awill
inevitable fail tor one reasen or another tegs, radiation damage). These tatled circaits
wWill need to sell repair and re assemble themselves when laced with unespected
circumstances. Marawvell emphasized to his audience that in his opinion, shat the
EED cosearch community s doing s of vital imporance o NASA L One does wonder
however whether he was telling his oudience what it wanted o hear, or whether be
truly believes it Commuon sense savs that the latter 1= probably troe sinee NASA'S
spavecralt are very expensive and need o be robos a0 thes are 1o undertake tong
vovaees withouot failing.

dhready socoveding wdd e fapanese indiesley

Tetsuva Higuchi INAIST, [apan)]
NS .

Professor Tetsuva Higuchi save animvited talk al the NASA S DoD T conterences
every vear, due o e estraordinary progress he makes cach vear in applving Hhe

prinviples of evolvable hardware to commerdial applications in Japan. Fle is way
abuead of anvone else in the world i lerms of applving BHE prnciples to conunercial
and protitable activitios. He organized an BHDworkshop in 1996 and an FH conderence
in 2000 in Japan. At the 1996 conference e stated that 70 EHE s o sarvive, it will soom
necd to find s Tkaller apiplication)™. Thanks to liguchi, killer aps have long since
been found. He uses B technigues to evolve the analoy civcuits of cellular phones, to
irerease their “vield” (e the percentage of non laulty creuits). THLR such chips are
made per month in lapan, He discussed several such applications, which I mention
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Coonterenve Keview: Foonable T lardweare 2100

Pricetly T,

Fliguchi's prasthelic and that uses FH to adapt the circait that maps human pa
lent=" electrival signals frone their muscles Lean artiticial hand. Betore this work, train
ing o patient fook months, now it lakes 5 minotes to train the artifivial hand o the
musele stenalss Ple s currenthy trving fosell acheap seeston of the artificial hand weith
alimited number of motions, costing less than 550000,

Data compression ot 20 mmages, (o aid on-demand publishing. e hos managed
tor hv e his dala comproession technigue become an indernational standard, which will
bo protitabte tor the [apanese printing industry.

FH Based acceleration of clock speeds i digiial circoitss By evolving the delavs
betveen components, he has managed Lo speed np clock speeds, Tower power con-
~urnption, and decrease the sarface area of his credits,

Lhe cellular phone example mentioned carlier,

FI based optical alignment of Temlo-second Tasers,

Blind people point cameras on their head o ilems i a stores The fmage is senl Lo
a volunteer wha helps the blind choose producis to bose The TH svstem enables the
camura Lo adjust s resolution and focus.

Detarmable mirrors used Lo elcle LS cirenits, The FE creuil corrects the phase of
the: laser beant doing, the etehing. A genetic algorithm s used to adpost 37 parts of the
MITToOr.

those of u whe have been coming o FH conterences from the very tirsl have
become aceustomed to secing Higuchi report on his vearlv EEEeonnmercial miraches. 1
i odddd though, that BE s not better des cloped in Tapan, There was only one other FLI
srotgs from Japan at the conlerence,

John Koza (SLinford Unis ersiby, LSA)
LIS v rortined ol competition aid ot i renien

I anvone v the world s o rival to Thguehi in lermis of refevanee of T to com-
merce, thon iUwould have 1o be John Koza of Stanford Universing, Rozais the tather
of Genetic Pragamaning (G, a0 tree based representation approach to evalutionary
GO LEATEO, WReTe Crosson er means swoapping e sab treess G s now considered
ane of the four “dialects™ of BAs fevolutionary a

corithms}, along witlt GAs {genelic
aleorithosy, FS {evolution strategios), atad B tevolutionary proeramming ). Pl the
author of 4 large books on bis GP approach (see details ot ool

Foobaboea
explaining haw his recent waork is now roulinels achies ing human experl level design

PreT AN LI L

ol analog circuits (oo, Jilters, amplifiers, ool s talk, entitled " lowards fndosteial
=trength automated designy ol analog circoits using genetic programming” <howed
amongst other things how Noores Taw tthe doubling ol clectronic capacitics ot chips
cvery 18 months or sob is now allenving GP ledimigues, as executed on his 1000 node
PO Tuster computer, o achiove Tiaiman v competttive analog cireail desicns, Toomake
I~ paoint, he ook Bwo examples of 218t century analog circails designed by human
cxperts, along with their specitications, and managed foevolve, GP stvle, comparable
vircuits in a reasonable time, and of comparable qualite ditnes=1. He very persdasinel
slatedd that T is rapidle coming of age. Howill very soon be moee than humanly
competitive, and will lave arcimpact on the weorld s Thal is what NASN B8 hoping Tor
ad s one ot The reasons NASA Dol sponsors these annual FH conterenees,
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H. e Gharis

Mare Schoenauer (INREA (Institut National de Recherche e Informativue et en Au-
tomatiqued Fodues, Drances

Londtidiony ahooeibns it adopd

NMare Schoenauer s editor in chief of the maost prostivioos journal i the ficld ot
cvalutionary computation, narmelv ooy ot (N Press) Te gove a
talk on techmigoes that s fovolntionary alporithmst can = Lo adjost automatically
the s alues of the critival paranieters used inan evolulionarys run (e, the motation
rate, Jrossover rate etel I FEL rescarchoers are 4o use PO techniques, they auaght to
wse the hest there are te accelerate Hwir evolution fimwes, cven in hardware. Tlenge
Schoenaver s talk was relevanls T was struck by the extraordinary comprehensivenoss
amd campetence ol his talk, and athers canwe wp to him at the end ot his lk with their
menery sticks to et a vopy of his slides, Sinee serious rescearchors of LAs vsoallv need
Leshinigques to reduce ther evelution times, a review of Schocnaner’s falk should be
wsetul to them,

Session Speaker Highlights

- Sy . L O N IR e I . Clen
Seasiiits i Revelafioenry fechpodonzies ke Sp

Anthony Colozza, of QN Northland, spoke on Sofid Siale Sin it Conepd O0erdiea.

Flo atmed toovse ness materiads in his “rubber planes™ that could Tap theie soings and
slide in the atmospheres of other planets. e presented the slickest video Toe ever
~eent at a vonterence, and Pye boen toa O of conterences, Tsuspect it was produced
I the same team that made the faomos Mars rovers video that Featured on the NASA,
Scienee, and Dhiscon ey channels on US television.

Mare Millis spoke of Prispects tor BroadHirongd Propudsdos frons Plngsivs, the aim being,
o use Theingey” phesics effects such as the Casimir eftect, cacuum energy, spras ity
shielding, clectro-groviby etects, eled b catise res olutionary breakthrougls in future
spave travel Tle made the point that homanite will never reach the star iIFwe are
cantfined Lo present dav techiniques of space propulsion (chemical, ion, solar sail, ¢ich
Something new aod radical will be necded, but what? He talked aboual the stadies he
had managed as project director, sonte Detne dismissed as anphivsical. others possible,
and others undocided .

[ustwhat the relevance of these talks wos to L was hishlv questionable, buat they
were fascinating, [ suppose, strelehing apoint, thal one could elaioy that “hardsware”
can be broadly interpreted. T oeed not be contined 1o electronie civenits. But then how
would one cvolve anew tepe of hardsweare bosed ontraly fringes phvsicos? This soould
b topic for future research,

Andy Tyreell {Lversity of York, L]

Andy Torredb ds one of the mest prodouctive and respected members of the T
research conmmunity, and arguably Teads the planct’s mest active FH research group.
Fach NASA/DolY EH conference usually has several papers from members of his
group. julian Miller, one ot the fickd™s visionaries (mare on hing laler) recently joined
his group. Tyvreell spoke on “An Endocrinologic-Inspired Tlardware Tmplementation
of o Multi-cellular System™ and 1 found it tralv innovative. Sinee this is the oth such
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Conerence Reviews Fauobalsle Fanduare 2y

NASA DALY B conforence, the topics of the dicld are becammg increasingly settied.
Muostof the talks at this confercnce were sttuated soithina relative s sel framew ork e,
evalution ot analog and digital circaits, considerationzs of robustness, ently openesis,
feult toleranve, el So il woas retreshonge by lear o whelly ness deos Torrell des ised o
spherical convoction cansisting of electronte cells Urat communicated focallv awith their
neighbor, amd “diffused” stgnalbs, o weay analogous to the endocrine svatem an biol
vgv He msed this system o show that if one colb "dies” the svstem sl functions, e
st bt perforie a 2-bit multiplication, not a particalarly editving exanple compuared

o Juat Kosa s evolving, but nevertheless, qualitatively new and therelore natewvorthy:

Ttugo de Garis (Ltah State University, Ut

de Garis spoke of the impact “Avogadro Machines™ will have on FH in 13 vears
e Fhis svas ome ot oo tatks i the "Nes Avenuesdor Bvolvable Flardaweare™ session.
Ao Avooadre Machine s one consistimy of an Avogadra’s nomber of componenis,
e trillion trithion, which will be possible as Moore's Taw takes elecironic cirenits
deneny 1o molecular seate By 20200 Sach circuits w3l have to be reversible, sa as not
L enprlode woith the heat generated by today s drreversible cicaitss Soch irreversible
vitcaits cannot be used when electronic densitios inerease to molecular scales. They
will have to be robust, as the “vield ™ of suchv cirveits will become effectively sero
by 20200 Sinee molecular civnits will probable sseitch their stote i fenito seconds,
the carrent paradigm of “teteh-esecute™ computing, with o centralized compuater
program memuory, will die, betng replaced T a “ervstalline compuling” approach, m

wliich preces of the program are distributed throughout the compuatational nedium,
Fight fravels g foot (30 cms) g nanosecond, but only a distanee ab about 300
Atomns N a temtosecond, so there 35 oo tme fo feteh oo instroction frome a distand
conlral memuory, 5o each cell in the mediim executes its owa loval mstroctions, and
the cverall solution “emuerees” as all the cell- interact Jocollve To achieve o desired
furclionality, LD will probably be erticall A Avocadre cireat will also have to
~elt assemble embrvologicallv, Tlew? 1o program a 31 space that will be possible
with reversible computing ino heal generatedi, signals soill probably have to be sent
in fram 2 sides of the 30 “cube” When and where thev vollide will cause a bit to be sel s

Simon Harding iLniversitv ot York, UK)

Stnon Harding 5 a srad stadent i Andy Boeeells feam ot York, being, supervised
by Tulion Miller, e spokae ot the results he had eblamed inevolving atone discrimina-
forin a lguid crvstal svsterrs, Ailler s well known o the Tl Leonununity Tor adyovating
the tse of alternatives Lo electroniv circuits as o lardware mediom tor evalution. Fland-
g showed that he could coofve o "tone detector” sirmilar to the famous experiment
of Adrian Thompson of Sussex U niversite, UK, who made Bimselt lamous by being
the fivst person in the sworld o cvolve an elechronie civcuit “indrinsicallv™ Gies using
avactual Civcuit to pertorn the evolution, not doing it "estrinsicalls 7, e insoftaare
simulation, cudsice the circait, “Intrinsic and extrinsic FHY are termes | coined 0 J942
when Dwas postdocing in fapan, working in the same room with Higochis Thomp-
o1 aimd Harding evolved detectors that wonld give o high voltage ootpuat when the
mput sical was 10K and a low voltage outpul wlen the inpat signal was [ RKHZ,
Harding got his Hourd crvstal to evelve, and in far fesver cenerations than Thanipson
took, Dot Flarding contessed he didn’t know Browwhab means his svstem esolved, Niller

Sevenas pecpras catte e Lo aller this Bk sy Thes engosved 1semy manhy soc 1 reel joestitned e
sl i iwere s o nhe bl and shet Pov ol s abusinee o proser as e seeiter ot s oo
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FEodie Glaris

save that this type ol evolution is “exploratory ™, e looking tor nese phivsical phenom-
wid that the ey olution cm esploit. As an aside, Thampson has not been present al the
fast Yew TH conferences, which s oddd, hecatse be ased to be lonized tor his famous
achievenient, ¥What happened to him?

CGeneral Remarks

Fooking back over the conterence, what sticks in ny mind?

[ think Lwo things. One is that the fickd eems Lo be stabilizing i the sense that
the Lopics it deals sith seent to pop up vear atter vear This is to be espected with the
groneth of any mewe research Held. Another s that the bopic of embryonics (embryolag-
tval electronicst las become o =table element of EEE Phere seere B w hile sessions on
this topiv at the 20040 conference, This | consider Lo Doy mest important development.
Ve clectronios reduces o molecualar scale, it is likely that circats will have b selt as-
sermble i their triflions of trithions, e they will have 1o “grow” nean embrvelogieal
wayy like o balne

Pleel the rise of embrrvonies is inevitable, sionce the broad approacl seemis so
applicable to the "Avogadre” svatems (systems having o teillion trillion compotenisi
Pumanite swill possess within 20 vears, as MMoore™s Law continues its relentless
doubding of clectronic capacitios, We need only Look Lo Biology to see Tiow suceesstul
it hos been in building ifs creatures, using o scquential gene switching fembryonicl
approaclt s clectroniv vircuitey shritntks, both iolegical and clectronic components
cod ap at the same moiecular sizes [predict o very bealthy and productive marriage
bebween biology and electronics over the neat lew decades, The iologises will be able
to Test their theories in “electronic Biologe™ based svstems, and the clectronios people
will be inspired by biologteal ideas Tor therr svstem building.

Uam elad to beoable o alse report that Soavdye Terretl and GCary Grreensvood have
learmed up and are currently writing an Fvolvable Tlardware test that they sav will
B o the shelves in 20050 With o quality texthook ot oame, the Beld of Tyobvable
Flardware shoubd reallyv take ot the wan e tiehd of Genelic Alyorithms took off after
the appearance of David Goldbers's classie test in fusey

Pinallv, and s s the maost nmportanl piece ol inloronation in his re-
port, muost talks of this conterence will be avatlable at the foliowing  URL:
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