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Science
without Walls

Partnering across borders means
faster discovery and a safer world

Hi il befilors

The L5 appears to be plunging bedlong (nto a new era of -
Intipmisen. The White House wants to pull cat of nsersstional
agreefents, includamg the Parls cimate desl amd e Morth Amer-
ican Froe Trade Agreement, [ hes Bsued exeontive onders trdng
1o healt o s o thees M il pefugees and immigrants to the mation.

This is had for the 118, amd terdble for hundreds of thou-
sanads of despevate pecgle across the planet. And it owill stEeEle
seienes, The choke hold will leave ws maore volnersble @ emerg-
iz, deadly viruses apsd will hamper effors v expdore space anml
eofitral glebal thrests such & climate change.

Remearch depends on ideas slamed acmes palitical Bordoers—
inclucing among oounties in condlict. Even as the cold war was
raging, lastilily betweeen the 1S, and the Soviet Dnion was put
aeicdle when American medienl researelser Albert B, Sabin and his
foviet coumberparts tested a five-viros, ol polic vaccine in the
D55 R That socecasful trial provided the seientific proof need-
ed for the vecine’s use arvund the world and nltimatzly helped
ta erRdkeate polio in most countries. During the Imernational
Folar Years of IA82-1853 and TR3Z-1935, nalions also pat aside
their differences to study the Arctic and Astarchc

Linzis Pastewr ones declars] that *science knows no country,
Becanse knowledge belongs o humanity, and & the sovely which
lamineates the world" Mations hove repentedly geen the wis-
oy of hid waonls.

The Boviets and Americans also worked tagether to further
space explovation inthe 1860 and 19 Mls—exchanging weather
dinta from and b celring new meteordogic satelllites and foim-
ly mapping the éaribi geomagnetic field. Similasly, when the
Soviet Uniow's Cosmas 936 misslon laumehed in 1977 seven LS
biclogical experiments wese anhoard, And in 3014, hefore the
LL5% restaration of diplomatic relations with Cuba was in place,
the American Association for the Advancement of Scienee and
the Cuban Acadeny of Soences pledged fowork togetlver bo fur-
ther researchh on drug resistance, cancer, eoerging and infec
tious diseases, and the haln,

[n recent years the L5 has taken some cructal steps to
strenglhen oot selence diplamacy: In 20090 President Barack
Ubamaspoke kn Cairo about working with selentlsts n the Mus-
Hen warrla] to develop novel sources of energy, create green jobs,
dligitize reconds, provides clean water snd gaow new crops. That
speech led to the UL, Sclence Envoy program, an catreach effort
that selects top American scientists o promote the noton's com-
mmitreent o selenee, tedhnol ogy and innovation as tools af diplo-

macy and economie growth abvasd, Ore of the researchers in the
nrugram, vaceine selentist Peter Botes, wsaed his envoy positon in
thee Mididle Egst to creite & vacrine resmreh partmership hetwee
hils Amverican institabe and a university im Saodi Arabia,

Yo the future of the envoy program under Preaident Donsdd
Trump remains unclear, Tromps wavel bans baove thrown e
srurchers' plans into disarray—making foreign schentists and
sehodars guestion whether they sheald attempt to come ta the
Lk for jabs or conferences and rising doubts abowt whither
lreign ecientists weeking here can risk wigiting relaties in Mus-
lim-majerity countries, kst they be prevesitad from returming

That & unfortunate becaise betber science—anid dinlogne
about selenee—baneMe ug all Detecting and stopping emerging
threate sich 88 Zika or Ebol reguire parinering with countries
aronnd e globe, Understanding the exiens of Z8ka damage amd
tealing mndidate yarclms amdang sasceplible populations, for
instance, will call for Inlernstbonal cooperation.

Fuor space exploration, we meed Russin's assistanee to forry
T RELCORALES 10 The [nbernational Space Station, To better map
the stars ard explore the unkmown, we pss partner with Chi-
14 hiecauee it has the world's largest radio telesoope. Tis help m
it the effects of climate change, we nieed 21l the big emitters, in-
clading the U5, Ching amd Tndia, to take steps 1o sddress the
tssie and b wiorlk towand solutions that will help eommunites
bl resiliemey

Let's pesist the unge to turn nward and isolate oarselyes, In-
efirac] we must contlome g forgn strong ties warl dedde, wsing sci
ence as & diplomatic wedge, We gain far more from these part-
merships tham we risk, Weakening them will hort us all, B

SN THE CONVERSATION OHLINE
Wil Soeniihe Ameiicin on Facebook and Twdiber
of send o e e ihe edibor; sdiorgdcclam.com
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Knowledge Is
Infrastructure

Curiosity-driven science is just as vital
as roads and bridges
[y Robkbert Difggranl

Wien wa think of Infrastructure, wie tend 1o think of the facl-
ibies ad Avateie peaquired for neountey to fanetion and thrive
roacls, hridges, tunnels, girports and railwmys, as President Don-
alil Trump specified in his Fobmary 28 speech o Congross

Patholes and crnmbling edifioes dearly indleate thrt sume-
thing needs fsing, But keawledge i infeastrocture, too, and
right oow it seeds nrgent ntentan Science aml lechnokgy ane
thie hasis of the modern seonomy and key to solving many se7i-
qlks environmental, sucial and security chalbenges. Basic re-
search, driven by curipsity, freedom ard fmagimatien, provides
the groundwark for nll npplied research and beehnology. And
st as we haee 1o heak the endless cyele of Band-Ald xes o
roads and rails, long-term investments in knowledge s vitsl,

Curinsity-driven husie reseanch has browght truly revolution-
ary transformations, such a2 e raphd growth of eomputer-
basged intelligense and the disoovery of the genetic basis of Life.
Albert Einatein's century-céd theary of relativity is nsed every
day in cur GPS devices, Perhaps the hest T8, government in-
westrment ever was the S4.5-million grant from the Naticnal Sci-
enee Foundnton that led to the Geogle search algorithm—an
ivestEnent that hns mualtiplied by mose than HiO 000 tmes,

Basic research not onty radieally alters our deep under
stansding of the workd, it also leads to new tools and technigues
that sprend throughout pocdety, sech as the Woeld Wide Web,
originally developed for particle physieists to foster scientific
callabaration, It truins the sharpest minds on the wooghest
challenmes, o its products are widely wsed by industry and
society. Mo ofe can exclusively captare its rewards—it B8 & tru-
Iy public goml )

The path from explombary bagic ressarch o practical appli-
cationa 8 pat pne-directicnal and Bnear, bat pather it is complex
arnd evelbz, The resultivg techrologies enalile @vwen maore fandz-
mental discoveria, s 48 quantum mechanics, which s led
o eamyputer chips and clber inventions that are respoosible fo
a significant portion of the 118, groes domestie prodoct (GO,

T tap It the fall potential of human intellect and fmagina-
tian, we need o balance shart-term expectaions with leog-term
investment, Just & a financial expert woukl sever pecommenil
forgaing & rekirement Tand to enrich an already sulicient check-
ineg necomnk, we need to sdvocate e s balanesd portfolio of shart-
a0l [neg-term research initistives, But driven by decrensing fund-
i, sgalreat & backgronnd of sconcenic unkertalnty, global political
turmadl ansd ever ghirteming time cycles, redeanch 15 heraming
danperously dkewed toward short-berm goals thal may adldress

FORUM

COMMEHTARY OH SCITHCE IH
THE HEWS FROM THE EXFERTS

curvent problems bt migs ot oo hoge advamees in the Jong term
It ie o wirrisome trend that over the past decndes both pub-
Bic: and private sapport for hasic researeh have declined as o per-
centage of GO The postwar decudes saw an anprecedented
worllwide growth of ackence, Inchiding the crstion of lunding
councils sach s the Hoticnsl Selenes Foumdation and massive
investments in research infrasiruciane, Fesent venrs have seen &
marked petrenchment Steadily declining pubdic fanding is insuaf-
firiemnt o B i with the expanding nobe of e ecientlfie enber-
pris= in o medenn knowledge-based snosety. The 1LS. federal REI
budget, measured w o fractbon of GI, hes dropped fron & high
o 1,92 percent in 64, at the height of the eold war and the space
rce, 0 less than (.0 percent today, And the hedget for the
Matianal lestivobes of Health has fallen oo 2000
Gervernments are incpeasingly directing reseanch Tanding to
tnckle important socieial clallenges, such as transitisning e
cleam, astainable enerpy, Datdling climate change and prevenling
wiidwide epicdemics, all within fiat o decreasing bodgets. A= a
consequence, basie research and its badget a6 glven shoetshrift
1t is hamsn o oeus on necessitbes intimes of ainees, Bt in-
westing in basic ressarel, just ke saving far retirement, B a pre-
recisite o ensaring welfane, innovetion ard societal progress,
Lomg-term iveestments in basic meeand) ane crucinl and lead o
an e higher goal: the global berefils of embracieg the seientif-
i eultizre of pecnFey, troth seeking, oritical questioning and dias-
Ingue, headthy akepiiclsm, respect for fcts and uneertainties, and
weomder at the richiness of natore apd the buman spici.

JOH THE COHVERSATION OMLIME
Visk Soentific Amencen on Facabook and Twitier
or s2nd a lebier o the edibor; adilers@sclsn.com
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COSMODLOGY
A surprising connection
between cosmology and quantum
mechanies could unveil
~ the seerets of space and time
. By Yasunori Nomura
Ty \ b
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Thees musltiverse idea emenges from a theary that saggests the
very sy cosmas expanded exponentinlly, Durieg this period of
“inflation,” some regions wonld have kalied ihedr rapsd expansion
sonner than otbers, formieg what are callis bubble ariverses,
musch e bubdiles in boiling water. Our aniverse veould he just
o of these babbdes, and Bepond it would be imfindtely more,

Tise iddi that var eotire andverse 1s only o pare of 8 moch
farger structure iz, by itself, not &8 ontlandsh & i scamds.
Thruughout history selentlsts have learned many Limes over
that the vigible world B far fioin all thene is Vet the multverse
meiticn, withy B8 onlimived namber of babble enverses, does
preseal 4 major theoretioal prohlem: it seema toerass the abili-
tv of the theory to make predictions—n cenireal requirement
af any useful theory, In the words of Alan Guth afl the Massirhu-
sets Institune af Technedogy, one of the criestars of inflation
theory, “in an eternally inflating wniverse, anything that can
happen will happen; in fsct, it will happen an infinie nambe
ol times.”

In o single aniverse where evente occur a Ainite numbsr of
tmes, sebentlats can calenlate the relative probabdlity of one
evenl eocurring verdus another by comparing the numsher of
times these events happen. Yet in a multbverse whene everyihing
Bapeens an infintt= momber of times. such countine 18 et Fos-

Wasnicerd H o & o e o gheic asd diector of e Bakeiey
Comvier fry Theoretical Prrysics 21 the Univertiy of Califamia, Borlokay:
Ha i e s Lacabty scientied o Lovererioe Blerlefiey Halonal
Lboriary and a princied investigeos o e Usiveniy of Teiyst
Farki vttt b the Phyeics and Maherratios of the Unsersa.

ANY COSMOLOGISTS NOW ACCEFT THE EXTRAQRDIMARY IDEA THAT
what scems to be the entire universe may actually be only

a tiny part of a much larger structure called the multiverse,
In this picture, multiple universes exist, and the rules we
onee assumed were basic laws of nature take different forms
in each; for example, the types and properties of elementary
particles may differ from one universe to another.

Mivsiciete Some researchers, meloding mee, have now realixed
that quantum theory—which, in contrast to the maltiverse
notian, is coneernesd with the very smalbest particles in exis-
tence—may, ironleslly, poimt the Wiy 10 & solultioin Speciboally,
the eosmokigieal pictore af the elermally inflating muolinverse
may b mathematically equivalent bt the "many warlds” imter-
pretation of quantum mechanics, which abtempls bo expladn how
partiches can seem to be kn many ploces a1 onee., Ae we will see,
such o connection hetwern the theerses nod anly solves the pre-
dictiom problem, it may ales reveal surprising truths about space
ansd tinse,

GUANTUM MANY WORLDS
1 CARE T THE 1ok OF fenrrespandones hetwess L twn thearies
after [ revisited the teneta of e many-waorlds imterpretation of
aeamrurn mechEnie, This conoept arose to make sense of some
of the slranger aspects of guantum physics. In the quanbam
warld—a nunintuitive place—=cuse and effect work differently
than they do in the macro warkd, and the owtcome of any pro-
cess |5 always profuhi Hetic, Wheress in car macroscopic experi-
enee, we epn predict where o ball will land when it is thrown
naed oo (e alErting podnt, speed and other factors, if that hall
W 4 miantum msrtcle we erald onbe fuer 23w IF has 4 crrtain



TWH TAEDRIES COMBINE

. ' WX T
Inflation Meets Many Worlds
.

Tha theary of inflation suggests that our universe is one of Infinitely
many that larmed when the very early cosmos expanded asponaniially
This picture of a mudtemerce, hovwaver, seams to sty the thean'
anllity 1o make predici rrrthing that can hap n

i il tiwarse will happs tely mary times. The problem

1, heawever, if the inflationany multherse b5 equlvakent to th

‘many worlds” interpretation of quantum machanics, which pasits
that all these Infinite urdverses aoaxiar aod in A single mal speos but

n *profbabity spacs.*

IMFLATIONARY
MULTIVERSE
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Daar wriverss

B jist onal
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HEALTH 1 . =
I'wo decades of research confirm that
eight loss is about burning more calories

thml you consume—but what you eat is more
important than how much you exercise

By Susan B, Roberds and Sai Krupa Das
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BIQLOGY

The Meaning
of Lichen

How a self-taught naturalist unearthed hidden
symbioses in the wilds of British Columbia—and helped
to overturn 150 years of accepted scientific wisdom

By Erica Gies
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Artificial intelligence has staged a revival by starting
to incorporate what we know about how children learn

By Alison Gopmil:




Albon Gopnik [z a pofessir ol rpcholagyand

el profese ol philoscphs atthe Liniveriny
of Cabllomiay, Borkeley, Her srimarch basez onhiow
oy -thildren ko kst e wirkd anond them

F YOU SPEND MUCH TIME WITH CHILDREN, YOU'RE BOUND TO WONDER HOW
young human beings can possibly learn so much so quickly. Philoso-
phers, going all the way back to Plato, have wondered, too, but they've
never found a satisfving answer. My five-vear-old grandson, Augie,
hias learned about plants, animals and clocks, not to mention dino-

sanrs and spaceships. He also can figure out what other people want and how they think and
feel. He can use that knowledge to classify what he sees and hears and make new predictions.
He recently proclaimed, for example, that the newly discovered species of titanosaur on dis-
play at the Ameriean Museum of Natural History in New York City is a plant eater, so that

means it really isn't that scary.

Yet all that reaches Augie from his ervironment I8 & strean
o pliotans hikting hia retise and disturhances of air contacting
hiz eardrume. The newral computer that sits behind his bles
0 Inanages somehow to start with that lamited information
from his senses and to end up making predictsons about plant-
saiEng titanosanrs, Ome lingerng eestson i whether electpon-
I enenpaters cam de Db sme.

Dmaring the pest 16 vears or so compuier sejemtists and psy-
clvologiis hive been trying to find an answer, Children apquire
a great deal of knowledge with 1l input from teachers or par-
ents, Despite enormons sirides in machine intslligenes, e
the: mast powerinl compatess sAll canmot learm ag well 42 a Gve-
wekr-ohl does,

Figuripg out haw the child brain sctisally functions—amd
then creating a digital verston that will work 2= effectivey—
will challesgs computer scleniisls for decades to come. Bt in
the meantbmes, they ane beginning o devedop sriificial intelli-
goenee thal incorponites somes af whst we mow abaut hew bo-
mans learm

THIS WY LiP
APTEH THE FIRST BUEST Ol enibiusinam in the 19608 and 19603, 1w
quest for Al languizhed for decades. In the past few years,
though, there hawe been striking advance, epecially in the
fiekd of machime bearning, and AT has become one of the hottest
developments in technobogy, Many ulopian or apocalyptic pre-

dictivns have emerged abont what those sdvances mean. They
bive, quite literally, been 1aken to presage efther imm ortality oF
the cnd of the world, amd a lot has been written abowl Bath
Ehese possihiliiies.

I sugpect that developments in AT ead Lo such strong feel-
ings because of nur deep-geatéd fear of the almost homan., The
idea that creatures might biridge the gap between the hnman
and the artifbeial bas alwivs been deeply disturbing, from the
meclieval golem to Frankenstein's monster to Ava, tie sexy
rabad fatale in the movie Bz Moching

Bat do computers really learn a3 well as humans? How
much of the hested thetors points to revalationary change,
arwl e mszly B just lvpe? The details of bow compatess larn
to recogmize, gy, o cit, o spoken ward ar a Jspanese disracter
can Be hard to follow. But on closer ingpection, the basic ideas
Dt mzchine learming are no a& bafMing as they fost seam,

e approach trbes 0 solve the preblem by starting with the
stream of photons aemd &ir vibrations that Augle, and all of us,
recelves—and et reachss the computer as pixele of o digital
Imasie g svund samples of an audie recording. It then tries to
extrict a series of patterns in the digital data that con detect
and identify whole chjeets in the surmanding warld, This so-
called botban-up approach has moots in the dleas of philoso-
phers such a8 David Hume and John Stuart Mill sand pepcholo-
glata sl ag Ivan Pavlow and B, F Skinner, among oflem.

In the 1%80s scientists figured oot & compelling and inge-

IN ey

Hosrda poung childeen o what thisg knse? That

question his lang preccopied phifossphers and pry-
chofiogests —and nos compatirn scinE.

8 Seientific Ameriran, June 2007

Spadalbsts in srtifictal imaligence s sudying the  Bao rvel mochise-leassing srategivs—both heking
miznizl ressoning poewens of prescholers o dewiop  amempts (o e what childven do netusil—have
ways o besch mahings abisdl e wirld,

begun o mesdonm Al i o discplin
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OPFPFHSING STRATEGIES

Two Paths to Al's Resurgence

Problerms the sverages froespmraold sclwes naacly can swmp even the most powerdul computers. Al bas made a spisited comeback in
recent years by beaching oompubers 4o kearm aboun the waorkd samewhat like a child does, The madhine recognizes the letter “A7 either
from rw serecry Infonmatlon—a bothom-up spprosch—or by raking 8 guess liom pressisting knaviedge—a top-down approach,

Eodtom Up (ecp Learning)
Eamples of the leter A trach s compalirie Durgut; Pioal by pins,
it iy pattorms of Bght and dark piseks 1his chamoe
for various version s of the leties Then, when resamisds the treining
tha suaching reosves a i inpul, I s e it il harsives,
whethior thee phaeks monch the configurstion ElanA
from e Irsining sel, combinming the ke i
i, ik D beariming b o msne comples.
version of this spproadh. A

lapun

fqﬂnkmﬂﬂh e
rarw it |1k i, pia)

Ve "

mions way to apply bottomeup methods to ket compaoters Jant
for meaningfol panerns n data *Connectionist,” or “newral net-
wiork,” avatems ke inspiraticn From the way thet mEromns ciHn-
vert Hght patterns a8 wour reling oo repeesentationg of the
worlid arcmmd yme A neural network does semething similar, IL
uges Interconnected processing elements, akin 1o baolagical
cells, 1o tranaform poels at one layer of the petwork iobo o
creasingly abaLaet represeniakina—& nese ar an entlre hos—
as data are crunched at prog ressively higher layors

Heural metwork jdens have gone through o recent revival be-
cause of new techndques called deep karnig—techonology no
being commercialized by Google, Facebook and other tech
ginile Thi el incieasing power of computers—the expanen.
il ineremse in compoting capability that is capiured by whatis
Enown as Moore's law—alse has 2 part io e @w snogees af
these avstems, So doss the development of enormously large
uts sotg. Wiah hetter processing eapahilities and mare dala to
ciunch, connestioniet patems can learn far more effectively
than we might bave soce theaght

rver the years the Al community bas seesawed between
favoring these kinds of bottom-up solutsons o machine learn-
ing anid alterntive top-dawn approaches. Top-down approsch-
o8 loveragn what 4 gyatem alieady knows ta help it leam some-
thing new. Flalo, as well as so-calked rationalist philesaphers
such as René Descartes, believed in & wop-down approach o

fMarirgrion bylew O rivifa wecy

Top Dowin (Bayesian Mothods) — B
Asingle exarmple of the Jeniar Aces .f ﬁﬁmﬂﬂwh:*

o0 renoaize dmiar mamples whs wing o el of o
Bapeiion methods The machina bulids amodel concaph, “:ﬂ'““m“
al o ket from its awn intesred ibrary ol gt
St s bl o P i wp of an s

angle joined By & crassbar, an Athat o then be

weed inidentify itk diferest verioms of e

fetier ar nmiadily L in vorioe v,

[% A Bﬁ/

A A A l‘ \ A ;l
AAAd

ﬂlm:;uf Gn'-:ﬁ-l.m'l Fh'ldqtﬂlt' l.’rﬂtrﬂhhd
isputeeaTls s Emples imeparts Rew oapts

learmig—and it plaved 4 big role 1o early AL In the 2000s sach
methiols alsa experienced teir own pebir in the form of prob:
alilistie, ar Bayesian, modeling,.

Like solentists, topedown systems start pal by formulaging
abstract and wide-ranging hypotheses ahot the workd. The sys-
bems Ehen make predictions ahout whet the deta should look
|ike if those hypotheses are correcL, Also like scientists, tee svs-
tems Lhen revise their bppotheses, depemd g on 1he caleome af
these predictions

HIGERIA, VIAGRA ARD SPAM

BOTTOM-UF METHODS anre perlps the mast readily anderstond,
g0 let's comsiler them first. Imagine that you ane trving te et
T computer to separate important messages foom e apam
thag arrives In your kn-hox. You might eotiee that spam temds o
e coitain distimgsking chareteristies: a bang list of recipi-
ent addressees, an originating address in Nigerla or Bulgnriz,
references to Fl-million prizes o Erhaps mentsan of Vingra.
Huit perdectly useful messages might kook the sme. You don't
winist bo miss the nnouncement that yoo hive earned o poonis-
i an an ackdemie s,

IT you compane enough expmples of spam against other
types of e-mails, so0 might satice that enly the spam tends o
e qpualities thatl combine in cortain elliake wigs—Higeri,
for Imstanee, plus a promise of a S-million prize together spell
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troatede. In fact, there might be some quaite sabibe hher-ovel
patterns that diseriminate between the span messages and the
s fial nes—mispedlings amd [P sddresses that are not at all
oEvious, for example. [F yoa could detect them, you enald aceoa-
rately filter out the spam-—withoat fear of nlssing & nethos st
yuur Yiagra has shipped.

Bottom-np mschine learing can ferrel oul the relevant
chies 1o solve this Kisd of task. T do this, o reural network
musl go throagh s own learning process. [t evalu-
abea millions of examples fram huge datnbases,
ezch labeled ns spam or a5 an aathenthe e-meail. The
conrgpider then extracts & sel of Kentilving festures
that separate Apain o everything else.

In & aimilar way, the metwark might inspect
Intermet images lnbsled “eat,” hoase,” “stegosan-
rus," and 0 o, By extracting the common features
im each s of Images—the partern that dEtinguish-
es all the ¢ars fromm ATl the dega—it can identify new
imeges of & cat, even if it has never seen those par-
ticmlar images: before.

One bottomeup method, called unaupervisesd
bearning, |5 still in It relative infasey, bul it can detect patterns
in dats that have me lals=i al all. 8 smply looks for clusters of
festures that kdentify an obiect—noses and eyes, for smmple,
always o together to form a M aedd differ fram the trees and
muaniains in the backgronnd, [dentifving an abdect in thase ad-
vanced dep-learmning networks takes place thnough a division
of labaar iin which secognition tassks are apportioned among, did-
Ferent Livers of the network.

A article in Nefure in 205 demonstrabed st hiow Tar bhot-
tameup methods have come. Besearchers at DespBind, a cam-
pamny comed hy Google, naed a combination of two different bal-
tans-up Wechnlgues—deep lEarning aml renforcement bearn-
Ing—in & way thal enabdid & computer 1o master Adari 2600
vider gamis, The computer begnn knowing nothing aboat bow
the games worksd. Ak first, it mede mndom gocssea aboai the
best moves while reelving constant feedbsch sboaut its pecfor-
mance Deep leaming helped the system identify the features
ofl il acreen, &nd reinforcement learning rewardesd e for a
higgh geare. The computer achieved a high proficlency level with
severnd mmies; in some cases, It performed better than sxpert
buman players, That aald, it also completely bombed on other
Ermies Chat &re jugl ag ensy Tof REinans 1o masker.

Thee abdlity 10 appdy Al o learn from Erge dotn sets—mil-
liens of Instagram imoges, e-mail messages ar vales recond-
ings—allows solatinns to prohlems that omes seemed danming,
such as fmage and speech recognithan, Bven so, it 8 worth me-
membering that my grandaan hag no trouble at all recognizing
an animal or responding o a spoken query even with muech
e limited dety amd training. Probdems that ore casy for w
Tuaman fve-year-old are still extremely perplexing te compatesa
and much harder tham learndng 1o play chess,

Computers that learn (o recogrize & whiskered, fony fwee
often need millkan: of @xamples 10 csegoriae abjects that we
can clasely with just a few. After extensive training, the compet-
e miight be able fo ddentily an image of o cad thet it has never
seen before., But it does s in ways thak are quite different from
human genembizations, Beeause the sompaier solwan rasome
differently, slipups oocur. Some cal images will pot be labeled as

cats, And the computer may meorrectly @8y g image i@ o cat,
althmagh It I8 actually just o mncksm bioe one thal weald neser
T & huiin abserver,

ALL THE WaAY DOWH
THE OTHER arPRimcH to machine karning that has transformed
Al in repent years works in the opposite direction, feem the tap
dowwm It assuenes that we can get abstract Kinoadadge fmom con-

APPLYING AI TO LEARN FROM LARGE
DATA SETS—MILLIONS OF INSTAGRAM
IMAGES OR E-MAIL MESSAGES—
ALLOWS SOLUTIONS TO PROBLEMS
THAT ONCE SEEMED DAUNTING.

crete data berause we already know o Toband especinlly becanse
the brain ks already capable of understanding basic alsgract
eonoepts, Like sebentists, we can wse those concepis 1o formu-
late hypotheses abowl the warld and make predictions aboat
what data (eveniz) shoald lock like if those bypotheses are
right—the reverse of trying to evtract pattorms fnom the Taw
data themselves, as in bottonsup Al

Tais ides can beat be iibastrated by revigiting ihe spam plagee
thirmiggh condldering & redal caise in which [ was imsalved. 1 re-
ceived am e=mail from the editor of a jourmnal with 2 strunge
name, referring specificnlly to one of my papers and propoasing
that [ wrile an artlele for the pablication. Mo Migeria, ne Viagra,
n paillon dollars—the e-makl had none of the coanmon indica-
tions of & apaim mesage. ot by wsing what 1 alresdy knew amd
thinking in an absirsct way about the process that produces
spam, [ eoudkd figare cut that this e-mall was saspicions,

Ty start, | knew that spammers try to exiract money Gom
people by appealing te Buman greed—and acsdenics can be &
gready o pablish ag andinary folks are for £1-mdllion proes ar
hetter gegual performance. I also knew that legitimate “open
wreess” journals hove staned covering thelr casts by charging
anthars instend of subserdhers. Also, my work hns nething o do
with the jourmel title, Putting all that togeiher, 1 produeced a
planskhle Fypotheais Chat e o-mail was trying o sucker aca-
demmiics inte paying to “publish” an article in a fake jowrnal. 1
cotahl draw this comelasion from just oee sxnmpde, nrd 1 enald
po an i best my hypothesis further by cheddng the editors
bana fides through a search-engine query,

A ot seianissn wioisld call iy reasening prioess o "pem-
arative mcxdel,” ooe that & able to represent ahstract comcepts,
eych &3 greed and decegrion. This same maodel can also deseribe
the process that s wsed to come up with 2 hypothesis—the rea-
soming that led to the condusion that the message might be an
e-mnll seam. The mode] lea me explain how this Grm of apam
warks, bai 1t aleo ket me imagine other kinds of sgom oe even a
ype that differs Mom any 1 have seen or heard about before.
Whiemn 1 peceive the e-mail from the journol, the model lets me
wark hacdewnrd - trucing step by step why It mast he spam.
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