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Executive Summary

The state of science and technology in the 21st century is undergoing a major transformation
due to the advancement of information technologies (IT), such as artificial intelligence (Al),
big data and machine learning, Internet of Things (loT) devices, and smart robotics. The
transformation of research and development (R&D) processes through digitalization is not only
improving the efficiency of R&D, but also promoting new discoveries in various scientific areas
and creating new scientific methodologies.

In this proposal, we aim to automate scientific research, which is also a promising field of
application for Al. We propose the following three R&D themes focusing on the handling of
hypotheses.

(1) Large-scale and comprehensive hypothesis generation and search
(2) High-throughput hypothesis evaluation and testing
(3) Human-centric scientific research cycle integration

The automated Al system will be implemented as a human-in-the-loop system that executes
a closed cycle of hypothesis generation and verification. This Al system is expected to become
a powerful tool for cutting-edge research. For example, in the field of life science and medicine,
such an Al system will enable the rapid development of vaccines for new viruses and the rapid
discovery of safe and effective drugs. The other Al system in the field of materials science will
enable the automatic design and optimization of materials with desired functionalities as well as its
synthesis methods. It will also be used by many scientists to test their own working hypotheses
and search new hypotheses beyond their cognitive bias. Moreover, the systematization and
dissemination of its usage of the Al system in many scientific fields will raise the level of Japan’s
R&D capabilities.

In addition to the promotion of R&D of platform technologies for the Al system, the
government needs to develop human resources and organizations that can freely use Al, big data
technologies, and robotics, create a framework for data sharing, and foster communities. In this
proposal, we propose the following three aspects of promotion methods.

(1) Joint-use facility
(2) Grand Challenge
(3) Education and dissemination across disciplines

The R&D and operation of Al systems will be conducted in each fields for the time being,
since the tasks and devices to be automated differ from field to field. As well as the formation of
centers of excellence in each field, the establishment of a joint-use facility with a "hub" functions
is required. Since there are various possible approaches to the realization of the Al systems, it
is desirable to implement a R&D program that sets grand challenges and solicits a wide range of
ideas to achieve them.

CRDS-FY2021-SP-03 Center for Research and Development Strategy, Japan Science and Technology Agency iii
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Incentive design is also important for the sharing of negative data and failures because the
quantity and quality of data are key for machine learning. Education and dissemination of
mathematics, logic, and other reasoning tools and verification protocols are also becoming

increasingly important. In addition to hands-on training, it is desirable to promote R&D with
attention to the systematization of education.

Figure Positioning of this proposal

iv Center for Research and Development Strategy, Japan Science and Technology Agency CRDS-FY2021-SP-03
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¥ cEE - EHDFA - SRR IEED D DY I TR
(DNN) - DUIXIE - T cN=FvILRI) ==Y
357 cUZalL—YavVEROAER c DFRERDODERER
(GAN. VAE) B FEZBDHETE - KA EYDIRER IR AR

REARPRELIRED LS BEREDSVWETA MRV I RABOETILOBEEZSH 27 7O—FHHE LN,
F—=TVV—RCERADY 780 7Y —ILODERELEE>TWS, =20, FRBECHERECIIN—RA
7RERAHN. HEOEMNPAI DRTLDERICE > TROONDZBIREDLNILITER D, . BIR -
FBEHETHELUTH DO, RIS ODBHBAEENTLUEIEVWSHEBELEILE, 2OV oToREEEL
7= XAl DFE LRI ENT LB B,

BEDES ITHBEFEFEREIFRLABRDTFICEWT, AT -9 oMEtNR—RENEZEN D, B -
YU ERELIEDEWS I ETHRNRINZENO TWS, LA L., EXNICITBNNT 70—F0EE
THH, RADERCLHLUWABORBEIEHELHDEVNZD, T—IPAIIVRICLZT77A—F0O
RYMILZEBREESHETETIZEDRIZNETICE>THATH, FADORZNAHBEEHNICKET S
ATFLE. WEFRBESNZEEFEZARVWRRETHZD, WInd, BEHETIIIL (F1-1) O—&Fo%
EHTRELTWSIOATY. IL—T2E0OBEHEIZIEES>TULRL,

(4) RRERESZRA—IA—=23Y

REMEEEBELEIS EWSTHROERIZRWS, ATMESB TIE 1960 FRDIFR/I—rR
FLICE2 BRI AYMDBEETHEZENTE, ZD%EBACON, DENDRAL, EURISKO B EMEIE
Bz, LALEAD, Z<DBE. TTICRESNTOWSEIDHERICLZBRERLICEE>THEN,
BRI ER TORZHERIIE LN TV RN,

Al Y2ZTFLIZYEFNEFRRSE., TOHNOZUEEBREOYBZORRELBRTEE(E. VAT A
DEMEIRIAEPCR Y FI—VELTEETH D, BET—YFDAREZEXFEKE TS [BACON| FOJ S LI,
REEEETRT 27 S5 —DFENPBERIFZDA—LDEREDENE [BFRR] TEf, HEHNNA
ARTHEZ_ERDFONSFDT — IS ZDXEEL (=FREE) 2FKRTHEVWSIRREAINELEY,
ZO%E DA ZARPIREAZRBREOVWT, RBRT—INOXEAERERRTZ2FEDREHN R
TWBEN 3B BERMICIIEEEROEY MEEABNEZ. ZOEIRMTD/INSA—5EHEIC (R
FEMNIZ) METHEVWOIFET, BN TO—FDHIEBEWA LS, £l BRE (770U YEE]
[CBI5T 2100 DEXEBHERIS [Al Feynmann B v, XAE7H (BRAMNHOE) PHEKR, -
YUE—YEBDEREDEAERICETIRADTFEORREEET [SYXTrreiv ¥ Y &2
SBECEREBEEAADELETILTIXLDORSEEDH SN TS,

BARZECRERSNRFEERRIIT 2 TOCRNEETH B, REDERE. ZORFIZHIR
SEEBROBEETE. ZNICEDCKERDETEVWS —EDTOLRALHEK%Z, V0EDDTIYN74—LLEIZH
BE2RELNDH D, MRRIZDGEIZIE. RRERIATLNIRET 2B R LEAELAER - BE0OYEHL. &
BTELNESINIF—RICEBETEVDT, ARy MILZRTHEEBELCARTOERORE L LED T
BEETH5B,

REBERDOEBRETETCORERBT Y1 VI/ILEEE (NSWEHNDHE) BEMELZAERINARD EHE
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LTRoss King 50 [ORy Mz W41 s nTng, COVRTAIR. HEBRBOEGZOEESE
WS BRONT-ARRZEEAICEWTTIEH DD, REGER. ERETBEOIEN. BBIEBRERE(CLDERDET
EWSRIZMESA7ILOBEBLICEIILTWNS, ZITIESOL BH (Skipping Ordered Linear
Resolution)™ #RWRHEREAVSLNTLS,

{EZNFTOXRBREEOIWD A EBBAICITHONTWNS, EEVDERE ZNZRRICFEM - RIS
29147\ Al DRATLWBEETEITT S [BBETERE (Self-driving laboratory) | TOERMEID
HEKENRESNTWEY, £, BIOWMESIL—TFD TENACILARY MEEE] (Z. /Ny FRA IREKT
IWTVZLIZE-T8 HE - #1700 BEISE->TEREMICEREZTV. RYUDEEIDE 6 FEEN S Vi
HEOREICHRIL VB, ZOVRFAIE, ERENEBEBORY M BIZTEHND, EEIHFHEE TE
—BLTUT2YATLTH S,

MRBZABTCEOVEF NI TILERBRED/NA ZIL—=Ty REREMIZIMA T, FHED/ N1 ZIL—"Ty
MEEEZEEAS, FIZIE. 3 TAVEF M) TILEROBE T SR FEEZEAT 22 & TX REERT
[ BEMEERLUERY (CED. HEFHIONLZRIL—TY hER - SHAZTO7—270-hF
FRICR—RATRITTESH LIRS RROSHR(CITRMILSTEIRT -5 DBBICEFML. N—Fv
IWRZ)—=ZV T DBEDR LICEDHA B LTINS, COLIWHEBRFEONBICKSFFMOE=R(E
ZOMDABFTERELN, LILY —F—RETIFIUULAEBHI BRI ERBOREN VAT LEEREREERT 2
FETH 5,

CO&SHEREOEERETIE. ABIEEBICEFEEZREL. PILTVILNHERELIRNETRE
BETIDENH D, K2-4 [TRLEELSIC, Al YDATLEABDOEEERZELC T, ABNEICIRTA
LEROBEBEEZREL WS, 7IT147 57—V I IC&DFHULWEEXE)MBIOFKBEZ1T 7= [ CAMEO |
YAFLIZOWT, ABSNEDOBSRRATLAOEE L BENBEIN TS,

FEIOFTAIILADBERILKRICED, HAFDZ < OHIR THRENERE (T ZENTERWRRED
LUz, D=, MAENEREICHA ZERERZZEITLUIED, HEIWEIKRABEDELZ >TOER
ZR/IRICT2EAL LT, ERORY MPEBREBEIRATLORTEMEALTWNS,

(5) BEYTIRERMBERDEREIM
BET ARERMBENDHBEER2-3 [CELHD, BAETIE. Al ICERIZHNHKEOEEHIZLEN
BEANSZDEEMNIER - RFINTETWETEO0, AR IOEZLED DX [BENSKTH B3,
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CAlZEBRIZHRRDEE A ZEHHIEIET

-TAl 8882019 |9 56 ARSI - 1/ R—Y 3 VEKHE YT, Al AMBEYT — 9 ESHRHE
HEDBRIEHELD) EFHNTLD

- ERORY AOBADHERE 7TOERDT VY IEDENAE SN B2

2k - BAYEZS L ATHEZPSOEECBOREREY, [FT1—75—ZV7eMEZE | OL5 B2 BHED
XD A E DRI EFTH
FEERATEIEYRRATOLZAD DX PEHREY I/ T =IO AN BRI SN TE TSB!
CBIEMETOAI FIALHRFE S
- DARPA T LWAI R 705 5 LD—E& LT [Automating Scientific Knowledge Extraction
(ASKE) | 7075 L %Bm™
S - TXILF—&IE [Al for Science initiative | %35 EIF, SEEAER(LSY

* Microsoft Research BBV —2>3v 7 [Physics n ML %"
- Google [FAl - MFBE =LA L TRZARZINEIES [Google Accelerated Science| 7R 5L
EERE. ZROBNEE - K& B

cKETSY - Fa—YYIRRAN [The Turing Al scientist grand challenge] 7R 5 L%315 EIf
FRM 704
CEERTEAVT RN —4075E. ROYTORDEHHIEESNZDM

CENAL - EVI T IRRBRICKEREZTV. BACHELTLS

FE | emememis LAl IR = BORRE T2

BECHDABN A= 3y MURRERSIE] O TLo—>23 v ~BEE3] (2 12050 £FTIC, B
ARZFOEEBICEWT, BLREE - T8L. BENICRZNERE - BEOXKRZBETAI ORY T A
FH 95112030 FE£TIC, BEDOHBICKH L TEHEBNICHZENRIE - BEORRZBETAI ORyY b
95| PHETINDRE, EEHOBERHEBNBEHFOBRIENAES72PY, H7. JST RKEHRAIEEE
O [HBER] 588 - KEARTIE [ART1y I 3OV —(CE2EBBZOME (ARARKERE :
BiEE—) | ARIRSN. ORY MIKZEDRZROEBEEEAEDHHNTVBPY, 2021 F3BISRE
SNXERZE [HENAIEMRHEESEOBRERE] (CREGREMRDONSTILITREES TN
174 DXJ IC&BRIFHWRRDBRE] HBIENTP,

Al ZRBEORBRERICBITESETIHEAE. FrrvIy7OsSLDOERKLE DARPA CKEEE
MEHER) NEBLTELDTTHD, Al (CEZREMEDINECRZNRRDREDEE L E R
M5 DARPA [C&>TRESN. TOM A TVRTLOAEETHONSPY, SEATREAI (XAl) RERE
FERTOEEIIDEHL DAl OEBMAAANDBFRELEFRICTONTVWS, EFTIRKEIRILF—ED
[Al for Science initiative] %15 EIf. AV 7 5BECAMBRICEEE TR EFHZFR(EIETL
2P%, EZRTIEMicrosoft ¥ Google i EHYAl - EHFEDRIEADGAEZRITL TS5,

BET7ZY - Fa—YUYIHEMD [The Turing Al scientist grand challenge] 7O 5L%3% £
($7=1%, SHOEBHIFESND, £z, FEFBEHROL LAl MRIEKFZBOKRTHSD [58] HY.
HFEICETZ Al ORZHAEADISANOID A THIZST-EDIFHZN,

(6) MER

AEDBAEACEERENDRRICED, RAGEDOBRZMARIIHE - BEEINTWS, ZITE %
DEERE [k OBMOFWOEL S MRIFER « #R%R] & MRFRAL] D22 FTEZD, Tnb
D2ODEERIE, B2-5 [SRULIZEED, 3.281, 33 TERDMARABEREL ZNZNHIGL TN D,
BFIZ. BEHRREERICOWTGERS,
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FER1: AEORRER - IRRENDICHIRESND

REINSRFDBIEKRTHD. AHORZENRENICIRRTZ2RFEMIIRONT NS, £,
2ETRULESBRANATRADHFEED D, BEREBDIDIBVIRFHLSHAEELTLES, BEHET A
JILDOBE#EZERS D ETORMPBEDVED(F. Al VAT LICKDRFEERDEE L THD, ZDIEL
BBBEIIR 2-5 OEMAIICRU: TMREH#R (abduction) | THD, Inid. BINDIEREONIIHETH
BING =)= HERICLT, BEOAHEPZOMDRFEBLOLAEDE., FAETILELTEEIC
FOTFRZzEALTDLIICTHEETHD,

BRAERZSFEBRETESTHUETILC, T—YEBERKEDIIDIBERETILIEILT LE—RICITR
o9, HEBRGRISERICEEI DO —RNTH S, Al VAT LIE. SAONIHIRIREPTMELD
TTCRE - BLETV. MROBWRRFZEVCETDEDLH 2,

FER2 | AFICKIRAEERDVEEDR LR Y S

BZICEWTE, INFTICEBINT [HH] EEERWICIEIRT [REH] THD, BICERRILHD
WEEAIEEAE-T AL LWL] EWSZEDERENES T THD, Al VRATLANERUZREIZOW
THRKICERBIADNRNARTH S, Al VAT LICKBBRNRIRGEEDRBENMTONDELSIIHDE,
K 2-5 D&5 RN REHERBROR Ty IHEEL SN, BR. BERORIAEBREFBEDRIL—Ty
R CETINZDELH 5,

EMREPHMERIZE(FIIROLT. ZLDABTTOERRBRICIISHEAFEENDLETHN. TOKXRED L
B{EETHDEDDEELINTLAL, £, —FIEORY MRIE#ERLRE TEEbINTLZELT
£, ZOEBOFIEH/NIA—YDEEPEBRE TOT —YDEELREIIAFHIDELER>TWND, ZDT=8H,
Al DT LDERT BIRGNERE LD E, BRREDRIL—Ty M EFREERT DL EMWD,

ZDESBT —YEEDBEEEPRIERED/\1 Z)L—Ty MEIZIE, ORY FOBANRAR TH B, Z
LT, ERORY MRFRER IO ZEBAEDE, ERT—ID0DHMUWMRGEDERE. ZDHIRE
EIREIES BT-ODRBEDEITDY A7) E, N1 ZIL—TFy K TERITZENKRDHBND,
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2.2 H& - BTHRR

(1) HRAFEHDREE

AEAFKD DX L2NEBLCIMANMEEDS WVRRRRDEIE. T UTHAOGFEROHEKED (56 R
FPRMERTE Y CRAINTVWDESIC, ITERIIMEHRSN - EEBFNOBETHZ, Al-EVIT—
FERICEK > THERRATOELZANEL L, RERAROHERTT — S REBRENRELTZ, BIZHTY A
JILDOBEEMEIZ. RIZNERDOIREMELKRICEDEA D EHFINTVS,

Al SERNET 2RHEEETIE. ZOROOEMCHEREFICLEED. RENERDRILKR. ARD
N 2=y MEZER L. ERNGHRBERNZRBH00REN DD, 2D, TNICRAIFIRMAR
PEBEHE AMBROEEEHNBRIIEE>TWS, KIX)LF¥—4E(F [Al for Science initiative | %
b IS EEEFERELTLEPY,

REFTCORBZEZHROE LBMFTIEM (FNZ2RRTI5AEE I ATLEMEEL) OESIAE—
REEHNIE, BREEZEALUCREMENZOBRREEHEDDDIEEETCHEBOEBETH D, D
FUWHRER - V—ILEFICLI=EDOAHD ., HRBERICEIZEERE TRBAIZIL TS, RO EORIZEIM
MRDEZLDAEFIIMDIEERN LENZES>TEND, BRFEOERZRHOERENOIN ANSERAM
NdH3,

(2) EXDILXEEEHRFNOER

HERF - MR —ROEE(CHITEERHREICEVWTEH, EREEOERICLIRBMEDINENSE
DEMMEDRERDETFHEIND, FIZIE. FHME - ERECEYOREDINRP. MEREHRCERIZICES
(12X =% &E - TOCIARBELBREDE T, DX MR INEEDE HEAMLIZIZ D ZED T TH
%, R¥I, BIEHZED DX PRIZEFMET I ZILOESLICEFURIINIIEXZDOE CEHRIEBENEE D
e fet -

FRTE, b2, MR BIEREDEEIFTE. FTLWMEEYDRIECRFEDRE. £ETOCRDHE
R ENBEELEDHFFNEXZ BT TRFELAEDZEE EHREINTVSBD O, BRDHEE - 514
HED2IbEYMERRL. EHRAFEEELILTCERALMICESZETIZIE. BF. Z<OATHEBENIDRETHI,
NHBMRRARECAIRICRVWEEADNDZERER >TWD, AL FIEDEOHD) —RMELEYDRER
(2134 ~5FEmHD, 2NN OEBRAHBRCEICEZ2ARETEZR THHICHS. HIMRHIOWTH, UFIL
1AV ZREBDFITIIARZOMEE CHESELINTHLOBRELTHBICHIETELZ 20EEDKA
HELTWS, ZHUE BE. FIMROERRRIZIE. TENKROZTEECTEM. HHWIFEEIR M
EDBRAEBZSBRWH, ZORELHELICHEBENI NS0 TH S,

COES ICHRARICKEKEFELULEENBT TIE, ARCHRICET ZRHEDERED.. 1/ R—T3VEl
HICEEDRAD, EEODFELICKELKFTET S, ORYMMIEZEEEFHEPLAI DRATALIZKZRIZEH
RUYAV7ILDOBEEL T, BAESINLHBREEYOCTHMRNTHBRAINDIE TOREZEMETELEHFS
NTW3, 2020 FI(Z(E, KRARERBEENE Exscientia #tEHFBTAI ZEFRA LU THEERBHLEYDORER
MBS DI EICHM. BERBREZMATIREFEINTVDE®Y, ZOLSHRAI YRFAIZEDU—R1E
BYOBRREZERIE. HELE(IZE>TORBENDA Y MIMAT, FiEAFOEE(CE>THIBOTEE
BEREZED,
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2.3 FEEdh EohR

(1) PHEBRI=AVINI+
ATOR—TFIDRETHZREMAT AV ZBELT 2 Al DRTLOREIBAILNBRME LT, BIZH
RDOHOPZNFTHRANECEDERTFIND, Al VATLEAIZEDA) Y FORKRNBEED(E,

(1) ARIDBE/NA T 2D MR ZERI DERFRA R AE
(3) BEBMRENSIY RY—TY RCEERE M (S/HE)

BETHZD (K2-6)0 Al YRTLIZKBREREBRNITOND LS IZHNUL, BERAGEDIKRGZ BN ICEER
THIENHBEICRD, INEFTABDRABRPLRA/ 17 RBETRE SN TW=AAIDERDREEH
HKEINSUHEELNEWV (BB5PA. BRICKDRIGHE), £ BVWIZa1—JIILXYNTI—IBERR
TG+ R OBICEZEME. INETERETHICIFIRWICCD AT —ILE FH B L5 BIBERPE
MBRRODETV VI RUEEET 21255, £/, ¥BE (CRATLREMBE) OBRHFWAEFIZHRNIL,
BN SEIERE /N OA—F FTEIYVRY —IT Y RTREANE D HREBETEFRE(CR D,

EE [FmaeRpREE (SDGs) PR3 &5 ICREMBEBCAOMEREBALSDOEZ 5BE(E
wit - 2L, BT LEERREOIRCES>TEILONBRVEE (VAT y R840 125,
ZOROBHEEIIN U, NANGEREREAETHZ Al VRATLZFALEAERIE. BEOZRMAEDORZ
ZCEBORERICHEST2EMEINDY, /2. TNITMAT, RRAORY MRAI SRTFLEBLET—%
INEDCT — S BITICITERECERENHD. [EEHDMA - 1/X—3> (Responsible Research
and Innovation : RRI) | OBHA#E L TEEETH D, &<IC, EE - B 7O ILOERLERF -
HBIZEDTT =Y DROERHIABE D BRREANDFEHMRIEARF TE 5,
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(2) REHIEDOHE

EmBlE - EZRBTIE. Al DRATLICEDBZERRTA2)ILOBELIE. W<DED/—N)LERDFH
RIOBHDEDEBMBFINTWVD, BFIZIE. EWZICHETHHFLVREDRIORER, MO EM AR,
BOREBERENBEITONE S, FEHECLVIFVEEDGRIL - BHEEERADHD, FHLWIAILRICH
$277FVDORFEBEEMBY. FTLWRRICHT2L2REDFRRDMEN, FEDMEREZ[CET S
TODHERRBEEDSREERRE., YRIVFHMEDAl AT LIFHESERBOENOT CIZHETHI.
BRICERNMECEEZZI SN,

ZHNUTIIZA T, Al YRT LS BEEREER (RV—MERE) (IEDRIZESBFOMBTDIZEENLR TS Y
F74—LELTRAWVAEAFICERL, ZOLTT—927AMNILOEEPHBDOTGEAE A RES N
DEDERFTIND, CDESBTSYRTIA—LELTDAI AT AL, BHBECES. $2WIIEREY
PREDHMEYCHREEEEN—RETIMET I TCETEANEDEEZIOND, KBBERT—5YURY
NIEDEEEEBEERDESS,

MRIBZEDEFE, BRINZRFZEORESN, BREINZFERODEREINO. Al DRATLIZKZDREFE
METI2ILOEBENOREBEEZIIDAEENEVEEZIOND, /-, EROBEOEREREELICLS
FRBABOEBERERX) Y N THD, BENLEBEREIL. DEAEHBEEEOMRLIAT. ZNEED
FICARITNENEVWSPHBETH S, MBEBER—RETEAl YRATLIE, ZORBEICTL, HHEHNDS
BRAEEZIVRY—IVRTEZHEE2EDEHFTETS, SHb. WRETHIRFEEDFEREHT—
ILDFEIZABIITIWANKENEEZONZN, —EDIA—XRVRATLDFRTIE, Al YRFLHERE
HICERER L. BEEMRED EBERICEN-MEZEBNICZHER T DL OBRIEEERINS EBHONS,

. AHDPODOAARUICEEEDSEVWE—REFEZT /N, ZORMIZ. FTEFBROEEMENE
BREDBEUHERREZBH TETIZIIRAT L, HHIVIBFEHELGEDEHHOE2BELE. HET
ERINB1=55,

REHETA7ILOBELISERRIZOMBRZUAD S EIE AN FITERT 2 EHFIND, BIEH
BHAIILDEBEICEDZA) Y FHEFTEEZDBHELT. FRETIRKDEMRSPT—IDEZEOAE
HOEESNZDIEMIRBZTH B, ZOPBHTIE. BEVI2L—aVIZBUT—9EMOATT —
SEECTIZMZ T, MER-—ZADET) VI EEBEBEDHEANEC EBEINZ Y, Znickh, flx
(F. BEOERFERNTAL L WHIBO TS KT ETILOBEDZNIZED SHAKFR. BRFRIICE D<K
EBIRTLRENTREE RS, £o. WD [HAADEE| #BASZRKFTADOER L., FHI AR/
DER (ZHFAILZEHMRAT—IL=8+s8) $HFINS, ZLTZDOLSIBREHFTARAIRFRAEITNT, KX
BEEREPERL HAPTFED, BEREDETILERRETILEDRALEL EEZ AN,

(3) BIRICHIT3 [HEEE] DLEHD

BEMESAIVILOBELIE. REZERAROAERBIARETRLENEEZD D, _NUIABEEBRDIEDDH
NAHPHENZTRICEART 5720, 5 - BENDREBZEM EOMRICEADLS5BREETH S,
Al YZFLERAWSZEIZEN, ABDORI/NA T ZADRWNMRREROERNAEE RN, REENFERD
ATREMN LN B EHRFEENBY, £, REDETILOMBEISELTLES LOLEMALIREKE, ABICRA
BWRBEDBZ/NSA—IDETILICE>TET IV I TEHIELTAREERDESSE, £ <DEBEE
EFILIE. INFETRWIOD S T-EBE (VRATLREBBE) (CLBEMERFIND, ZOKSICAI R
T LERBW- R OBRBIIRR VR, FEFBRECLZETUVZICMA, REARY MILDHATHES
DEBEMEE IR RN, ABDEEARFLRA/N\A 7 RAEBARZHNRERNVRFTES,

— AT, EBEBRET S VIR AR Al ZHEWEISEEIC. RIEENAl DT LOYIFHBIE A ITE
TERWIET, BROEBEVSRBHEROARKDENERET S [RIZOEA (alienation) [P &8
INTWD, £, BRICE>TEBELIWTFANTENL GEHHNIZIE) ZNTEVNETEIEETESHN
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HEZRRDARBE CIHEREFEORANROONZRE BRICTSVIRY I RATEIRBANELZ T —
ZHEELENTVD, BHRFERICEOHDST. Al YRTLADBAIZED ABDREDELIZZDANBTFES
N, ABLEBOBREMEDOHNHIISHARELEDZEEZDDNERTH S,
ERFPEETILEAVERKROALNARRESBEDOTAIL [A2L > TRIZNICERLIZET DD
WS B OERICENDELEZLTEEZIOND, HEEZOXRTIE. EFILERVZRKOBR
PHAZZMNETHN. [ER (understanding) | ZRSCBEIEYE LTLHRBEINTI AN 7117,
CNET, BRNRERE(E DBORIADETY, ARERAEDIEREEERALNITIIELLE
ZABNTELD, REMNBEEITBV RZWEREN [HADLT 0 (intelligible) | BRZEVET 5L L.
ZOOMNPTEE, ZONBLERORFEEIZIA =T —THEINTVIRFILICL>TREDETS
EZZHEHB, 2FD. BALHBLEEIZ, RN [EBR] EWS ZEDEANBARIIEDDS 5L
WA%, COESHBYBEZOEELDPTHE GRMESNTE B £2X2RFEMEBRIE. BEICH
(% [EER] ICHERABZENTES, HETIE, WAV E1—5—EAWLOHDRUIARIERIHFN
AL (EHHREINTI AN 1A, BETIISEEERIAL LT, —EDMAIERHONTNZY,

X2-7 BZm NEER] OLHND

(4) HEICHIFTBAIELT

BZARICHFTD Al OFAICOVWTE, ZOEMIERICERINTVSZEZICTRINES. HEPA
BADEE, [EN - A - #t2MEEE (Ethical, Legal and Social Issues : ELSI) #RB&L. $2XN
EZRVCBRROEN - BEZRIF UANOHIERFCRITARZTOLENH D,

—MEIICIE, Al ETIEABOHMNEEEA IV E21—Y—CRITITDIAEERELIFEZET, #HRICHTS
ANEDOREAZZ., ANBOBEALCEFR—YaVICEFEEARKIFL. HE2DOMHEEA - HNDAEERSES
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