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SUWL"FLDO ,QWHOOLJH
a real business driver for Europe?

SUWL FLDO ,QWHOOLJ @ FFR BR WMlilBak&te new opportunities, transform many
if not all verticals and ultimately shift the balance of power in the shortest possible time.

Al, Dataand Robotics combined will be the core driver ofinnovation, productivity and economic
growth. Together they can be used to solve the greatest challenges we face: Environmental
sustainability; energy, food and water security; and improving health and quality of life.

(XURSH FDQ DQG PXVW EH WKH SDFHPDNHU ZRUOGZLGH

In Europe we must not be shy or afraid. We have our strengths —which we should not neglect.
We should use them!

Our strengths are our excellent research networks, our well-established companies that are
world market leaders in several major verticals, our growing startup communities and, not to
forget, our European values.

2 FRXUVH ZH PXVW EH RSHQ DQG DFFHSW WKH FKDOOHQJHV DQG ZRU

To leverage our strength, we brought major European activities for $, &ODLUH (OOLV (XLl
'DWD %'%hd 5RERWLFV HX5RBRWIIFWW Q H &hd &etup cooperation with other
major European and regional initiatives.

This 3D UW Q Hig th& E@opean focal point for Al, Data and Robotics. Europe has all the
expertise needed to progress rapidly in the deployment of these technologies, but it needs

to direct energy towards building a coherent infrastructure to stimulate deployment and
adoption, build up an effective innovation ecosystem and drive excellent research.

This 3D UW Q H WiV fédetate and cohere the communities that underpin European Al, Data
and Robotics. It will stimulate private investment and orient public funding to address the
key challenges. Collaboration within the Partnership will deliver Europe’s vision for a human
centric and trustworthy use of Al, Data and Robotics.

It is a pleasure for us to present you this paper — the 6WUDWHILF 5HVHDUFK ,QQRYD
'"HSOR\PHQW $JHQGD

This paper results from the joint work of BDVA, Claire, Ellis, EurAl and euRobotics colleagues.
It includes hundreds of contributions collected in consultations with stakeholders, member
states, associations, and individuals.

Many thanks to all contributors!

Thomas Hahn Morten Irgens Bernd Liepert
President Big Data Value Executive board, euRobotics President
Association (BDVA) &RQIHGHUDWLRQ RI /DERUDWRULHV IRU $UWL'FLDO
Lead entity, main contact Intelligence Research in Europe (CLAIRE)
Barry O’Sullivan Arnold WM Smeulders David Bisset
3DVW 3UHVLGHQW (XURSHDQ $U \Ehvoly bf@@ European Laboratory for Executive Director euRobotics
Intelligence Association (EurAl) Learning and Intelligent Systems, ELLIS
Edward Curry Michela Milano Sonja Zillner
Vice President, 3DVW 'HSXW\ 3UHVLGHQW (XURSHDQ $UWL’FLIRMA Lead

Big Data Value Association (BDVA) Intelligence Association Big Data Value Association (BDVA)






$UWL FLDO LQWHOOLJHQFH ZLOO WUDQVIRUP PDQ\ LI QRW L
DQG (XURSH PXVW JHW LWV DFW WRJHWKHU WR UHPDLQ JO
ZH DUH FRQYLQFHG WKDW $, ZLOO LQ SDUWLFXODU EH RQH
WUDQVIRUPDWLRQ Rl KHDOWKFDUH " ZKLFK LV XUJHQWO\ C
FRQWDLQ FRVWY DQG DVVXUH DGHTXDWH DFFHVV WR FDUH
RI FKURQLF FRQGLWLRQV DQ DJHLQJ SRSXODWLRQ DQG T
RI TXDOL'HG KHDOWKFDUH SURIHVVLRQDOV 7KH DSSOLFDW
WR WXUQ SHUVRQDO KHDOWK DQG FRQWH[WXDO GDWD IURTF
GHYLFHV DW WKH KRVSLWDO DQG LQ WKH KRPH LQWR DFW!I
WKH ULJKW DFWLRQV ,W LV XUJHQWO\ QHHGHG WR ERRVW
DGYDQFHG PDFKLQH OHDUQLQJ QDWXUDO ODQJXDJH SURF
UHDVRQLQJ FRPSXWHU YLVLRQ DQG WKH SDWLHQW GLJLW
(XURSH PXVW EH DW WKH IRUHIURQW RI GHYHORSPHQWV LC
WR UHOHYDQW GRPDLQ NQRZOHGJH OLNH ELRPHGLFDO \
SUHFLVLRQ GLDJQRVLV PRQLWRULQJ LPDJH JXLGHG PL
FOLQLFDO LQIRUPDWLFV DQG SRSXODWLRQ KHDOWK PDQD.J
RI HIIRUWY DQG WR EH DEOH WR GHYHORS VFDODEOH VRO)
DSSOLFDWLRQ RI $, WR KHDOWKFDUH DFURVV (XURSH WKH
SULYDWH SDUWQHUVKLS LQ (XURSH ZLOO EH RI FUXFLDO LI
DQG WKH KHDOWK DQG ZHOOEHLQJ RI LWV SHRSOH

Dr. Henk van Houten
&KLHI 7THFKQRORJ\ 2I"FHU

\HDU 7KH FKDOOHQJH LV IRU LQGXVWU\ WR KDUQHVV SRZHU 7K
DFKLHYH WKDW E\ EULQJLQJ WRJHWKHU H[SHUWLVH LQ ULWKPV V
DQRG DGGUHVVLQJ WKH UHDOLWLHV RI UHIJXODWLRQ DQG WKH QHHG WR |
$, 333 LV DQ H[FLWLQJ GHYHORSPHQW IRU WKH PRELOLVDWLRQ RI $, LQ

Professor Andrew Blake

Former Laboratory Director of Microsoft Research Cambridge and
former Director of Alan Turing Institute and member of ELLIS

$UWL'FLDO ,QWHOOLJHQFH $, LV D SRZHUIXO WHFKQR@?’N JHWWLQJ |
OJR

RI RXU VRFLHWDO FKDOOHQJHV IURP GHPRJUDSKLF FKDQJF
DQG KHDOWK\ OLYLQJ .8.% VXSSRUWV WKH IRXQGDWLRQ RI
LQ $, WR GULYH DQG DFFHOHUDWH LQQRYDWLRQ LQ URER
PDUNHW GRPDLQV E\ VHWWLQJ FOHDU LPSDFW GULYHQ REMI
HFRV\VWHP RI UHVHDUFKHUV HQWHUSULVHV DQG LQYHVWR

‘ ! 5RERWLFV DQG $UWL'FLDO ,QWHOOLJHQFH DUH NH\ HQDEOH

Peter Mohnen
CEO KUKA AG

7KH (XURSHDQ DSSURDFK WR DUWL FLDO LQWHOOLJHQEH VKRXOG EH E
YDOXHV (XURSH FDQ EHFRPH D JOREDO OHDGHU LQ HWKI FL O LQFOXVLY
DUWL FLDO LQWHOOLJHQFH 7KH $, 333 LV PHDQW WR FUHLUWH D YLEUD(
DOO (XURSHDQV FDQ EHQH W IURP ,W LV HVSHFLDOO\ LPSRUWDQW IR
WKDW $, LV PXOWLOLQJXDO WKDW LW XQGHUVWDQGV DQG VSHDNV D
(XURSHDQV VSHDN DQG WKDW LW FDQ H[WUDFW NQRZOHGJH RXW RI \
RI PXOWLOLQJXDO GDWD LQ ZULWWHQ DQG VSRNHQ IRUPV 6PDOO DQG
ODQJXDJH FRPPXQLWLHV VKRXOG EH VXSSRUWHG ZLWK WRROV GDWD I
VNLOOV WR IXOO\ HPEUDFH WKH SRWHQWLDO RI $,

Dr. Andrejs Vasi jevs
Executive Chairman, Tilde



$UWL"FLDO LQWHOOLJHQFH ZLOO VKLIW WKH EDODQFH RI SI
+HUH ZH KDYH WR VHH KRZ ZH FDQ DVVHUW DQG H[SDQG R
(XURSH FDQ DQG PXVW EH WKH SDFHPDNHU V IRU ,QGXVW
WKH GRPDLQ NQRZOHGJH LV DYDLODEOH DQG ZH KDYH D ¢
60(V ELJ FRPSDQLHV UHVHDUFK LQVWLWXWHYV DQG JRY
LEQGXVWULDO SHUVSHFWLYH IDVW WUDFN SURJUDPV WR HJ
E\ DSSOLFDWLRQV RI DUWL ' FLDO LQWHOOLJHQFH IRU LQC
DOLIJQPHQW ZLWK RXU (XURSHDQ HWKLFDO SULQFLSOHV 7K
DQG VXSSRUW WKH HVWDEOLVKPHQW RI D (XURSHDQ 3XEOL!
D FHQWUDO KXE WR FROODERUDWH ZLWK RWKHU LQLWLDW
ZLWK DOO WKH PHPEHU VWDWHY § EHFDXVH ZH KDYH RQH
ERRVW $UWL"FLDO ,QWHOOLJHQFH LQ (XURSH

Dr. Roland Busch
Deputy CEO, CTO, CHRO and

Member of the Managing Board of Siemens AG

$V (XURSHDQ HQWHUSULVHYVY HYROYH LQWR OHDUQLQJ Q@ HUSULVHV V
HYLGHQFH EDVHG FXOWXUH ZKHUH WKH LQIRUPDWLRQ I,\/;DQG VKDSHV
'DWD VFLHQWLVWY ZRUNLQJ ZLWK GDWD HQJLQHHUV UEKLWHFWYV DC
ZLOO LQFUHDVLQJO\ EH DEOH WR FRPELQH NQRZOHGJH RI WKH DOJR
XQGHUVWDQGLQJ RI IXQFWLRQDO JRDOV 7KHVH HQWHUSULVHV ZLOO IX
SURFHVVHV SK\VLFDO DVVHWYV DQG SURGXFWV WR XQORFN WKH YDOXH I
GDWD WR KDUQHVV FURZG VRXUFHG LQWHOOLJHQFH WR XVH GLJLWDO W
WUDFN VRFLDO QHWZRUNV DQG WR XQGHUVWDQG FXVWRPHU H[SHULHQF
$, EXVLQHVV LQWHOOLJHQFH GDWD LQWHOOLJHQFH DQG RWKHU WHFI
WKH RUJDQL]DWLRQ 7KRVH WKDW FDQ DFKLHYH WKLV HFRQRP\ RI LQWH
D FRPSHWLWLYH DGYDQWDJH MXVW DV WKRVH RUJDQL]DWLRQV LQ WKH
HFRQRPLHV RI VFDOH DQG VFRSH KDG DQ DGYDQWDJH RYHU SHHUV $WwW
WKDW RYHU WKH QH[W IRXU WR "YH \HDUV HQWHUSULVHV WKDW LQYHVW
HITHFWLYHO\ ZLOO H[SHULHQFH D VXEVWDQWLDO LQFUHDVH LQ NQRZOHGJ
UHVXOWLQJ LQ VKRUWHU UHDFWLRQ WLPHV LQFUHDVHG SURGXFW LQQR
FXVWRPHU VDWLVIDFWLRQ LQ WXUQ OHDGLQJ WR VXVWDLQDEOH PDUN
LQ WKHLU LQGXVWU\ :H DW ,'& ORRN IRUZDUG ZRUNLQJ ZLWK WKH 333
UHVHDUFK DQG GHYHORS WKH HFRQRP\ RI LQWHOOLJHQFH LQ (XURSH

Steven Frantzen
Senior VP IDC EMEA Region

XQSUHFHGHQWHG FKDUDFWHULVWLFVY WKDW FDQ SUHSDUH
DQG VXVWDLQDEOH GHYHORSPHQW RI RXU VRFLHWLHV LQ
HQYLURQPHQW 7KH FKDUDFWHULVWLFVY RI WRGD\ DUH WKH F
JHRVSDWLDO GDWD DQG WKH UHPDUNDEOH WHFKQRORJLFD(
LV WKH RQO\ YLDEOH zZD\ IRU D WLPHO\ HIWUDFWLRQ RI D
WKH SOHWKRUD RI GDWD VRXUFHV EHFRPLQJ DYDLODEOL
XQGHUVWDQGLQJ RI RXU SDVW DQG WKH RXWOLQH RI RXU |
LV WKH OHDGHU RI WKH ELJJHVW (DUWK 2EVHUYDWLRQ 3U
SURJUDP LW RQO\ VWUHQIJWKHQV WKH LGHD WKDW (XUR
$UWL"FLDO ,QWHOOLJHQFH GHYHORSPHQWYV IRU WKH (DUW
VWURQJO\ VXSSRUW WKH HVWDEOLVKPHQW RI D (XURSHDQ
$, VHHLQJ LW DV D UHTXLVLWH WR VHW WKH IUDPHZRUN IR

!! -,W ZDV WKH EHVW RI WLPHYVY LW ZDV WKH ZRUVW RI WLPH

Dr. Florin Serban
CEO Terrasigna



HFRQRPLF JURZWK W & QDERDGIYLWMKHV (YWHRSUK VKIEP D Q

PDFKLQH FROODERUDWLRQ DOORZLQJ KXPDQV WR IRFXYV
(XURSH KDV ODUJHO\ FRQWULEXWHG WR WKH ULVH DQG XS\
D FHQWUDO UROH LQ VKDSLQJ WKH WHFKQRORJ\-V IXWXUH
$, DQG WKH VXSSRUW IRU GLJLWDO WHFKQRORJLHV E\ 60(\
(XURSHDQ FRPSHWLWLYHQHVY 7KH SXEOLF VHFWRU FRXOC
$, GHSOR\PHQW GHPRQVWUDWLQJ WKDW LW \LHOGV WDQ
(XURSH VKRXOG HVWDEOLVK ODUJH VFDOH $, UHVHDUFK D
DUH RQ H\H OHYHO ZLWK WKRVH LQ WKH 8QLWHG 6WDWHV |
$, GHYHORSPHQWY QHHG WR UHVSHFW (XURSHDQ YDOXHV

ZLOO KHOS WR DGGUHVV FULWLFDO VRFLHWDO FKDOOHQ
DFFHSWDQFH RQ ZKLFK WKH VXFFHVV RI $, LQ (XURSH GHSt
IRU KXPDQ FHQWULF $, WKDW DLPV DW (XURSHDQ SURVSH!
VWHS LQ WKLV GLUHFWLRQ :LWK RXU YLVLRQ RI WKH ,QW
PDUNHW OHDGHU LQ HQWHUSULVH VRIWZDUH D$SREHADWLRC
$, SXEOLF 3ULYDWH 3DUWQHUVKLS

Juergen Mueller
&KLHI 7THFKQRORJ\ 2I"'FHU DQG ([HFXWLYH %RDUG 0

“ S$UWL2FLDO LQWHKOOLVH FARUH GULYHU RI LQQRYDWLRQ ¢

&/$,5( WKH (XURSHDQ &RQIHGHUDWLRQ RI /DERUDWRUI 1\ IRU $UWL F
5HVHDUFK LQ (XURSH LV DQ LQLWLDWLYH E\ WKH (XUR ;H)>Q $, FRPPX
WR VWUHQJWKHQ (XURSHDQ H[FHOOHQFH LQ $, UHVHLUUrK DQG LQQ!
VXSSRUWVY WKH HVWDEOLVKPHQW RI D F333 ZLWK WKH REMHFWLYH RI |
RI GHYHORSLQJ GHSOR\LQJ DQG DGRSWLQJ DGYDQFHG WHFKQRORJLH\
"HOG RI $UWL FLDO ,QWHOOLJHQFH DFURVV (XURSHDQ LQGXVWULHV ¢
LQFUHDVH YDOXH FUHDWLQJ FROODERUDWLRQ EHWZHHQ DGYDQFHG Ut
DQG LQGXVWU\ LV RI JUHDW LPSRUWDQFH IRU WKH GHYHORSPHQW RI Wi
LQGXVWU\ LQ (XURSH

Dr. Morten Irgens
Oslo Metropolitan University, Kristiania University College, CLAIRE’s Executve Board

SDUWQHUVKLS ZRXOG SURYLGH DQ LPSRUWDQW PHFKDQLVP IR
IURP WKH UHVHDUFK DQG LQGXVWU\ FRPPXQLWLHV WRJHWK|
, QWHOOLJHQFH $VVRFLDWLRQ ZDV HVWDEOLVKHG LQ DQ
ODUJHVW $, DVVRFLDWLRQV LQ WKH ZRUOG :H YHU\ PXFK ZF
FROODERUDWH ZLWK HX5RERWLFV DQG WKH %'9% LQ EULQIJL
ZLWKLQ WKH (XURSHDQ HFR VA\VWHP WRJHWKHU WR DGGUH
FKDOOHQJHV SUHVHQWHG E\ $,

Professor Barry O’Sullivan
President of the European Al Association

“ $UWL"FLDO ,QWHOOLJHQFH LV D PDMRU VWUDWHJLF SULRULW

2QH RI WKH NH\ LVVXHV IRU WKH IXWXUH LV OHYHUDJL"J R7 GDWD DG
VHFWRUDO aGDWD PDUNHWSODFHV« SURYLGLQJ WUXH LC WIURSHUDELO
EDUULHUV HWF WR XQORFN WKH IXO0 SRWHQWLDO RI LUQRYDWLRQ .
$GYDQFLQJ LQ WKH FRQYHUJHQFH RI ,R7 ZLWK RWKHU HQDEOLQJ WH!
DV QH[W JHQHUDWLRQ FRQQHFWLYLW\ $, HGJH FRPSXWLQJ LV WKH N
HIWHQG (XURSHDQ OHDGHUVKLS LQ WKH GLJLWDO LQQRYDWLRQ VSDFF
DQG VXSSRUW WR WKLV 65,'$ GRFXPHQW LV RQH Rl WKH LPSRUWDQW V
WKH FRQFHSW DQG HQVXULQJ LW LV LPSOHPHQWHG LQ (XURSH

Natalie Samovich
AIOTI Steering Board Chairwoman and WG Smart Energy Chairwoman



7TRGD\WKH SRZHU RI ELIJ GDWD OHDGV VHUYLFHV SURGXFWYV DC

“ ALOQWHOOLJHQFH« WRZDUGV D QHZ JHQHUDWLRQRILQWHOOLJ
WKH TXDOLW\ RI RXU WLPH DQG UHIJHQHUDWH HQHUJLHV E\
QHHGYV SURYLGLQJ SHUVRQDOL]HG VHUYLFHV IRUHVHHLQJ St
UHVRXUFHY DYDLODEOH DOO WKLV VWULFWO\ LQ OLQH ZLW
SULYDWH LQGXVWULDO DQG UHVHDUFK LQYHVWPHQWYV DU
FRQWHI[W D (XURSHDQ 3XEOLF 3ULYDWH 3DUWQHUVKLS
YDOXH WR JXDUDQWHH WKH SURSHU DOLJQPHQW RI IRUI
IHZ \HDUV ZLOO PDVVLYHO\ EULQJ LQWHOOLJHQW V\VV
(XURSH FDQQRW PLVV WKH SRVVLELOLW\ WR EH GLVUXSWL
DGRSWLRQ RI OHDGLQJ $UWL'FLDO ,QWHOOLJHQFH VROXWLR
RXWVLGH (XURSH

Orazio Viele
CTO Engineering Ingegneria Informatica S.p.A.

$

$, IRU ,QGXVWU\ XVHV ,QGXVWULDO 'DWD ZKLFK LV JHQHUDWHG E\ , WULDO Sl
$, IRU ,QGXVWU\ LV WKH QDWXUDO QH[W VWHS DIWHU WKH DGRSWL %LJ 'DWD
$, IRU ,QGXVWU\ QHHGV WR VKRZ PHDVXUDEOH UHVXOWYV ZKLFK FDQ EH HQGRUVHC
$, IRU ,QGXVWU\ UHTXLUHV VFDUFH LQGXVWULDO UHVRXUFHV WR EXLOG WKH PRG

7TKHUHIRUH¢ZH YHU\ PXFK DSSUHFLDWH WKH (XURSHDQ DFWLYLWLHV WHF
SDUWQHUVKLS ZKLFK ZLOO JLYH XV WKH FHQWUDO DFFHVV SRLQW IRU
FROODERUDWLRQ ZLWK DOO $, DFWLYLWLHV LQ (XURSH

Hubert Tardieu
CEO Advisor, Atos SE

, IRU ,QGXVWU\ LV VWLOO RSHQ DQG (XURSH KDV D UHDOLVWLF FK WR VKDS
G
Q RI

(XURSH KDV WKH IXQGDPHQWDOV WR EH D OHDGHU ZLWKLQ
DQDO\WLFVY DQG URERWLFYVY LQ D ZzD\ WKH EHQH"W ERWK LQG
WKH JOREDO FRPSHWLWLRQ LV "HUFH DQG OHDGHUVKLS U
SULYDWH VLGH MRLQWO\ LQYHVW PDVVLYHO\ DQG ZLVHO\ L
FUHDWH EXVLQHVVY RSSRUWXQLWLHY GHYHORS GLJLWDO VNI
WDOHQW (XURSHDQ 3XEOLF 3ULYDWH 3DUWQHUVKLS RQ $,

LOVWUXPHQW WR SRRO WRIJHWKHU WKH UHVRXUFHY QHHGHG
60(V VWDUW XSV ZLWK UHVHDUFK LQVWLWXWHYV XQLYHUVLW

Dr. Tua Huomo

Executive Vice President, Knowledge Intensive Products and
Services, VTT Technical Research Centre of Finland Ltd.

WUDQVYHUVDO QDWXUH IDYRUV LWV LQFRUSRUDWLRQ WR VHFWRU\
RI SXEOLF SULYDWH SDUWQHUVKLSY DQG QHZ DJLOH LQVW HQWV WK
NQRZOHGJH IURP WKH XQLYHUVLW\ DQG UHVHDUFK FHQWHUV WR WKH Sl
,Q WKLV VHQVH QHZ DJLOH (XURSHDQ 3XEOLF 3ULYDWH 3DUWQHUVKLS
(XURSHDQ $, 'LJLWDO ,QQRYDWLRQ +XEV DQG $, WHFKQRORJ\ FHQWHUV |
LQGXVWU\ DUH HVVHQWLDO WR GHYHORS DQ (XURSHDQ HFRQRP\ EDVHG
WKDW LV DOLJQHG ZLWK WKH (XURSHDQ HWKLFDO SULQFLSOHV

Prof. Asuncion GoOmez-Pérez
Vice-Rector for Research, Innovation and Doctoral Studies of the UPM

$UWL'FLDO ,QWHOOLJHQFH LV NH\ WR WKH GHYHORSPHQ%?I WKH HF
X



ODFKLQH /HDUQLQJ DQG $UWL FLDO LQWHOOLJHQFH WRJHW
QH[W JHQHUDWLRQ RI DSSOLFDWLRQV LQ LQGXVWU\ DQG Wi
D VKRUWFXW WR VROYLQJ WKH GHYHORSPHQW JRDOV SXW I
DQG H[FHHG WKH GHPDQG IRU FRPSHWHQFH DQG VROXWLRQV
LQYHVWPHQWY LQ HGXFDWLRQ DQG DSSOLHG UHVHDUFK 7KH
3XEOLF 3ULYDWH 3DUWQHUVKLS RQ $, LV D SRZHUIXO WRRO
LQWHJUDWHG LQWR QDWLRQDO LQLWLDWLYHV OLNH $, DW 5,

Dr. Pia Sandvik

CEOQO, Research Institutes of Sweden

+DYLQJ EHHQ WKH "UVW (XURSHDQ VHFWRU HPSOR\HU DQLVDWLF
HITHFWYV GLIJLWDOLVDWLRQ KDV RQ WKH ZRUOG RI ZRUN’ VWUXFW:
EHOLHYH WKDW GLJLWDOLVDWLRQ DQG DOO LWV IRUPV@®V®EFK DV $, K
W LV QRW D QHZ LQVLIKW WKDW VNLOOV ULJKW VNLOOLQJ WUDLQ
DGDSWHG FXUULFXOD LQ HGXFDWLRQ DQG YRFDWLRQDO WUDLQLQJ
GLJLWDOLVDWLRQ DFURVV (XURSH E\ FUHDWLQJ FRPSHWHQFH FRQ
VR WKDW $, URERWLFVY DQG GDWD FDQ IXOO\ XQOHDVK WKHLU SRWFH
FRPSHWLWLYH (XURSH WKDW KDV FKRVHQ WR XQGHUVFRUH DQ HWKIL
DQG EH\RQG ¢)HDU LV QRW D JRRG JXLGH DQG ZKHUHDV $, FDQ EH F
D EODFN ER[ LW LV FDUHOHVVY WR SOD\ ZLWK IHDUV WKDW PRUH MR
GLIJLWDOLVDWLRQ WKDQ WKHUH ZRXOG EH FUHDWHG 7KHUHIRUH , DS
DQG UHVHDUFK GULYHQ LQLWLDWLYHC¢E\ HX5RERWLFV DQG %'9% WR DC

Uwe Combichen
Director General, Ceemet

IUDPHZRUNV 'XH WR LQGLYLGXDO DQG FXOWXUDO GLIIHUH
\RX FDQQRW OHDYH WKDW WR WKH GHVLJQHUV VXSSOLHUYV
RXU (XURSHDQ JRYHUQPHQWYV %XW LI WKHVH JRYHUQPHQW
FDQ DQG PXVW GR WKH SRWHQWLDO RI $, ZLOO UHPDLQ O
DOUHDG\ GR 7KH GHYHORSPHQW RI UHDVRQLQJ V\VWHPV L\
DQG LQGXVWU\ 6SHFLI\LQJ JRDOV DQG TXDQWLI\LQJ XWLOL\
GLIIHUHQW RXWFRPHV" LV D WDVN IRU WKH JRYHUQPHQW $
DQ LPSRUWDQW UROH LQ WKH QHFHVVDU\ FRUSRUDWLRQ EH
DQG UHVHDUFK DQG WHFKQRORJ\ RUJDQL]DWLRQV (XURSH L\
VIVWHP WKLQNLQJ PXOWLGLVFLSOLQDU\ DSSURDFK DQG LQQ!
FRQWURO DQG WKHUHE\ XWLOL]H WKH IXO0O SRWHQWLDO RI $

Professor Peter Werkhoven

&KLHI 6FLHQFH 21I"FHU DQG PHPEHU RI WKH %RDUG |
TNO and full professor at Utrecht University

“ $XWRQRPRXV &, VIVWHPV PXVW MXVW OLNH KXPDQV IXQFWL

'DWD $UWL FLDO ,QWHOOLJHQFH DQG 5RERWLFV DUH SDUW RI RXU
PRUH DQG PRUH NH\ HOHPHQWYV Rl RXU IXWXUH :H PXVW GH QH WKH
XVH DQG SURWHFW WKHP DV WKH\ EHFRPH SDUW RI RXUVHOI DQG RI
EXW DOVR WKUHDWV ZLOO LQFUHDVH ZLWK WKH HYROXWLRQ RI WHF
,R7 TXDQWXP FRPSXWLQJ | LW LV LPSRUWDQW WR LQWHJUDWH IURF
GHVLJQ F\EHUVHFXULW\ LQ WKH GHYHORSPHQW RI LQQRYDWLRQV LQ
)RU WKLV UHDVRQ WKH FRRSHUDWLRQ EHWZHHQ (&62 DQG WKH QHZ (
RQ GDWD $, DQG URERWLFV ZLOO EH VWUDWHJLF IRU WKH GHYHORS
EXW DOVR IRU WKH SURWHFWLRQ RI RXU FLWL]HQV DQG FRXQWULHYV

‘U /XLJL 5HEXI’
Secretary General - ECSO






Executive Summary

$UWL"FLDO ,QWHOOLJHQFH $, 'DWD DQG 5RERWLFV SUHVHQWYV D(
(XURSH DQ RSSRUWXQLW\ WR LPSURYH WKH RSHUDWLRQ RI (XURS|I
DQG D FKDOOHQJH WR WUDQVODWH (XURSH-V FRUH &, 'DWD DQG 5
PDUNHW DGYDQWDJH 7KH $, 'DWD DQG 5RERWLFSred@ié¢mMnh@ HUVKLS
research into the market GHYHORS L&tén@r@ Gurope’s skill base and raising Al,

Data and Robotics deployment ,W LV OLNHZLVH IRFXVHG RQ WKH FKDOOH
S5RERWLFV EULQJVY RQ QHZ EXVLQHVV PRGHOV DQG VWDNHKROGHL
WUXVWZRUWK\ DQG VHFXUH DQG WKH QHHG IRU FLWL]J]HQV WR VHH

7KLV LV EXLOW RQ WKH ZRUN RI %'9% HX5RERWLFV (//,6 &/$,5( DQC
HITRUW WKDW LV SUHVHQWHG LQ WKLV 65,'$ 6WUDWHJILF 5HVHDU!
$IJHQGD 7KH "YH RUJDQLVDWLRQV DUH FRPPLWWHG WR ZRUNLQ
WKLV 65,'$ LPSOHP H@ame & tBa Al, Data and Robotics infrastructure and

ecosystem WKDW (XURSH LV FUHDWLQJ ZLWK '"LJLWDO ,QQRYDWLRQ +
'DWD DQG $, SODWIRUPY HWF $00 VHH WKH EHQH "W RI D VWURQJ (
WKLV ZLOO EULQJ WR EXVLQHVVHV FLWL]JHQV WKH HQYLURQPHQW

7KH $, 'DWD DQG 5RERWLFV 3Dapev@rid ihMesiveds ZDQOG ZFHHNV WR FUHD\
FRPPRQ YLHZ WKDW HQDEOH VXFFHVV W ZLOO FUHDWH LPSDFW |
WKDW DUH FRUH WR GHOLYHULQJ $, 'DWD DQG méblidghg/the&V LQ (X!
ecosystem, the Partnership ZLOO SURYLGH VWURQJ OHDGHUVKLS WKDW LV U
GHSOR\PHQW RI $, 'DWD DQG 5RERWLFV LQ VHFWRUV DRu® UHJLRQ
on European strengths Wdrevelop a global Al, Data and Robotics position WKDW DOLJQV
ZLWK IXQGDPHQWDO (XURSHDQ YDOXHVY DQG GHOLYHUV WHFKQROF
PDLQWDLQ WKLV E\ VHHNLQJ WR DOLJQ DFDGHPLF H[FHOOHQFH D
ERWK LQGXVWU\ DQG FLWL]HQV

2QH RI WKH FRUH DFWLYLWLHV RI WKH 3DUWQHUVKLS ZLOO EH WR
'DWD DQG 5RERWLFV HFRV\VWHP ,QFUHDVLQJ FRQQ ddatémi-QV ZLOC
industry collaborations EXLOW RQ D IRXQGDWLRQ RI DFDGHPLF H[FHOO
LQGXVWULDO UHOHYDQFH eng§d&g& Qdmban stdtdasVend Zdg@aiors LQWR WKH

HFRV\VWHP DQG UHVHDUFKHUY DQG LQQRYDWRUY LQWR WKH PDUN
DQG QHZ IRUPV RI LQYHVWPHQW ,W ZLOO FUHDWH GLDORJXHV W]
DURXQG GHSOR\PHQW DQG FLWL]HQ WUXVW LQ $, DQG ZLOO FUHDW
ZL OO E Htirulidtidn of industrial investment and private funding IRU $, 'DWD DQG
5RERWLFV LQ (XURSH WKDW UDLVHV WKH VXFFHVV RI LQQRYDWRU"
7KH 3DUWQHUVKLS LV FRPPLWWHG WR WKH GHYHORSPHQW RI D
LOQOQRYDWLRQ HFRVA\WWHP LQ (XURSH ¥ienD kil pipéidel,. exeéllddtU R X QG D

research D QeHective regulation and standards FRXSOHG WR EHVW SUDFWLFH LQ
7KH 3IDUWQHUVKLS ZLOO SURYLGH WKH IRFDO SRLQW IRU $, 'DWD
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ORWLYDWLRQ DQG &RQWHI[W

Motivation and Context

7KH $, 'DWD DQG 5RERWLFV 3DUWQHUVKLS LV RQH RI WKH FDQGLGDWH
WKH XSFRPLQJ )UDPHZRUN!3URKHUPBMWXV IRU VWDUWLQJ WKH SUHSDUD\
3DUWQHUVKLS FDPH E\ WKH (XURSHDQ &RPPLVVLRQ ZKLFK DGRSWHG LQ
RQ $UWL FLDO ,QWEQRXOHFQEH WKH LQWHQWLRQ WR HVWDEOLVK D 3XEOLF
LQ RUGHU WR LQFUHDVH DYDLODEOH "QDQFLQJ IRU $, LQ (XURSH 7KH GR
SDUWQHUV WR FRPPLW KLJK OHYHOV Rl LQYHVWPHQWY DQG UHIHUUHG W
DQG (X5RERWLFV LQ WKLV DUHD DV D EDVLV WR EXLOG RQ IRU WKH QHZ 3C
RI WKLV VWUDWHJLF GRFXPHQW %'9%$ DQG HX5RERWLFV VLIJQHG D FRPPL
9LVLRQ 3DBBG VWDUWHG ZRUNLQJ RQ WKH "UVW YHUVLRQ Rl WKH MRLQW
DQG 'HSOR\PHQW $JHQGDZBEF& ZDV SXEOLVKHG LQ -XQH $ VHFRQG Vi
65,'$5 ZDV UHOHDVHG WKUHH PRQWKY ODWHU 6HSWHPEHU DQG EXLOV
ZLWK WKH $, FRPPXQLW\ DQG HVSHFLDOO\ &/$,5( (//,6 DQG (XUS$,

7KH 6WUDWHJLF 5HVHDUFK ,QQRYDWLRQ DQG 'HSOR\PHQW $JHQGD XQL H
Rl WKH WKUHH GLVFLSOLQHV HQJDJHG LQ FUHDWLQJ WKH 3DUWQHUVKL
VSHFL 'FDOO\ KLV QHZ WKLUG HGLWLRQ RI WKH 65,'$ DGGV YLHZSRLQWYV IUR
WR KLJKOLJKW WKH FRQYHUJHQFH WDNLQJ SODFH EHWZHHQ WKHP DQG W
WKH RSSRUWXQLW\ WR H[SUHVV WKHLU FRQWH[W ZLWKLQ WKH IUDPHZRU
WKH LPSRUWDQW IRFDO SRLQW QHHGHG WR LGHQWLI\ FRPPRQ FKDOOHQJ
LQQRYDWLRQ DQG GHSOR\PHQW IRU $, 'DWD DQG 5RERWLFV LQ (XURSH

‘KLOH HDFK GLVFLSOLQH ZLOO FRQWLQXH WR GHYHORS LWV RZQ VWUH
FKDOOHQJHV DQG SULRULWLHV WKH IRFXV Rl WKH 3DUWQHUVKLS LV WR
EHWZHHQ $, 'DWD DQG 5RERWLFV ,Q SDUWLFXODU WKH 3DUWQHUVKLS L\
JUHDWHVW YDOXH ZLOO EH GHYHORSHG LQ SURPRWLQJ WKH DSSURSULDW
%\ IRUJLQJ WRIJHWKHU WKHLU GLVWLQFW FKDUDFWHULVWLFV D FRKHUHC
WKDW PDWFKHV QHHG DQG GHOLYHUV YDOXH WR WKH PDUNHW 7KH 3DU
FUHDWLQJ D VXFFHVVIXO DQG FRKHVLYH HFR VIVWHP WKDW WUDQVODWH)
LQWR DQ HFRQRPLF VRFLHWDO DQG HQYLURQPHQWDO DGYDQWDJH WKD
QRUPV WR DFKLHYH WKH EHVW RXWFRPH IRU (XURSH

(DFK RI WKH "YH RUJDQLVDWLRQV HQJDJHG LQ WKH 3DUWQHUVKLS UHF
IURP ZRUNLQJ WRIJHWKHU WR DGGUHVV DOO DVSHFWV RI WKH (XURSHDQ
7KH\ UHFRJQLVH WKH VWUHQJWKV WKDW HDFK FRPPXQLW\ EULQJV WR W
FRQWULEXWLRQ HDFK PDNHV WR WKH ZKROH 7KLV 65,'$ VHWV RXW WKH
LGHQWL"HVY WKH NH\ DUHDV IRU DFWLRQV LQYHVWPHQWY DQG FROODE
IRU XQLIN\LQJ GLIIHUHQW DSSURDFKHV WR $, 'DWD DQG 5RERWLFV VR WI
DGYDQWDJH IURP WKH RWKHUV WKURXJK PXWXDO H[FKDQJH DQG FROODE

7KH 3S3DUWQHUVKLS LV RSHQ DQG LQFOXVLYH DQG VHHNV WR FUHDWH D FH
LQ (XURSH LQFOXGLQJ WKH PHPEHU VWDWHYV 7KH "UVW DQG VHFRQG UH
WR EULQJ DERXW WKLV YLVLRQ LQ SUDFWLFDO WHUPV E\ FROODERUDWL(
WHFKQRORJ\ QHWZRUNV 6LQFH WKH WZR UHOHDVHV WKH SDUWQHUYV KDY
(XURSHDQ &RPPLVVLRQ D GHWDLOHG DSSOLFDWLRQ IRU WKH $HWDWD DQ
KDV EHHQ DGGHG WR WKLV WKLUG HGLWLRQ RI WKH 65,'$ WR UHUHFW WKD

KWWSY HF HXURSD HX LQIR KRUL]JRQ HXURSH QH[W UHVHDUFK DQG LOQQRYDWLRQ IUDPHZRUN

KRUL]JRQ HXURSHBHQ

&RPPXQLFDWLRQ IURP WKH &RPPLVVLRQ WR WKH (XURSHDQ 3DUOLDPHQW WKH (XURSHDQ

(FRQRPLF DQG 6RFLDO &RPPLWWHH DQG WKH &RPPLWWHH RI WKH 5HILRQV &RRUGLQDWHG 3C
QDO WK '"HFHPEHU

KWWS Z7Z7ZZ EGYD HX VLWHY GHIDXOW "OHV 9,6,21 $, 333 HX5RERWLFV %'9% )LQDO SGI

KWWSV 2727Z EGYD HX VLWHY GHIDXOW ILOHV $, 333 65,'$ &RQVXOWDWLRQ 9HUV

2Q0LQH YHUVLRQ SGI

KWWSV 77ZZ EGYD HX VLWHY GHIDXOW ILOHV $, 333 65,'$ 6HFRQG &RQVXOWDWLRQ

2Q00LQH YHUVLRQ SGI
KWWSV HFE HXURSD HX LQIR VLWHY LQIR ILOHVY UHVHDUFKBDQGBLQOQRYDWLRQ IXQGLC
DUWL'FLDO LOQOWHOOLJHQFH GDWD URERWLFV SGI
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WKH REMHFWLYHV RI WKH S DUWQHUVKLS DQG LWV LQWHUYHQWLRQ ORJLF
FKDOOHQJHV WKH 3DUWQHUVKLS ZLOO DGGUHVV ORVW QRWDEO\ WKLV W
E\ WKH WKUHH GHHS GLYHV GHWDLOLQJ WKH 'ULYLQJ $GRSWLRQ 6HFWLRQC

Scope of the Partnership

7KH 3DUWQHUVKLS FRYHUV DOO DVSHFWV RI $, 'DWD DQG 5RERWLFV EF
GLVFLSOLQHV ,W LV IJXLGHG E\ (XURSHDQ VWUDWHJ\ E\ UHVHDUFK DQG E\
LWV DVVHVVPHQW Rl RSSRUWXQLW\ DQG YDOXH FUHDWLRQ DUH DOLJQHC
FUHDWH VWUDWHJ\ URRWHG LQ (XURSHDQ SXEOLF IXQGLQJ PHFKDQLVPV

UHPLW RI WKH 3 DUWQHUVKLS WR DFKLHYH LWV REMHFWLYHV W ZLOO DO
DQG VWDNHKROGHU RUJDQLVDWLRQV ZKHUH UHPLWYV IDOO RXWVLGH WKH

7KH HPHUJHQFH RI $, 'DWD DQG 5RERWLFV LQ (XURSH DQG WKH GHYHC
(XURSHDQ DSSURDFK FRXSOHG WR SROLF\ REMHFWLYHV DUH DW WKH FF
LWV SULPDU\ IRFXV IDOOV RQ UHJXODWLRQ LQIUDVWUXFWXUH HFRV\VW
DQG SXEOLF DFFHSWDQFH VLQFH WKHVH DUH WKH NH\ GULYHUV IRU $, 'D
FUHDWLRQ Rl GLILWDO LQIUDVWUXFWXUHV LQFOXGLQJ UHJXODWLRQ W
DQG WKH SURPRWLRQ Rl HIFHOOHQW UHVHDUFK DQG LQQRYDWLRQ FRXSH
DOO HVVHQWLDO IRU HQVXULQJ (XURSH UHWDLQV WHFKQLFDO NQRZKRZ L
FRPPLWWHG WR VXSSRUWLQJ UHVHDUFK LQQRYDWLRQ GHSOR\PHQW DQ
DQG 5RERWLFV WR HQDEOH (XURSH WR FKDOOHQJH WKH JOREDO PDUNHW

Key Impacts

$, 'DWD DQG 5RERWLFV DUH WUDQVYHUVDO DQG FXW DFURVV VHFWRUV [
FKDLQ 7KHUH LV ZLGHVSUHDG DFFHSWDQFH WKDW $, 'DWD DQG 5RERWLF
DOO HFRQRPLF IVGIE RRUNKH 8QLWHG 1DWLRQV- 6 XVWDLQDKEG H WHRYSFOREP H (
DFWLRQV Rl WKH 3DUWQHUVKLS VHW RXW LQ WKLV 65,'$ DGGUHVV WKH \
3DUWQHUVKLS $SSOLFDW IZRK®\GRFRPHEXWVXPPDULVHG LQ WKH JHQHUDO R
3DUWQHUVKLS QDPHO\

7R VHFXUH (XURSHDQ VRYHUHLJQW\ RYHU WHFKQRORJLHV DQG NQF
7R HYWDEOLVK (XURSHDQ OHDGHUVKLS ZLWK KLJK VRFLR HFRQRPLF
7R UHLQIRUFH D VWURQJ DQG JOREDO FRPSHWLWLYH SRVLWLRQ IR

7KH LPSDFWV IURP DFKLHYLQJ WKHVH REMHFWLYHVY RFFXU LQ DW WKUHH

6FLHQWL F ,PSDFW
(FRQRPLF DQG 7THFKQRORJLFDO ,PSDFW
6RFLHWDO DQG (QYLURQPHQWDO ,PSDFW

$FKLHYLQJ WKH VWDWHG LPSDFWV UHTXLUHV PRUH WKDQ D VWURQJ PDL
QHHGV D VNLOOHG ZRUNIRUFH DQG D UHJXODWRU\ DQG VWDQGDUGLVDW
GHSOR\PHQW DQG HQDEOH PDUNHWYV WR GHYHORS LW UHTXLUHV VWUDW
SUDFWLFH DOO RI ZKLFK WKH 3DUWQHUVKLS ZLOO HQDEOH 7KH 3DUWAQI
FRPELQH DQG VFDOH XS WKH LPSDFW RI SXEOLRFNR BUFHADIW B \WHHIN HV W BEK
(XURSHDQ EXVLQHVV DQG VRFLHW\ WKURXJK WKH ZLGH VSUHDG GHSOR\P}

a1RWHV IURP WKH $, IURQWLHU 7DFNOLQJ (XURSH-V JDS LQ GLJLWDO DQG DUWL FLDO LQWHOOLJHQF
KWWSV 7Z77Z XQ RUJ VXVWDLOQDEOHGHYHORSPHQW VXVWDLQDEOH GHYHORSPHQW JRDOV
KWWSV HF HXURSD HX LQIR VLWHV LQIR ILOHVY UHVHDUFKBDQGBLQQRYDWLRQ IXQGLQJ GRFXF
LOWHOOLJHQFH GDWD URERWLFV SGI

7KH %'9%$ OHYHUDJH UDWLR IRU E€WPRELOLWHKG SLYDWH LOQYHVWPHQWY VLQFH WKH ODXQFK RI WKH
DQG IRU WKH HX5RERWLFV 333 63%$5& LW LV )XOO GHWDLOV RI WKH VXFFHVV DQG LPSDFW RI WKI
$QQXDO ORQLWRULQXVEWSRUWYZ HX URERWLFVY QHW VSDUF XSORDG ORQLWRULQJ UHSRUW QDO
DOQOQH[HVKBWS ZZZ EGYD HX VLWHV GHIDXOW "OHV 05 B%'9B333B0ODLQ 5HSRUWB6HSWHPEHU B
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EUROPEAN OPPORTUNITIES

7KH RSSRUWXQLWLHV LQ (XURSH DUH EXLOW DURXQG ERWK L
PDUNHW RSSRUWXQLWLHV WKDW ZLOO EH FUHDWHG E\ GHSO
LQWR EXVLQHVYV DQG VHUYLFH VHFWRUV 7KHUH LV HYLGHQFH
SRERWLFV DFURVV (XURSHDQ VHFWRUV EXW JUHDWHU DFWLRC
YDOXH RSSRUWXQLW\ DFURVV DOO VHFWRUV 6WUHQJWKHQLQ
FRQQHFWLQJ DQG HQJDJLQJ ZLWK $, 'DWD DQG 5RERWLFV VW
FXUUHQW EDUULHUV WR DGRSWLRQ WR EH DGGUHVVHG 7KH 2
PD[LPLVLQJ WKH $, 'DWD DQG 5RERWLFV RSSRUWXQLWLHV LQ

Market Opportunities

‘H DOUHDG\ OLYH LQ WKH GDWD GULYHQ ZRUOG 7RGD\ FRPSDQ
LPSURYH FXVWRPHU H[SHULHQFHV RSHQ QHZ PDUNHWYV PDNH H
PRUH SURGXFWLYH DQG FUHDWH QHZ VRXUFHV RI FRPSHWLWLYH
WKH IXWXUH RI WRPRUURZ (QWHUSULVHV DUH HQWHULQJ D ZRUO
VXFFHVV LV GULYHQ E\ WKH FDSDELOLW\ WR DGRSW WRJHWKHU I
$, 'DWD DQG 5RERWLFV ZLWK PDWXULQJ RQHV VXFK DV HGJH FRP
LOWHOOLJHQFH DQG OHDUQLQJ EDVHG RQ 'DWD 1HZ RSSRUWXQLW
FRPELQLQJ GLJLWDO WHFKQRORJ\ ZLWK SK\VLFDO DVVHWV DQG F
SRZHUHG E\ SODWIRUPV DQG HFRV\VWHPV ZKHUH QHWZRUN HIIHFV
WKHPVHOYHY 7R FRPSHWH FRPSDQLHV PXVW EDODQFH GLJLWDO
PDVWHU WKHP DW VFDOH DQG OHDUQ KRZ WR FROODERUDWH LC
GHPDQG IRU LQQRYDWLRQ ZLOO NHHS JURZLQJ EXW ZLWK HYHU
TXDOLW\ VWDQGDUGYV

7KH VXGGHQ VWRS RI HFRQRPLF DFWLYLWLHY FDXVHG E\ WKH &
VORZHG GRZQ LQYHVWPHQWY LQ GLILWDO WHFKQRORJLHV ZKLFK I

RI DQG DUH H[SHFWHG WR JR EDFN WR KLJK JURZLQJ UDWHV IUF
VXUYH\V ,'& IRUHFDVWV ZRUOGZHEGHRVSKPE LQEMRQ %, WRE %
LQ ZKLOH VSHQGLQJ LZQ GRERMWUFDVKE WRP €%®0Q GULYHQ

E\ PDVVLYH DXWRPDWLRQ LQYHVWPHQWY 7KH DOUHDG\ OBUJH %L
PDUNHW ZLOO JURZ WRP €%%Q

$ORQJVLGH WKH SHUVRQDO DQG "QDQFLDO ORVV VXIIHUHG WKUR:
ZLGH VSUHDG ORFNGRZQ FUHDWHG DQ XQH[SHFWHG DQG XQSUHFH
KDV GHPRQVWUDWHG WKH XVHIXOQHVY DQG EHQH WV Rl UHPRWH
DV ZHOO DV VRPH RI WKHLU VKRUWFRPLQJV ZKLFK LV OLNHO\ WR C
VHUYLFHV LQ WKH QHDU IXWXUH 7KHUH LV DOVR D QHZ DZDUHQH\
PDQDJLQJ GDWD IRU VRFLDO ZHOIDUH DQG SXEOLF KHDOWK

6RXUFH ,'& :RUOGZLGH $UWL FLDO LQWHOOLJHQFH 6SHQGLQJ *XLGH $XJIXVW
6RXUFH ,'& :RUOGZLGH 5RERWLFYV 6SHQGLQJ *XLGH $XJIXVW
6RXUFH ,'& :RUOGZLGH %LJ 'DWD DQG $QDO\WLFV 6SHQGLQJ *XLGH $XJIXVW



(XURSHDQ 2SSRUWXQLWLHV

Al (57.8%) Robotics (74.9%) Data 4 (52.1%)
%DQNLQJ ,QVXUDQ[FH 'LVFUHWH 0DQXIDFWXULQJ %DQNLQJ
5HWDLO :KROHVDOH &RQVXPHU DQG FRQVXPHU VHUYLFHV *RY
'LVFUHWH ODQXIDFWXULQJ 3URFHVV 0DQXIDFWXULQJ "LVFUHWH
7HOHFRP DQG OHGLD 5HVRXUFH ,QGXVWULHV 7HOHFRP D

JLIXUH 7RS 6HFWRUV IRU HDFK DUHD LQ WHUPV RI H[SHFWHG "QDQFLDO LQYHVWPHQW\

7KH (8 VKDUH RI WKH $, PDUNHW LV IRUHFDVW WERLROLPE UDRSILGO\
WKH ZRUOGZLGH PDWNHW WR Rd WKH ZRUOGZLGH PDUNHW DV W
LQGXVWULHY DGRSW LQWHQVLYHO\ $, WRROV DQG DSSOLFDWLRQ)\
WKH WKUHH WRS L@GGYestiwdts HLQRU ZLOO EH %DQNLQJ DQG ,QVXU|
DQG :KROHVDOH DQG 'LVFUHWH ODQXIDFWXULQJ DOO NH\ LQGXV
GHYHORSPHQW 6LPLODUO\ Dia& IRQE RIDMOXWALFEN %'$ WHRK YRERJL
(8 WR LQFUHDVHEWRR € ®BQ D VKDUH RI ZRUO G ZRoBdticY SHQ G L G
investments LQ WKH (8 DUH H[SHFWHG WR LQFUHDVH DW D OHVV IDV!
IURP D KLJKHU EDVHE WRFE %@ DQG WKH\ DUH KLJKO\ FRQFHQ'
IHZ VHFWRUV ZLWK RI VSHQGLQJ LQ GULYHQ E\ 'LVFUHWH 0
GHYLFHV 3URFHVV ODQXIDFWXULQJ DQG 5HVRXUFH LQGXVWULHV
VSHQGLQJ LQ 'DWD %'$ WHFKQRORJLHV LV GLVWULEXWHG DFURVV
ZLWK )LQDQFH LQ WKH OHDG ZLWK WKH KLJKHVW VSHQGLQJ DEW
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7KH SUHVHQWHG QXPEHUV LQGLFDWH WKH "QDQFLDO LQYHVWPHQ"
H[SHFWHG LQ DOO PDUNHWY ,Q RWKHU ZRUGV WKH PHVVDJH IURF
5RERWLFV DUH H[SHFWHG WR DGG YDOXH DFURVY DOO VHFWRUV

5SRERWLFV RSSRUWXQLWLHYVY H[LVW DFURVVY DOO VHFWRUYV DQG GRI

,'& :RUOGZLGH %LJ 'DWD DQG $QDO\WLFV 6SHQGLQJ *XLGH )RUHFDVW $XJIJXVW "HVWHUQ

)5

" (/ (, ,7 1/ 32 (6 6: SOXV &+ 12 8. 1RWH WKDW ,'& VXPPDULVHVY 'DWD WHFKQRORJLH

DQG $QDO\WLFV %'$
6RXUFH ,'& :RUOGZLGH 5RERWLFVY 6SHQGLQJ *XLGH )RUHFDVW $XJXVW "HVWHUQ (XURSH |

(/

(, ,7 1/ 32 (6 6: SOXV &+ 12 8.



(XURSHDQ 2SSRUWXQLWLHV

Value Opportunities
7KH GHSOR\PHQW RI $, 'DWD DQG 5RERWLFV ZLOO LPSDFW VHYHUL

¥ %\ ZHDYLQJ $, 'DWD DQG 5RERWLFV LQWR WKH GHVLJQ PDQX
GHSOR\PHQW SURFHVVHV SURGXFWLYLW\ FDQ EH UDLVHG

f %\ XVLQJ $, 'DWD DQG 5RERWLFV WR LQFUHDVH DXWRQRP\ KI
FDQ EH DFKLHYHG

f %\ XVLQJ $, 'DWD DQG 5RERWLFV WR LPSURYH XVDELOLW\ RI
E\ DOORZLQJ JUHDWHU YDULDWLRQV LQ WKH KXPDQ PDFKLQH
FDQ EH LQFUHDVHG DQG QHZ FXVWRPHU VHIPHQWY DGGUHVVF
PDUNHWYV

$ %\ XVLQJ $, 'DWD DQG 5RERWLFV IRU VXSSRUWLQJ FRPSOH[ G
LQ G\QDPLF HQYLURQPHQWY SHRSOH FDQ JHW KHOS LQ VLW:
HJ WHFKQLFDO FRPSOH[LW\ LQFUHDVLQJ YRODWLOLW\ LQ P

f %\ GHYHORSLQJ $, 'DWD DQG 5RERWLFV IRU ERRVWLQJ WKH
IRUJHQHUDWLQJ QHZ PDUNHW RSSRUWXQLWLHY DQG IRU GHYF

¥ 7KHVH IXQGDPHQWDO LPSDFWV DUH IHOW DW DOO DUHDV LQ

JRU LQVWDQFH $, 'DWD DQG 5RERWLFV SRZHUHG GLJLWDO WHFKQ
VRFELHW\ E\ OHDGLQJ WKH ZD\ LQ WK HhadlthEar ¥edror P DL\WQ ERQ GRU QW KWK |
WUDQVLWLRQ WR QHZ FDUH PRGHOV DQG QRWDEO\ YDOXH EDVHG
$, 'DWD DQG 5RERWLFV FDQ HQVXUH WKDW FDUH LV VHDPOHVV E\
KHDOWK FRQWLQXXP 7KLV UDQJHV IURP KHOSLQJ SHRSOH WR WDN
OLYLQJ DQG SUHYHQWLRQ JLYLQJ FOLQLFLDQV WKH WRROV WR PD
GLDJQRVLV DQG FUHDWLQJ QHZ RSSRUWXQLWLHV IRU LQWHUYHGQ
SDWLHQW UHFRYHU\ ZKHQ WKH\ UHWXUQ KRPH

,Q WKH D tel@n®lnication LQWHUDFWLRQ ZLWK KXPDQV FDQ EH FRP!
$, 'DWD DQG 5RERWLFV WR VFDOH UHDO WLPH VXSSRUW WR D O
DGGLWLRQ WKH PDQDJHPHQW DQG RSWLPLVDWLRQ RI RSHUDWLRQ
DQG DGDSWLQJ WR IXWXUH GHPDQGV DV ZHOO DV E\ HQVXULQJ F\
KHOS WR LPSURYH SHUIRUPDQFH HI'FLHQF\ UHVLOLHQFH DQG VF
QHWZRUNYV

, Qransport $, 'DWD DQG 5RERWLFV ZLOO LPSDFW ERWK ZLWKLQ WKH
ZLOO DOVR WUDQVIRUP LW $, 'DWD DQG 5RERWLFV LV DOUHDG\ EF
MRXUQH\V WDNHQ DFURVV D FLW\ KRZ pRZV RI WUDI'F FKDQJH WKL
ZHDWKHU FRQGLWLRQV 7KLV KDV DQ LPSDFW RQ PDQ\ GLITHUHQW
SODQQHUV OHDUQ KRZ WR LPSURYH WKH WUDI'F pRZ DQG LQGLYL
MRXUQH\ &, 'DWD DQG 5RERWLFV DOVR VWLPXODWHY QHZ EXVLQH
GDWD WKDW FDQ UHVKDSH WKH FLW\ E\ RQ GHPDQG WUDQVSRUW
RZQHG YHKLFOHV E\ HQDEOLQJ VPDOOHU VZDUPV RI GHOLYHU\ YF
FDUSDUNV IURP WRZQ FHQWUHYV

7KHUH LV D VLPLODU VWRU\ WKDW FDQ EH WROG LQ HDFK DUHD
manufacturing and production $, 'DWD DQG 5RERWLFV GHOLYHUV SURG
WKURXJK PRUH HI"FLHQW UHVRXUFH HQHUJ\ DQG PDWHULDO XVH
PDQXIDFWXULQJ SURFHVVHVY DQG LQVLGH SURGXFWYV DQG VHUYLF
ZLWK PRUH UH"QHG FRQWH[WXDO NQRZOHGJH



$, 'DWD DQG 5RERWLFV 3DUW|QHUVKLS

,Q RWKHU VHFWRUV VXFK DV DJULFXOWXUH PDUNHWLQJ HQWHUW
VXFK DV "QDQFLDO VHUYLFHV SXEOLF VHUYLFHV HWF DQG PDQ\
DQG 5RERWLFV LV HTXDOO\ IDU UHDFKLQJ

,Q DGGLWLRQ DOO $, 'DWD DQG 5RERWLFV WHFKQRORJLHV FDQ E
PLVVLRQV DQG FOXVWHUV LQ +RUL]RDQciEMURpEdE )RD Q EWWIDRXAHH Y H G

¥ LQ WKH [pahddmidRdmergency response HJ IRU "JKWLQJ &RPYDLGW
V\VWHPV WKDW HQDEOH WUXVWHG DQG WUDQVSDUHQW FRQWLCL
LOWR ORZHU GHDWK UDWHYV 7UXVWZRUWKLQHVYV LV FULWLFL
DQG WUDFLQJ PHWKRGRORJLHYV XVLQJ VPDUW V\VWHPV $Q RY
5RERWLFV FDQ KHOS LQ WKH EDWWOH DJDLQVW WKH &RYLG 1
GLIITHUHQW UHVRXUFHV FDBWWIRXQAZ XMHXHWRERWLFY QHW H>
QHZVURRP SUHVV URERWY DIJDLDY®MRWEGE ZEWMPHX URERWLFYV
HXURERWLFYVY QHZVURRP SUHVV URERWY DJDLQVW FRYLG KW

¥ LQ WKH DheatHearR® bnd cancer $, SRZHUHG GLJLWDO WHFKQRORJI
WKH zZzD\ LQ WUDQVIRUPLQJ WKH KHDOWKFDUH VHFWRU LQFOX(
PRGHOV DQG QRWDEO\ YDOXH EDVHG KHDOWKFDUH DV ZHOO
DQG WUHDWPHQWY LQ SDUWLFXODU LQ WKH DUHD RI FKURQL!

T LQ WKH DBudattRitiesland mobility ([LVWLQJ WUDQVSRUW LQIUDVWU
HQKDQFHG E\ LQWHOOLJHQW V\VWHPV DOLJQLQJ SHUVRQDO W
WUDI'F ZHDWKHU FRQGLWLRQV HWF

,Q DGGLWLRQ $, 'DWD DQG 5RERWLFV WHFKQROR &hvitonngbtdd H WKH Z|
impact 7KH 3IDUWQHUVKLS ZLOO MRLQ IRUFHV WR PD[PPLR/SHDWYV F
*UHHQ 'HD® ZLGH UDQJH RI RSSRUWXQLWLHYV H[LW IRU LQVWDQFH

f L Q kvakudacturing and production DUHD $, 'DWD DQG 5RERWLFV V\VWEF
WR GHOLYHU SURGXFWLYLW\ JDLQV WKURXJK PRUH HI"FLHQW |
XVH WKURXJK EHWWHU GHVLJQ DQG PDQXIDFWXULQJ SURFH
DOG VHUYLFHYVY WKURXJK LPSURYLQJ RSHUDWLRQDO HI"FLHQF'
FRQWH[WXDO NQRZOHGJH

¥ IRU ¥Wtéutr economy $, 'DWD DQG 5RERWLFV WHFKQRORJLHV F
HQKDQFH DQG DFFHOHUDWH WKH GHYHORSPHQW RI QHZ SU!
PDWHULDOV "W IRU D FLUFXODU HFRQRP\ WR RSHUDWH FLUF>
RSWLPLVH FLUFXODU LQIUDVWUXFWXUH

¥ IRU RSWLHL3y&t€Ens $GYDQFHV LQ $, DOJRULWKPV DLPLQJ IRU R
FRPSXWLQJ HQVXUH WKDW $, VIVWHPV FRQVXPH OHVV HQHUJ\ ,Q L
KHOS WR UHGXFH FDUERQ IRRWSULQWY UHTXLUHG IRU WUDLQLQJ ¢

$ UHFHQW VWXG\ IURP 3Z& D XG& JKIFLIKWRI WV K D WenXikohrgedtalh, R U

YXUWKHU H[DPSOHV RI KRZ $, 'DWD DQG 5RERWLFV FDQ EH XVHG WRZZ E\E YSIRMXG& R YIOX) EH IF
KWWSVY WRZDUGVGDWDVFLHQFH FRP DUWL FLDO LQWHOOLJHQFH DJDLQVWXFRYLG? DQ HDUC
$UWL FLDO LQWHOOLJHQFH LQ WKH EDWWOH DJDLQVW FRURQDYLUXV &29, D VXUYH\
2, 5 DQG 3KDP 4XRF 9LHW & 1JX\HQ 'LQK +X\QK 7KH 7KLHQ +ZDQJ
3DWKLUDQD 3XEXGX $UWL FLDO ,QWHOOLJHQFH $, DQG %LJ 'DWD IRU &RURQDYLUXV
6WDWH RI WKH $UWV
KWWSY HF HXURSD HX LQIR VWUDWHJ\ SULRULWLHV HXURSHDQ JUHHQ GHDOBHQ
KWWSV 7ZZZ PENLQVH\ FRP EXVLQHVV IXQFWLRQV VXVWDLQDELOLW\ RXU LQVLJKWV D
HFRQRP\ DL DV D WRRO WR DFFHOHUDWH WKH WUDQVLWLRQ

OLFURVRIW DQG 3Z& +RZ $ FDQ HQDEOH D KWW DL YZOFZ FXARXXM VXVWDLQDELOLW\ FOLP!
DVVHWYV SGI KRZ DL FDQ HQDEOH D VXVWDLQDEOH IXWXUH SGI
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applicatons KDV WKH SRWHQWLDO WR ERRVW JOREDO *'3 E\ W R
WKH ZRUOGZLGH JUHHQKRXVH JDV HPLVVLRQV E\ LQ ) X UW K
FDQ SURYLGH D YDOXDEOH FRQWULEXWLRQ WR VXVWDLQDELOLW
VXFK DV ZLWK DQ DUELWUDU\ FKRLFH Rl FRQFUHWH H[DPSOHYV
DQG XQGHUVWDQDBWXUDO UH\DRXAFRAHARV\VWERDIJHPHQW UHGXFW
RI WKH FDUERQ IRRWSULQWQRI KROBEWWEHDOHY HQHUJ\ BQBLHQF
PDQDJHPHQW PRELOLW\ P DOQDGHRHQBNWUXFWXU® WRBQ LKRIQW H [!
WKH VFDOH DQG FRPSOH[LW\ RI WKH SUREOHPV WR EH VROYHG SF
$, WHFKQLTXHV WKDW QHHG WR EH VFDOHG PDGH JOREDO PDGH
LQWR K\EULG $, VIVWHPV DQG LQWHJUDWHG ZLWK NQRZOHGJH F
,Q DGGLWLRQ VHFXULW\ LVVXHV DULVLQJ IURP WHUURULVP UHOTL
HSLGHPLFWQ EH DOVR DGGUHVVHG DQG EHWWHU PDQDJHG WKURX.

,Q H[DPLQLQJ WKH YHUWLFDO VHFWRUV DQG DUHDV RI VRFLHWD
LPSDFW ZKHUH $, 'DWD DQG 5RERWLFV FDQ GHOLYHU YDOXH LW
(XURSH-V VLIQL"FDQW VWUHQJWKYVY DQG ZKHUH WKHUH LV D VWUDMW
KHOS WR GLVWLQJXLVK (XURSHDQ $, 'DWD DQG 5RERWLFV DQG LG
WKH JOREDO PDUNHW

,W LV HVVHQWLDO WKDW (XURSH EXLOGV RQ LWV XQLTXH VWUHAQ.
%XVLQHVV WR %XVLQHVYV H[SHUWLVH DQG LWV PDUNHW OHYHUDJH
RQ FRUH (XURSHDQ YDOXHV ZLOO LPSURYH WUXVW DQG DFFHSWD
FUHDWH D VWURQJHU PDUNHW IRU $, 'DWD DQG 5RERWLFV (XU
VHFWRU SURYLGHV D JUHDW RSSRUWXQLW\ WR GHSOR\ $, 'DWD D
LQFUHDVH LWV YDOXH WR FLWL]JHQV $00O0 RI WKHVH IDFWRUV GHP
RSSRUWXQLW\ WR GHSOR\ $, 'DWD DQG 5RERWLFV LQ (XURSH DQG
WR PD[LPLVH WKH EHQH W

Challenges for the Adoption

7R JHQHUDWH DQG FDSWXUH YDOXH LQ WKHVH PDUNHWYVY WKHUH
PXVW EH DGGUHVVHG

Europe’s research landscape is fragmented: (XURSH KDV D VWURQJ $, 'DWD DQG
UHVHDUFK FDSDELOLW\ DQG FDSDFLW\ LQ DFDGHPLD DQG UHVHDUF
DFWLYLWLHY DUH IUDJPHQWHG EHWZHHQ GLIITHUHQW FRPPXQLWLHYV I
DQG 5RERWLFVY DQG ZLWKLQ WKHKHPEBNHWDWHWRUH GLI"FXOW IR
RUJDQLVDWLRQV WR WUDQVODWH UHVHDUFK LQWR LQQRYDWLYH VP
UHJLRQV DQG JOREDOO\ DV ZHOO DV IHHG UHVHDUFK ZLWK UHDO ZRL
EH DGGUHVVHG RWKHUZLVH WKH UHVXOWY RI UHVHDUFK LQQRYDW
FDQQRW EH XWLOLVHG ZLWK PD[LPDO HI"FLHQF\ GXH WR UHGXQGDQ'

%HWWHU H[WUHPH HYHQW\368 RUWDMFCRW B\2WKBQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ
BUHGLFWLRQ RI UHQHZDEOH HQHUJ\ SURGXFWLRQ
:LOGOLIH FROQVHUYDWLRQ DQG UHVWDXUDWLRQ
*HUPDQ 2WWR GLVWULEXWRU RSWLPL]JHV LWV VXSSO\ FKDLQ E\ VPDUW SUHGLFWLRQ RI IXWX
ODNH WKH IRRG VXSSO\ FKDLQ VXVWDLQDEOH
HOQHUJ\ VDYLQJ LQ 6W 9LQFHQW KRVSLWDO
7TUXFN WUDI'F PRQLWRULQJ
ORQLWRULQJ XUEDQ JURZWK YV KLJK pRRG ULVNYV
JRU VRLO PRLVWXUH SUHGLFWLRQ
(XURSHDQ $UWL FLDO ,QWHOOLJHQFH $, OHDGHUVKLS WKH SDWK IRU DQ LQWHJUDWHG
6FLHQWL 'F DQG 4XDOLW\ RI /LIH 3ROLFLHV 'LUHFWRUDWH *HQHUDO IRU ,QWHUQDO 3ROLFLHV




$, 'DWD DQG 5RERWLFV 3DUW|QHUVKLS

Lack of a functioning ecosystem for Al, Data and Robotics (XURSH ODFNV D IXQFWL
(FRV\VWHP FRYHULQJ $, 'DWD DQG 5RERWLFV WKDW FDQ HVWDEOL
YDOXH FUHDWHG E\ WKH LQQRYDWLYH GHYHORSPHQW DQG GHSOF
1R VLQJOH SOD\HU FDQ DFKLHYH WKLV DORQH WKH VKDULQJ RI
NQRZOHGJH LV FUXFLDO ,Q DGGLWLRQ IRU VFDOLQJ WKH GHSOR
UHDO ZRUOG DSSOLFDWLRQYV D FULWLFDO PDVV RI HQJDJHG VWDN

$OWKRXIK (XURSH KDV VWURQJ HFRV\VWHPV DURXQG 'DWD %'9% D
LW QHHGVY WR GHYHORS D VLQJOH LQWHUFRQQHFWHG HFRV\VWHP
DUHDV DQG DFURVV (XURSH $Q HFRV\VWHP WKDW RYHUDUFKHV (
WKHVH DUHDV QHHGV WR UHpHFW WKH FRPSOH[LW\ DQG GLYHUVI
HQFRPSDVV WKH WKUHH GLPHQVLRQV $, 'DWD DQG 5RERWLFV DC
FURVV I[IHUWLOLVHG ,Q DGGLWLRQ WKLV UHTXLUHY HQJDJHPHQW |
HITHFWLYH DQG UHTXLUHY DOLJQPHQW EHWZHHQ WKHP WR HQVXUL

High complexity in development and deployment: 7KHUH DUH FRQVLGHUDEOH FR
DQG FRVW LQ FUHDWLQJ GHSOR\DEOH V\VWHPV LQ $, 'DWD DQG

UHTXLUHPHQWY VXFK DV DFFXUDF\ UREXVWQHVV UHSHDWDELOL\
EH DGGUHVVHG 7KLV UHTXLUHVY GHGLFDWHG UHVHDUFK DGGUHVV
UHTXLUHPHQWY DFURVV WKH WHFKQRORJLHY DQG DURXQG SURGXF
RQ FRPSOH[ DQG VPDUW GHYHORSPHQW DQG GHSOR\PHQW V\VWHP

Lack of Skills and Know-How: ODQ\ (XURSHDQ RUJDQLVDWLRQV ODFN WKH VI
GHSOR\ VPDUW WHFKGLMDKD WRXQVERIQEXLOW RQ WKHVH WHFKQRO
LQ WDOHQW HGXFDWLRQ LV QHHGHG +RZHYHU D JOREDO FRPSHW
XQGHUzZD\ 5HJLRQV ZLWK WKH PRVW YLEUDQW WHFKQRORJ\ ODQC
WR DWWUDFW VNLOOHG SURIHVVLRQDOV DQG UHWDLQ ORFDO WD
UHWDLQHG LQ WKH FDVH ZKHUH FRQGLWLRQV DUH FRPSHOOLQJ

Lack of business opportunity understanding: '"HYHORSLQJ EXVLQHVV LPSDFW XV
VPDUW WHFKQRORJLHV UHTXLUHV D IXO0 XQGHUVWDQGLQJ RI W
LWV LPSDFW RQ EXVLQHVV SURFHVVHV DQG PRGHOV %HFDXVH \
RI NQRZOHGJH IURP PXOWLSOH WWDNHKRU®SEBWVLQ ORZ OHYHOV R
E\ XQFHUWDLQW\ DQG D ODFN RI NQRZOHGJH ,Q DGGLWLRQ WKH
PHDQV WKDW HPHUJLQJ EXVLQHVV SRWHQWLDO PD\ QRW EH REYLI
WXUQ VORZV WKH UHWXUQ RQ LQYHVWPHQW

Societal Trust in Al, Data and Robotics: 7KHUH DUH PDQ\ PLVFRQFHSWLRQV
PLVLQIRUPDWLRQ DERXW $, 'DWD DQG 5RERWLFV LQ VRFLHWDO GH
IXOO\ DFFHSWHG E\ VRFLHW\ LQ DOO DSSOLFDWLRQ DUHDV 2Q WK
HVSHFLDOO\ ZKHUH WKHUH LV XQIRXQGHG PLVWUXVW EXW RQ WK
ZKHUH LWV GDQJHUV DUH QRW IXO0O\ XQGHUVWRRG IRU H[DPSOH
URDG YHKLFOHYV

Lack of Infrastructure for Al, Data and Robotics: %RWK DFDGHPLFVY DQG LQQRYDW
DQG VWDUW XSV LQ SDUWLFXODU QHHG JRRG DFFHVV WR ZRUOC
LQFOXGLQJ DFFHVV WR GDWD DQG UHVRXUFHV VXFK DV +3& DQG
ODFN RI DFFHVVLEOH DQG H[FHOOHQW LQIUDVWUXFWXUH ZLOO V(
VXFFHVV

,'&-V :HVWHUQ (XURSH $, &RJQLWLYH 6ROXWLRQV 6XUYH\ -XQH
5DQJLQJ IURP HQG XVHU DSSOLFDWLRQ SURYLGHU XVHU GDWD VXSSOLHU WHFKQRORJ\ FU
UHVHDUFKHU DQG DFDGHPLF UHJXODWRU VWDQGDUGLVDWLRQ ERG\ LQYHVWRU DQG YHQWX
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Policy and Regulation Uncertainty: 3ROLF\ DQG UHJXODWLRQ RI $, 'DWD DC
VWLOO XQFOHDU LQ DUHDV LQFOXGLQJ OLDELOLW\ ULJKW WR HI[S
ODQ\ RUJDQLVDWLRQV KDYH FRQFHUQV DERXW FRPSOLDQFH 7KH
RI D FRPPRQ (XURSHDQ OHJDO IUDPHZRUN ZLOO VORZ FRPSDQ\ JU
EHQH WV

Investment environment: ,Q WKH LOWHUQDWLRQDO ODQGVFDSH VL¥QL FDQ
LQ WKHVH WHFKQRORJLHVY FDQ EH REVHUYHG 7R FDSWXUH WKH [X(
DQ DSSURSULDWHO\ KLJK OHYHO RI SULYDWH LQYHVWPHQW IRU $
LV QHHGHG (QJDJHPHQW RI PDMRU LQGXVWULHY DQG LQYHVWRUYV
URDGPDS LV HVVHQWLDO WR UHDFK WKH IXOO LPSDFW RI SXEOLF 1

European Al, Data and Robotics Innovation Ecosystem

7KH (XURSHDQ $, 'DWD DQG 5RERWLFV ,QQRYDWLRQ (FRV\VWHP L
FRQWDLQV PXOWLSOH W\SHV RI VWDNHKROGHU DQG WR EH HIIHFW
DQRG FROODERUDWLRQ EHWZHHQ WKHP W LV WKH 2DJRUD« IRU Wt
VNLOOV DQG NQRZOHGJH ,W SURYLGHV VFDOH WR DFKLHYH FRQVH
GHYHORSPHQW RI $, 'DWD DQG 5RERWLFV YDOXH WKURXJK LQQRY
DORQH FRXOG DFKLHYH W H[SUHVVHV WKH FROODERUDWLYH SX
DQG LQGLYLGXDOV WRIJHWKHU LQ DFKLHYLQJ VXFFHVV LQ GHSOR\)
(FRVA\VWHP LV W\SLFDOO\ FRPSRVHG RI

¥ EndUserr SBHUVRQ RU RUJDQLVDWLRQ IURP GLIITHUHQW VHFWRUYV
OHYHUDJH $, 'DWD DQG 5RERWLFVY WHFKQRORJLHY DQG VHUY|

+ Application Provider: $Q RUJDQLVDWLRQ WKDW XVHV $, 'DWD D¢
WHFKQRORJLHV IRU GHYHORSLQJ D YHUWLFDO DSSOLFDWLRQ

¥ User $ SHUVRQ ZKR HLWKHU NQRZLQJO\ RU XQNQRZLQJO\ XVH
VI\VWHP SURGXFW RU VHUYLFH WKDW XVHV $, 'DWD DQG RU 5F

t DataSupplier: 3HUVRQ RU DQ\ RUJDQLVDWLRQ SXEOLF RU SULYDW|
DJJUHJDWHYV DQG WUDQVIRUPYV GDWD IURP ERWK SXEOLF DQG

+ Technology Creator: 7\SLFDOO\ DQ RUJDQLVDWLRQ RI DQ\ VL]H W
SODWIRUPV VHUYLFHV KDUGZDUH DQG WHFKQLFDO NQRZOHC

+ Broker DQ RUJDQLVDWLRQ WKDW FRQQHFWV WKH VXSSO\ DQG
RU 5RERWLFV DVVHWVY VXFK DV VNLOOV GDWD DOJRULWKPY\
IRU GHYHORSLQJ DSSOLFDWLRQV E\ SURYLGLQJ D FKDQQHO IF
RU 5RERWLFV DVVHWYV

¥ Innovator, Entrepreneur: 'ULYHV WKH GHYHORSPHQW RI LQQRYDWLY
5RERWLFV WHFKQRORJLHY SURGXFWV DQG VHUYLFHYV

T Researcherand Academic: 5HVHDUFKHVY DQG LQYHVWLJDWHY QHZ DOJR
WHFKQRORJLHY PHWKRGRORJLHVY EXVLQHVV PRGHOV SURYL
'DWD DQG 5RERWLFY DQG DVVHVVHYV WKH VRFLHWDO DVSHFWYV

¥ Regulatorr $VVHVVHV $, 'DWD DQG 5RERWLFV VI\VWHPV IRU FRPSOI
SULYDF\ DQG OHJDO QRUPV

T Standardisation Body: '"H"QHV WHFKQRORJ\ VWDQGDUGV FRQVHQV

€ ELOOLRQ E\SVKHIBOBOLRQ E\ &KLQD LQ



$, 'DWD DQG 5RERWLFV 3DUW|QHUVKLS

IDFWR DQG IRUPDOLVHG WR SURPRWH WKH JOREDO DGRSWLI
WHFKQRORJLHV

T Investor, Venture Capitalist: BURYLGHY UHVRXUFHV DQG VHUYLFHV W
FRPPHUFLDO SRWHQWLDO RI WKH HFRV\VWHP

¥ Citizen: $ SHUVRQ ZKR ZLOO RU ZLOO QRW GHYHORS WUXVW L
WHFKQRORJLHV

$Q HIIHFWLYH (XURSHDQ $, 'DWD DQG 5RERWLFV ,QQRYDWLRQ (FR'
IHUWLOLVDWLRQ DQG H[FKDQJH EHWZHHQ VWDNHKROGHUV WKDW
SRZHUHG YDOXH FKDLQV WKDW FDQ LPSURYH EXVLQHVV DQG VRF
FLWL]JHQV $ SURGXFWLYH (XURSHDQ $, 'DWD DQG 5RERWLFV ,Q
HVVHQWLDO FRPSRQHQW WR RYHUFRPH WKH NH\ DGRSWLRQ FKDOC






$, 'DWD DQG 5RERWLFV 3DUW|IQHUVKLS

DRIVING ADOPTION

'HSOR\LQJ $, 'DWD DQG 5RERWLFV VXFFHVVIXOO\ LQ (XURSH UHTXL
IRU LWY DGRSWLRQ DQG WKH GHYHORSPHQW RI $, 'DWD DQG 5RER’
FKDUDFWHULVWLFV

European Al, Data and Robotics Framework

European Fundamental Rights, Principles, and Values

Capturing Value for Business, Society, and People

Policy, Regulation, Certi cation, and Standards (PRCS)

Innovation Ecosystem Enabler

Skills and Knowledge
Data for Al

Experimentation and Deployment

Cross-Sectorial Al, Data and Robotics Technology En ablers

Sensing and Action and
Perception Interaction
Reasoning
and Decision

Making Systems,

Knowledge Methodologies,
and Learning Hardware
and Tools

JLIXUH (XURSHDQ $, 'DWD DQG 5RERWLFV )UDPHZRUN

Figure5 VHWYV RXW WKH FRQWH[W IRU WKH RSHUDWLRQ RI WKH 3DUW
DUHDV RI LPSRUWDQFH IRU $, 'DWD DQG 5RERWLFV UHVHDUFK LQ
WKUHH RYHUDUFKLQJ DUHDV(XURISGMI BUH,VWDWRBHDQG S5RERWLFV )L
UHSUHVHQWY WKH OHJDO DQG VRFLHWDO IDEULF WKDW XQGHUSLQ\
RQ VWDNHKROGHUV DQG XVHUV RI WKH SURGXFWYV DQG VHUYLFHYV
$, 'DWD DQG 5RERWLFV ,QQRYDWLR Q HSRMVMWHW HYVEQNUWD O LQJU
HITHFWLYH LQQRYDWLRQ DQG GHSOR\PHQW&WR WD N6 H F/OPEFIHD Q LK) D
DQG 5RERWLFV 7THFKQRORIS UBDEQWUWKH FRUH WHFKQLFDO FRPS}H
HVVHQWLDO IRU WKH GHYHORSPHQW RI $, 'DWD DQG 5RERWLFV V\



'"ULYLQJ $GRSWLRQ
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$, 'DWD DQG 5RERWLFV WHFKQRORJLHYV ZRUN ZLWKLQ D EURD
ERXQGDULHY DQG OLPLWDWLRQV RQ WKHLU XVH ,Q VSHFL'F V
'DWD DQG 5SRERWLFV RSHUDWHYV ZLWKLQ HWKLFDO OHJDO DQ(
UHJXODWRU\ UHJLPHV WKDW FDQ YDU\ DFURVV (XURSH 3URG)>
$, 'DWD DQG 5RERWLFV PXVW EH EDVHG RQ YDOXHV WKDW DUFE
ULJKWV SULQFLSOHVY DQG YDOXHV &ULWLFDO WR GHSOR\LQJ
DFFHSWDQFH E\ XVHUV DQG FLWL]HQV DQG WKLV DFFHSWDQFH
DVVLIJQ WUXVW 7KLV VHFWXBRSHB@RUHDWKIDWQG 5RERWLFV )L
ZLWKLQ ZKLFK UHVHDUFK GHVLIJQ GHYHORSPHQW DQG GHSOR

(XURSHDQ )XQGDPHQWDO 5LJKWV 3ULQFLSOHV DQG

Context

2Q WKH RQH KDQG WKH UHFHQW DGYDQFHV LQ $, 'DWD DQG 5
DSSOLFDWLRQV KDYH IXQGDPHQWDOO\ FKDOOHQJHG HWKLFDO YDO
(8 DQG JOREDOO\ 2Q WKH RWKHU KDQG $, 'DWD DQG 5RERWLFV RI
SURGXFWLYLW\ DGGUHVV VRFLHWDO FKDOOHQJHY DQG HQKDQFH W
(XURSHDQ &RPPLVVLRQ KDV DOUHDG\ WDNHQ FULWLFDO VWHSV W
IRU WKH DFFHVV XVH DQG H[FKDQJH RI GDWD DQG WKH IRVWHUL
$, DQG 5RERWKAVXUWKHU GHYHORSPHQW DQG WKH LPSOHPHQWDW
DQG VRFLHWDO UHTXLUHPHQWY UHPDLQ FKDOOHQJLQJ EXW WKH
RSSRUWXQLWLHY DQG HQDEOH (XURSH WR VWUHQJWKHQ LWV FRPS

2SSRUWXQLW\ DQG LPSDFW RI WKH 3DUWQHUVKLS

7KH 3DUWQHUVKLS KDV D XQLTXH DELOLW\ WR IDFLOLWDWH D PX¢
H[SRVH FKDOOHQJHY DQG GH QH DSSURDFKHYV WR EH H[SORUHG DQ
ULJKWV SULQFLSOHV DQG YDOXHV DFWLRQDEOH LQ SUDFWLFH ,Q
WKH ZD\ WRZDUGVY WKH RSHUDWLRQDOLVLQJ RI HWKLFDO JXLGHOL
7KH 3DUWQHUVKLS ZLOO DOVR HQJDJH ZLWK FLWL]HQV DLPLQJ W]
DSSUHKHQVLRQ VXUURXQGLQJ $, 'DWD 5RERWLFV EDVHG WHFKQI
LPSURYH WKHLU WUXVWZRUWKLQHVV DQG SXEOLF DGRSWLRQ 7k
IRVWHU UHVHDUFK LQWR WKH -E\ GHVLJQ- DSSURDFK WR SULYDF
DQG VDIHW\ DQG LQFOXGH WKH VFLHQWL F TXHVWLRQV DQG EX
GHVLJQ- LQ WKH UHVHDUFK URDGPDS 7KH FRPSOH[LW\ RI WKH ,&7
HYROXWLRQDU\ QDWXUH Rl $, VROXWLRQV DQG RI WKH FRQFHSW R
LQYHVWLIJDWLRQ LQWR WKH GHYHORSPHQW RI DSSURSULDWH WU
LQWHJUDWLQJ FRQWLQXRXV LPSURYHPHQW

Concrete actions needed
7KH S DUWQHUVKLS ZLOO

+ )DFLOLWDWH D PXOWL VWDNHKROGHU GLDORJXH DQG FRQVH
LVVXH Rl WUXVWZRUWKLQHVV E\ JXLGLQJ DQG VKDSLQJ D FRP
DJHQGD DQG IRVWHULQJ UHVHDUFK DQG LQQRYDWLRQ RQ WU

+LJK /HYHO ([SHUW *URXS RQ $UWL FLDO ,QWHOOLJHQFH 23(WKLFV *XLGHOLQHV IRU 7UXVWZF
RQ $UWL'FLDO ,QWHOOLJHQFH 23ROLF\ DQG ,QYHVWPHQW 5HFRPPHQGDWLRQV IRU 7UXVWZRU
(XURSHDQ 'DWD 6WUDWHJ\ « (XURSHDQ &RPPLVVLRQ 2:KLWH 3DSHU 2Q $UWL'FLDO ,QWHO
H[FHOOHQFH DQG WUXVW «



$, 'DWD DQG 5RERWLFV 3DUW|QHUWUVKLS

f 6HHN WR SURPRWH D FRPPRQ XQGHUVWDQGLQJ DPRQJ VWD
$, 'DWD DQG 5RERWLFV IXQGDPHQWDO ULJKWYV DQG YDOXHV
FRPPXQLW\ DUH LQIRUPHG DQG DZDUH RI WKH SRWHQWLDO |
DV ZHOO DV RI WKH ULVNV DQG OLPLWDWLRQV RI FXUUHQW
JXLGDQFH LQ WKH UHVSRQVLEOH LPSOHPHQWDWLRQ RI $, 'DW

+¥ (VWDEOLVK WKH EDVLV IRU LGHQWLI\LQJ DQG H[SUHVVLQJ D
RQ ULJKWV SULQFLSOHV DQG YDOXHV E\ SURYLGLQJ FOHDU
FHUWL FDWLRQ DQG VWDQGDUGLVDWLRQ

&DSWXULQJ 9DOXH IRU %XVLQHVV 6RFLHW\ DQG 3H

Context

7THFKQLFDO DGYDQFHV LQ $, 'DWD DQG 5RERWLFVY DUH HQDEOLQJ

DUH OHDGLQJ WR LPSURYHG RU QHZ YDOXH DGGHG FKDLQV EHLQ
7R FDSWXUH WKHVH QHZ IRUPV RI YDOXH $, 'DWD 5RERWLFV EDV
LQQRYDWLYH EXVLQHVYVY PRGHOV WKDW UH GH QH WKH zZD\ VWDNH
NQRZ KRZ GDWD DQG FRQVHTXHQWO\ YDOXH 7KLV DOWHUDWLRQ F
FDQ EH GLVUXSWLYH DQG RIWHQ UHTXLUHV VWDNHKROGHUV WR

UHYHQXH VWUHDPV 7KHVH DGMXVWPHQWY UHTXLUH QHZ VNLOOYV
DQRG RUIJDQLVDWLRQV PD\ KDYH WR EX\ LQ H[SHUWLVH RU VKDUH
WR VXFFHHG 7KLV PD\ EH SDUWLFXODUO\ GLI"FXOW LI WKHLU X
SUHUHTXLVLWH IRU $, 'DWD DQG 5RERWLFVY DGRSWLRQ DUH ZHDN

(YHQ LQFUHPHQWDO LPSURYHPHQWY FDUU\ ULVN DQG PD\ FUHDWH
DQG 5RERWLFV 7KHUH PD\ EH OLWWOH RU QR VXSSRUW IRU FKDQJF
FKDLQ HVSHFLDOO\ ZKHQ FRXSOHG WR D ODFN RI HISHUWLVH 6XFI
5RERWLFV VROXWLRQV UHTXLUHV D pRZ RI NQRZOHGJH EHWZHHQ
GHYHORS D ZHOO EDODQFHG DQG VXVWDLQDEOH YDOXH QHWZRUN
LOWHUHVWY UROHV DQG DVVHWYV WKDW EXLOG YDOXH

2SSRUWXQLW\ DQG LPSDFW RI WKH 3DUWQHUVKLS

7KH UROH RI WKH 3DUWQHUVKLS LV WR PRELOLVH LQGXVWU\ DQG
WR EXLOG YDOXH IURP $, 'DWD DQG 5RERWLFV $V D IRFDO SRLQV
(XURSH LW ZLOO XVH LWV VWUDWHILF LQUuXHQFH DQG SRVLWLRQ \
DSSURDFK WR $, 'DWD DQG 5RERWLFV WKDW DGGUHVVHV WKH FK
HILVWLQJ HFRV\VWHP WR VXSSRUW DQG HQDEOH WKH GHSOR\PF}
DQG VHUYLFHVY WKDW FUHDWH YDOXH 7KH JRDO LV WR JHQHUDW
IRVWHU WKH GLVFXVVLRQ DURXQG FRQFUHWH QHZ EXVLQHVV RSS
PDSSLQJ WKH WHFKQLFDO FDSDELOLWLHV RI WKH VXSSO\ VLGH Wt
WKH GHPDQG VLGH DQG JXLGLQJ $, 'DWD DQG 5RERWLFV LQQRYL
DVVHWYV LQIUDVWUXFWXUH DQG FROODERUDWLRQV QHFHVVDU\ IR

Concrete actions needed

7R VXSSRUW WKH DGRSWLRQ RI $, 'DWD DQG 5RERWLFV DSSOLF
VWLPXODWH GLVFXVVLRQV WR DOLJQ VXSSO\ DQG GHPDQG SHUV
VWDNHKROGHUV LWK WKH PDLQ IRFXV RQ DSSOLFDWLRQ DUHDV D

f $UH FUXFLDO IRU WKH (XURSHDQ HFRQRP\
+¥ 5HODWH WR FULWLFDO LQIUDVWUXFWXUH



'ULYLQJ $GRSWLRQ

+ +DYH D VRFLDO RU HQYLURQPHQWDO LPSDFW
+ &DQ LQFUHDVH (XURSHDQ FRPSHWLWLYHQHVV LQ $, 'DWD DQ

SROLF\ 5HIXODWLRQ &HUWL FDWLRQ DQG 6WDQGD

Context

7KH DGRSWLRQ RI' $, 'DWD DQG 5RERWLFV GHSHQGYV RQ D OHJDO 11U
UHJXODWLRQ SDUWO\ GULYHQ E\ SROLF\ DQG DQ DUUD\ RI FHUWL
GULYHQ E\ LQGXVWU\ $V $, 'DWD DQG 5RERWLFV DUH GHSOR\HG
DUHDV UHJXODWLRQ DQG FHUWL FDWLRQ FDQ ODJ EHKLQG WKHUH

6LPLODUO\ D ODFN RI VWDQGDUGY DQG DVVRFLDWHG FHUWL FDW
KROG EDFN GHSOR\PHQW DQG WKH FUHDWLRQ RI VXSSO\ FKDLQV
XSWDNH ,Q VRPH DUHDV RI $, 'DWD DQG 5RERWLFV WKH PDUNH\
IRU UHJXODWLRQ WR UHDFW EXW LQ PDQ\ DSSOLFDWLRQ DUHDV |
EDUULHU WR DGRSWLRQ DQG GHSOR\PHQW ORVW QRWDEO\ LQ DS
LQWHUDFWLRQ ZLWK SHRSOH HLWKHU GLJLWDOO\ RU SK\VLFDOO
WHFKQRORJLHY DUH RSHUDWLQJ LQ VDIHW\ RU SULYDF\ FULWLFDO

35&6 LVVXHV DUH OLNHO\ WR EHFRPH D SULPDU\ DUHD RI DFWLYLW\
LV LQFUHDVLQJO\ D SULPDU\ OHYHU IRU WKH DGRSWLRQ RI $, 'DW
WKH GHYHORSPHQW RI VWDQGDUGY SDUWLFXODUO\ DURXQG GDW
ZLOO EH NH\ WR WKH FUHDWLRQ RI D (XURSHDQ $, 'DWD DQG 5RER\
KRZ WR FHUWLI\ $, 'DWD DQG 5RERWLFV V\VWHPV ZLOO XQGHUSLQ
LV HVVHQWLDO IRU DFFHSWDQFH DQG WKHUHIRUH DGRSWLRQ

2SSRUWXQLW\ DQG LPSDFW RI WKH 3DUWQHUVKLS

7KH 3DUWQHUVKLS ZLOO DFW DV D IRFDO SRLQW IRU 35&6 LVVXH
FRQQHFWRU DQG FRQYHQRU RI JURXSV WR DGGUHVV NH\ LVVXH
VWDNHKROGHUV ZLOO DOORZ LW WR EULQJ GLIIHUHQW SDUWV RI
WR LGHQWLI\ VIQHUJLHY DQG FURVV FXWWLQJ RSSRUWXQLWLHV W
WKLYV WKHUH ZLOO EH ERWK ORQJ DQG VKRUW WHUP REMHFWLYH\
VWDNHKROGHUV DURXQG FULWLFDO LVVXHV DQG VXSSRUW WKH
DSSURDFKHV ,Q WKH ORQJHU WHUP LW FDQ VXSSRUW DQG GHY!I
DEOH WR GULYH VWDQGDUGY DQG SURFHVVHVY WKDW ZLOO EH QHHC
'DWD DQG 5RERWLFV &ULWLFDO WR WKLV LV WKH FRKHUHQFH RI L
WKH HPEHGGLQJ RI 35&6 LQWR UHVHDUFK DJHQGDV VR WKDW HPH
DOLJQHG ZLWK VWDQGDUGY DQG UHJXODWLRQ ,Q DGGLWLRQ Wk
KLIJKOLJKW UHJXODWLRQ WKDW FUHDWHV RU KDV WKH SRWHQWLI
LQ $, 'DWD DQG 5RERWLFV DQG WR IRVWHU WKH DGRSWLRQ DQ
DSSURDFK WR UHJXODWLRQ

Concrete actions needed
7KH 3SDUWQHUVKLS ZLOO QHHG WR FDUU\ RXW WKH IROORZLQJ DFW

¥ ,GHQWLI\ NH\ VWDNHKROGHUYV LQ HDFK DUHD RI 35&6 DQG HQV>
EHWZHHQ WKHP DQG WR WKH $, 'DWD DQG 5RERWLFV (FRV\VW

f RUN ZLWK VWDNHKROGHUV DQG WKH HPHUJLQJ $, 'DWD D
LQIUDVWUXFWXUH 'LJLWDO ,QQRYDWLRQ +XEV SLORWV GDW
LVVXHVY WKDW LPSDFW RQ DGRSWLRQ DQG GHSOR\PHQW LQ HD



$, 'DWD DQG 5RERWLFV 3DUW|QHBVKLS

tf 3URPRWH EHVW SUDFWLFH LQ GHSOR\PHQW UHJDUGLQJ 35&6 L
WR GHPRQVWUDWRUY DQG SURFHVVHV WKDW FDQ DFFHOHUDW

+ 6XSSRUW DQG FROODERUDWH LQ VWDQGDUGLVDWLRQ LQLWL
UHJXODWLRQ DFURVV (XURSH WR FUHDWH D OHYHO $, '"DWD DQ
DQG FRQQHFW ZLWK (XURSHDQ DQG *OREDO VWDQGDUGYV DQG

+ )J)RVWHU WKH UHVSRQVLEOH WHVWLQJ RI' $, 'DWD DQG S5RERYV
VDQGER[ HQYLURQPHQWYV

¥ &4RQVROLGDWH UHFRPPHQGDWLRQV WRZDUGV SROLF\ FKDQJF
UHODWHG LPSDFW DVVHVVPHQW SURFHVVHYV

$ 'ULYH (XURSHDQ WKLQNLQJ DQG QHHGV WRZDUGV LQWHUQDW

Innovation Ecosystem Enablers

7KHQQRYDWLRQ (FRV\VWHRIHQBEVHEWLDO LQJUHGLHQWV IRU
$, 'DWD DQG 5RERWLFV LQQRYDWLRQ V\WWHP 7KH\ UHSUHVHC
DOO LQQRYDWLRQ DFWLYLW\ DFURVV WKH VHFWRUV DQG DO
UHVHDUFK WR GHSOR\PHQW (DFK UHSUHVHQWY D NH\ DUHD |
WKH 3DUWQHUVKLS DQG HDFK SUHVHQWY XQLTXH FKDOOHQJH
(XURSHDQ $, 'DWD DQG 5RERWLFV

6NLOOV DQG .QRZOHGJH

Context

7KH XSWDNH RI $, 'DWD DQG 5RERWLFV WHFKQRORJLHV ZLOO DIIt
LQGXVWU\ DQG ZLGHU VRFLHW\ 7\SLFDOO\ XVHUV RI $, 'DWD 5RE
SHRSOH ZLWKRXW D EDFNJURXQG LQ VWDWLVWLFV PDWKHPDWLFV
,Q RUGHU IRU $, 'DWD DQG 5RERWLFV WR EH DFFHSWDEOH WR VR
H[SHUW XVHUV KDYH D EDVLF XQGHUVWDQGLQJ DQG DZDUHQHVV R
RSHUDWH 7KLV LV UHTXLUHG LQ RUGHU WR DYRLG WKH PLVXVH D
DQG 5SRERWLFV DQG WR HQVXUH WKDW SHRSOH FDQ DFFHSW DQG
VROXWLRQV

$V WUDGLWLRQDO LQGXVWU\ VHFWRUV XQGHUJR DQ $, 'DWD DQG
PXVW WKHLU ZRUNIRUFHV 7KHUH LV D FOHDU VNLOOV JDS ZKHQ 1
+RZHYHU ZKLOH WKHUH DUH VKRUWDJHV RI SHRSOH ZLWK VSHFL
NQRZOHGJH WKHUH LV DOVR WKH QHHG WR WUDLQ LQWHUGLVF
5RERWLF H[SHUWV QHHG LQVLJKW LQWR WKH HWKLFDO FRQVHTXF
DXWRQRP\ DQG $, DXJPHQWHG SURFHVVHYVY DQG VHUYLFHV WKH\ Q
RI WKH OHJDO DQG UHJXODWRU\ ODQGVFDSH IRU H[DPSOH *'35 D
HPEHG WUXVWZRUWKLQHVV GHSHQGDELOLW\ VDIHW\ DQG SULYDI
DSSURSULDWH WHFKQRORJ\ SURGXFWV DQG VHUYLFHV &UXFLDO
S5RERWLFV LQ (XURSH LV FUHDWLQJ DQG UHWDLQLQJ WDOHQW EI
DQG SURPRWLQJ WKH pRZ RI WDOHQW EHWZHHQ WKHP 7KLV FDQ
UHVHDUFK DQG LWV LQIUDVWUXFWXUH DQG LQ FUHDWLQJ IDYRXULCL
DOORZ WDOHQW WR UHWXUQ JURZ DQG VWD\ LQ (XURSH

JRU H[DPSOH WKH UHJXODWLRQV DURXQG KHDOWKFDUH GDWD YDU\ FRQVLGHUDEO\ IURP F
DSSURDFKHVY WR WKH XVH RI LPDJH FDSWXUH LQ SXEOLF SODFHV



'ULYLQJ $GRSWLRQ

2SSRUWXQLW\ DQG LPSDFW RI WKH 3DUWQHUVKLS

,Q VHFWRUV DQG GRPDLQV ZKHUH $, 'DWD DQG 5RERWLFV ZLOC
SDUWQHUVKLS ZLOO VHHN WR XQGHUVWDQG DQG SURSDJDWH E
FKDQJH 7KH VSHFLDOLVDWLRQ UHTXLUHG E\ $, 'DWD DQG 5RERWL!
WKH VRSKLVWLFDWLRQ RI OHDGLQJ HGJH WRROV DQG DOJRULWKP®
ZRUNHUV ZLOO EHFRPH EURDGHU ZLWK DQ LQFUHDVHG QHHG IRU ¢
EXLOW RQ HQKDQFHG ,7 VNLOOV DQG LPSURYHG QXPHUDF\ DQG V
ELDV LQ ERWK GDWD DQG DOJRULWKPYV ZLOO QHFHVVLWDWH WUDQ"'
ZRUNHUV 7KH GHOLYHU\ RI $, 'DWD DQG 5RERWLFV VNLOOV WR
(GXFDWLRQ V\VWHPV EXVLQHVVHV JRYHUQPHQWY DQG VRFLDO S
WKH FKDQJLQJ ODQGVFDSH

Concrete actions needed

7KH 3DUWQHUVKLS ZLOO ZRUN WKURXJK LWV QHWZRUN WR HQVX
WKH YDOXH FKDLQ LQFOXGLQJ FLWL]JHQV DQG XVHUV KDYH WKH >
ZLWK $, 'DWD DQG 5RERWLFVY HQDEOHG V\VWHPV LQ WKH ZRUNSC
7KH 3IDUWQHUVKLS KDV D FULWLFDO UROH WR SOD\ LQ EULQJLQJ
DFDGHPLD LQGXVWU\ SURIHVVLRQDO WUDLQHUV IRUPDO DQG LC
SROLF\PDNHUV 7KHVH FROODERUDWLRQV ZLOO QHHG WR H[DPLQH
WHUPV RI VNLOOV DFURVV WKH VNLOO VSHFWUXP ERWK WHFKQLFI
HQVXUH WKDW WKH VNLOO SLSHOLQH LV PDLOQWDLQHG WR HQVXUF
QRW KHOG EDFN 6RPH FRQFUHWH DFWLRQV WKH 3DUWQHUVKLS ZL

f 3URPRWH HTXDOLW\ DQG GLYHUVLW\ ZLWKLQ WKH FXUUHQW L
GLYHUVLW\ DQG EDODQFH LQ WKH HGXFDWLRQDO RSSRUWXQL'

f :RUN WRZDUGV WKH DOLJQPHQW RI FXUULFXOD DQG WUDLQL
DQG 5RERWLFV SURIHVVLRQDOV ZLWK LQGXVWU\ QHHGYV

f (VWDEOLVK $, 'DWD DQG 5RERWLFV VNLOOV UHFRJQLWLRC
WHFKQLFDO WKURXJK FHUWL FDWLRQ PHFKDQLVPV IRU XQLY
DQG YRFDWLRQDO WUDLQLQJ DQG LQIRUPDO OHDUQLQJ

f 'HYHORSPHQW RI FRPSOHPHQWDU\ VKRUW FRXUVHV UHODWHU(
DLPHG DW GHFLVLRQ PDNHUV LQ LQGXVWU\ DQG SXEOLF DGPL
WR XSJUDGH HQKDQFH RU DFTXLUH $, 'DWD DQG 5RERWLFV E

f 6XSSRUW IRU VHFRQGDU\ RU HDUOLHU HGXFDWLRQ DQG DGX:
LQFOXGLQJ HWKLFV VRFLDO DQG WKH EXVLQHVYVY DVSHFWYV RI
ZLWK WKH FKDQJLQJ QDWXUH RI ZRUN DV ZHOO DV VXSSRUW |

tf 'HYHORS FLWL]HQ HQJDJHPHQW WR UDLVH DZDUHQHVV RI $, '
LPSDFW DQG SURYLGH UHDOLVWLF GHPRQVWUDWLRQV RI WKH

f 7DOHQW UHWHQWLRQ VFRXWLQJ WUDLQLQJ H[FKDQJH ZLWKL
DQG LQGXVWU\ LQFOXGLQJ WKH UHWHQWLRQ RI VWDUW XSV D

'‘DWD IRU $,

Context

JRU $, DQG LQ VRPH DVSHFWV RI URERWLFV WHFKQRORJLHV WR
HISHFWDWLRQV ODUJH YROXPHV RI FURVV VHFWRUDO XQELDVHG K

ag, 7+()8785( 2) :25." :25. 2) 7+( )8785( « OLFKHO 6HUYR] (XURSHDQ &RPPLVVLRQ



$, 'DWD DQG 5RERWLFV 3DUW|QHEVKLS

QHHG WR EH PDGH DYDLODEOH 'DWD VSDFHV SODWIRUPV DQG PDUN'
XQOHDVKLQJ WKH SRWHQWLDO RI VXFK GDWD 7KHUH DUH KRZHYHU L
DQG OHJDO FRQVWUDLQWY WKDW FDQ EORFN WKLV VFHQDULR VXFK
GDWD GXH WR RZQHUVKLS FRQFHUQV ORVV RI FRQWURO ODFN RI V
XQGHUVWDQGLQJ WKH YDOXH RI GDWD RU LWV VKDULQJ SRWHQWLDO
LQ PDUNHWSODFHVY WKH OHJDO EORFNV WR WKH IUHH pRZ RI GDW
GDWD SROLFLHV $GGLWLRQDOO\ VLJQL WX@W MW ERQIHADR®S R KD e Dol
YHUL"FDWLRQ DQG SURYHQDQFH VXSSRUW TXDOLW\ DQG DFFXUDF\
SURFHVVLQJ DUFKLWHFWXUHY DQG PDWXULW\ DQG XSWDNH RI SUL
ELJ GDWD KDYH D GLUHFW LPSDFW RQ WKH GDWD PDGH DYDLODEOH

2SSRUWXQLWLHY DQG LPSDFW RI WKH 3IDUWQHUVKLS

$OLIQPHQW DQG LQWHIJUDWLRQ RI HVWDEOLVKHG GDWD VKDULQJ
IXUWKHU GHYHORSPHQWY LQ DUFKLWHFWXUHYVY DQG JRYHUQDQFH
VLORV ZRXOG HQDEOH GDWD DQDO\WLFV DFURVV D (XURISHZQO®D
HQDEOH $, HQKDQFHG GLJLWDO VHUYLFHV WR PDNH DQDO\VLV DQG
GDWD WKHUHE\ FRPELQLQJ 'DWD DQG 6HUYLFH (FRQRPLHV 1HZ E)>
H[SORLW WKH YDOXH RI WKRVH GDWD DVVHWV WKURXJK WKH LPS
DPRQJVW SDUWLFLSDWLQJ VWDNHKROGHUV LQFOXGLQJ LQGXVWL
DXWKRULWLHY DQG LQVWLWXWLRQV UHVHDUFK HQWLWLHY DQG H®

Concrete actions needed
7KH 3 DUWQHUVKLS ZLOO

¥ &UHDWH WKH FRQGLWLRQV IRU WKH GHYHORSPHQW RI WUX
IUDPHZRUNV WR HQDEOH QHZ GDWD YDOXH FKDLQ RSSRUWXQlL
LOQLWLDWLYHY DQG LQYHVWPHQWY GDWD SODWIRUPV L VSDF
'‘DWD YDOXH FKDLQV KDQGOLQJ D PL[ RI SHUVRQDO QRQ SHL
DQG RSHQ UHVHDUFK GDWD QHHG WR EH VXSSRUWHG

+ 3URPRWH RSHQ GDWDVHWYV DQG QHZ RSHQ EHQFKPDUNV IRU
TXDOLW\ YDOLGDWLRQ IURP ERWK VRIWZDUH HQJLQHHULQJ DC

f 'HHQH VSHFL'F PHDVXUHV WR LQFRUSRUDWH GDWD VKDULQJ
OLIHF\FOH IRU JUHDWHU DFFHVV WR GDWD HQFRXUDJLQJ F
9DOXH &KDLQ DFWRUV LQ ERWK GLUHFWLRQV DORQJ WKH FKDL

¥ 3URYLGH VXSSRUWLYH PHDVXUHV IRU (XURSHDQ EXVLQHVVF
WHFKQRORJLHVY SUDFWLFHVY DQG SROLFLHV

f )DFLOLWDWH FRRUGLQDWLRQ DQG KDUPRQLVDWLRQ RI OHPEH
SRWHQWLDO RI (XURSHDQ ZLGH $, GLJLWDO VHUYLFHV LQ WKF

$ *XLGH DQG LQuUXHQFH VWDQGDUGY LQ UHODWLRQ WR WRR
SUHVHUYDWLRQ TXDOLW\ YHUL'FDWLRQ FROODERUDWLRQ DG

+ 3URPRWH VWDQGDUGLVDWLRQ DW (XURSHDQ OHYHO EXW |
LQWHUQDWLRQDO LQLWLDWLYHV IRU PDGH LQ (XURSH $, WR E

'"HWDLOV DERXW WKH WHFKQLFDO FKDOOHQJHV DUH FRYHUHG LQ WKH 2.QRZOHGJH DQG /HDU
$GGLWLRQDO LQIRUPDWLRQ RQ FKDOOHQJHV DW WHFKQLFDO EXVLQHVV RUJDQL]DWLRQDO
EH IRXQG LQ 27RZDUGV D (XURSHDQ 'DWD 6KDULQJ 6SDFH (QDEOLQJ GDWEBWWXDQ@IB DQG X(
EGYD HX VLWHY GHIDXOW "OHV %'9%$ 'DWD6KDULQJ6SDFH 3RVLWLRQ3DSHUBS$SULO B9 SGI
WKDW LQFOXGHV UHVHDUFK FHQWUHVC LQGXVWU\ JRYHUQPHQW DQG PXOWL QDWLRQDO E
LQLWLDWLYHYV SODWIRUPVY DQG QHWZRUNYV
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([SHULPHQWDWLRQ DQG 'HSOR\PHQW

Context

([SHULPHQWDWRRQ@LWLFDO IRU $, 'DWD 5RERWLFV EDVHG LQQRYDV
WR GHSOR\ LQ FRPSOH[ SK\VLFDO DQG GLJLWDO HQYLURQPHQWYV 7
IRU H[SHULPHQWDWLRQ WR H[SORUH WKH GDWD YDOXH DV ZHO(
DXWRQRPRXV DFWRUV $, GULYHQ LQQRYDWLRQV UHO\ RQ WKH LQ
DV GDWD URERWLFV DOJRULWKPV DQG LQIBRRWHXPBAN MRKRR WRUH W k
SDUWQHUV LV FHQWUDO WR JDLQLQJ DFFHVV WR UHTXLUHG DVVH
'DWD DQG 5RERWLFV HFRV\VWHP FRYHULQJ $, SODWIRUP SURYL(
RZQHUV SURYLGHUV FRQVXPHUV VSHFLDOLVHG FRQVXOWDQF\ H

2SSRUWXQLW\ DQG LPSDFW RI WKH 3DUWQHUVKLS

7KH SDUWQHUVKLS ZLOO VWLPXODWH WKH GHYHORSPHQW RI H[SHL
VDQGER[HVY ZKHUH FRPSDQLHY DQG UHVHDUFKHUV LQFOXGLQJ 60(V

5RERWLFV EDVHG VHUYLFHV DQG SURGXFWYV HI"FLHQWO\ DQG VXI"FLHC
$FFHVV WR WKHVH WHVWLQJ HQYLURQPHQWYV LV D NH\ SDUW RI WKH R
+XEV LQFOXGLQJ WKH SURYLVLRQ RI LQIUDVWUXFWXUH WHFKQLFDO
LOQFXEDWLRQ DQG DFFHOHUDWLRQ VHUYLFHV 7KHVH HQDEOH FRPS]
EXVLQHVVHV EDVHG RQ $, 'DWD DQG 5RERWLFV WHFKQRORJLHV DSS(

Concrete actions needed
7KH S DUWQHUVKLS ZLOO

f¥ 6WLPXODWH FRRSHUDWLRQ EHWZHHQ DOO VWDNHKROGHUV LQ !
FKDLQ DURXQG H[SHULPHQWDWLRQ DQG GHSOR\PHQW

¥ (QDEOH DFFHVV WR LQIUDVWUXFWXUH DQG WRROV WRJHWKHU Z
YDOXH FKDLQ DV D EDVLV IRU GRLQJ H[SHULPHQWYV WR VXSSRUW C

$ B6XSSRUW WKH FUHDWLRQ DQG OLQNLQJ RI ',+V FHQWUHV RI
LQLWLDWLYHV RQ WKH $, LQIUDVWUXFWXUH

f 6XSSRUW $, EDVHG LQFXEDWRUV DV ZHOO DV WHVWEHG GHYHO
LQLWLDWLYHV WKDW HQDEOH 60( DFFHVV WR LQIUDVWUXFWXUH I

¥ )RVWHU VHW XSV WKDW EULQJ WRJHWKHU LQGXVWULDO XVHU Z
H[SHUWV ZLWK GDWD VFLHQWLVWY DLPLQJ WR "O0 WKH JDSV E
WHFKQLFDO H[SHUWLVH

+¥ (VvWDEOLVK $, 'DWD DQG 5RERWLFV ODUJH VFDOH GHPRQVWU
LOQGXVWU\ QHHGV WR YDOLGDWH SHUIRUPDQFH ZLWK WKH H[SHFYV
DQG QDWLRQDO LQIUDVWUXFWXUHYV

Cross-Sectorial Al, Data and Robotics Technology Enablers

7KH IROORZLQJ VHFWLRQV GWWPKQRIRAIK RM@EHOWDK VW UDW H
LQWHU GHSHQGHQFH LQ EXLOGLQJ VXFFHVVIXO $, 'DWD DQ
VHUYLFHV (DFK WHFKQRORJ\ HQDEOHU QHHGV WR ZRUN LQ
IXQFWLRQ DQG SHUIRUPDQFH 7KH\ UHSUHVHQW WKH IXQGDPHC
WR FUHDWH $, 'DWD DQG 5RERWLFV VIVWHPV RI DOO W\SHV

7KHBHQVLQJ DQG 3HUFHSWLRQ DQG .QRZ Q/HE KK DO@R5] V HOIQDELGHU V F



$, 'DWD DQG 5RERWLFV 3DUWQHUVKLS

WKH GDWD DQG NQRZOHGJH RQ ZKLFK GHFLVLRQY DWHPDRBAILGKHYV
DQRQG 'HFLVLRQ WHWIK@QIIRORILHV WR GHOLYHU HGJH DQG FORXG ED
SODQQELQJ VHDUFK DQG RSWLPLVDWLRQ LQ VIV\VWHPV DQG WKH F
QHFHVVDU\ IRU $, 'DWD DQG 5RERWLF VI\VWHPVY RSHUDWLQJ LQ FRI

$FWLRQ DQG ,QWRYBBWWMRKH FKDOOHQJHV RI KXPDQ LQWHUDFWLRC
LQWHU RSHUDWLRQ DQG PDFKLQH LQWHUDFWLRQ ZLWK WKH KXPD
IRUPV RI DFWLRQ DQG LQWHUDFWLRQ FUHDWH FRPSOH[ FKDOOHQJH\
RI SHUIRUPDQFH WR SK\VLFDO VDIHW\ DQG VRFLDO LQWHUDFWLRQ .
PXOWL IDFHWHG HQYLURQPHQWYV

6\VWHPV +DUGZDUH OHWKRGWRDQGH7RRKH WHFKQRORJLHV WKDV
FRQVWUXFWLRQ DQG FRQJXULQJ RI VA\VWHPV ZKHWKHU WKH\ DUF
DXWRQRPRXV URERWY 7KHVH WRROV PHWKRGY DQG SURFHVVHV L(
WHFKQRORJLHV LQWR V\VWHPVY DQG DUH UHVSRQVLEOH IRU HQVXU
DQG FKDUDFWHULVWLFV VXFK DV VDIHW\ UREXVWQHVV GHSHQGDE
LOQWHIJUDWHG LQWR WKH GHVLJQ F\FOH WHVWHG YDOLGDWHG DQC

(DFK WHFKQLFDO DUHD RYHUODSV ZLWK WKH RWKHU WKHUH DUH QF
DGYDQFHY DUH PRVW RIWHQ PDGH LQ WKH LOQOWHUVHFWLRQV EHW
VI\VWHP OHYHO VIQHUJLHV WKDW HPHUJH IURP WKH LQWHUFRQQHF)

One ofthe core characteristics that Al enabled systems need to display is trustworthiness.
Building systems that can be trusted is critical to their acceptance and therefore to
successful deployment. Although only some critical Al applications need high levels
of trustworthiness all applications need to be trustable. Trustworthiness is a property

of the whole system created by the interaction between technology building blocks. It
must be designed into the system as no single technology embodies it,. Trustworthiness
is built on multiple underlying system characteristics; reliability, dependability, safety,
etc. and on the behaviour displayed by the system during its operation.

6HQVLQJ DQG 3HUFHSWLRQ

2YHUYLHZ

6HQVLQJ DQG SHUFHSWLROUWNBEWKHQR®RUPDWLRQ QHHGHG IRU VXFF
PDNLQJ OHDUQLQJ DQG LQWHUDFWLRQ 7KH\ HQFRPSDVV PHWKRGYV \
DJJUHJDWH VLIQDOV WKDW UHSUHVHQW UHDO ZRUOG SDUDPHWHUV L:
GDWD DVVHWV WKDW HPERG\ SHUFHSWLRQ 7KH\ HQFRPSDVV VHQVLQ.
WKH DUFKLWHFWXUH RI VHQVLQJ DQG SHUFHSWLRQ V\VWHPV 7KH\ FL
VWUHDPV DQG "O0 GDWD VWRUHV DQG SURYLGH PHWD GDWD FRQWH]
RI DETXLVLWLRQ VSHHG UHVROXWLRQ UDQJH DQG TXDOLW\ DQG W
DQG IXVH GDWD WR GHOLYHU DQ DFFXUDWH SLFWXUH Rl WKH ZRUOG
YHKLFOH D IDFWRU\ SURFHVV RU WKH UHDFWLRQV Rl SHRSOH ZDWF|

'LWKLQ WKLV WHFKQRORJ\ HQDEOHU WKH GLJLWDO DQG SK\VLFD
WKH FURVVRYHU SRLQW EHWZHHQ WKH SK\WLFDO ZRUOG DQG LWV
UHSUHVHQWDWLRQV RI SK\WVLFDO PRWLRQ YLVXDO LPDJHV WH[W
WKH KXPDQ ERG\ DUH DOO IXQGDPHQWDO WR EXLOGLQJ D UHSUHV
XV 6HQVLQJ LV JURXQGHG LQ WKH UHDO ZRUOG E\ IUDPHV RI UHIHU



'ULYLQJ $GRSWLRQ

LQIRUPDWLRQ LQWR GDWD DVVHWYVY WKDW FDQ EH FRPPXQLFDWHG V
$, 'DWD DQG 5RERWLF V\VWHPV 7KHVH WHFKQRORJLHVY DUH EXLOW

$ *DWKHUHG IURP VRI@WHRUNQ UHDO WLPH

+ $FTXLUHG IURP PHDVXUHPHQW V\VWHPYV

+ ([WUDFWHG IURP DFFXPXODWHG WLPH VHULHYV

+ ([WUDFWHG IURP XQVWUXFWXUHG GDWD VXFK DV WH[W YLGH
+ S5HIHUHQFHG IURP GDWD VWRUHV

6HQVLQJIJ DQG 3BHUFHSWLRQ OLHV DW WKH FRUH RI' $, 'DWD DQG 5RER\
DJUL IRRG PDQXIDFWXULQJ ORJLVWLFV HWF DQG IRU GDWD GHU
VRXUFHV VXFK DV VDWHOOLWH ZHDWKHU GDWD VHLVPLF DLU SROO

,Q DGGLWLRQ WR WKH FDSWXUH RI VHQVH GDWD SHUFHSWLRQ DQC
DOVR LPSRUWDQW ,Q SDUWLFXODU 1DWXUDO /DQJXDJH 3URFHVVLQ
(XURSH-V PXOWL OLQJXDO ODQGVFDSH DQG RIIHUV WKH SRWHQWLD(

'"HSHQGHQFLHV

:KLOH WKH GHYHORSPHQW RI QRYHO VHQVRUV PRVWO\ FRPHV I
DQG 5RERWLFV FRPPXQLW\ PDLQO\ IURP WKH PDWHULDOV DQG
WKH GH QLWLRQ RI GDWD pRZV LQWHUIDFHVY DQG VWDQGDUGLV
VSHFL"FDWLRQV IRU SURFHVVLQJ PHWKRGV DQG RSHUDWLRQDO
VHQVLWLYLW\ HWF DUH RIWHQ XQLTXH WR WKH QHHGV Rl $, 'D\
7KHVH DSSOLFDWLRQVY DOVR SODFH FRQVWUDLQWY RQ GDWD FDSYV
RQ HQHUJ\ FRQVXPSWLRQ RU GDWD DFFHVVLELOLW\ ZKHUH SULYDF

Knowledge and Reasoning Action and Systems, Hardware,
Learning and Decision Interaction Methodologies and Tools

Making

Sensing and URYLGHV WKHBWHRYLGHV WKIHMHYLGHYV GDWD| VWIHIOEY RQ DUFKLWHFWXUH
Perception ZLWK SURFHVVH®'K FRQWH[MU LOWHUDFWLRQ@®® GDWD pRZ VWDQGDUGV |
VHQVHG GDWPDLODXQRBUPDWLR@EORVHG FRQWUROSBRRBSWLRQ SURFHVVLQJ DQ
PHDVXUHPHQWYV GDWD DVVHW H[FKDQJH

6HQVLQIJDQG SHUFHSWLRQ WHFKQRORJLHYVY DUH XVHG DFURVYV DOO VHF
I[URP D ZLGH UDQJH RI LQGXVWU\ VXSSO\ FKDLQV UHODWHG WR VHPL FF
VI\VWHPV VLIJQDO SURFHVVLQJ DQG PHWURORJ\ $, 'DWD DQG 5RERWL|
RQ WLPHO\ KLJK TXDOLW\ GDWD WKDW LV ULFK LQ LQIRUPDWLRQ DQCGC

6HQVLQIJDQG SHUFHSWLRQ WHFKQRORJLHVY DUH XVHG DFURVY DOO VHF
IURP D ZLGH UDQJH RI LQGXVWU\ VXSSO\ FKDLQV UHODWHG WR VHPL FF
VI\VWHPV VLJQDO SURFHVVLQJ DQG PHWURORJ\ $, 'DWD DQG 5RERWL!
RQ WLPHO\ KLJK TXDOLW\ GDWD WKDW LV ULFK LQ LQIRUPDWLRQ DQC

&KDOOHQJHYV
7KH IROORZLQJ KLIJK OHYHO DSSOLFDWLRQ GULYHQ FKDOOHQJHYV F

¥ 7T KH GHYHORSPHQW Rl IDVWHU PRUH DFFXUDWH PHWKRGV RI ¢
W\SHV RI GDWD PRGDOLWLHV WH[W YLGHR LPDJH VRXQG \

$ VHQVRU LV D SK\VLFDO GHYLFH WKDW GHWHFWV RU PHDVXUHV D SK\VLFDO SURSHUW\ ([DF
PLFURSKRQH IRU VRXQG NH\ERDUG IRU WH[W D VKDIW HQFRGHU IRU URWDWLRQ RU DQ DFFI



$, 'DWD DQG 5RERWLFV 3DUW|QHUVKLS

RSHUDWH DFURVYV D ZLGH UDQJH RI HQYLURQPHQWDO FRQGLWLI
HYHU\GD\ REMHFWV GLIITHUHQW KXPDQ HPRWLRQV DQG DJHYV
GLYHUVH KXPDQ LOWHUDFWLRQV

7TKH GHYHORSPHQW RI DFWLYH SHUFHSWLRQ WHFKQRORJLHV W
SHUFHSWXDO SURFHVV IRU HI[DPSOH SULRU NQRZOHGJH DQG H
IRFXV VHQVLQJ IRU H[DPSOH LPDJH LOQWHUSUHWDWLRQ PD\ V>
YLGHR PD\ FRQWH[WXDOLVH VRXQG SURFHVVLQJ

7KH PRGXODULVDWLRQ DQG VWDQGDUGLVDWLRQ RI VHQVRU
PRGHOV DQG GDWD uRZV IRU H[DPSOH LQWHUIDFHY WKDW FDQ T
SURFHVVLQJ ZLWKLQ WKH VHQVRU HJ HGJH DQG SURFHVVLQ
KDQGOH ERWK ORFDO DQG GLVWULEXWHG GDWD FDSWXUH RU
FKDQJLQJ RSHUDWLQJ FRQGLWLRQV RU G\QDPLFV

7KH GHYHORSPHQW RI QRYHO VHQVLQJ DQG VHQVRU V\VWHPV
DSSOLFDWLRQV IRU H[DPSOH LQ FKDOOHQJLQJ HQYLURQPHQW
SUHVVXUH RU LQ FRUURVLYH DQG H[SORVLYH DWPRVSKHUHV E
FRPSDWLEOH VHQVRUV DQG ORZ FRVW ORZ HQHUJ\ KLJK DFFXI
7KH GHYHORSPHQW RI PHWKRGV WR YDOLGDWH DQG FHUWLI\
SULYDF\ WUXVWZRUWKLQHVV HWF IRU H[DPSOH VDIHW\ FHL
URERW LQWHUDFWLRQ ERG\ SRVH GHWHFWLRQ RU LQ YLYR SK\
7KH GHYHORSPHQW RI DGYDQFHG VHQVRUV DEOH WR DGDSW DQ
VHQVRU DQG VHQVRUV WKDW FDQ EH HPEHGGHG LQ UHWDLO SD

1

2XWFRPHV ([SHFWHG ,PSDFW

%YHWWHU DQG VPDUWHU VHQVLQJ DQG SHUFHSWLRQ ZLOO UHVX
GHFLVLRQ PDNLQJ LPSURYHG SHUFHSWLRQ RI RSHUDWLQJ FRQGLYV

HDUDEOH DQG HPEHGGHG VHQVLQJ ZLOO LPSURYH KXPDQ LQWHUDF!
'DWD DQG 5RERWLFV VA\VWHPV ZLWK REMHFWYV DQG LQIUDVWUXFW XU
QHWZRUNV IRU HIDPSOH LQ FRQQHFWHG DXWRQRPRXV YHKLFOHYV

RI LQIRUPDWLRQ IURP ZKLFK $, FDQ PDNH EHWWHU GHFLVLRQV ,PSU
LPSURYH FRQWURO V\VWHPVY DQG DXWRPDWLRQ DQG DOORZ JUHDWH

£

6WDQGDUGLVHG DQG 7KH DELOLW\ WR PRGXODULVHLBREGDMYWWHJLDOV DQG SURFHVVLC
PRGXODU VHQVRUV ZLOA@IRUPDWLRQ IURP GLVWULEXWHXQQG(HVY ZLOO \LHOG QHZ
FUHDWH FURVV VHFWRRXOWL PRGDO VHQVRU V\VWHPRUPMORI VHQVLQJ DQG | GDWD

VXSSO\ FKDLQV DQG|UHGHRPH PRUH VWDQGDUGLYVH®FTXLVLWLRQ

FRVWY *UHDWHU LQWHJUDWLRQ RI| VHRYX IR |BIQ& HQHUJ\ V\V
6HQVRUV DQG VHQVRU SURFHVVLQJ LQ PRGXODU SDFRDVHE RQ DPELHQW HQ

9

WHPV
HUJ\

VAIVWHPV ZLOO EHFRPH g Ly (1 boG LOWULQVLFDOO\ B400H RRAIVKQIQJ DQG DGDSWLY
FKHDSHU WR PDQXIDFWXUH

HPV VHQVRUV
ZLWK EHWWHU GDWD TXDOLW\

GHVLJQV ZLOO EHFR
FRPSDFW DQG LQWH

,PSURYHG WH[W LPIL
YLGHR VRXQG DQG
SURFHVVLQJ

PHSRRWDKFHY H[SHFWHG LQ FK
JUDWBGELR EDVHG VHQVLQJ W
)JHPHGLFDO DSSOLFDWLRQV

VHQR'RWRYHG DFFXUDF\ WKURX
DGYDQFHV LQ DFWLYH SHU
WHFKQRORJLHYV

FHSWLRQ

HPIRFDWOWXSSRUWHG E\ XELTXLWRXYV

ULQHWIARIUEY RI $, EDVHG

1HZO\ HPHUJLQJ VHQVL
JKSULQFLSOHYV

VHQVRU\
QJ




'ULYLQJ $GRSWLRQ

.QRZOHGJH DQG /HDUQLQ]J

2YHUYLHZ

.QRZOHGJH DQG OHDUQLQJ WHFKQRORJLHV LQFOXGLQJ GDWD SURFH\
WUDQVIRUPDWLRQ FOHDQLQJ VWRUDJH VKDULQJ PRGHOOLQJ VLPXOCL
Rl LQVLJKWYV RI DOO W\SHV RI GDWD ERWK WKDW JDWKHUHG WKURXJK V
GDWD DFTXLUHG E\ RWKHU PHDQV IRU H[DPSOH "QDQFLDO WUDQVDFWLR
WHFKQRORJLHV HQFRPSDVV ERWK GDWD GULYHQ DQG NQRZOHGJH EDVHG
RI NQRZOHGJH DQG OHDUQLQJ PHWKRGRORJLHY DQG SURFHVVHV 7KHVH

¥ FORVLQJ WKH ORRS IURP GDWD GULYHQ DXWRPDWHG DQDO\WLFV I
VXSSRUW WR IXOO\ DXWRPDWHG HQDFWPHQW DQG DFWKDWIRD RI
OHYHO RI DXWRPDWLR@®RDQGRFHOVBKLPHARPHY SRVVLEOH

$ WKH DVVHVVPHQW DQG DVVXUDQFH RI VDIH DQG UHOLDEOHLIXQFWL!
WKH UHDO ZRUOG LQ D ZLGH UDQJH RI DSSOLFDWLRQV LQFOXGLQJ D)
Rl JRRGV DQG HQYLURQPHQWDO PRQLWRULQJ

¥ WR KDYH D VXVWDLQDEOH PRGHOV RBLHARPHO HNWRA \WMYWHPFIS\OH DORQJ
WKH FRPSOHWH OLIHF\FOH SURGXFW DQG SURGXFWLRQ RI D S
FRPSOH[ HQYLURQPHQWY VXFK DV KHDOWKFDUH WKDW FUHDWH YD
FKDUDFWHULVDWLRQV

7KLV HQDEOLQJ WHFKQRORJ\ FDQ EH GLYLGHG LQWR GLIIHUHQW DUHDV

+ ,PSURYLQJ WKH GDWD DVVHWYV E\ DGGUHVVLQJ GDWD SUH SURFHV
WHFKQLTXHV WR GHULYH LQVLJKWY SDWWHUQV HYHQWVY GDWD DQ
HPRWLRQ DQDO\WLFV HWF IURP KHWHURJHQHRXV GDWD VRXUFHV |
OHDUQLQJ WHFKQLTXHV

e Generating GRPDLQ U Hkoadwdges representations HVWDEOLVKLQJ WKH E
IRWHDPOHVYV LQFRUSRUDWLRQ RI EDFNJURXQG NQRZOHGJH LQ
DSSOLFDWILRRQV LQFOXGHVY DSSURDFKHVY WKDW FRPELQH GDWD C
NQRZOHGJH EDVHG DSSURDFKHV K\EULG $, VLPXODWLRQ WHFKQF
PHWKRGV WKDW HQDEOH WKH GDWD SURFHVVLQJ DW WKH ORFDWL
HGJH EDVHG $, DQG PHWKRGV IRU NQRZOHGJH UHSUHVHQWDWLRQ |

'"HSHQGHQFLHV

7KH GHYHORSPHQW RI GDWD .QRZOHGJH DQG /HDUQLQJ WHFKQROR
LQFRUSRUDWH GRPDLQ NQRZOHGJH WKH SK\VLFDO HQYLURQPHQW
LQWHUUHODWLRQV LQWR WKH V\VWHP IXQFWLRQ ,W LV DQ LPSRU
WUDQVIRUPLQJ RI FRPSOH[ GDWD DVVHWY LQWR KLJK TXDOLW\ LQSX

Sensing and Reasoning and Decision Action and Systems,
Perception Making Interaction Hardware,

Methodologies
and Tools

Knowledge (QULFKPHQW RAURYLGHV SUH SURFHYRMIGHY IRUPDESHQGV RQ
and UDZ GDWD WR &DWD LQ KLIJK TXDOLWHSUHVHQWDWLRQFKILWHFW XU H
Learning TXDOLW\ GDWDQWHJUDWH GDWD G SKAMRFDQGZRUQGDRGCGDWD R
NQRZOHGJH EDVHG|GHEQWH{® LQIRUPDWLRED UGV

DQG RSWLPLVDWLR|Q PRGHQY WKH
LQWHUDFWLRQ

N




$, 'DWD DQG 5RERWLFV 3DUW|QHUVKLS

&KDOOHQJHV

7KH

t

2XWFRPHYV

%\ LQFRUSRUDWLQJ OHDUQLQJ
WKH FUHDWLRQ RI PRUH FRPSOHI $,

IROORZLQJ KLIJK OHYHO DSSOLFDWLRQ GULYHQ FKDOOHQJHYV F

7TKHFMOLQJ DQG IHBHU DMWMLWRRBRVXULQJ WKDW VLPSOH $, PRGHOV FD
EH FRPSRVHG DQG FRPELQHG LQWR ODUJH VFDOH IHGHUDWHG V\VW
EDVHG RQ GLVWULEXWHG GDWD VGVDRUD 1) © RRHBRRPRD VOQIBHOW

VDWLVI\LQJ WKH SULYDF\ UREXVWQHVV DQG SHUIRUPDQFH UHTXLL

7KH GHYHORSRDQW RIXJPHORMDVWKREY IRU WUDQVIRUPLQJ GDWD
KLIK TXDOLW\ DQG DXJPHQWHG WUDLQLQJ GDWD 7KLV LQFOXGHYV
GDWD ODEHOV WKH JHQHUDWLRQ RI VIQWKHWLF GDWD DXWRPDW
DV ZHOO bV PHWKRGV WR H[WUDFW LQVLJKWYV IURP VPDOO GDWD

OHWKRGVNQRZOHGJH PRGHD®LWHSUHVHQWDWLRQ WKDW HQDEOF
LQWHJUDWLRQ RI GDWD DQG FRQQHFWLRQ ZLWK WKH SK\VLFDO
LQWHJUDWHG DQG FRQWLQXRXV NQRZOHGJH LWV UHSUHVHQWDWL

$GYDQFMEDUQLQJ PHWRKRIQWXUH VFDODELOLW\ UHXVDELOLW\ DC
DQDO\WLFDO RXWFRPH 7KLV LQFOXGHV DSSURDFKHV IRU WUDG
HJ FRQWLQXDO OLIHORQJ OHDUQLQJ H[SODLQDEOH OHDUQLQJ
UHSUHVHQWDWLRQ OHDUQLQJ

OHWKRGVLYWBWUDWH GDDOQm NQRAHIHGIH EDVHG DSSURDFKHV WR
$, VIVWHP XVH DOO WKH DYDLODEOH VRXUFHV RI LQIRUPDWLRQ D
DUH OHJLEOH IRU KXPDQV DQG DUH FRPSOLDQW WR JLYHQ VSHFL"F

7KH GHYHORSPHQW RI PHWKRGFXRUVKDDG® ISRLYDFKER QRRORGHV
*'35 FRPSOLDQF\ LQ SURFHVVLQJ DQG VKDULQJ RI GDWD VRXUFHYV
DQG GDWD VHFXULW\ VWDQGDUGY DORQJ WKH GDWD OLIHF\FOH Z|
GDWD DQG UHDO WLPH GDWD

([SHFWHG ,PSDFW

NQRZOHGJH DQG GDWD DVVHWYV L
'DWD DQG SRERWLFV DSSOLFD

RXWFRPHV ZLWK ORZHU FRQVWUXFWLRQ HIITRUW

3URYLGH DXWRPDWH
TXDOLW\ DQG "OWHU
LQSXW WR $, FRPSRQHQMRPDLQ NQRZOHGJH P
LQ RUGHU WR DYRLG

G ABPWRYV IRU WKH HI'FLHQW(§EBEDH WUDQVSDUHQF\ E\
| QDRWRPDWHG JHQHUDWLRRQ@IHUVWDQGDEOH PRGHO
RGHODFN ER]

EI_g)lé/DODEOH DQG VHDPOHVVQWULQVLFDOO\ WUXVWZRUWK\ NQR:

OHDUQLQ
V RSHQ W

LPEDODQFHG GDWD

,QWHJUDWH GRPDLQ
NQRZOHGJH LQWR WK
GULYHQ GDWD DQDO
SURFHVV

(QVXUH UHOLDEOH G
WUDQVSDUHQF\ RI LQ

$SSURDFKHV IRU WKH
DXWRPDWHG JHQHUD
UHOLDEOH WUDLQLQ

FRPELQDWLRQ RI DQDA
PRGHOV

H (DE \MBRSPHQW RlI FRPS

WL G VHFXUH DQG SULY,
SUHVHUYLQJ DOJRULW
DWOLYVMMWLEXWHG GDWD

SX(WN%%W\R/LRQ R1 YDOXD

i LQVLJKWV IURP VPDOO
ygg%ghQMIPHDQVIRU\N
WPuoLoJs poc HisoDL
OHDUQLQJ

\WRRGBOOLQJ
+\EULG NQRZOHGJH UHSUH

I:E)FFE(IHFWLYH DSSOLFDWLRQV
DVH ,
KP ITRU G

6XSSRUW IRU KXPDQ LQWH

GHFLVLRQ PDNLQJ
EOEV Q Q

GDRMWOHORSPHQW RI LQWULQV

LYDF HVHUYL
UoBIRHFULYDF! SURVHUYLO:

OHDUQLQJ

VHQWDWL
RI PRGHO

UURJDWLF

LFDOO\ VI
DOJRULW|

QDEEHBXFWLRQ RI WKH GDWD GHPDQG IF




'ULYLQJ $GRSWLRQ

5HDVRQLQJ DQG 'HFLVLRQ ODNLQJ

2YHUYLHZ

5HDVRQLQJ DQG 'HFLVLRQ PDNLQJ DUH DW WKH KHDUW RI $UWL FLI
DUHD DOVR DGGUHVVHVY RSWLPLVDWLRQ VHDUFK SODQQLQJ GLD
HQVXUH UREXVWQHVY DQG WUXVWZRUWKLQHVYVY )RXU VFHQDULRYV
WKH GLITHUHQW zZD\V WKHVH FULWLFDO WHFKQRORJLHYVY DUH XWLO

$ +XPDQ 'HFLVLRQ GOHNLGHRSOH LQWHUSUHW WKH RXWSXW RI §
WR PDNH GHFLVLRQV DQG WDNH DFWLRQV )RU H[DPSOH LQ D
VXSHUYLVRU DQDO\WHY WKH RXWSXW RI VHYHUDO SUHGLFWLYH
VWRS WKH SODQW WR UHSDLU D VLQJOH PDFKLQH RU ZDLW XQWL
VWRS +HUH WKH FRQVHTXHQFHV RI WKH GHFLVLRQ DUH DVVHV"

¥ ODFKLQH '"HFLVLRQKGHHDND®WLRQV DUH FDUULHG RXW DXWRQRP
EDVHG V\VWHP )RU H[DPSOH VHOI GULYLQJ FDUV RU GURQH\
DVVHVVHG E\ WKH $, EDVHG V\VWHP DQG ZKHUH WKHUH LV RIWH

$ OL[HG 'HFLVLRQ ODNLQJ DQG 'HRIHQ B & BXSFRUMMWDNHQ EDODQF!
KXPDQV DQG PDFKLQHV 7KH FRQVHTXHQFHV DUH HYDOXDWHG
FULWHULD Rl SHRSOH D SHUVRQ RU D WHDP DQG WKH PDFKLQ!

$ 60LGLQJ RU 9DULDEOH "HKFLQ/ MWK EDNAMQIFH EHWZHHQ KXPDQ DQ
GHFLVLRQ PDNLQJ YDULHV GXULQJ RSHUDWLRQ GHSHQGLQJ RQ
OHYHOV RU KXPDQ LQWHUDFWLRQ

$+ &ROOHFWLYH DQG GLVWULE X2KH® & WNRIOXWROROIVNGBSHQG RQ Wi
DQG SRZHU RI GLIIHUHQW SDUWLHV LQYROYHG DQG DQ RSWLH
VROXWLRQ UDWKHU WKDQ VRPH NLQG RI aREMHFWLYH« RSWLPX

,Q DOO WKHVH VFHQDULRY GLITHUHQW PHWKRGY IRU GHFLVLRQ PDN
DQG XQFHUWDLQW\ WDNHQ LQWR DFFRXQW 7KH TXDOLW\ RI GHFLYV

TXDOLW\ RI LQSXW GDWD DQG NQRZOHGJH LQFOXGLQJ V\PEROLF D

'"HSHQGHQFLHV

'"HFLVLRQ PDNLQJ LV DW WKH FHQWUH RI PDQ\ $, 'DWD DQG 5RERWLF
KDV PDQ\ GHSHQGHQFLHVY RQ RWKHU WHFKQRORJLHV WKDW VXSSO\

Sensing and Knowledge and Action and Interaction Systems,
Perception Learning Hardware,

Methodologies
and Tools

Reasoning (QULFKPHQW RI UDWHJUDWHG KLIKRYLGHV D IRUPDO 'HSHQGV RQ
and GDWD WR KLJK [TKODQMN\ XQELDYHHEUHVHQWDWLRQ| NUWFKHWHFWXUH
Decision- GDWD GDWD IRU GHFL\BKRQLFDO ZRUOG DQ G TR G\WM[IV uR Z
Making PDNLQJ LQFOXGIQRUPDWLRQ JXLGLQWMXEDUGV
GRPDLQ NQRZOH®WMWHUDFWLRQ

&KDOOHQJHV
$00 WKUHH VFHQDULRYV IDFH FRPELQDWLRQV RI WKH IROORZLQJ FI

f 7LPHOLQBPWVLQJ IURP GHFLVLRQV WKDW PXVW EH WDNHQ LP
RI PLOOLVHFRQGY EHFDXVH WKH QH[W VWHSVY DFWLRQV GHSt
HJ VHOI GULYLQJ FDUV WR GHFLVLRQV WKDW FDQ EH SRV
FRvwWY HJ SUHGLFWLYH PDLQWHQDQFH LQ SURGXFWLRQ SOLC

¥ S5REXVWRAVXULQJ WKDW GHFLVLRQ PDNLQJ PDLQWDLQV LW
XQGHU DQ\ FLUFXPVWDQFH



s

$, 'DWD DQG 5RERWLFV 3DUW|QHUVKLS

TUXVWZRUWREQHDYYLQJ XVHUYV-
PDNLQJ LW GHSHQGDEOH DQG UHOLDEOH
GLIITHUHQW DVSHFWV VXFK DV WUDQVSDUHQF\
QHHGHG WR EH DGGUHVVHG

FRQ GHQFH LQ DQ $, DQG 5F
7R LQFUHDVH WUXV
H[SODLQDELO

7KH IROORZLQJ KLJK OHYHO FKDOOHQJHV H[LVW LQ WKLV WHFKQR

+

2XWFRPHYV

,QWHUSUHWDWLRXIRS LRRQMIH{MLQH RU KXPDQ WR EHWWHU XQGHUVW
UHFRPPHQGDWLRQ GHFLVLRQ 7KLV LQFOXGHV PHWKRGV IRU SURYL
PHWKRGV HQVXULQJ LQWHUSUHWDELOLW\ Rl PRGHOV

'"HDOLQJ ZLWK X QFHFUWIR@WRXVW EH WDNHQ LQ WKH IDFH Rl XQFHUWD
SHUFHSWXDO GDWD DQG WKH HIIHFWV Rl WKH V\VWHP-V DFWLRQV 5H
PXVW EH DEOH WR FRSH ZLWK LQFRPSOHWH DQG FRQWUDGLFWRU\
TXDQWLWDWLYH DQG TXDOLWDWLYH PHWKRGV

7UDQVSDUHQW DGWWLFLERQWAIRLQJ RIWHQ LQYROYHV WKH XVH RI SUF
IRUHFDVW SRVVLEOH IXWXUHV DQG WDNH DQWLFLSDWRU\ DFWLRQV 7
PXVW EH SRVVLEOH IRU ERWK WKH GHVLJQHUV DQG WKH XVHUV WR LQ
SRVVLEO\ FKDOOHQJH WKHVH PRGHOV DV ZHOO DV WKH FULWHULD X
WKHLU SUHGLFWLRQV

5HOLDEUKOLWKDOOHQJH LV WR EXLOG GHFLVLRQ PDNLQJ V\VWHPV W
RSWLRQ V IRU VLPLODU LQSXW FRQVLVWHQWO\

+XPDQ FHGWDIRNLQJ DQG GHFLVLRQ PDNLQJ UHTXLUHV WKH LQFRUS
NQRZOHGJH DQG PHQWDO PRGHOV Rl KXPDQ XVHUV ZKHQ GHFLGLQJ W
DV ZHOO DV LQIRUPDWLRQ Rl UHODWHG SURFHVVHV DFWLYLWLHV RU
$XJPHQWHG GHFLVLRRIAD RRESEOHPHQWY KXPDQ FRIQLWLYH FDSDELOI
ZD\ WKDW KXPDQV DUH IUHH WR IRFXV RQ OHVV UHSHWLWLYH DQG PRI

(ISHFWHG ,PSDFW

%\ LOQFRUSRUDWLQJ TXDOLW\ FRQWUROOHG GDWD ZLWKLQ WUDQVSD
EDVHG GHFLVLRQ PDNLQJ FDQ EH UHOLDEO\ LQFRUSRUDWHG LQWR F

THEKQLTXHV IRU K
GHFLVLRQ PDNLQJ

,PSURYH WKH KXPII
XQGHUVWDQGDELQ
SURGXFHG GHFLVL

BURYLGH VLPSOH
H[SODQDWLRQV GH

WKH UDWLRQDOH RI

GHFLVLRQ

(QVXUH UREXVW D
UHOLDEOH GHFLVL
PDNLQJ

,QFUHDVHG WUDQV
E\ HYWLPDWLQJ PR
XQFHUWDLQW\

EWERYLGH WUXVWZRUWK\ DQG U
$, EDVHG GHFLVLRQ PDNLQJ

Q (QDEOH XVHU GLDORJXH WR LQ
LWOERXW WKH GHFLVLRQ-V UDWL

RQI"FLHQW PHDQV IRU KDQGOLQ!.
LQ FRPSOH[ VHWWLQJ

W%IH%LL%JEOH UHDO WLPH GHFLVL

DG\QDPLF DQG PXOWL DFWRU H(

'"HSHQGDEOH GHFLVLRQ PDNLQU L

NG

RQDQG SULYDF\ FULWLFDO HQYLU

&RQVWUDLQW EDVHG SODQQLQ
PPNLQJ LQ FRPSOH[ QDWXUDO
SDJﬂ%é% Q [Q

GH®DQQLQJ DQG GHFLVLRQ PDN
XQFHUWDLQW\

REXSWDK\EDEGH GHFLVL
PDNLQJ LQFRUSRUDW

1RGP WKW RRJRUPDWL

RQPOMULQVLFDOO\ WUX

x SEAOWHLR RPNEQY

+XPDQ LQWHUURJDWL

20 PORGRRFPONLQY

DY LUGFOBAHLOMWVG HFLV LR Q
VL QFRUSRUDWLRQ R

RGP G RQPHQWDO FKE
+XPD LF DQG

L AL 200
FbN % VLQFRUSRU

LQRXQRBFHFILDO LQWHUDFW
PHQWDO PRGHOV

RQ
LQJ
RQ

VWZRUWK

RQ IRU

PDNLQJ

DQJHV

RQ
DWLRQ
LRQ DQG



'"ULYLQJ $GRSWLRQ

$FWLRQ DQG ,QWHUDFWLRQ

2YHUYLHZ

7KH WHFKQRORJLHV LQ WKLY HQDEOHU HPERG\ HYHU\ DVSHFW RI G
WRJHWKHU ,QWHUDFWLRQV RFFXU EHWZHHQ PDFKLQHV DQG R
EHWZHHQ SHRSOH DQG PDFKLQHV DQG EHWZHHQ HQYLURQPHQWYV
DUH VKDSHG E\ UHDO WLPH GDWD DFTXLVLWLRQ E\ VWRUHG LQIRU
DFFXPXODWLRQ DQG PXOWLSOH PRGDOLWLHY DQG ODQJXDJHV $W
LQWHUDFW VRPHWLPHY NQRZLQJO\ DQG VRPHWLPHV XQNQRZLQJ
H[DPSOH LQ "QDQFLDO RU WHOHFRPPXQLFDWLRQ V\VWHPV 7R DFKk
VIVWHPV UHOLDQW RQ $, WHFKQRORJLHV QHHG WR LQWHUDFW \
DFKLHYH DSSURSULDWH SK\VLFDO DFWLRQV DQG LQWHUDFWLRQV
DQG HQYLURQPHQWDO FRQWHI[W

'"HSHQGHQFLHV

$FWLRQ DQG ,QWHUDFWLRQ WHFKQRORJLHV GHSHQG RQ KLJK TX
PDNLQJ DQG RQ LPPHGLDWH GDWD DQG HPEHGGHG NQRZOHGJH ,C
QHHG IRU UHJXODWRU\ FRPSOLDQFH HVSHFLDOO\ ZKHQ RSHUDWLQ
 QWHUDFWLRQ ZLWK SHRSOH SDUWLFXODUO\ VRFLDO LQWHUDFW]
VRFLDO QRUPV IRU LQWHUDFWLRQ IRU H[DPSOH ZKHQ KDQGLQJ D
ODGGHU ,QWHUDFWLRQ DOVR QHHGV WR DGKHUH WR SULYDF\ DQG
SK\WLFDO VSDFHYV

7KHVH WHFKQRORJLHV KDYH QXPHURXV WHFKQLFDO GHSHQGHQF]
ODQJXDJH SURFHVVLQJ RQ VFHQH LQWHUSUHWDWLRQ RQ KXPDQ
DOVR GHSHQG RQ FRQWH[WXDO GDWD PRGHOV RI LQWHUDFWLRQ [
REMHFWY IRU H[DPSOH KRZ EHVW WR JUDVS HDFK Rl WKH REMHF\

Sensing and Perception  Knowledge and Reasoning and Systems, Hardware,
Learning Decision Making Methodologies and

Tools

Action and '"HSHQGV RQ VHQVLOB\WY VHPDQWLHSHQGV RQ '"HSHQGV RQ IDVW

Interaction PRWLRQ DQG PHFKDNQ@RROHGJH UHDO WLPH FRQMIBFWLYH DUFKLWHFWXU*
SURSHUWLHYV DURXQG REMHFBMADUH GHFLVLRRU FRQWURO
5HOLHV RQ SHUFH S@EQFS\;I(EKR%PL\?Q PDNLQJ 5HOLHV RQ HGJH|EDVHG
LQWHUDFWLRQ 7UXVWHG GHFL$LRQ

*

8VHV UHFRIQLWLRQ Vv GV\[/)\\;VBQRCQPDNLQJ 5HTXLUHV DVVXUDQFH
DFWLRQV DQG VHT g EE Rl VDIH RSHUDWLRQ DQG
RI LQWHUDFWLRQV S0 H GDWD SULYDF\

&KDOOHQJHV

7KHUH DUH D VHW RI FRUH FKDOOHQJHV LQ WKH LQWHUDFWLRQ
SURFHVVLQJ Rl HQYLURQPHQWDO FXHV WR JXLGH WKH GHFLVLRC
VHTXHQFHV Rl LQGLYLGXDO DFWLRQV WKDW IRUP DQ LQWHUDEFVW
VRXUFHV Rl GDWD DQG WKH LQWHUSUHWDWLRQ RI SHUFHSWLRQV Z
VHTXHQFH )RU H[DPSOH LQWHUSUHWLQJ WKH PHDQLQJ RI WKH
RI DQ RQ JRLQJ LQWHUDFWLRQ 2U XQGHUVWDQGLQJ WKH FRQVHT
FRQWDLQHU DQG WKH HIIHFW WKDW PLJKW KDYH RQ GHYHORSLQJ



$, 'DWD DQG 5RERWLFV 3DUW|QHUVKLS

LWKLQ WKHVH JHQHULF LOWHUDFWLRQ FKDOOHQJHVY WKH IROORZ

H[LVW

f 7KH GHYHORSPHQW RI WHFKQLTXHV DQG PHWKRGD WX DEKL |
LQWHUDFWLRQ LQ XQVWUXR¥FOXIEE QIR XMW WRGDO LQWHUDI
GHYHORSPHQW RI JHQHULF LQWHUDFWLRQ PRGHOV

,PSURYQDGNXUDO ODQJXDJH XQGHUVWDQGLQJ EQWHWIDFWDRQ
(XURSHDQ ODQJXDJHV DQG DJH UDQJHYV

'HYHORSPHMWRDIO DQG QRQ Y H U EDRGHPWHRD BRMRB@H DQG PDF
LQFOXGLQJ JHVWXUH DQG HPRWLRQ EDVHG LQWHUDFWLRQ

7KH GHYHORSPHQW RI LQWHUDFWIOR QWXIFK QRDBUWH VOV DQL $XJIF
5HDOLW\D®5 WKHLU UHODWLRQ WR KXPDQ LQWHUDFWLRQ ERWK ¢

7TKHR GHYHORSPHQW RI WHFKQRORWRDM\G XHHE X\ODIW LIRW HUDF
VDIHW\ FULWLFDO DQG XQVWUXFWXUHG HQYLURQPHQWYV 7KL\
DFWXDWRUV PHFKDQLVPV DQG FRQWURO VWUDWHILHV IRU VD

7KH GHYHORSPAHR@WGRRFH PHDRXYUHWHUDFWLRQ DQG WKH LQ\
RI DFWLRQV OHDGLQJ WR H[SODQDWLRQV Rl LQWHUDFWLRQ GHF
PDNLQJ

7TKH GHYHORSPHQW RI UREXVW LQWHUDFWLYH PDFKLQH OHDUQLC
WKDW LQWHUDFW ZLWK GRPDLQ H[SHUWV WR REWDLQ PRUH DFFX

+

2XWFRPHV ([SHFWHG ,PSDFW

7KH H[SHFWDWLRQ LV WKDW WKH IXUWKHU GHYHORSPHQW RI LQWF
IDVWHU PRUH LQWXLWLYH LQWHUDFWLRQV WKDW FDQ WDNH SODF
DQRG LQ PXOWLSOH DUHDV RI FRPSHWHQFH 7KDW VRFLDO LQWHU
EURDGHU UDQJH RI FLUFXPVWDQFHV OLQJXLVWLF DQG FXOWXUDO
WDNH SODFH EHWZHHQ PXOWLSOH DJHQWYV

,PSURYHG DSSOLFDWLR
PXOWL PRGDO PXOWLOI
LQWHUDFWLRQ

,PSURYHG LQWHUDFWLEH
SHUFHSWLRQ RI QRQ YH

Q VREAFHUFFRQWLQXRXV P
LQPODINLOLQIXDO LQWHU
SHULRGV Rl PLQXWHYV

2 Q BDQHHELRYWDQGDUGYV |
{UBPIRBBDQ G QWHUDFWLRQ

HDQRQWXQXHG LQWHUDFW
D F WVRIQWGRNGHWLPH SHULR

Rgﬁ%tw\/\ WR FDUU\ RXW

RU@PKOWAURXYV WDVNV DXW

LRQ RYHU
5V Rl KRXI

FRPSOH]
RQRPRXV(

&RPSOH[ FROODERUDWLYH

HPRWLRQ FXHV

(IWHQGHG XVH RI 95 DQ
LOQWHUDFWLRQV

$JUHHG VDIHW\ FULWHU

ZRUNLQJ LQ SURGXFWL

,QFUHDVHG DXJPHQWDYV

KXPDQ WDVN

$IIRUGDEOH LPSOHPHQ
GLIJLWDO FRPSDQLRQ

6DIH KXPDQ FRPSDWLE
G ®KI\QLFDO DQG VRFLDO
DQG FROODERUDWLRQ

LDUI?{%JHRRl WDVNV
RQ,PSURYHG GH[WHURXV

VLI{@%:[{?:)CVOVDWLRQ RI XQN

WOWERB v o5 kxpoo 28

OHLQWHUDFWLRQ EHWZHH
LQWHLUDFWLRQ

FQ PrBEBDHY NRFLDO LowHu

PXOWL DFWRU HQYLURQ

RtXPDQ HQYLURQPHQW
QRGRFRQ IXUHG DURXQG L
RQ6D|HLQWHUDFWLRQLQ
U

Y XQFHUWDLQ HQYLURQPH

D PXOWLS

DFWLRQ L
PHQWYV

QWHUDFW

G\QDPLF D
QWV




'"ULYLQJ $GRSWLRQ

6\VWHPVY OHWKRGRORJLHV +DUGZDUH DQG 7RROV

2YHUYLHZ

$, 'DWD DQG 5RERWLFV V\VWHPV DUH FRPSOH[ 7KH\ LQWHJUDWH
VRIWZDUH DQG KDUGZDUH WR SK\VWLFDO VWUXFWXUHV 7KH\ FDQ E
VPDOO VFDOH WKH\ FDQ RSHUDWH XQDWWHQGHG RU KDYH FRPSOl
GHYHORSLQJ DQG GHSOR\LQJ WKHVH V\VWHPV KDV LWV RZQ WHF
ODQGVFDSH VXSSRUW WRROV V\VWHP DUFKLWHFWXUHVY YDOLG
VWDQGDUGY HWF 7KHVH HQDEOLQJ WHFKQRORJLHV HQVXUH W
DQG GHSOR\HU FDQ HI"FLHQWO\ GHOLYHU $, 'DWD DQG 5RERWLI
VSHFL"FDWLRQ 7KHVH HQDEOLQJ WHFKQRORJLHV FRYHU

tf 6RIWZDUH HQJLQHHULQJ PHWKRGRORJLHV IRU $, 'DWD DQG

+ 6\WWHPV HQJLQHHULQJ DQG LQWHJUDWLRQ VFLHQFH LQFO
GHYHORSPHQW

+ +DUGZDUH V\VWHPV DUFKLWHFWXUH DQG GHVLJQ PHFKDQL
FRPSXWDWLRQDO VHQVLQJ DFWXDWLRQ FRQWURO HWF

f 7RROV DQG SURFHVVHV IRU GHVLJQ GHSOR\PHQW WHVWLQ.
HWF

f ORGXODULW\ DQG QWHURSHUDELOLW\ 6WDQGDUGYV

$, WHFKQRORJLHVY DQG LQ SDUWLFXODU DXWRQRP\ EULQJV VSHFL"
RI ERWK GLJLWDO DQG SK\VWLFDO V\VWHPV ZKHUH WKH\ LQWHUDT
SK\VLFDOO\ RU LQ WHUPV RI SHUVRQDO GDWD HVSHFLDOO\ YXOQ
RU FULWLFDO HQYLURQPHQWY +HUH WKHUH LV D VWURQjJ H[SHF
E\ GHVLJQFDQ EH H[WHQGHG WR LQFOXGH HWKLFV SULYDF\ WUX
GHOLYHULQJ FRPSOLDQFH DQG SHUIRUPDQFH JXDUDQWHHYV

'"HSHQGHQFLHV

7KHVH HQDEOLQJ WHFKQRORJLHV GHSHQG RQ VWDQGDUGYV DQG S
GLPHQVLRQ 7KH\ SURYLGH WKH EDVLV IRU TXDOLW\ DVVXUDQF
SULYDF\ HWF ,Q VRPH FDVHV WKHVH PD\ EH VHW E\ OHJLVODWLR
ZKHUH $, 'DWD DQG 5RERWLFV V\VWHPV LQWHUDEW ZLWK DQG D
HQYLURQPHQWY WKH UHJXODWRU\ SURFHVVHV PD\ GHWHUPLQH Wi
UHJXODWLRQ FKDQJHV DUFKLWHFWXUH ZLOO EH DGDSWHG WR HJ[S

Sensing and Knowledge and Reasoning and Action and
Perception Learning Decision Making Interaction

Systems, 6HWYV FRQVWUDLIJRY IRGHY NQRZBIWHGIHGHYV 6HWYV FRQVWUDLQWYVY RQ
Hardware, GLJLWDO DQG $KVHEDIGQ PRGHOWHFKQLTXHV IRGELIJLWDO DQG SK\VLFDO
Methodologies DUFKLWHFWXUHWULYHQ GHVLJOQDXWRPDWHG GHMIBROLWHFWXUHV

and Tools SURFHVVHV

&KDOOHQJHYV
$W WKH FROB® RKDOIOH®Y KHVY HQDEOLQJ DUHD LV WKH QHHG WR GHYH

7KH FRQFHSW RI 2j E\ GHVLJQ« FRYHUV WKH LGHD WKDW IRU H[DPSOH VDIHW\ TXDOLW\ HWI
GHVLJQ SURFHVV



$, 'DWD DQG 5RERWLFV 3DUW|QHUVKLS

V\VWHPV PHHW D GLYHUVH UDQJH RI VI\VWHP DQG EHKDYLRXUDO GF
VXFK DV VDIHW\ WUXVWZRUWKLQHVV GHSHQGDELOLW\ DV ZHOO
SHUIRUPDQFH ODWHQF\ HQHUJ\ FRQVXPSWLRQ GDWD XVH SURFF
EDQGZLGWK HWF

$FKLHYLQJ WKHVH GLYHUVH VA\VWHP OHYHO UHTXLUHPHQWY UHTXLU
DQG VWDQGDUGV WKDW FDQ EH VKRZQ WR EXLOG FRQ'GHQFH WKTLC
("'FLHQW GHVLJQ DQG GHYHORSPHQW SURFHVVHV OHDG GLUHFWO!
WKH JRDO RI ULJKW "UVW WLPH GHYHORSPHQW UHPDLQV D VLJQL"I
'DWD DQG 5RERWLFV V\VWHPV

7KLV IXQGDPHQWDO FKDOOHQJH pRZV WKURXJK DOO SDUWV RI W
GHSOR\PHQW F\FOH 7KH IROORZLQJ KLJK OHYHO DSSOLFDWLRQ C
WHFKQRORJ\ HQDEOHU

f{ 7R GHYHORS WRROV WKDW HQDEOH WKH GHVLJQ GHYHORSPH!
DQG 5RERWLFV VA\VWHPV WKDW DFKLHYH WKHLU UHTXLUHPHQW
WHFKQLFDO OHYHO WKURXJK WKH GHVLJQ DQG GHYHORSPHQW

f 7R GHYHORS V\VWHP LQWHJUDWLRQ SURFHVVHV DQG PHWK
GRPDLQ DQG DOORZ HI'FLHQW V\VWHP GHVLJQ WKDW FDQ G
BHUYLFH FULWHULD ,Q SDUWLFXODU WKHVH VKRXOG LQWHJ!
FULWHULD

f TR GHYHORS PHWKRGRORJLHV DQG SURFHVVHV WKDW HQVXUH
FRQVLGHU WKH ZKROH OLIH F\FOH RI D SURGXFW RU VHUYLFH
OHDUQV WR DOWHU LWV EHKDYLRXU RYHU WLPH DQG ZKHQ |
XQNQRZDEOH HQYLURQPHQWY ([LVWLQJ H[KDXVWLYH WHVWL
DFwWw DV D EDUULHU WR GHSOR\PHQW GHVLJQ EDVHG DXWRQI
FKDOOHQJH

f¥f 7R GHYHORS V\VWHP DUFKLWHFWXUHV DQG PRGXODU VWDQ
DVSHFWV RI GDWD DQG SK\VLFDO V\VWHPV &ULWLFDO WR Wi
GDWD DQG SK\VLFDO VWDQGDUGYV RI PRGXODULW\ DQG WKH GF
IRU H[FKDQJH DQG GDWD DVVHW JHQHUDWLRQ WKDW FRYHU Ul
GLJLWDO FRQWH[WY DQG WKHLU DVVRFLDWHG PHWD GDWD 'I
DSSURSULDWHO\ EDODQFH EHWZHHQ FORXG IXQFWLRQDOLWLH

f{f 7R GHYHORS PHWKRGY DQG PHWULFV WR HYDOXDWH WKH SF
5RERWLFV VA\VWHPV LQFOXGLQJ WKH GHYHORSPHQW RI VXLWD
LOQWHJUDWHG DQG HYROYLQJ VA\VWHPV

2XWFRPHV ([SHFWHG ,PSDFW

7KH SULPDU\ RXWFRPH IURP LPSURYLQJ WKHVH HQDEOLQJ WHFKQ
WKH GHYHORSPHQW DQG GHSOR\PHQW SURFHVVHV )LUVWO\ E\ LI
GHVLIJQHUV DQG V\VWHP LQWHJUDWRUYV DQG VHFRQGO\ E\ VSHHGLQ
RI GHVLJQV 'LVFRYHULQJ KRZOMRKEIXQRWR WRROV DQG SURFHVVHYV
SHUIRUPDQFH DQG EHKDYLRXU JXDUDQWHHY WR EH GHOLYHUHG



'"ULYLQJ $GRSWLRQ

'DWD VWDQGDUGV IRU H[FKODQR®WYVY DQG SURFHVVHV|WIDWD EFOKY GHVLIJQ SDWWHUQV
DQG PHWD GDWD VWDQGDPUBRUH UDSLGO\ FUHDWH |$, DBWRVV VHFWRUV

R LFV VAI\VWHPYV Z
3ODWIRUPV IRU GDWD DQG §§B% WK %_%/\ﬁRPDWHG WHVWLQJ DQG
Q '? b HHG SHUIRUPDQF Q Q

VKDULQJ VRIW YDOLGDWLRQ RI|V\VWHPV
THVWLQJ DQG YDOLGDWLRQPHUARFRYRRYHE WUXVWZRLIAAXQL SKIVLEDO VIVWHRY
VWDQGDUGLVHG $, DUFKLWHFWXUHV VWDQ%@E(#\\(;{/EéFH Q

J1Q

:LGH DFFHSWDQFH RI GH QLQ\R_%(E\)/(LOW LQWR GHVL

IRU GHSHQGDELOLW\ DQG 6\VWHP OHYHO FRPSRQH
WUXVWZRUWKLQHVYV PRGXODULW\ FUHDWLQJ

'DWD TXDOLW\ VWDQGDUGVVHFWRU VXSSO\ FKDLQV

4Q®DIHW\ DXWRQRPRXV OHDUQLQ.
&
Fdﬁ:\yvl-\;} LQ FULWLFDO DSSOLFDWL

$VVXUDQFH RI DXWRQRPRXYV
VA\VWHPV LQ VDIHW\ DQG
8VDELOLW\ DQG KXPDQ PDFRWDPH)GDUGLVHG NQRZOHGS$HMLYDF\ FULWLFDO HQYLURQPH
LQWHUDFWLRQ TXDOLW\ VWPRGHDOUGYFURVYV GRPDLQV




$, 'DWD DQG 5RERWLFV 3DUW|IQHUVKLS






$, 'DWD DQG 5RERWLFV 3DUW|QHUWV

Al DEEP DIVE
2YHUYLHZ RI $UWL'FLDO ,QWHOOLJHQFH

$UWL"FLDO ,QWHOOLJHQFH

$W LWV FRUH DV D WHFKQLFDO "HOG $, IRFXVHV RQ GHYHORS
WKDW ZH QRUPDOO\ DVVRFLDWH ZLWK WKH DSSOLFDWLRQ RI LQ
PLPLFNLQJ WDVNV VXFK DV OHDUQLQJ UHDVRQLQJ SODQQLQJ D
DJHQWYV DUH RI LQWHUHVW " DV ZHOO DV DGGUHVVLQJ FKDOOHQ
ODQJXDJH LQWHQWLRQV DQG DFWLRQV DORQJ ZLWK VROYLQJ
WKHRUHP SURYLQJ DQG FRQVWUDLQW RSWLPLVDWLRQ ,Q EDVL
DQ XQGHUVWDQGLQJ RI WKH PHFKDQLVPV XQGHUO\LQJ WKRXJK
WKHLU HPERGLPHQW LQ PDFKLQHV ,Q DSSOLHG VFLHQFH WKLV
IRU VROYLQJ GLI"FXOW SUREOHPV ,Q EXVLQHVV WKLV OHDGYV
DGYDQFHPHQWY ZLWK LQFUHDVLQJO\ EHWWHU FKHDSHU DQG PR
LQIUDVWUXFWXUH DQG GDWD LQWR SURGXFWV VHUYLFHV DQG

$00 PDFKLQH OHDUQLQJ DQG $, VIVWHPV WRGD\ SHUWDLQ WR
VLQJOH DQG UDWKHU QDUURZO\ GH'QHG WDVNV DQG ZH DUH I
LQWHOOLJHQFH 6RPH "UVW VWHSV DUH EHLQJ SURSRVHG DGGU
DQG UHDVRQLQJ PXOWL WDVN DQG PXOWL PRGDOLW\ OHDUQL
7KHUH LV D ORQJ URDG DKHDG VFLHQWL FDOO\ VSHDNLQJ IRU
UHDVRQLQJ EXW ZH VKRXOG QHYHUWKHOHVY DOUHDG\ FRQVLGH
RI UHVHDUFK DLPHG DW $, VIVWHPV WKDW GLVSOD\ WKH IX0O
LQFOXGLQJ FRQVFLRXVQHVV

ODFKLQH OHDUQLQJ KDV UHFHQWO\ UHYROXWLRQLVHG YDULRXV ~
WR SHUYDGH FRPPHUFLDO DSSOLFDWLRQV LQ DQ XQSUHFHGHQW
HYROYHG LQWR ZHOO IRXQGHG SULQFLSOHYVY DQG VRIWZDUH VXL
GDWD ZKHUH PRVW RI WKH LPSDFW LV VWLOO DKHDG RI XV
WHFKQLTXHY WKDW LQ D VXSHUYLVHG VHWWLQJ WDNH DV LQ
REVHUYHG ZLWK WKH GHVLUHG RXWFRPHY DQG OHDUQ KRZ WR
FDVHV DQG LV RQH RI WKH PRVW SURPLQHQW PHWKRGV WRGD\

$W WKH VDPH WLPH DXWRPDWHG UHDVRQLQJ IRUPV WKH EDVLYV
RSHUDWLRQ RI DOO PRGHUQ FRPSXWHU KDUGZDUH DQG LQFU
RSWLPLVDWLRQ WHFKQLTXHY DUH ZLGHO\ XVHG WR HQVXUH HI'F
LQGXVWU\N\ DQG SXEOLF DGPLQLVWUDWLRQ 7KHVH GHYHORSPHQ
DV DOO RI WKHVH DUHDV RI $, DUH GHYHORSHG IXUWKHU

$, LQ &RQWH[W

:KLOH WKH "HOG RI DUWL'FLDO LQWHOOLJHQFH $, KDV D ULFK
LV RYHU WKH ODVW GHFDGH RU VR ZKHQ PDMRU VXFFHVV KDV E
YDULRXV VXE'HOGY KDYH VHHQ HVVHQWLDO GHYHORSPHQWYV HJ
7TKHVH LQFOXGH WKH HPHUJHQFH RI EHWWHU KDUGZDUH WKH L
FORXG FRPSXWLQJ DQG FRQWDLQHUYVY W DOVR LQFOXGHYV DQ LP
RI GLJLWDO GDWD bDQG DFFHVV WR WKHP DV ZHOO DV D VXEVWD
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GULYHQ E\ IDOOLQJ SULFHV PLQLDWXULVDWLRQ DGYDQFHV LQ K
DYDLODEOH VRIWZDUH WRROV DQG FRPSRQHQWYV H[DPSOHV DOV
RI GHSOR\PHQW DV VRFLHW\ DQG LWV LQIUDVWUXFWXUH KDYH E
$QRWKHU NH\ WR WKH UHFHQW VXFFHVV Rl $, KDV EHHQ RQ WKH
JUDQG FKDOOHQJHYVY DUH EHFRPLQJ LQFUHDVLQJO\ SUHVVLQJ IURF
FKDQJH SDQGHPLFV DQG XQVWDEOH JOREDO "QDQFLDO LQVWUXP
VHFXULW\ DQG PLJUDWLRQ SUHVVXUHV VFLHQWLVWY DUH DVNHG '

:KLOH WKHVH GHYHORSPHQWY JLYH DQ H[SODQDWLRQ IRU WKH LQF
DQG WKH VFLHQWL'F DQG FRPPHUFLDO VXFFHVV RI $, RYHU WKH
H[SODLQ WKH H[WHQW RI WKH LQWHUHVW LQ WKH "HOG 7KH H[SOD
GHYHORSPHQWY "QDOO\ KDYH EURXJKW WKH JDPH FKDQJLQJ SUR
ODQ\ DUJXH WKDW ZH DUH HQWHULQJ D QHZ LQGXVWULDO UHYROXYV
SUHFLVH D WHFKQRORJ\ GULYHQ VRFLHWDO WUDQVIRUPDWLRQ

,Q WKLV WUD Q VhdRdtriel BoveteRidy LVDWVWDNH 5HFHQW JHR SROLWLFELC
KDYH GHPRQVWUDWHG RQFH PRUH WKDW LQGXVWULDO VRYHUHL.
(XURSH ,W LV XSRQ VRYHUHLJQW\ WKDW D (XURSHDQ HWKLFDO D
DQG WUXVWZRUWK\ FDQ EH EXLOW )RU $, VRYHUHLJQW\ LV QRW LC
GLJLWDO GDWD DQG GLJLWDO SURGXFWY DUH ERXQGOHVVO\ pHHW
EH UXQ IURP HYHU\ZKHUH WR HYHU\RQH 7KHVH VHUYLFHV DUH D
KDQGHG RYHU IRU RWKHUV WR XVH $, WHFKQRORJLHV WR GUDZ V!
SRLQW LQ WLPH WKLV GLJLWDO GDWD WUDGH GH"FLW PD\ FRPH E
RI IXQGDPHQWDO $, UHVHDUFK DQG GHYHORSPHQW WR (8 EDVHG P
VHUYLFH LQGXVWULHY WR UHGXFH WKH QHHG WR VHSDUDWH GDWL

7THFKQRORJ\ KDV DOZD\V GH'QHG WKH UHDOLW\ ZH OLYH LQ $, WX
RQ WKH zZzD\ ZH OLYH ZRUN DQG WKLQN HYHQ GHHSHU

:KLOH PDMRU QDWLRQV DFURVV WKH ZRUOG D U BHurdgdedQfacimgD QW O\ L
major barriers LQ HPEUDFLQJ LW )LUVW DQG IRUHPRVW $, LV GULYHQ E
VHHPV WR KDYH GLI"FXOW\ UHWDLQLQJ WRS WDOHQW LQ (XURSHDC
6DODULHY DUH QRW FRPSHWLWLYH ULVN FDSLWDO LV VSDUVHU
VSDUVHU 7KHUH LV D OHVV pXLG UHODWLRQVKLS ZLWK LQGXVWU\
SRWHQWLDO WR GLVUXSW H[LVWLQJ PDUNHWY ,QFUHDVLQJ WKH H
LV WKHUHIRUH D FUXFLDO HOHPHQW LQ WKH $, ODQGVFDSH +RZ}
SULYDWH FDSLWDO DQG FRPSHWHQFH DYDLODEOH IRU VWDUWLQJ
$QG WKHUH LV D ODFN RI FULWLFDO PDVV LQ UHVHDUFK DQG FRQC
VXFK WKDW WHFKQRORJ\ GULYHQ HFRQRPLF DQG VRFLHWDO LPSDF
, I (XURSH GRHV QRW HPEUDFH $, LW ZLOO FRPH IURP WKH RWKI
ERXQGOHVYV

7KH DEXQGDQdgital Rita LQ FRPELQDWLRQ ZLWK OHDUQLQJ KDYH
UHODWLRQVKLS RI LQGXVWU\ WR VRFLHW\ DQG YLFH YHUVD ,Q W
(XURSH KDV GH'QHG WKH *HQHUDO 'DWD 3URWHFWLRQ 5HJXODWLI
WR SURWHFW SHUVRQDO GLJLWDO GDWD ,Q D QHZ GHSDUWXUH IR
DUH FRQVLGHULQJ WD[LQJ GLJLWDO GDWD 7KH (XURSHDQ SDUOLTL
FXUE SHUVRQDOLVHG DGYHUWLVLQJ RQ WKH EDVLV RI GDWD GHUL
LV HYLGHQW WKH ODQGVFDSH LV FKDQJLQJ IDVW DQG WKDW WKH
ZKHQ FRQVLGHULQJ $, WHFKQRORJLHV

7KH REMHFWLYH RI PDQ\ $, VIVWHPV LV WKH WDNLQJ RI DQ DFWLRQ
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robotcs ZKHUH PDFKLQHY FRQVWUXFW D SURGXFW RU WKH\ IXO O
FDQ EH QRQ SK\VLFDO DV LQ VHDUFK URERWV JDWKHULQJ LQIR
$V IRU $, WKH XQGHUO\LQJ SULQFLSOHV ZKHWKHU WKH DFWLRQ
VDPH $, DOJRULWKPV UHDVRQ WRZDUGV JRDOV

Economicaly D NH\ FRPSHWLWLYH IDFWRU LQ WKH VXFFHVV Rl WKH
ZLOO EH DEOH WR XVH GDWD EURDGO\ DQG HI'FLHQWO\ 7UXVWZ
/JHDUQDELOLW\ LV DQRWKHU DVSHFW DOUHDG\ HVVHQWLDO LQ
Y)RU VRPH DSSOLFDWLRQV WUXVWZRUWK\ DQG KXPDQ FHQWULF
PDNLQJ LQFOXGLQJ WUDQVSDUHQF\ IDLUQHVV DQG H[SODLQDE
WDOHQW LV WKH PDLQ GULYLQJ IRUFH "~ IRU LQGXVWU\ DFDGHP
IRU VRFLHWDO LPSDFW WDOHQW LV NH\

$, KDV HPHUJHG ZL W KoWrtvatsStReAystems of industry and society ,2W LV KDU
W R GHFL G Hhetviappfidation areas ZLOO VKRZ XS RYHU WKH QH[W WHQ \H
ZLOO VHH WKDW WKH SRWHQWLDO UDQJH RI $, EDVHG V\VWHPV D
RI KXPDQ DFWLYLWLHV :H "QG VA\WVWHPV RU SURGXFWYV LQ DUHD
WUDQVSRUWDWLRQ HPLVVLRQ UHGXFWLRQ HI"FLHQW XVH RI
JDPLQJ "QDQFH PDUNHWLQJ LQGXVWULDO SURGXFWLRQ DQG
WKDW $, LV QRW D WHFKQRORJ\ RU "HOG RI VFLHQFH EXW UDWK
WHFKQRORJLHY ZLWK DQ XQXVXDOO\ ZLGH UDQJH RI DSSOLFDWL

(XURSH-V IXWXUH LWV DELOLW\ WR WDFNOH HQYLURQPHQWDO
VWUHQJWKHQLQJ (XURSHDQ FRPSHWLWLYHQHVV DQG SRVLWLR
NQRZOHGJH HFRQRP\ LV GHSHQGHQW RQ LWV DELOLW\ WR HVWD
RI UHVHDUFK DQG LQQRYDWLRQ 6XFFHVVIXO HFRV\WWHPV KDYH
GLIIHUHQW VHFWRUV LQFOXGLQJEXVLQHVVHV DQG LQGXVWU\ H
DFDGHPLD DQG JRYHUQPHQWYV

0D Qstart-upsinAl RULJLQDWH IURP DFDGHPLD VRPH Rl WKHP ZLOO J
QHZ SKHQRPHQRQ LV WKDW LQ $, DQG LQ PDFKLQH OHDUQLQJ

LQGXVWU\ DQG VHUYLFHY DUH WUDQVIRUPLQJ (XURSH WUDLOV
FRQWLQHQWY DUH DFKLHYLQJ 7R VWHP WKH GDWD DQG EUDLQ
"UVW VWDUW XSV DQG VFDOH XSV QHHG WR EH IRVWHUHG VH
KHOSHG WR DGRSW DQG PDNH HI'FLHQW XVH RI WKH QHZ WHFK
QHHG WR EH GHDOW ZLWK DW WKH FRUH RI WKH WHFKQRORJ\
HFRQRPLF VWLPXODWLRQ DQG WR HQVXUH (XURSHDQ WHFKQRO

7KH PRVW LPSRUWDQW DVSHFWV RI D (XURSHDQ SROLF\ IRU H
UHJXODWLRQ LQIUDVWUXFWXUH WKH HFRV\VWHP LQGXVWUL
FDSDFLW\ IRU DFKLHYLQJ WHFKQRORJLFDO VRYHUHLJQW\ FULW
LQIUDVWUXFWXUHY DQG PDQDJLQJ KROLVWLF YDOXH FKDLQV

FUHDWLRQ GHSOR\PHQW DQG FRPPHUFLDOLVDWLRQ RI (XURS
WHFKQRORJLHY 7KHUH LV DQ LQFUHDVHG QHHG IRU VSHHG

IUDPHZRUN LQIUDVWUXFWXUDO VHOI VXI"FLHQF\ D YLEUDQW D
VXSSRUW RI SXEOLF RSLQLRQ

)DVW DQG VDIH GHYHORSPHQW RI FRKHUHQW DQG FRQVLVWHQW
LV D FRQGLWLRQ IRU WHFKQRORJ\ GULYHQ JURZWK LQ (XURSH
5HIXODWLRQ &OHDUO\ UHJIJXODWLRQ LV LPSRUWDQW IRU FODU
ULIJKWV EXW DW WKH VDPH WLPH (XURSH QHHGV WR EH PLQGIX
UHJXODWLRQ /HJLVODWRUV QHHG WR FDUHIXOO\ EDODQFH WKH
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DQG WKH VRFLHWDO EHQH "WV RI VRIWZDUH V\VWHPV +RZHYHU UH
IRU $, VKRXOG EH OHDQ HQRXJK WR QRW XQGHUPLQH VRFLHWDOO\
DQG WKH GHYHORSPHQW RI FRPPHUFLDO $, LQ (XURSH ZKHWKHU
VWDUWXSYV

2Q WKH RQH KDQG GHPDQGLQJ FRQWUROOHG $, ZKLOH RQ WKH RW
DQG SUDFWLFDO OHJDO IUDPHZRUN EUHHGV GLVWUXVW LQ $, DPF
DV LQYHVWRU XQFHUWDLQW\ /HJDO VDQGER[HV DUH LQVWUXPHQYV
SRVVLEOH ORQJ EHIRUH UHJXODWLRQ LV LQ SODFH 7KHVH FRP
VKRXOG IDFLOLWDWH SDUWLFLSDWLRQ IRU VWDUWXSV DV ZHOO D
2WKHU VSHFL F VXJJHVWLRQV LQFOXGH UHJXODWLRQ RI WKH GDW
EHVW SUDFWLFH UHFRPPHQGDWLRQV VWDQGDUG SUDFWLFHV IRL
IDVWHU DOJRULWKPLF GHYHORSPHQW WR NHHS XS ZLWK WKH RWK
IRVWHULQJ WDOHQW WR NHHS XS ZLWK WKH RWKHU WZR FRQWLQHC
RI' $, WR SUHYHQW RYHU UHJXODWLRQ DQG FHUWL FDWLRQ ZDWF

W LV LPSRUWDQW WKDW ZH HQVXUH WKDW (XURSH KDV ZHOO IX
PHFKDQLVPV 2WKHU HFRQRPLF UHJLRQV KDYH PRYHG HDUO\ DQG S
XQGHU SUHVVXUH 7KH PDUNHW RSSRUWXQLWLHV RI $, DQG PDFK
SDUWLFXODUO\ IRFXVHG HIIRUWY RQ NHHSLQJ WKH VFLHQWL F D
QHHGHG E\ FUHDWLQJ RSSRUWXQLW\ LQ GDWD DQG LQ NQRZOHG]J
1HWZRUN RI ([FHOOHQFH EH\RQG QDWLRQDO ERUGHUV DQG ZLWKL
ZHOO DV PXOWLODWHUDO FROODERUDWLRQ EHWZHHQ LQGXVWU\ DC
WKH ULFK LQGXVWULDO GDWD DYDLODEOH WR VROYH UHDO LQGXYV
HOHPHQW LQ WKH DGRSWLRQ RI XQLYHUVDO VWDQGDUGY DQG Sl
RI QHZ LQGXVWULHV WR DGRSW $, DQG LQ WKH DOOHYLDWLRQ R
UHVHDUFK IRU VWDUWXSV DQG 60(V

2YHU UHJXODWLRQ FRXOG HDVLO\ SUHYHQW VWDUWXSV IURP SHQ
JOREDO PDUNHW DGYDQWDJH WR FRPSDQLHY EDVHG RXWVLGH RI (X
GLIJLWDO LQIUDVWUXFWXUHYVY PHDQV WKDW WKH\ GR QRW KDYH DFF
GDWDVHWY DQG SURFHVVLQJ SRZHU 6LPLODUO\ (XURSH LV ODJJI
FRPSHWHQFH LQ VFDOLQJ WHFKQRORJLHYVY DQG FRPSDQLHV :LWKR
WDNH ULVNV DQG ZLWKRXW VLIQL'FDQW FROODERUDWLRQ RU FKCLC
LOQGXVWU\ DQG UHVHDUFK WDOHQW VHHNV LWV RSSRUWXQLWLHV

ODUNHW 3HUVSHFWLYHV RI $,

,Q D UHFHQW FRPPXQLFDWLRQ E\ WKH (XURSHDQ &RPPLVVLRQ > @
FRQGXFWHG RWWKH Rl DUWL FLD ® RRQIHBOQWHUBAH VHV ,Q HDUO\
VXUYH\ UHDFKHG D WRWDO RI HQWHUSULVHV ,W PHDVXUHG D K
TXDUWHUV Rl DOO HQWHUSULVHV ZKHUH KDOI KDYH DGRSWHG D\
TXDUWHU KDYH DGRSWHG WZR RU PRUH ,Q IDFW $, DGRSWLRQ ZD
&7 DQG "QDQFH VHFWRUV ZKLOH LW ZDV ORZ LQ FRQVWUXFWLRQ

DGRSW $, LQ WKH QH[W WZR \HDUV WZR LQ "YH KDYH QHLWKHU D
$GRSWLRQ DW WKH OHYHO RI HDFK WHFKQRORJ\ LV VWLOO UHOD'
DQDO\VLV WR IRU DQRPDO\ GHWHFWLRQ DQG SURFHVV RU HTXLSE
FRPPRQ VRXUFLQJ VWUDWHJI\ LV HIWHUQDO DV RI (8 HQWHUSU
VRIWZDUH RU UHDG\ WR XVH VI\VWHPV )RU Kiethal RE DOWL HQW MRS §,.
DGRSWLRQ DUH GLI"FXOWLHV LQ KLULQJ QHZ VWDII ZLWK WKH ULJI
WKH FRVW Rl DGDSWLQJ RSHUDWLRQDO SURFHVVHV 2QH WKLUG R
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SRWHQWLDO GDPDJHV GDWD VWDQGDUGLVDWLRQ DQG UHJXOD
LPSRUWR@A FKDOOHQJHV WR $, DGRSWLRQ

7KH VWXG\ GHPRQVWUDWHYV WKH LPSRUWDQFH RI WKH $, ZDYH RI
WKUHH TXDUWHUV Rl DOO HQWHUSULVHV LQ (XURSH 7KH VWXG\
WR UHPRYH LQWHUQDO REVWDFOHV GXH WR ODFN RI WDOHQW
FHUWDLQW\ RQ UHJXODWLRQ

,QGXVWU\ DQG VHUYLFHY QRZ DQG LQ WKH QHDU IXWXUH LQHY
LPSRUWDQW GULYHU RI WKH FXUUHQW LQWHQVH LQQRYDWLRQ

GDWD $QG DV D FRQVHTXHQFH Rl WKH DEXQGDQF\ UHVHDUFK L
GULYH LOQQRYDWLRQ LQ LQGXVWU\ DQG LQ VHUYLFHV 7KH TXDOL
WKH VXFFHVV RI D FRQWLQHQW LQ WKH LQQRYDWLRQ ZDYH ZKLF
LQGXVWULHY DQG VHUYLFHV UHO\ RQ GDWD WKH PRUH WKH\ QH
EXVLQHVV PRGHO LQQRYDWLRQ DV ZHOO

Banking KDV EHHQ GLVUXSWHG E\ QHZ IRUPV RI PRQH\ QHZ IRU
IRUPV RI ULVN DVVHVVPHQW DQG QHZ IRUPV RI IUDXG 7KLV U
LQFUHDVLQJO\ LV EDVHG RQ $, WHFKQLTXHV EXW DOVR $, WH
ZKLFK DUH HVVHQWLDO WR SUHGLFW WKH VROYHQF\ RI FOLHQWYV
ELOOLRQ HXUR FRPSDQLHVY KDYH JURZQ ZLWK QHZ EXVLQHVV P
JURZQ ELJ "QWHFK FRPSDQLHV DQG DOVR ELJ WHFK KDYH DPEL
FODVVLFDO PRGHOV

Retal KDV EHHQ GLVUXSWHG E\ QHZ IRUPV RI KRPH GHOLYHU\ QH
QHZ IRUPV RI URXWLQJ 7KH EXVLQHVV PRGHOV RI WKH VHFWRU
QHFHVVDULO\ IRU VXUYLYDO GXH WR WKH HQWUDQFH RI \RXQJ
HXUR FRPSDQLHV KDYH JURZQ DQG ROG UHWDLO LV WUDQVIRUP
LQ WKLY LQQRYDWLRQ ZLOO EH GHWHUPLQHG E\ WKH HIIHFWLYH
OHDUQHG SHUVRQDOLVDWLRQ XQGHU SURSHU SURWHFWLRQ RI
DQG WUDQVSRUWDWLRQ

Restaurants and personal services DUH EHLQJ GLVUXSWHG E\ QHZ IRUPV RI
ELOOLRQ HXUR FRPSDQLHV VXFK DV -XVW (DW 7DNHDZD\ DQG 'HO
7KH EXVLQHVY PRGHOV KDYH QRW IRXQG DQ HTXLOLEULXP \HW E
ZLOO EH GHWHUPLQHG LQ sSDUW E\ WKH HIIHFWLYHQHVV RI Q
$, WHFKQLTXHY VXFK DV PDFKLQH OHDUQHG DQG PDFKLQH RSW
SURSHU SULYDF\ SURWHFWLRQ DQG GHWDLOHG SUHGLFWLRQ RI
LOWHUQHW FRPSDQLHV ZH KDYH VHHQ KRZ D VHFWRU ZLOO EH
GLIJLWDO LQIRUPDWLRQ pPRZ FRXSOHG WR SUHGLFWLQJ ZKHUH D
WHFKQLTXHY $SDUW IURP LQIRUPDWLRQ VWDQGDUGY DQG FKDL
WR VXUYLYH

, Qnedicine andcare WKH LQWHJUDWLRQ RI $, LQWR WKH GDLO\ ZRUN
ZLOO UHTXLUH $, WHFKQLTXHV IRU $, DVVLVWHG GLDJQRVLV $,
VLIJQDOLQJ DQG HDUO\ ZDUQLQJ IRU SURSHU FDUH 7KLV ZLOO
OHDUQLQJ YHUL FDWLRQ DQG RSWLPLVDWLRQ DQG D GHHS D
SURWHFWLRQ GHHSO\ LQWHJUDWHG LQWR WKH WHFKQRORJ\ (X
DUH WUDQVIRUPLQJ LQWR $, FRPSDQLHV JDLQLQJ H[SHULHQF
GLJLWDO PHGLFDO NQRZOHGJH WR SHUVRQDOLVH PHGLFDO FDU
DUHDV H[SODLQDELOLW\ RI GHFLVLRQV LV Rl LPSRUWDQFH KHU
FRUUHFWQHVV RI $, GULYHQ V\WVWHPV 7KH\ ZLOO EH VXSSOHPH
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GLVFRYHU\ LQ SKDUPDFHXWLFDOV WKURXJK UHLQIRUFHPHQW OHD
VXFK DV IRU LQVWDQFH KHDOWKFDUH PRQLWRULQJ XQGHU DQRQ!

0D Q\service sectors UHO\ RQ KDQGOLQJ LQIRUPDWLRQ DQG NQRZOHC
HI"FLHQWO\ QRWDU\ VHUYLFHVY ODZ UHDO HVWDWH WUDQVSRUMW
FDXVHG WKH HPHUJHQFH RI D QHZ VHFWRU LQIRUPDWLRQ VHDUFK
LQIRUPDWLRQ PDQDJHPHQW DOO EDVHG RQ GDWD GULYHQ DQG
WRJIJHWKHU ZLWK HIIHFWLYH WHFKQLTXHV IRU RSWLPLVDWLRQ DQ
'KHUH GDWD WHFK FRPSDQLHV GRPLQDWH WKH PDUNHW (XURSH |
RXW Rl WKLV VHEWRU :H VHH WKH HPHUJHQFH Rl VSHFLDOLVHG E
IRU OLWHUDWXUH DQG IRU MXGLFLDO LQIRUPDWLRQ VHUYLFHYV

7KH DERYH OLVW VXSSOHPHQWY WKH HPHUJHQFH RI1 $, LQ GDWD DQ
DQG WUDQVSRUWDWLRQ LQGXVWU\ HQYLURQPHQW DQG HQHUJ\ VF
EUDQFKHV RI PDFKLQH YLVLRQ KXPDQ PDFKLQH LQWHUDFWLRQ
FRQWURO DQG IHHGEDFN DUH DOUHDG\ FRPLQJ LQWR XVH

([IDPSOH RI $UHDV RI :RUN

7KH ZRUN RI WKH 333 FDQ EH RUJDQLVHG E\ JURXSLQJ VHFWRUV R
VLPLODULW\ Rl WKHLU QHHGY DQG GH QH 333 $, SURJUDPV IRU WK
WKH "QDQFLDO VHFWRU ZLOO HPSOR\ $, DQG F\EHU VHFXULW\ ODI!
SHWDLO ZLOO QHHG $, SODQQLQJ DQG URXWLQJ $, DQG SHUVRQI
SUR'W IURP OLPLWHG SHUVRQDO GDWD pRZV SHUVRQDOLVDWLRQ
DQG KHDOWKFDUH ZLOO EH ERRVWHG E\ $, DVVLVWHG GLDJQRVL)
H[SODLQDEOH $, FDUH VXUYHLOODQFH 3URIHVVLRQDO VHUYLFHV Z
H[SODLQDELOLW\ WUHQG SUHGLFWLRQ 7KH QHZO\ IRUPLQJ VHFW
QHHG DOJRULWKPV WR FRPH WR GDWD SUHFLVH GDWD NQRZOHGJ
SURGXFWLRQ ZLOO XVH DFWLRQ SODQQLQJ VHQVRU GDWD $, TXD
DQG WKH IRRG FKDLQ ZLOO HPSOR\ URERWLFV VHQVRU GDWD $, -
ZLOO DOVR SURYH FUXFLDO WR VPDUW PRELOLW\ DQG WKH UDFH
HQWHUWDLQPHQW DQG FXOWXUDO SURGXFWLRQ $, ZLOO EH HPSO|
ZLOO QHHG FRPSXWHU YLVLRQ DQG WUHQG SUHGLFWLRQ (GXFDW
DQG LQWHOOLJHQW E\ SHUVRQDOLVDWLRQ OHDUQLQJ DQG UHDVR
XVHG PRUH HI'FLHQWO\ E\ SODQQLQJ 7KH HQYLURQPHQW FDQ EH
E\ PRGHOOLQJ DQG SODQQLQJ ,QIRUPDWLRQ DQG &RPPXQLFDWLF
HI"FLHQW E\ LQWHOOLJHQW URXWLQJ 7KHUH DUH PDQ\ H[DPSOH\
FLWL]HQ VHUYLFHV DQG WKHUH DUH PDQ\ RSSRUWXQLWLHV EHLQJ
DQG GHVLJQ 7UDQVSRUWDWLRQ ZLOO UHDFK DXWRQRPRXV YHKLF
EUDQFK RI WKH DSSOLFDWLRQ RI $,

Framework and Enabling Factors

&RPPHUFLDO DQG VFLHQWL F SURJUHVV RQ $, LV QRW RQO\ D IXQF\
EXW RQ XQGHUO\LQJ LQIUDVWUXFWXUH WKH UHJXODWRU\ HQYLU
DQG JRYHUQPHQWDO SROLFLHYV

(XURSHDQ )UDPHZRUN
(XURSHDQ ULJKWYV SULQFLSOHV DQG YDOXHV LQ $,
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Responsible research and innovation. 8WLOLVLQJ WKH WDQJLEOH UHVXOWYV
SURJUDP LQ UHVSRQVLEOH UHVHDUFK DQG LQQRYDWLRQ KHOSV
LQ WKH "HOG RI $, WRZDUGY VRFLR HFRQRPLF EHQH "WV LQ (XUR
UXOH RI ODZ DQG KXPDQ ULJKWYV

Trustworthy Al. ~ 7KH (XURSHDQ &RPPLVVLRQ EXLOGLQJ RQ WKH ZR
([SHUW *URXS RQ $UWL FLDO ,QWHOOLJHQFH LV IRFXVLQJ VW
7UXVWZRUWK\ $, ,Q WKHLU UHFHQW :KLWHSDSHU RQ $, WKH\ IX
D YLVLRQ IRU UHJXODWLRQ LQ $, 7UXVWZRUWK\ $, VIVWHPV PXV
IUDPHZRUN Rl VHYHQ NH\ UHTXLUHPHQWY KDYH EHHQ GHYHORS
RI WUXVWZRUWKLQHVYV PRUH SUHFLVHO\

Explainable Al.  ,W LV JHQHUDOO\ DFFHSWHG LQ ERWK UHVHDUFK DQ
$, LV DQ LPSRUWDQW HOHPHQW ,Q WKH SXEOLF GHEDWH RQ $,
D UHDVRQDEOH DQG HWKLFDO YHUVLRQ RI $, ([SODLQDEOH $, L
LQ WKH GHEDWH RI WKH YDOXHV FKDQJHV DQG RSSRUWXQLWLH
VRPHWLPHVY DQ HVVHQWLDO HOHPHQW E\ LWVHOI 7KHUH DUH D
H[SODLQDEOH $, GRHV QRW SOD\ D UROH :KHQ WKH SHUIRUP
SUHGLFWDEOH RU WKH DSSOLFDWLRQ LV XQGHU VWULFW KXPDQ
QR VRFLHWDO KDUP WKH PRVW DFFXUDWH UHVXOW ZLOO SUHYD
D NH\ DVVHW Rl (XURSH-V HFRQRP\ WKH EHVW SHUIRUPLQJ $,
(QIRUFHPHQW RI H[SODLQDEOH $, VKRXOG EH GLIIHUHQWLDWH
DSSOLFDWLRQ :KHUH H[SODLQDEOH $, LV QHHGHG D WHQGHQF\ L
$, ZLWK V\PEROLF $, DV LI RQO\ H[SOLFLW UXOHV FDQ GHOLYH
RWKHU ZD\V Rl H{SODQDWLRQ E\ YLVXDOLVDWLRQ E\ YLVXDO HJ
WHDFKLQJ LQ PHGLFDO UDGLRORJ\ E\ FLUFXPVFULSWLRQ RI DEV
AaUHOHYDQFH« ,W LV LPSRUWDQW WR DVVHVV ZKHUH H[SODLQDE
DUH WKH SHUPLVVLEOH ZD\V WR DFKLHYH WKDW

SURPRWLQJ YDOXH IRU EXVLQHVY VRFLHW\ DQG SHRSOH L

Alforgood. ,Q RUGHU WR VWUHQJIJWKHQ SROLWLFDO VXSSRUW IRU 8§,
WKH (XURSHDQ VWUDWHJ\ RQ KRZ $, FDQ EH XVHG IRU LPSURYLQ
HPSOR\LQJ $, WR WDFNOH VRPH RI WKH ZRUOG-V JUHDWHVW HFR
IRU $00 *OREDO OHDGHUVKLS LQ WKLV IRFXV FDQ PDNH WKH WH

ZLWK FRPPHUFLDO SURGXFWYV DQG VHUYLFHV EULQJLQJ $, IRU J

KHUH LV RQ 7TUXVWZRUWK\ $, DV GLVFXVVHG DERYH

Al-innovation ecosystems. 6WURQJ $, LOQOQRYDWLRQ HFRVA\VWHPYV DUH D S
KHQ ORRNLQJ DURXQG WKH ZRUOG JOREDO VXFFHVV LQ $, UH
HFRV\VWHP DUH ZHOO GHYHORSHG DQG LQWHUFRQQHFWHG HQW
UHJXODWRUV ODUJH DQG VPDOO HQWHUSULVHV DQG DSSOLH
UHVHDUFK WHDPV ,QQRYDWLRQ KDSSHQV LQFUHDVLQJO\ DV QR
DFWRUV LQ WKH HFRV\VWHP LQ FRQWUDVW WR SXUHO\ OLQHDU
WR LQGXVWU\ D GHYHORSPHQW VKLIW WKDW LV VWUHQJWKHQH

Academic collaboration with industry. W LV FULWLFDOO\ LPSRUWDQW WKD
FROODERUDWLRQ LV HQFRXUDJHG DQG VWUXFWXUHG XVLQJ WU
HQVXUH WKDW SXEOLF IXQGLQJLY XVHG LQ D ZzD\ WKDW EHQH WV
LQGXVWU\ DQG SXEOLF IXQGLQJ VKRXOG EH SXEOLVKHG RSHQO\
VWLPXODWH DQ DFWLYH VWDUW XS FXOWXUH $, UHVHDUFKHUYV
VWDUWXSYVY 7KH HPSKDVLVY VKRXOG QRW EH RQ WKH RSWLPLVDW
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EXW EH DLPHG DW VXVWDLQHG LPSDFW WKXV JHQHUDWLQJ GRZQ
VKRXOG IDFLOLWDWH VWDUWXSV LQ PDQ\ ZzD\V

3ROLF\ UHJXODWLRQ FHUWL FDWLRQ DQG VWDQGDUGV LQ $

Regulation and market. &RPSHWLWLYH XVH DQG XSWDNH RI $, QHHG ER'
IXQFWLRQLQJ PDUNHW VWUXFWXUHV &OHDUO\ UHJXODWLRQ DQ
KLQGHU DQG DGYDQFH (XURSH-V $, GHYHORSPHQWY LQFOXGLQJ
DSSOLFDWLRQV +RZHYHU LW PLJKW DOVR EHFRPH DQ DGYDQWDJF
DOWLFLSDWHG QHZ UHJXODWLRQ

Regulatory sandboxes. 7KH (XURSHDQ &RPPLVVLRQ WKH (XURSHDQ 3DUOL
QDWLRQDO $, VWUDWHJILHY KDYH UHFRJQLVHG UHJXODWRU\ VDQGE
IRU WHFKQRORJLHV DQG PRVW SURPLQHQWO\ $,

Governmental funding instruments. LWK ZHDNHU SULYDWH LQYHVWPHQW LC
JRYHUQPHQWDO IXQGLQJ LQVWUXPHQWY EHFRPH WKDW PXFK PRU
&RPPLVVLRQ DQG WKH OHPEHU 6WDWHYV DUH ZRUNLQJ WKURXJK I
WKH &RRUGLQDWHG 30DQ IRU $, WKDW HQVXUHY DOLJQPHQW EH\
LQ $, 7KH 333 ZLOO SURYLGH DQ LPSRUWDQW OHYHO RI FRPSOHTE
FRQQHFWLQJ DQG VXSSRUWLQJ WKH &RPPLVVLRQ-V 'LJLWDO ,QQRY
XS WR WKH ZLGHU (XURSHDQ $, LQQRYDWLRQ HFRV\VWHPYV

W LV FULWLFDOO\ LPSRUWDQW WR LQFHQWLYLVH DQG VXSSRUW L
UHVHDUFK IRU H[DPSOH WKURXJK ODUJH VFDOH FKDOOHQJH GULY
(XURSH VKRXOG DOVR FRQVLGHU VLPSOLI\LQJ DQG VWUHDPOLQL
IXQGLQJ LQVWUXPHQWY DQG UHGXFH WKH RYHUKHDG LQ WHUPV F
PDQDJH JUDQW IXQGLQJ ZKLOH QRW FRPSURPLVLQJ RQ TXDOLW\ F

Privacy and safety by design. 5HVHDUFK DQG GHYHORSPHQW LQ WKH DUHD!
VDIHW\ E\ GHVLJQ LQ WKH ODVW WZR GHFDGHV SURYLGHV D PDUN
EXVLQHVVHV 6XFK D SRVLWLRQ FDQ EH VWUHQJWKHQHG E\ UHF}
IRU $, 7KH (XURSHDQ YLHZ IRU GLJLWDO SULYDF\ DV FXUUHQWO\
"UVW VWHS $ FRPPRQO\ IHDUHG ZHDNQHVYV ZRXOG EH LI UHJXOD\
WHFKQRORJ\ RSHQLQJ WKH GRRU WR FLUFXPYHQWLRQ VR WKDW W
RI WKH UHJXODWLRQ 3ULYDF\ DQG HWKLFDO FRQVLGHUDWLRQV

LQ FRQQHFWLRQ WR GHYHORSLQJ WKH EHVW WHFKQLTXHV RI $,

LQWHJUDWH SULYDF\ LQWR WKH PDFKLQH OHDUQLQJ WHFKQRORJ\
RI D FU\SWRJUDSKLF WHFKQLTXH QRZ SRSXODU LQ PDFKLQH OHEL
SULYDF\ DLPLQJ WR JXDUDQWHH DQ H[SOLFLW DQG OLPLWHG OLVW
GDWD RU E\ DSSO\LQJ ZDWFK GRJ WHFKQRORJLHYV

Data accumulation. 7RR OLWWOH DWWHQWLRQ KDV EHHQ SDLG LQ VRFL
DQG WKH GDQJHUV LW EULQJV HVSHFLDOO\ ZKHQ GDWD DUH WL
$FFXPXODWLRQ RI GDWD IURP DOO FRUQHUV RI OLIH LV DQ XQUI
GLJLWDO ZRUOG DV LW FRXOG HDVLO\ MHRSDUGLVH WKH DQRQ\PL
HDVLO\ "OO0 EDFN LQ WKH QDPH DQG RWKHU ," LQIRUPDWLRQ UHP/|
DSSURDFK WR SXW OLPLWV WR DFFXPXODWLRQ LV IHGHUDWHG
DOJRULWKPV WR WKH GDWD WR OHDUQ ZLWKRXW WKH QHHG WR

VWLOO OHDUQ IRU D VSHFL'F SXUSRVH 7KHUHIRUH (XURSH ZRXO
GHIHQVLEOH GDWD DFFXPXODWLRQ DQG SULYDF\ FRQVWUDLQWYV
IXUWKHU GHYHORSPHQW RI WKH $, WHFKQRORJ\ 2Q WKH RWKHU K
Rl SDUDPRXQW LPSRUWDQFH VLQFH VWDUWXSV XVXDOO\ KDYH D J



$, 'DWD DQG 5RERWLFV 3DUW|QHUVK

'DWD ORFDOLVDWLRQ PHDVXUHY DUH KLQGHULQJ WKLV pRZ E\ G
VKRXOG EH VWRUHG RU SURFHVVHG +RZHYHU ORFDOLVDWLRQ L
VR LW LPSRVHV EXUGHQVRPH UHVWULFWLRQV WR VWDUWXSV ZK

5HJXODWLRQ DQG FHUWL SHIWDPWLRQ$E\ PHDQV RI GHYHORSL
PHWULFV OHJLVODWLRQ DQG LQVWLWXWLRQDO PHFKDQLVPV I
DQG FHUWL FDWLRQ LV DQ LPSRUWDQW FRQWH[W IRU (XURSH-V
GHVLJQHG DSSURSULDWHO\ ERRVW (XURSHDQ FRPSHWLWLYHQH
LPSRUWDQW ,W LV D QDWXUDO WDVN IRU WKH (8 WR UHJXODW
OHDUQLQJ LQ VDIHW\ FULWLFDO V\WVWHPV RQ VDIHW\ LQWHJULW
WKH VDIHW\ OHYHO RIIHUHG E\ DQ\ PDFKLQH OHDUQHG RU FRPSO
KDV JUHDW LPSDFW SRVVLEO\ PRUH LPSDFWIXO WKDQ H[SOD
DOWHUQDWLYHV RI IRUPDO PHWKRGV Rl YHUL ' FDWLRQ DUH LQ

GDWD KHDY\ DSSOLFDWLRQV &RQVLGHULQJ WKDW (XURSH-V HF
EXLOGLQJ PDFKLQHV IURP DXWRPRWLYH WR LQGXVWULDO URER
DQG FRQVLGHULQJ WKDW SXWWLQJ $, LQWR WKHVH PDFKLQHV ZR
WKH (8 HFRQRP\ 7KH $, 'DWD DQG 5RERWLFV 333 DQG $, (8 FR
RSSRUWXQLW\ DULVHV IRU (XURSH WR VWLPXODWH JRRG PHWKRG
ZKLFK IRU PDFKLQH OHDUQLQJ ZRXOG VXUSDVV IRUPDO PHWKR
PHWKRGV ZKLFK FDQ KDQGOH H[WHUQDO WUDLQLQJ GDWD

,QQRYDWLRQ (QDEOHUYV

6NLOOV DQG NQRZOHGJH

)LUVW DQG IRUHPRVW WDOHQW ZLOO HQDEOH WKH JURZWK RI

VWXG\ RQ $, DGRIYWHRQYSUHDG RI IXQGDPHQWDO NQRZOHGJH L
FRQWLQHQW ZLWKLQ DFDGHPLD DQG DFURVV WR LQGXVWU\ DQ
EHWZHHQ DFDGHPLD DQG LQGXVWU\ DV ZHOO DV ZRUNVKRSV DQ
DFDGHPLFV DQG LQGXVWULDO SDUWLFLSDQWY KHOS WR SURPR
FKLOGFDUH DQG LQWHUQDWLRQDO VFKRROV DW HDFK VLWH $,
IRVWHULQJ WDOHQW WR VWD) LQ (XURSH DQG SXUVXLQJ FRPSH
OHYHO ZLWK EHVW RSSRUWXQLWLHV IRU VREFLHWDO DQG HFRQR
LV QRW D IUHH FKRLFH :KHQ 'UVW WDOHQW DQG WKHQ GDWD

FRQWLQHQWY RQH GD\ WKLV ZLOO KDYH FRQVHTXHQFHV IRU W
HFRQRP\ FXOWXUH DQG VRFLHW\ HI'FLHQW LQ RUGHU IRU (XU
LPSRUWDQW WR KHU

(XURSH UHTXLUHVY GHGLFDWHG HIIRUWY LQ HVWDEOLVKLQJ FURVV
DQRG SRVW JUDGXDWH HGXFDWLRQ ZKLFK LQWHJUDWH HWKLFV KX
LQ PDLQVWUHDPLQJ $, UHODWHG VNLOOV LQ DOO DFDGHPLF GLV
ZHOO DV LQ IRVWHULQJ FRRSHUDWLRQ VSDFHVY EHWZHHQ $, H[SH

LV IXQGDPHQWDO (XURSH DOUHDG\ KDV D JRRG HGXFDWLRQDO
LPSURYHG )LUVW WKHUH LV D QHHG WR VLIJQL'FDQWO\ LQFUHDVH
SURJUDPPHV ZLWK D IRFXV RQ WHFKQRORJ\ DW DOO OHYHOV L
SRVWGRFWRUDO 6HFRQG (XURSH PXVW GHYHORS VSHFL'F $, HG
IRFXV RQ GLVVHPLQDWLRQ LQ RWKHU VFLHQFHV DQG VRFLHW\ DV

06F 3K' DQG SRVWGRFWRUDO 7KLUG (XURSH PXVW PDNH VXUH
HGXFDWLRQ SURYLGHV WKH QHFHVVDU\ WKHRUHWLFDO DQG SUDF
WR EHFRPH DFWLYH DQG HQJDJHG FLWL]HQV LQ WKH PRGHUQ VRF

a(XURSHDQ HQWHUSULVH VXUYH\ RQ WKH XVH RI WHFKQRORJLHVY EDVHG RQ DUWL'FLDO L
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JRXUWK (XURSH VKRXOG GHYHORS DQG LPSOHPHQW D PRGHO FXUUL

'‘DWD IRU %,

Data. 7KH VLJQL FDQW LQFUHDVH LQ GDWD YROXPH ZLOO FRQWLQX
GRHV QRW JXDUDQWHH JOREDO FRPSHWLWLYH VWUHQJWK LQ LWV
SURYLGLQJ DFFHVV WR GDWD DQG GDWD IHHGV IURP WKH LQFUHD"
REMHFWV LQ VRFLHW\ UHJXODWH LWV XVH DQG GHYHORS IXQF
LQFUHGLEOH DPRXQW RI XVHIXO GDWD LV FUHDWHG DQG UHWDLQH
7KLV GDWD FDQ VSDUN LQQRYDWLYH EUHDNWKURXJKV LQ YDULR:
(XURSH-V JRYHUQPHQWY PRYH WRZDUGV PDNLQJ VXEVWDQWLDOO\
DQG PDNH WHVW RU SURWRW\SLQJ GDWD IUHHO\ DYDLODEOH )RU G
DQG URXULVK D ZHOO IXQFWLRQLQJ GDWD PDUNHW ZRXOG EH D VW
WKHUH DUH ERWK SURGXFHUV RI GDWD UH QHULHV NQRZQ DV G
WXUQLQJ UH'QHG GDWD LQWR SURGXFWV DQG VHUYLFHV

7KH FRQVWU XgasuvHuRQeaR tata infrastructures VXFK DV WKH SURSRVHG (XL
'DWD 6SDFH PD\ EH DQ RSSRUWXQLW\ DIWHU WDNLQJ VSHFLDO C
$, GHYHORSPHQW DQG $, UHVHDUFK $ GDWD LQIUDVWUXFWXUH P
PHFKDQLVP WR EXLOG VRYHUHLJQW\ LQ $, LQ (XURSH DV IRU PD
D VLIQL'"FDQW H[WHQW GHWHUPLQH WKH RXWFRPH )RU KHDOWK
UHODWLYHO\ UDUH GDWD UHVRXUFHV FRSLQJ ZLWK GDWD ZLW
UHVSHFWLQJ SULYDF\ PD\ EH NH\

([SHULPHQWDWLRQ DQG GHSOR\PHQW

$, FKLSV micoprocessors UHIHU WR D QHZ JHQHUDWLRQ RI PLFURSUR
VSHFL 'FDOO\ GHVLJQHG WR SURFHVV DUWL FLDO LQWHOOLJHQFH
FKLSV DUH H[SHFWHG WR SOD\ D FULWLFDO UROH LQ HFRQRPLF JLU
DGYDQFHG $, SURFHVVLQJ IRU PDVV PDUNHW $, DSSV DQG PRYH $, F
VPDUWHU FDUV KRPHV URERWVY PDQXIDFWXULQJ FKDLQV ZHDSR
VRUWV RI WKLQJV FRQQHFWHG WR WKH LQWHUQHW

7 K F5G-mobile network LV H[SHFWHG WR VSHHG XS D PRYH RI $, FRPS
WKH FORXG WR WKH HGJH RU ,R7 GHYLFHV LQ DGGLWLRQ WR QH
FRQYHUJHQFH ZLWK $, VAIVWHPYVY RQ FKLS * ZLOO HQDEOH HGJH G
EHWZHHQ LQGRRU DQG ZLGH DUHD HQYLURQPHQWY 7KHVH VDPH *
EH FRQYHUJHG ZLWK QHXUDO QHWZRUN SURFHVVLQJ FLUFXLWU\

$, WD UJHighh&formance computing +LJK SHUIRUPDQFH $, LV GHSHQGHC
SHUIRUPDQFH FRPSXWLQJ +RZHYHU WKH UHTXLUHPHQWY IRU KL.
LQIUDVWUXFWXUH LQ $, LV PDUNHGO\ GLITHUHQW IURP WKRVH LQ WU
FRPSXWLQJ LQYROYLQJ VSHFLDOLVHG KDUGZDUH DUFKLWHFWXUH
EH GHYHORSHG GHSOR\HG DQG VKDUHG DFURVV D ODUJH YDULHYV
ZH DVVXPH (XURSH ZLOO HVWDEOLVK DQ LQFUHDVLQJ QXPEHU RI O
QHHG VXSSRUW IURP ODUJHU UHJLRQDO RU HYHQ (XURSHDQ LQIUD

,Q (XURSH GLYHUVLW\ FRXSOHG WR ODQJXDJH LV QDWXUDO ,W VK
SURYLGHV D QDWXUDO DGYDQWDJH ,Q (XURSH WR DFKLHYH VRPH Il
D QHFHVVDU\ FRQGLWLRQ LV DQ LQIUDVWUXFWXUH IRU GDWD DV
GDWD ZRXOG UHTXLUH IXUWKHU HODERUDWLRQ RQ FRPPRQ (XUR
HITIHFW RI D GH IDFWR (XURSHDQ VWDQGDUG GDWD FROOHFWLRQ
DQG DQWL GDWD DFFXPXODWLRQ GDWD VKDULQJ LQIUDVWUXFW XL



$, 'DWD DQG 5RERWLFV 3DUW|QHUWVK

$W WKH VDPH WLPH WKH LQIUDVWUXFWXUH 2SURSHU« VKRXOG
WHVWLQJ ZLWK D VPDOO HIIRUW WR WUDQVLWLRQ WR FHUWL FD
FORXG LQIUDVWUXFWXUH DV DQ DOWHUQDWLYH WR $:6 DOJR
VHFWRU E\ VHFWRU HQGRUVHG GHYHORSPHQW RI (XURSHDQ ZHE
WHFKQRORJLHYV

2ZWKHU LQIUDVWUXFWXUH FRPSRQHQWYV ZRXOG DGGUHVV WKH
FRKHVLRQ DFURVV (XURSH-V VFLHQWLVWY DQG $, HFRV\VWHPYV
ZRUOG-V EHVW $, VFLHQWLVWY WKH\ DUH VSUHDG RXW DFURVV
FRPSDQLHY DQG SURMHFWY 7ZR SRVVLEOH LQVWUXPHQWYV WR
WKH &RPPLVVLRQ LQ LWV :KLWHSDSHU RQ $, DUH D QHWZRUN R
D (XURSHDQ 20LJKWKRXVH«

3RVVLEOH 3URJUDPYV

7KH 333 ZLOO GHYHORS D QXPEHU RI FR IXQGHG SURJUDPV +H
Rl SRVVLEOH SURJUDPV (QVXULQJ WKH WUXVWZRUWKLQHVV
(XURSHDQ VWUHQJWK LQ DXWRPDWHG UHDVRQLQJ 'HYHORSLQ
DOORFDWLRQ HI"FLHQF\ RI VHUYLFHYVY DQG XVH RI UHVRXUFHYV
$, SODQQLQJ VFKHGXOLQJ RSWLPLVDWLRQ 'HDOLQJ ZLWK PX
SUHIHUHQFHVY EHWZHHQ KXPDQV DV ZHOO DV EHWZHHQ $, DJHQW
LQ PXOWL DIJHQW V\VWHPV 7DOHQW VFRXWLQJ WUDLQLQJ HI[FK
WKH ERUGHU RI DFDGHPLD " EXVLQHVV LQFOXGLQJ VWDUW XSV
DFFXPXODWLRQ RI SHUVRQDO GDWD LV XQGHUPLQLQJ SURSHU
UHJXODWLRQV EH\RQG *'35 QHHG WR LQFOXGH WHFKQRORJ\ OLNH
ZKHQ QHFHVVDU