
h%4.1'%*+,*(2%*'=.88*7.(.'%('*+,*50QO*."7*50Q/*<%*.".8)'%7*(2%*(<%%(*4+"(%"(*."7*&%(&#%$%7*&%8.(%7*
(+6#4'*(+*7+*.*'%.&42*,+&*50W:*D2%*(%&='*<%&%*M?VD*Vd*i?"71'(&)*Ui*Vd*3?L*#"*Y">8#'2*."7*(<%%('*
,&+=*X*QQb*D<#((%&*1'%&'*<%&%*4+88%4(%7*,&+=*.*,%<*2+1&'*+"*;a*K.&42*Q;QQ:*D2%*&%'18(#">*>&.62*#'*
7%6#4(%7*#"*S#>1&%*9*E%8+<:*D2%*>&.62*7%6#4('*(2%*h&."7*4+"$%&'.(#+"*6.((%&"/*,&.>=%"(%7*>&+16'*<#(2*
=.")*#'+8.(%'/*2+<%$%&/*%8%=%"('*+,*(2%*]+==1"#()*]81'(%&'*6.((%&"*.&%*%$#7%"(:*]+==1"#()*]81'(%&'*
&%'%=E8%'*M.*E.g..&*<#(2*7#,,%&%"(*'(.88'/*<2#42*#'*42.&.4(%&#g%7*E)*'%$%&.8*%$%"T'#g%7*>&+16'*&.(2%&*
(2."*.*4&+<7*+,*=+'(8)*1"4+""%4(%7*"+7%'L*N9;P:*D2%*]+==1"#()*]81'(%&'*6.((%&"*.&%*42.&.4(%&#g%7*E)*
=%7#1=T'#g%7*>&+16'*+&*21E'*%.42*<#(2*."*M+<"*.17#%"4%/*#",81%"4%&'/*."7*'+1&4%'*+,*#",+&=.(#+"L*
NQ;/*UX/*9;P/*."7*#(*=%."'*(2%*(%&='*.&%*.7+6(%7*E)*4+==1"#(#%'*.'*<%88*.'*E%#">*7#'41''%7*<#(2#"*."7*
E%(<%%"*4+==1"#(#%':*F2.(* (2%'%*&%'18('*#"7#4.(%*#'* (2.(*D<#((%&*.E+1"7'*<#(2*=.")*4+==1"#(#%'/*
7#'41''#+"'*."7*#"(%&.4(#+"'*>#$%"*(2%*&%8.(%7*0+4#%()*9:;*(+6#4'/*E1(*$%&)*8#((8%*#'*2.66%"#">*+"*D<#((%&*
&%>.&7#">*(2%*(%&=*Society 5.0*#('%8,:**

*

*
D,E92%&N(&!C%&E2"8C&5%01*23&*5&2%$"0%.&)*+,%0M&NJO&0*8,+6I&1C,+C&.%8,+06&"&.%G%$*8%.&P2"5.&+$960%2&

8"00%25I&*2&%G%5&0C%&;*2%&;"092%&Q*;;95,0M&+$960%2&8"00%25J&&

<"!! :/.66'&./+&%5)(5)+.5./*6'6+2(6;/)6+
?"* (2%* .4.7%=#4* 7.(.'%(/* <%* %I(&.4(%7* OW* (2%=%'* 4+88.(%7* ,&+=* UO* 4+"4%6(':* D2%* =+'(* &%8%$."(*

(2%=%'*E.'%7*+"*(2%*$#'1.8#g.(#+"*'2+<"*#"*S#>1&%*b*.&%*M#",&.'(&14(1&%L/*M7%$%8+6=%"(L*."7*M'%&$#4%'L/*
.8'+*2#>28#>2(%7*#"*D.E8%*W:*

D2%*,#&'(*a*(2%=%'*.&%*4+=6+1"7*(2%=%':*Infrastructure*&%,%&'*(+*(2%*&%G1#&%=%"(*(2.(* '(&14(1&%'*
"%%7*(+*A%%6*16*<#(2*(2%*>&+<#">*"%%7'*+,**0+4#%()*9:;*."7*(2.(*4#(#g%"*%">.>%=%"(*#'*A%)*(+*4&%.(#">*.*
(&18)* '1'(.#".E8%*%"$#&+"=%"(*NOOP:*0(&14(1&%'*&%,%&*(+*1&E."* '(&14(1&%'*%:>:*=18(#=+7.8*(&."'6+&(*+,*
6%+68%*."7*>++7'/*.7%G1.(%*<.(%&*#",&.'(&14(1&%/*'=.&(*4#()/*%(4:*NUWP/*(%42"+8+>)*7%$%8+6=%"(*NQXP/*
=+E#8#()* %".E8%=%"(* 71%* (+* &.6#7* 1&E."#g.(#+"*NUO/* 9WP/* 6&+J%4(* =.".>%=%"(/* $.81%* %">#"%%&#">/*
#=6&+$%7*'+4#.8*')'(%='*NOOP*T*.88*4+"4%&"%7*<#(2*1E#G1#(+1'*8#,%*."7*(2%*4&%.(#+"*+,*"%<*+66+&(1"#(#%'*
,+&*J+E'/*%714.(#+"/*<%.8(2*."7*21=."'_*"%%7'*NOOP:*D2%*development*(2%=%*6+#"('*(+*.'6%4('*&%8%$."(*
(+* .42#%$#">* '1'(.#".E8%* 6%+68%/* 68."%(/* 6&+,#(* 7%$%8+6=%"(* <2#8%* E.8."4#">* %4+"+=#4* '144%''* ."7*
G1.8#()*+,*8#,%*k*.*A%)*(&.#(*+,*0+4#%()*9:;*NObP:*!E#G1#(+1'*4+=61(#">*#=6.4('*'%$%&.8*7%$%8+6=%"(.8*
.'6%4('* +,* 8#,%* #"4817#">/* 8%.&"#">/* '2+66#">/* E."A#">/* %(4:/* 18(#=.(%8)* #",81%"4#">* '1'(.#".E8%*
7%$%8+6=%"(*NWaP:* 3'* ,.&* .'* (2%* 7%$%8+6=%"(* +,* .* '=.&(* 4#()* >+%'/* ."* %"$#&+"=%"(* (2.(* .((%"7'* (+*
6%+68%_'*"%%7'/*&.(#+".8*&%'+1&4%'*=.".>%=%"(/*'1'(.#".E8%*7%$%8+6=%"(*."7*%4+"+=#4*'1'(.#".E#8#()/*



=1'(*E%*4+"'#7%&%7*NOaP:*Services*.'*.*(2%=%*2#>28#>2('*(2%*1'%,18"%''*+,*7#>#(.8*(%42"+8+>#%'*.44+&7#">*
(+*(2%#&*6+(%"(#.8*(+*.#7*+&>."#g.(#+".8*(&."',+&=.(#+"*(2&+1>2*&%714#">*,&.>=%"(.(#+"*."7*#"(%>&.(#">*
."7* #=6&+$#">* #"(%&+6%&.E#8#()*NWcP:* 0=.&(* >+$%&"."4%* &%G1#&%'* (2.(* '=.&(* .7=#"#'(&.(+&'* =.".>%*
(%42"+8+>)*(&%"7'*."7*1'%*(2%'%*(%42"+8+>#%'*#"*."*.66&+6&#.(%*=.""%&*,+&*>+$%&"=%"(T*."7*6&#$.(%*
'%&$#4%'/*."7*(+*4+""%4(*6%+68%*NQX/*W;/*UWP:*388*(2%'%*.'6%4('*#"7#4.(%*.*7)".=#4*&%8.(#+"'2#6*E%(<%%"*
4#(#g%"'* ."7* >+$%&"=%"(* .'* (2%* 7%8#$%&)* +,* %,,#4#%"(* 7#>#(.8* 61E8#4* '%&$#4%'* &%G1#&%'* .* =18(#T8%$%8*
(&."',+&=.(#+"*NQU/* WOP:* D2%*data*(2%=%* 4+88.(%'* .88* .'6%4('* +,/* ."7* (%42"+8+>#%'* 1(#8#g%7* ,+&* (2%*
4+88%4(#+"/*6&+4%''#">/*.".8)'%'*."7*.668#4.(#+"*+,*1'%,18*."7*&%G1#&%7*#",+&=.(#+"/*.88*.(*.*2#>2*'6%%7*
NQQ/*9aP:*D%42"+8+>#%'*'142*.'*.&(#,#4#.8*#"(%88#>%"4%/*"%1&.8*"%(<+&A'*."7*=.42#"%*8%.&"#">/*4+=E#"%7*
<#(2*E#>*7.(.*B'(&14(1&%7*."7*1"'(&14(1&%7C/*%".E8%*(2%*.1(+=.(#4*4+88%4(#+"*."7*4.(%>+&#g.(#+"*+,*7.(./*
4&%.(#">* A"+<8%7>%* %"4)48+6%7#.* "%(<+&A'* ."7* %".E8#">* =18(#68%* +1(4+=%'* '142* .'* 6.''%">%&* ."7*
.1(+=+E#8%* =+$%=%"('/* &%714#">* %"$#&+"=%"(.8* #=6.4(/* #"4&%.'#">* '.,%()/* #=6&+$#">* 2%.8(24.&%/*
%"%&>)* 4+"'1=6(#+"/* "%(<+&A* (&.,,#4/* ."7* =+&%*NQ/* Oc/* QU/* 9OP:*Social*7%"+(%'* ,.4%('* &%8.(%7* (+*
21=."#g#">* (%42"+8+>)*N99P* ."7* #"4817%'* '+4#.8* 4+"7#(#+"'* N9aP/* 7%,#"#">* &%8.(#+"'2#6'* .=+">*
'(.A%2+87%&'*NWbP/*+&>."#g.(#+".8*7%4#'#+"T=.A#">*NUP*."7* '+4#+T(%42"+8+>#4.8*4+"'#7%&.(#+"'*Nb/*QW/*
99P/*E.'%7*+"*(2%*.".8)'%'*+,*'+4#.8*."7*62)'#4.8*#",+&=.(#+"*N9aP:*S1&(2%&=+&%/*(2%*#=6&+$%=%"('*+,*
4+88.E+&.(#$%* (%42"+8+>#%'*%".E8%'*4+88.E+&.(#+"* .(* 7#,,%&%"(*8%$%8'*+,*$#&(1.8#()*%:>:*42.(*68.(,+&='/*
<#A#'/* $#7%+* 4+",%&%"4#">/* E8+>'/* %"(%&6&#'%* '+4#.8* =%7#./* 6+74.'('/* =%''.>#">* ."7* ,#8%* '2.&#">*
68.(,+&='*NU/*bP:*Model*.'*.*(2%=%*&%6&%'%"('*<+&A*6&+4%''*%I%41(#+"*<#(2*4+"'#7%&.(#+"*+,*#"61(T*."7*
+1(61(*%$%"('/*.'*<%88*.'*4+=6+'#(%*6&+4%''*=+7%8'*N9bP:*]+=6+'#(%*6&+4%''*=+7%8'*=.)*.8'+*#"4817%*
(.'A'* %I%41(%7* #"* '%$%&.8* =.42#"%'*NWWP/* ,%%7E.4A* 6&+4%''%'/* #"(%>&.(#+"* 6&+4%''%'* ."7* %$.81.(#+"*
6&+4%''%'*NOP:*D2%*(2%=%*future*%=62.'#g%'*(2%*#=6+&(."4%*+,*,1(1&%*>8+E.8*4+=6%(#(#$%"%''*."7*(2%*
,.4(* (2.(* (2%* )+1">* >%"%&.(#+"* #'* #=6+&(."(* 4+"(&#E1(+&'* (+* %4+"+=#4* ."7* '+4#.8* 7%$%8+6=%"(* %:>:*
,8%I#E8%*<+&A*.&&.">%=%"('*(2.(*=.)*68.)*.*A%)*&+8%*#"*(2%*,1(1&%*NUP:*377#(#+".88)/*(2%*,1(1&%*=.)*.8'+*
7%,#"%*.*"%<*68.4%*."7*&+8%*,+&*#"'(#(1(#+"'*."7*6%+68%*&%'6+"'#E8%*,+&*6&%6.&#">*,1(1&%*=%=E%&'*+,*
'+4#%()*(+*4+T4&%.(%*."7*6.&(#4#6.(%*#"*0+4#%()*9:;:*5#>#(.8#g.(#+"*=.)*#"(&+714%*(2%*(%.42%&T=.42#"%*
6%&'+".*.44+1"(.E8%*,+&*.*'(17%"(_'*'4#%"(#,#4*7%$%8+6=%"(*6&+4%''/*<2#8%*(2%*(%.42%&T21=."*<#88*(.A%*
4.&%*+,*.*'(17%"(_'*'+4#.8*7%$%8+6=%"(*NU;/*9OP:*?"*.77#(#+"/*'1'(.#".E8%*,1(1&%*>&+<(2*&%8)*+"*(2%*.E#8#()*
(+*%=E&.4%*%"(&%6&%"%1&'2#6*."7*#""+$.(#+"*NW;/*UWP:*

D2%*8.'(*b*(2%=%'*.&%*'#">8%*4+"4%6(*(2%=%'/*."7*<%*7#'41''*(2%=*E&#%,8):*Research*2#>28#>2('*(2%*
#=6+&(."4%*+,*'4#%"(#,#4*4+"(&#E1(#+"'*#",+&=%7*E)*'4#%"4%*."7*(%42"+8+>)*'(17#%'*NWUP/*<2#8%*society*
%I.=#"%'*(+*"+(#+"*+,*.*68.(,+&=*'+4#%()*7&#$%"*(+*.*8.&>%*%I(%"(*E)*7.(.*BE#>*7.(.C*&%8.(%7*(+*=18(#68%*
&+8%*68.)%&'*%:>:*#"7#$#71.8'/*'=.88*E1'#"%''%'/*61E8#4*E+7#%'/*4#$#4*'+4#%()/*%(4:*NUQP:*D2%*business*(2%=%*
%"(.#8'*(.#8+&%7* E1'#"%''* "%%7'*%".E8%7* E)*(%42"+8+>#%'* ,+&* E1'#"%''* .1(+=.(#+"/* (%42"+8+>#%'* ,+&*
%"(%&6&#'%*'+,(<.&%*E1'#"%''*."7*E1'#"%''*#"(%88#>%"4%*N9Q/*9aP*48+'%8)*.''+4#.(%7*<#(2*(2%*innovation*
(2%=%* #"$+8$#">* '(&14(1&.8* %=6+<%&=%"(* .'* .* 4+"7#(#+"* ,+&* #""+$.(#+"* ."7* .* "%4%''.&)* (&#>>%&* (+*
%=6+<%&*%=68+)%%'*NWQP:*S#".88)/*computing*."7* connectivity*2#>28#>2(*(2%*"%4%''#()*+,* '%"'#(#g#">*
%=68+)%%'*(+*(2%*"%%7'*+,*+"8#"%*#"(%&,.4%'*."7*(2%*6&+4%''*+,*1'#">*(%42"+8+>)*(+*4+=68%(%*(.'A'* NU/*
U9P:*








