
Gwtqrgcp"Eqookuukqp."FI"Kphqtocvkqp"Uqekgv{

Hwvwtg"cpf"Gogtikpi"Vgejpqnqikgu"*HGV+

C"tgrqtv"qp

4HE฀&%4฀'LOBAL฀#OMPUTING฀฀
)NITIATIVE

Lwn{"4227
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 4

Vcdng"qh"Eqpvgpvu

Gzgewvkxg"Uwooct{"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000005

30"Kpvtqfwevkqp"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000006

3030"Qdlgevkxgu"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000006

3040"Rtqlgev"Ugv/wr"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000007

3050"Cppwcn"tgxkgyu"cpf"lcodqtggu"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000007

40"Qxgtxkgy"qh"Rtqitguu"kp"Rtqlgevu"cpf"Enwuvgtu"00000000000000000000000000000000000000000000000000000000007

4030"Hqwpfcvkqpu"qh"Pgvyqtmu"cpf"nctig"Fkuvtkdwvgf"Gpxktqpogpvu"000000000000000000000000000000000000007

4040"Cpcn{uku"qh"U{uvgou"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000008

4050"Ncpiwcigu"cpf"Rtqitcookpi"Gpxktqpogpvu"00000000000000000000000000000000000000000000000000000000000000000009

50"Rtqitguu"cpf"Korcev"qh"vjg"Kpkvkcvkxg"00000000000000000000000000000000000000000000000000000000000000000000000000:

5030"Rtqlgev"Kpvgtcevkqpu"cpf"Eqoowpkv{"Dwknfkpi"0000000000000000000000000000000000000000000000000000000000000000:

5040"Eqoowpkv{"dwknfkpi"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000032

5050"Fkuugokpcvkqp"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000033

5060"Korcev"cpf"Gzrnqkvcvkqp"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000033

5070"Hwvwtg"Tgugctej"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000033

60"Inqdcn"Eqorwvkpi"kp"HGV"cpf"Nkpmu"ykvj"Qvjgt"Kpkvkcvkxgu"00000000000000000000000000000000000034

6030"Inqdcn"Eqorwvkpi"KK"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000034

6040"Tgncvgf"KUV"HGV"QRGP"rtqlgevu"0000000000000000000000000000000000000000000000000000000000000000000000000000000000036

6050"Qvjgt"tgncvgf"pcvkqpcn"cevkxkvkgu"000000000000000000000000000000000000000000000000000000000000000000000000000000000000037

6060"Qvjgt"tgncvgf"kpvgtpcvkqpcn"cevkxkvkgu"00000000000000000000000000000000000000000000000000000000000000000000000000000038

70"Eqpenwukqpu"cpf"tgeqoogpfcvkqpu"0000000000000000000000000000000000000000000000000000000000000000000000000038
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5" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

Cppgz"Ï"Inqdcn"Eqorwvkpi"rtqlgevu"000000000000000000000000000000000000000000000000000000000000000000000000003:

" CGQNWU"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000003:
" CIKNG"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000003;
" CRRUGO"KK"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000042
" CUCR"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000043
" ECVPGVU"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000044
" ETGUEEQ"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000045
" FCTV"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000046
" FDINQDG"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000047
" FGICU"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000048
" HNCIU"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000049
" KVTWUV"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000004:
" OKMCFQ"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000004;
" OQDKWU"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000052
" OTI"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000053
" O[VJU"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000054
" RGRKVQ"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000055
" RQR"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000056
" RTQHWPFKU"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000057
" UGEWTG"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000058
" UGEUCHG"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000059
" UGPUQTKC"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000005:
" UQEU"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000005;
" V[RGU"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000062

CEMPQYNGFIGOGPVU

Vjku"fqewogpv"ku"dcugf"qp"vjg"tgrqtv"qp"vjg"vjktf"{gct"tgxkgyu"rtqfwegf"d{"Mwtv"Igkju"*Wpkxgtukv“v"
Mcuugn."Igtocp{."mwtvBigkju0fg+."rtgxkqwu"tgrqtvu"d{"Lcp"xcp"Nggwygp"*Wpkxgtukvgkv"Wvtgejv."
Vjg"Pgvjgtncpfu+"cpf"Fcxkf"Rgcteg"*Wpkxgtukfcf"Tg{"Lwcp"Ectnqu."Ocftkf."Urckp+."cpf"urgekÝe
rtqlgev"fqewogpvu." kpenwfkpi" tgxkgy" tgrqtvu0"Yg"cnuq"ykuj" vq"cempqyngfig" vjg"yqtm"qh" vjg"
rtqlgev"qhÝegt yjq ncwpejgf vjku kpkvkcvkxg. Ngqpctfq Hnqtgu C‚qxgt0

Hcdtk¦kq"Uguvkpk"""hcdtk¦kq0uguvkpkBege0gw0kpv"
Ykfg"Jqigpjqwv"""ykfg0jqigpjqwvBege0gw0kpv"
Gwtqrgcp"Eqookuukqp."FI"Kphqtocvkqp"Uqekgv{."Hwvwtg"cpf"Gogtikpi"Vgejpqnqikgu
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 6

Gzgewvkxg"Uwooct{

Vjg"Inqdcn" Eqorwvkpi" *IE+" kpkvkcvkxg"ycu" ncwpejgf" kp" 4223" d{" vjg" Hwvwtg" cpf" Gogtikpi"
Vgejpqnqikgu"*HGV+"wpkv"ykvjkp"vjg"Kphqtocvkqp"Uqekgv{"Vgejpqnqikgu"*KUV+"rtqitcoog"qh"vjg"
Gwtqrgcp"Eqookuukqp0"

Vjg" okuukqp" qh" vjku" kpkvkcvkxg" ycu" vq" uwrrqtv" jkij/swcnkv{" tgugctej" vjcv" fgxgnqru" oqfgnu."
htcogyqtmu."ogvjqfu" cpf" cniqtkvjou" hqt" eqpuvtwevkpi" nctig/uecng" qrgp" fkuvtkdwvgf" u{uvgou0"
Rtqlgevu"jcxg"cfftguugf"vjg"hwpfcogpvcn"ejcnngpigu"rqugf"d{"tcrkfn{"gxqnxkpi"u{uvgou"eqorqugf"
qh"xgt{"nctig"pwodgtu"qh"cwvqpqoqwu."kpvgtcevkpi"cpf"oqdkng"eqorwvcvkqpcn"gpvkvkgu0"

Vjg"kpkvkcvkxg"hwpfgf"35"TVF"rtqlgevu"hqt"c"vqvcn"eqpvtkdwvkqp"qh"3:04"OÚ0"Qvjgt"HGV"rtqlgevu"
eqpvtkdwvgf"vq"vjg"ucog"vqrke."hqt"cp"cffkvkqpcn"8"OÚ"hwpfkpi0"Vjg"rtqlgevu"cfftguugf"c"ykfg"
urgevtwo"qh"uwdlgevu."uwej"cu"hqtocn"ecnewnk"cpf"eqttgevpguu"rtqqhu"hqt"fkuvtkdwvgf"eqorwvkpi."
u{uvgo"oqfgnu" cpf"oqfgn" ejgemkpi." rggt/vq/rggt" cpf" qxgtnc{" eqorwvgtu." ugewtkv{" cpf" vtwuv"
ocpcigogpv."cu"ygnn"cu"ogejcpkuo"fgukip"hqt"tguqwteg"cnnqecvkqp0"

Vjg"IE" kpkvkcvkxg" dtqwijv" vqigvjgt"oquv" qh" vjg" dguv"Gwtqrgcp" vjgqtgvkecn" eqorwvgt" uekgpeg"
itqwru." eqorngogpvgf" d{" uvtqpi" vgcou" kp" cigpvu." fcvcdcugu." cpf" u{uvgou" cpf" pgvyqtm"
gpikpggtkpi0"UekgpvkÝe qwvrwv kp vgtou qh rwdnkecvkqpu. RjF vjgugu. yqtmujqru gve0 ycu hqwpf
vq"dg"xgt{"jkij0"Tguwnvu"ygtg"cv"vjg"hqtghtqpv"qh"vjg"uvcvg"qh"vjg"ctv."cpf"kp"egtvckp"ctgcu"oclqt"
dtgcmvjtqwiju"ygtg" cejkgxgf" *g0i0"wukpi" v{rg" vjgqt{" hqt" ugewtkv{"rtqqhu+0"Qxgtcnn" vjgtg" ku" c"
jkij"cyctgpguu"qh"cevkxkvkgu"cpf"tguwnvu"ykvjkp"qvjgt"rtqlgevu0"Vjku"jcu"ngf"vq"cp"cevkxg."qrgp"
cpf"eqqrgtcvkxg"gzejcpig"dgvyggp"rtqlgevu0"Qp"vjg"yjqng."vjg"IE"kpkvkcvkxg"jcu"uweeggfgf"kp"
dwknfkpi"c"uvtqpi"cpf"xkukdng"Gwtqrgcp"tgugctej"eqoowpkv{"hqewuugf"qp"vjgqtgvkecn"curgevu"qh"
Inqdcn"Eqorwvkpi."kp"vjg"tgcno"qh"vjgqtgvkecn"eqorwvgt"uekgpeg0"

Yjkng"vjg"korcev"qh"IE"ycu"tgoctmcdng"kp"ugxgtcn"ctgcu"qh"vjgqtgvkecn"eqorwvgt"uekgpeg."nguu"
korcev"eqwnf"dg"pqvgf" kp" tgurgev" vq" u{uvgou"dwknfkpi"cpf"rtcevkecn"gzrnqkvcvkqp0"Vjku" ku"qpg"
hqewu"qh"vjg"hqnnqy/qp"Inqdcn"Eqorwvkpi"KK"kpkvkcvkxg"kp"HR8."yjqug"rtqlgevu"jcxg"uvctvgf"kp"
Ugrvgodgt"42270""Qxgtcnn."IE"jcu"dggp"cp"kpewdcvqt"hqt"ocp{"hqnnqy/qp"tgugctej"cevkxkvkgu0
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7" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

Kpvtqfwevkqp"

HGV"*Hwvwtg"cpf"Gogtikpi"Vgejpqnqikgu+"ku"vjg"KUV"Rtqitcoog"pwtugt{"qh"pqxgn"cpf"gogtikpi"
uekgpvkÝe kfgcu0 Kvu okuukqp ku vq rtqoqvg tgugctej vjcv ku qh c nqpi/vgto pcvwtg qt kpxqnxgu
rctvkewnctn{"jkij"tkumu."eqorgpucvgf"d{"vjg"rqvgpvkcn"qh"c"jkij"uqekgvcn"qt"kpfwuvtkcn"korcev0"HGV"
iqcnu"ctg"cejkgxgf"xkc"cp"ÐqrgpÑ"uejgog"cpf"c"ÐrtqcevkxgÑ"uejgog0"Yjkng"vjg"qrgp"uejgog"
ku"eqpuvcpvn{"qrgp"vq"rtqrqucnu"hqt"dqnf"cpf"xkukqpct{"tgugctej"qp"cp{"uwdlgev"tgncvgf"vq"KUV."
vjg"rtqcevkxg"uejgog"ku"hqewugf"qp"c"uocnn"pwodgt"qh"rtqcevkxg"kpkvkcvkxgu0"Vjgug"ctg"uvtcvgike"
ctgcu"kfgpvkÝgf d{ vjg GE *kp eqpuwnvcvkqp ykvj vjg ockp uvcmgjqnfgtu+ cu jqnfkpi rctvkewnct
rtqokug"hqt"vjg"hwvwtg."kp"qtfgt"vq"qrgp"pgy"rquukdknkvkgu"cpf"ugv"pgy"vtgpfu"hqt"hwvwtg"tgugctej"
rtqitcoogu"kp"Kphqtocvkqp"Uqekgv{"Vgejpqnqikgu0"

HGV"ncwpejgf"vjg"Inqdcn"Eqorwvkpi"*IE+"rtqcevkxg"kpkvkcvkxg"kp"4223."ykvjkp"vjg"Kphqtocvkqp"
Uqekgv{"Vgejpqnqikgu"*KUV+"rtkqtkv{"qh"vjg"7vj"Htcogyqtm"Rtqitcoog"qh"Eqoowpkv{"Tgugctej"
*HR7+" qh" vjg" Gwtqrgcp" Eqookuukqp0" Kp" qtfgt" vq" knnwuvtcvg" vjg" vjgocvke" eqpvgzv" qh" Inqdcn"
Eqorwvkpi."Hkiwtg"3"ujqyu"vjg"rtq/cevkxg"kpkvkcvkxgu"qh"HGV"kp"HR70"
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Hki03<"HGV"rtq/cevkxg"kpkvkcvkxgu"kp"HR7

Kp"HR8"cffkvkqpcn"rtqcevkxg"kpkvkcvkxgu"ygtg"etgcvgf."uwej"cu"Dg{qpf"Tqdqvkeu."Eqorngz"U{uvgou."
Fkucrrgctkpi" Eqorwvgt" KK." Cfxcpegf" Eqorwvkpi" Ctejkvgevwtgu." Ukvwcvgf" cpf" Cwvqpqoke"
Eqoowpkecvkqpu."cpf"vjg"hqnnqy/wr"Inqdcn"Eqorwvkpi"KK."yjqug"ecnn"ycu"rwdnkujgf"kp"Lwpg"
4226."hqt"rtqlgevu"uvctvkpi"kp"vjg"ugeqpf"jcnh"qh"42270"

3030" Qdlgevkxgu

Vjg"qxgtcnn"okuukqp"qh" vjg"Inqdcn"Eqorwvkpi" kpkvkcvkxg" kp"HR7"ycu" vq" uwrrqtv" jkij/swcnkv{"
tgugctej" vjcv"fgxgnqru"oqfgnu." htcogyqtmu."ogvjqfu."cpf"cniqtkvjou"hqt"eqpuvtwevkpi" nctig/
uecng"qrgp"fkuvtkdwvgf"u{uvgou0"Kvu"fgvckngf"qdlgevkxgu"ygtg"dcugf"qp"vjg"tgeqoogpfcvkqpu"qh"c"
eqpuwnvcvkqp"yqtmujqr"yjkej"ycu"jgnf"kp"Ugrvgodgt"42220"Rtqlgevu"ygtg"tgswguvgf"vq"cfftguu"
vjg"hwpfcogpvcn"ejcnngpigu"rqugf"d{"tcrkfn{"gxqnxkpi"u{uvgou"eqorqugf"qh"xgt{"nctig"pwodgtu"
qh"cwvqpqoqwu."kpvgtcevkpi"cpf"oqdkng"eqorwvcvkqpcn"gpvkvkgu0"Kp"vjgug"inqdcn"u{uvgou."cevkxkv{"
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 8

ku"pqv"egpvtcnn{"eqpvtqnngf." vjg"eqpÝiwtcvkqp xctkgu qxgt vkog. cpf vjg kphqtocvkqp cdqwv vjg
gpxktqpogpv"ku"kpeqorngvg0"Vjg"wnvkocvg"iqcn"ycu"vq"rtqxkfg"c"uqnkf"uekgpvkÝe hqwpfcvkqp hqt
wpfgtuvcpfkpi." cpcn{ukpi" cpf" fgukipkpi" uwej" u{uvgou" uq" vjcv" vjg{" ctg" Þgzkdng. fgrgpfcdng.
ugewtg."tqdwuv"cpf"ghÝekgpv0

3040" Rtqlgev"Ugv/wr"

Vjg"ecnn"hqt"rtqlgevu"ycu"rwdnkujgf"kp"Hgdtwct{"42230"Vjg"kpkvkcvkxg"hwpfgf"35"TVF"rtqlgevu"hqt"
c"vqvcn"hwpfkpi"qh"3:04"OÚ."tgrtgugpvkpi"ctqwpf"8"'"qh"vjg"rtqitcoogÓu"vqvcn"ghhqtv"kp"HGV"kp"
HR70"Vjg"IE"rtqlgevu"dgicp"qp"Lcpwct{"3uv."4224."cpf"ncuvgf"pgctn{"vjtgg"{gctu"cpf"c"jcnh0"

3050" Cppwcn"tgxkgyu"cpf"lcodqtggu

Cnn"vjg"rtqlgevu"kp"vjku"kpkvkcvkxg"wpfgtygpv"enwuvgtgf"cppwcn"rtqlgev"tgxkgyu."itqwrgf"kp"c"rgtkqf"
qh"c"hgy"fc{u"cpf"lqkpgf"ykvj"rwdnke"gxgpvu"fgfkecvgf"vq"vjg"eqoowpkv{."uq"vq"hcxqwt"eqnncdqtcvkqp"
cpf"etquu/hgtvknkucvkqp"dgvyggp"fkhhgtgpv"rtqlgevu0"Vjg"Ýtuv vyq ockp IE tgxkgyu ygtg jgnf kp
Octej"4225"cpf"Octej"4226."dqvj" kp"Tqxgtgvq" *Vtgpvq." Kvcn{+=" kp"4225"uqog"rtqlgevu"ygtg"
tgxkgygf"kp"E{rtwu0"Vjg"vjktf"{gct"tgxkgy"vqqm"rnceg"cv"vjg"Wpkxgtukv{"qh"Gfkpdwtij"*WM+."kp"
Crtkn"4227."eq/nqecvgf"ykvj"vjg"GVCRUÓ27"eqphgtgpeg0"

Oquv" qh" vjg"IE" rtqlgev" tgrtgugpvcvkxgu" cnuq" cvvgpfgf" vjg" rwdnke"Yqtmujqr" qp"Vtwuvyqtvj{"
Inqdcn"Eqorwvkpi."qticpk¦gf"cu"rctv"qh"vjg"GVCRUÓ27"eqphgtgpeg"rtqitcoog0"Vjg"yqtmujqr"
rtgugpvgf" cpf"fkuewuugf" hwtvjgt" kpukijvu" kp"Inqdcn"Eqorwvkpi." kp" rctvkewnct" kpvtqfwekpi" vjg"
vjtgg"rtqlgevu"yjkej"jcf"dggp"ugngevgf"kp"vjg"ecnn"qp"Inqdcn"Eqorwvkpi"KK"kp"42270"

40"Qxgtxkgy"qh"Rtqitguu"kp"Rtqlgevu"cpf"Enwuvgtu

Vjg"35"rtqlgevu"qh"vjg"IE"kpkvkcvkxg"cfftguugf"c"dtqcf"urgevtwo"qh"uwdlgevu"kp"nkpg"ykvj"vjg"
igpgtcn"IE"qdlgevkxgu0"Vjg{"ygtg" itqwrgf" kpkvkcnn{" kp" vjtgg" vjgocvke" enwuvgtu<"Hqwpfcvkqpu"
qh" Pgvyqtmu" cpf" nctig" Fkuvtkdwvgf" Gpxktqpogpvu."Cpcn{uku" qh" U{uvgou" cpf" Ncpiwcigu" cpf"
Rtqitcookpi"Gpxktqpogpvu0"Kp"vjku"ugevkqp."yg"ikxg"c"dtkgh"uwooct{"qh"vjg"rtqlgevuÓ"qdlgevkxgu"
cpf" vjgkt"oclqt"cejkgxgogpvu" kp"{gct"5."itqwrgf"ceeqtfkpi" vq" vjg"enwuvgtu0"Yg"cnuq"rqkpv" vq"
igpgtcn"rtqlgev"uweeguu"uvqtkgu"cpf"jkijnkijvu0"Hwtvjgt"fgvcknu"cpf"vjg"rtqlgevuÓ"ygd"ukvgu"ecp"dg"
hqwpf"kp"vjg"cppgzgf"rtqlgev"Ýejgu0

4030" Hqwpfcvkqpu"qh"Pgvyqtmu"cpf"nctig"Fkuvtkdwvgf"Gpxktqpogpvu

Vjku"enwuvgt"ycu"ogcpv"vq"nc{"vjg"hqwpfcvkqpu"qh"inqdcn"eqorwvkpi"kphtcuvtwevwtgu0"Kvu"rtqlgevu"
ygtg"fgcnkpi"ykvj" kuuwgu" uwej"cu" uejgfwnkpi"cniqtkvjou"cpf"ogejcpkuo"fgukip" hqt" tguqwteg"
ujctkpi" dgvyggp" cwvqpqoqwun{" kpvgtcevkpi" cigpvu." wug" qh" v{rg/vjgqtgvke" crrtqcejgu" hqt" vjg"
urgekÝecvkqp cpf xgtkÝecvkqp qh fkuvtkdwvgf eqorwvkpi u{uvgou. cpf qvjgt rctcfkiou tgncvgf vq
vjg"tgcuqpkpi"cdqwv"rtqrgtvkgu"qh"uwej"u{uvgou0"Vjg"rtqlgevu"kp"vjku"enwuvgt"ygtg<"

ETGUUEQ" *Etkvkecn" Tguqwteg" Ujctkpi" hqt" Eqqrgtcvkqp" kp" Eqorngz" U{uvgou+." eqpfwevkpi"
tgugctej"qp" hqwpfcvkqpcn" curgevu" qh"ocpcikpi" etkvkecn" tguqwtegu" *g0i0" dcpfykfvj." htgswgpe{."
gpgti{."rtqeguuqt"vkog+"kp"IE"kphtcuvtwevwtgu"eqppgevkpi"xgt{"nctig"pwodgtu"qh"kpfgrgpfgpv."
rquukdn{"oqdkng"cpf"ugnÝuj cigpv gpvkvkgu0
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9" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

ETGUUEQ" jcu" dggp" qpg" qh" vjg" Ýtuv tgugctej rtqlgevu *vqigvjgt ykvj HNCIU+ vjcv crrnkgf
geqpqoke"icog"cpf"cwevkqp"vjgqtkgu"vq"vjg"swguvkqp"qh"tguqwteg"ujctkpi"kp"fkuvtkdwvgf"eqorwvkpi"
u{uvgou." yjkej" jcu" ngf" vq" hwpfcogpvcn" kpukijvu" kpvq" tguqwteg" ocpcigogpv" ykvj" oqpgvct{"
kpegpvkxgu0""

FDINQDG" *C"Fcvc/Egpvtke"Crrtqcej" vq"Inqdcn"Eqorwvkpi+." ckokpi" cv" gzvgpfkpi" ewttgpv"
fcvcdcug"vgejpqnqi{"kp"qtfgt"vq"cfftguu"fcvc"ocpcigogpv"tgswktgogpvu"kp"nctig/uecng"pgvyqtmu"
qh"oqdkng"gpvkvkgu"wukpi"c"fcvc/egpvtke"cpf"ugtxkeg/qtkgpvgf"crrtqcej"vq"IE0"

Vjg"rtqlgev"fgxgnqrgf"c"pgy"rqygthwn"ncpiwcig"hqt"kpvgitcvkpi"fqewogpvu"cpf"swgtkgu."ecnngf"
Cevkxg"ZON." c"oclqt" uweeguu" ceeqtfkpi" vq" vjg" rtqlgev" tgxkgygtu0"Vjgtg" ctg" nkpmu" htqo" vjg"
CZON" fgxgnqrgtu" vq" vjg"Y5E"ZSWGT[" itqwr"yjkej"okijv" ngcf" vq" c" vcmg/wr" qh"CZON"
hgcvwtgu"kp"vjg"ZSWGT["uvcpfctf0"

HNCIU"*Hqwpfcvkqpcn"Curgevu"qh"Inqdcn"Eqorwvkpi"U{uvgou+."yjqug"qdlgevkxg"ku"vq"rtqxkfg"c"
igpgtcn"ugv"qh"fgukip"rtkpekrngu"cpf"ogejcpkuou"kp"qtfgt"vq"hceknkvcvg"vjg"eqpuvtwevkqp"qh"inqdcn"
eqorwvkpi"u{uvgou"ykvj"cwvqpqoqwu"cpf"ugnÝuj cigpvu eqorgvkpi hqt tguqwtegu0

Cu"ETGUUEQ."HNCIU"cnuq"crrnkgf"geqpqoke"icog"cpf"cwevkqp"vjgqtkgu" vq" vjg"swguvkqp"qh"
tguqwteg"ujctkpi"kp"fkuvtkdwvgf"eqorwvkpi"u{uvgou0"D{"fqkpi"uq."kv"jcu"cejkgxgf"cp"kortguukxg"
ugv"qh"hqwpfcvkqpcn"tguwnvu"hqt"c"ykfg"tcpig"qh"fgukip"curgevu"qh"IE"u{uvgou0

UQEU"*Uqekgvkgu"qh"Eqorwvggu+."kpxguvkicvkpi"eqorwvcvkqpcn"cpf"nqikecn"oqfgnu"hqt"fguetkdkpi."
cpcn{¦kpi."cpf"xgtkh{kpi"rtqrgtvkgu"qh"kpfkxkfwcn"cigpvu"cu"ygnn"cu"qh"uqekgvkgu"qh"cigpvu0"Vjg"
ockp"hqewu"ku"qp"hqtocn"oqfgnu"vjcv"kfgpvkh{"eqtg"hwpevkqpcnkvkgu"vjcv"vjg"gpvkvkgu"pggf"vq"jcxg"
kp"c"IE"gpxktqpogpv0

Vjg"rtqlgev"jcu"ujqyp"vjcv"nqike"rtqitcookpi"vgejpkswgu"ukornkh{"eqpukfgtcdn{"vjg"rtqqhu"qh"
rtqrgtvkgu"qh"inqdcn"eqorwvkpi"u{uvgou0

4040" Cpcn{uku"qh"U{uvgou

Vjg"hqewu"qh"vjku"enwuvgt"jcu"dggp"qp"vjg"wug"qh"hqtocn"vgejpkswgu"uwej"cu"v{rg"vjgqt{."rtqqh/
ectt{kpi"eqfg."cpf"hqtocn"oqfgnu"hqt"vtwuv"ocpcigogpv"kp"qtfgt"vq"xcnkfcvg"u{uvgo"rtqrgtvkgu"
uwej"cu"eqttgevpguu"cpf"ugewtkv{0"

FCTV" *F{pcoke"Cuugodn{."TgeqpÝiwtcvkqp cpf V{rg Vjgqt{+. fgxgnqrkpi hqtocnkuou cpf
vgejpkswgu" hqt" vjg"oqfgnkpi" qh" vjg" vgorqtcn" fkogpukqp" qh"IE" u{uvgou" kp" qtfgt" vq" uwrrqtv"
ctdkvtct{"kpvgtngcxkpi"qh"v{rg/ejgemkpi."ogvc/rtqitcookpi."cpf"pqtocn"eqorwvcvkqpcn"cevkxkvkgu"
yjkng"tgvckpkpi"uchgv{0

Vjku"eqpuqtvkwo"jcu"rtqfwegf"pqvcdng"uqhvyctg"rtqvqv{rgu"vjcv"fgoqpuvtcvg"rtcevkecn"crrnkecvkqpu"
qh" vjg" hqtocn"ogvjqfu." gurgekcnn{"ykvj" tgurgev" vq" Ðuoctv" tgeqorkncvkqpÑ0"Vjgug"oc{" dg" qh"
kpvgtguv"vq"vqqn"xgpfqtu0"

OTI" *Oqdkng"Tguqwteg"Iwctcpvggu+."gzvgpfkpi"vjg"eqpegrv"qh"Rtqqh/Ectt{kpi"Eqfg"*REE+"
vq"kpenwfg"iwctcpvggu"qh"tguqwteg"wucig."dqvj"kp"jkij/ngxgn"uqwteg"eqfg."k0g0"kp"c"wugt/qtkgpvgf"
rtqitcookpi"ncpiwcig."cpf"kp"nqy/ngxgn"vctigv"eqfg."g0i0"c"xktvwcn"ocejkpgÓu"d{vg"eqfg0
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" :

Cnvjqwij"uocnn"kp"uk¦g."OTI"jcu"ocfg"c"tgncvkxgn{"nctig"eqpvtkdwvkqp"kp"vjg"tgcno"qh"REE/dcugf"
u{uvgo"cpcn{uku"cpf"xgtkÝecvkqp0Cvjgqtgvkecnn{ygnn hqwpfgf. eqortgjgpukxgREEkphtcuvtwevwtg
cu" ygnn" cu" cp" kppqxcvkxg" htcogyqtm" hqt" hqtocn" egtvkÝecvgu qh tguqwteg eqpuworvkqp ygtg
fgxgnqrgf0"Vjg"rtqlgev"jcu"kpetgcugf"uwduvcpvkcnn{"vjg"kpukijvu"kpvq"vjg"rqygt"cpf"wughwnpguu"
qh"vjku"vgejpqnqi{0""

O[VJU" *Oqfgnu" cpf" V{rgu" hqt" Ugewtkv{" kp" Oqdkng" Fkuvtkdwvgf" U{uvgou+." gzrnqtkpi" cpf"
fgxgnqrkpi"v{rg/dcugf"vjgqtkgu"qh"ugewtkv{"hqt"oqdkng"cpf"fkuvtkdwvgf"u{uvgou0

Vjku"jcu"dggp"c"uocnn"rtqlgev"ykvj"qwvuvcpfkpi"tguwnvu="ceeqtfkpi"vq"vjg"tgxkgygtu"kv"cejkgxgf"c"
dtgcmvjtqwij"kp"vjg"fgxgnqrogpv"qh"v{rg/dcugf"vjgqtkgu"gphqtekpi"vjg"ugewtkv{"qh"IE"u{uvgou"
cpf"crrnkecvkqpu0

RTQHWPFKU"*Rtqqhu"qh"Hwpevkqpcnkv{"hqt"Oqdkng"Fkuvtkdwvgf"U{uvgou+."eqpfwevkpi"tgugctej"
qp" hqtocn"oqfgnnkpi"cpf"xgtkÝecvkqp vgejpkswgu vq gzrnqtg mg{ kuuwgu kp oqdkng fkuvtkdwvgf
u{uvgou."uwej"cu"ugewtkv{"rtqvqeqnu."cwvjgpvkecvkqp."ceeguu"tkijvu"cpf"tguqwteg"ocpcigogpv."cu"
ygnn"cu"cwvqocvke"uwrrqtv"hqt"vjg"fgukip"cpf"korngogpvcvkqp"qh"uwej"hgcvwtgu0"

Vjg"rtqlgev"jcu"dggp"xgt{"uweeguuhwn"kp"rwujkpi"vjg"uvcvg"qh"vjg"ctv"kp"vjg"hqtocn"cpcn{uku"qh"
oqdkng"fkuvtkdwvgf"u{uvgou0"Vjg"vqqnu"hqt"vjg"xgtkÝecvkqp cpf vguvkpi qh ugewtkv{ rtqvqeqnu ctg
eqpukfgtgf"xcnwcdng"cuugvu"vjcv"ecp"dg"wugf"kp"qvjgt"gpxktqpogpvu0

UGEWTG" *Ugewtg" Gpxktqpogpv" hqt" Eqnncdqtcvkqp" coqpi" Wdkswkvqwu" Tqcokpi" Gpvkvkgu+."
fgxgnqrkpi"c"hqtocn"oqfgn"qh"ugewtkv{"dcugf"qp"vjg"pqvkqp"qh"vtwuv"cu"ygnn"cu"cniqtkvjou"hqt"vjg"
f{pcoke"cpf"ugnh/eqpÝiwtkpi ocpcigogpv qh vtwuv0

Rtqlgev"tguwnvu"kpenwfg"hqtocn"oqfgnu"qh"vtwuv"cpf"vtwuv"gxqnwvkqp."yjkej"jcxg"dggp"vjg"dcuku"
hqt" gzvgpukxg" rtcevkecn" fgukip." korngogpvcvkqp" cpf" vguvkpi" cevkxkvkgu0" Kv" ku" swkvg" nkmgn{" vjcv"
vjg"UGEWTG"vtwuv"gpikpg"ecp"dg"vtcpuhgttgf"kpvq"okffngyctg"u{uvgou"hqt"oqdkng"cpf"cf/jqe"
eqoowpkecvkqp"gpxktqpogpvu0

4050" Ncpiwcigu"cpf"Rtqitcookpi"Gpxktqpogpvu

Yjkng"vjg"cdqxg"vyq"enwuvgtu"jcxg"eqpegpvtcvgf"rtkoctkn{"qp"hqtocn"vgejpkswgu"cpf"rtqqhu."vjku"
vjktf"enwuvgt"jcu"wugf"cpf"gzvgpfgf"vjgug"vjgqtgvkecn"hqwpfcvkqpu"vq"eqog"wr"ykvj"uqhvyctg"vqqnu"
cpf"htcogyqtmu"hqt"dwknfkpi"inqdcn"eqorwvkpi"kphtcuvtwevwtgu0"

CIKNG" *Ctejkvgevwtgu" hqt" Oqdknkv{+." gzrnqtkpi" cp" WON/dcugf" ctejkvgevwtcn" crrtqcej" vq"
uqhvyctg"gpikpggtkpi"hqt"oqdkng"u{uvgou"dcugf"qp"c"wpkhqto"ocvjgocvkecn"htcogyqtm0"Vjku"
kpenwfgu"vjgqtgvkecn"hqwpfcvkqpu"cu"ygnn"cu"rtciocvke"vgejpkswgu"hqt"fgukipkpi"oqdkng"eqorwvkpi"
u{uvgou"d{"hqewukpi"qp"uqhvyctg"ctejkvgevwtg"cpf"eqttgurqpfkpi"WON"oqfgnu0"

Vjku"rtqlgev"fgoqpuvtcvgf"vjg"rqygt"cpf"gngicpeg"qh"WON/dcugf"urgekÝecvkqp vgejpkswgu hqt
oqdkng"eqorwvkpi"vjcv"ctg"dcugf"qp"uqwpf"cnigdtcke"hqwpfcvkqpu0"Oqfgn/ejgemgtu"cpf"fgukip"
vqqnu"ecp"dg"hwtvjgt"gzrnqkvgf"kp"hwvwtg"tgugctej"cpf"rtcevkeg0"

FGICU" *Fgukip" Gpxktqpogpvu" hqt" Inqdcn"Crrnkecvkqpu+." fgtkxkpi" urgekÝe oqfgnu uwej cu
rtqeguu" cnigdtcu" cpf" rgthqtocpeg"oqfgnu" htqo" cppqvcvgf" jkij/ngxgn" crrnkecvkqp"oqfgnu" kp"
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;" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

WON" kp" qtfgt" vq" uwrrqtv" vjg" fgukip" cpf" korngogpvcvkqp" qh" inqdcn" eqorwvkpi" crrnkecvkqpu0"
Kv"jcu"cnuq" korngogpvgf"c" ugv"qh" vqqnu" vq"ogejcpkug" vjg"rtqeguu." kpenwfkpi" vjg"gpxktqpogpv"
ÐEjqtgqitcrjgtÑ."yjkej"jcu"dggp"kortguukxgn{"fgoqpuvtcvgf"fwtkpi"vjg"ncuv"tgxkgy0"

Eqoogtekcn"gzrnqkvcvkqp"uggou"hgcukdng"hqt"vjg"Ejqtgqitcrjgt"vqqnu0"Vjg"kpfwuvtkcn"rctvpgt"*k0g0"
Oqvqtqnc"Urckp+"yknn"eqpvkpwg"vq"wug"vjg"vqqnu"hqt"eqoogtekcn"rtqfwevu"yjgtg"crrnkecdng0"

Qpg"qh"vjg"tgugctejgtu"kp"vjku"rtqlgev."Ft0"Lcpg"Jknnuvqp"*Wpkxgtukv{"qh"Gfkpdwtij+."tgegkxgf"vjg"
Tqigt"Pggfjco"Cyctf"hqt"jgt"tgugctej"cejkgxgogpvu0"Kp"jgt"cyctf"ngevwtg"cpf"kp"qvjgt"kpxkvgf"
ngevwtgu"ujg"jcu"rtgugpvgf"tguwnvu"qh"FGICU"vq"vjg"igpgtcn"rwdnke0

OKMCFQ"*Oqdkng"Ecnewnk"Dcugf"qp"Fqockpu+."fgxgnqrkpi"pgy"hqtocn"rtqitcookpi"oqfgnu"
hqt"inqdcn"eqorwvkpi"dcugf"qp"vjg"eqpegrv"qh"rtqeguu"oqdknkv{"cpf"vjg"pqvkqp"qh"ÐfqockpÑ0"
Vjg" hqtocn" oqfgnu" ctg" wugf" vq" dwknf" pgy" rtqvqv{rg" rtqitcookpi" ncpiwcigu" cpf" twpvkog"
gpxktqpogpvu0

Ugxgtcn" ecnewnk" hqt" fkuvtkdwvgf" cpf"oqdkng" eqorwvkpi" u{uvgou"jcxg"dggp"qdvckpgf."yjgtgd{"
vjgug"ecnewnk"ygtg"korngogpvgf"wukpi"c"pgy"igpgtke"korngogpvcvkqp"htcogyqtm0"

RGRKVQ"*Rggt/vq/Rggt"Korngogpvcvkqp"cpf"Vjgqt{+."kpxguvkicvkpi"vjg"hqwpfcvkqpu"qh"uecncdng"
fkuvtkdwvgf"eqorwvkpi"dcugf"qp"vjg"rggt/vq/rggt"*R4R+"eqorwvkpi"rctcfkio0"RGRKVQ"gzrnqtgf"
R4R" cniqtkvjou." rtqitcookpi" ncpiwcig" hgcvwtgu" cpf" c" igpgtke." ncpiwcig/kpfgrgpfgpv"
fkuvtkdwvkqp"rncvhqto"hqt"R4R"eqorwvkpi0

Vjg" rtqlgev" rtqxkfgf" c" rtcevkecn" rtqqh" vjcv" ugtxgt/nguu" fkuvtkdwvgf" u{uvgou" ctg" hgcukdng" cpf"
ecp"rtqxkfg"xgt{"ukoknct" ugtxkegu"cu"eqpxgpvkqpcn."enkgpv1ugtxgt" u{uvgou0"Uqog"qh" vjg"fgoq"
crrnkecvkqpu"jcxg"tckugf"kpvgtguv"hqt"eqoogtekcn"vcmg/wr0

50"Rtqitguu"cpf"Korcev"qh"vjg"Kpkvkcvkxg

Vjtgg"{gctu"qh" tgugctej"qp"IE"jcxg"rtqfwegf"cp" gpqtoqwu" coqwpv"qh"jkij/encuu" uekgpvkÝe
tguwnvu0"Vjgkt"kornkecvkqpu"cu"hqt"korcev"cpf"eqoowpkv{"dwknfkpi"ctg"fkuewuugf"kp"fgvckn"kp"vjku"
Ugevkqp0"

5030" Rtqlgev"Kpvgtcevkqpu"cpf"Eqoowpkv{"Dwknfkpi"

Chvgt"c"itcfwcn"uvctv."kp"vjg"ncuv"{gct"eqnncdqtcvkqpu"dgvyggp"IE"rtqlgevu"jcxg"dgeqog"kpvgpukxg0"
Lqkpv"tgugctej"ngcfkpi"vq"lqkpv"rwdnkecvkqpu."gzejcpig"qh"RjF"uvwfgpvu"dgvyggp"rtqlgev"rctvpgtu."
xkukvu"qh"tgugctejgtu"vq"qvjgt"rtqlgev"ukvgu."lqkpv"yqtmujqru."gzejcpig"qh"mpqyngfig."ujctkpi"
qh"crrnkecvkqp"uegpctkqu"gve0"jcxg"cnn"dggp"uvgrrgf"wr"eqpvkpwqwun{"fwtkpi"vjg"eqwtug"qh" vjg"
kpkvkcvkxg0"

Hkiwtg"4"ujqyu"vjg"nkpmu"etgcvgf"dgvyggp"vjg"IE"rtqlgevu"kp"vjg"kpkvkcvkxg0"C"nkpm"ogcpu"vjcv"
eqnncdqtcvkqp"jcf"dggp"guvcdnkujgf."cu"tgrqtvgf"kp"vjg"vjktf"{gct"tgxkgy"oggvkpiu"cpf"d{"ogodgtu"
qh"vjg"rtqlgev"vgcou0"Vjg"fkcitco"fqgu"pqv"tgÞgev ukorng qxgtncru kp vgejpkecn iqcnu qt vgejpkecn
crrtqcejgu."dgecwug"vjku"ku"cuuwogf"vq"dg"pqtocn"hqt"uwej"c"vjgocvke"kpkvkcvkxg0"
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 32

Vjg"enwuvgtgf"tgxkgyu"cpf"lqkpv"cevkxkvkgu"rgtokvvgf"vq"etgcvg"owvwcn"cyctgpguu"qh"cevkxkvkgu"cpf"
tguwnvu"coqpi"cnn"IE"rtqlgevu0"Vjku"jcu"ngf"vq"cp"cevkxg"cpf"qrgp"eqqrgtcvkqp"dgvyggp"rtqlgevu"
yjkej"ycu" hqwpf"qh"eqpukfgtcdng"dgpgÝv vq vjg yjqng kpkvkcvkxg *cnuq tguwnvkpi kp ucxkpi qh
tguqwtegu+0"

Cu"vjg"fkcitco"knnwuvtcvgu."vjgtg"ygtg"cu"ocp{"kpvgt/"cu"kpvtc/enwuvgt"eqnncdqtcvkqpu0"Vjku"uwiiguvu"
vjcv"gxgpvwcnn{"eqnncdqtcvkqpu"fkf"pqv"hqnnqy"vjg"kpkvkcn"rtqlgev"enwuvgtkpi"rcvvgtpu0"

#2%33#/

$"',/"%

,ANGUAGES฀AND฀0ROGRAMMING฀%NVIRONMENTS

!NALYSIS฀OF฀3YSTEMS

&OUNDATIONS฀OF฀.ETWORKS฀AND฀
,ARGE฀$ISTRIBUTED฀%NVIRONMENTS

UQEU

"

Hki04<"Rtqlgev"kpvgtcevkqpu"kp"IE"*cu"tgrqtvgf"cv"vjg"5tf"tgxkgy+

Uqog" eqnncdqtcvkqp"ycu" engctn{" fwg" vq" rtg/gzkuvkpi" rgtuqpcn"yqtmkpi" tgncvkqpujkru" dgvyggp"
rctvkekrcpvu" kp" vjg" kpkvkcvkxg0" Kv" ku" cnuq" kpvgtguvkpi" vq" pqvg" vjcv" vjg" pwodgt" qh" nkpmu" ku" pqv"
rtqrqtvkqpcn"vq"rtqlgev"uk¦g"kp"vgtou"qh"rctvpgtu"qt"uwdlgev"urgevtwo0"Vjgtg"ctg"uocnn"rtqlgevu."
g0i0"OTI"ykvj"4"rctvpgtu" cpf"O[VJU"ykvj"5"rctvpgtu" vjcv" dqvj"jcxg"ocp{" nkpmu" vq"qvjgt"
rtqlgevu0"Vjku"crrgctu"kp"nkpg"ykvj"vjg"xkgy"vjcv"nctig"rtqlgevu"ecp"rtqitguu"ygnn"gxgp"kh"Ðugnh/
eqpvckpgfÑ"yjgtgcu"uocnngt"kpkvkcvkxgu"pggf"oqtg"htgswgpv"eqpvcevu"ykvj"gzvgtpcn"rctvpgtu"cpf"
cevkxkvkgu0

Qxgtcnn."IE"jcu"ngf"vq"c"pgvyqtm"qh"gzegnngpv"tgugctej"itqwru"yqtmkpi"qp"vjg"hqwpfcvkqpu"qh"
fkuvtkdwvgf"eqorwvkpi"u{uvgou0""

5040" Eqoowpkv{"dwknfkpi"

Vjg"kpvgtcevkqp"fkcitco"kp"Hkiwtg"4"cdqxg"fgoqpuvtcvgu"pkegn{"vjcv"cv"vjg"gpf"qh"vjg"kpkvkcvkxg"
vjgtg"ku"c"tcvjgt"uvtqpi"qxgtcnn"ugpug"qh"eqoowpkv{"kp"IE."yjkej"ycu"pqv"rtgugpv"kp"vjg"dgikppkpi0"
Ykvjkp"vjku"IE"eqoowpkv{"vjgtg"uggo"vq"dg"vyq"qt"vjtgg"Ðkppgt"ektenguÑ"qh"rctvkekrcpvu"vjcv"
eqnncdqtcvg"xgt{"kpvgpukxgn{."cpf"yknn"eqpvkpwg"vq"fq"uq"kp"hwvwtg"tgugctej"rtqlgevu."g0i0"kp"vjg"
IE"4"kpkvkcvkxg0""
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33" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

Vjg"IE"kpkvkcvkxg"ycu"fgÞpgf ykvj vjg cko vq etgcvg c Ñuqnkf"uekgpvkÞe hqwpfcvkqp hqt vjg fgukip
qh"uwej"]IE_"u{uvgou."cpf"vq"nc{"vjg"itqwpfyqtm"hqt"cejkgxkpi"ghhgevkxg"rtkpekrngu"hqt"dwknfkpi"
cpf" cpcn{ukpi" uwej" u{uvgou0Ò" Vjg" vjktvggp" IE" rtqlgevu" jcxg" eqnngevkxgn{" dggp" gzvtgogn{"
uweeguuhwn" kp" cejkgxkpi" vjgug"iqcnu." cu" fgoqpuvtcvgf"d{" vjg"pwodgt"qh" rwdnkecvkqpu." dqqmu."
yqtmujqru"cpf"RjF"vjgugu"*ugg"505"cpf"vjg"kpfkxkfwcn"rtqlgevuÔ"Þejgu kp cppgz+0 Ceeqtfkpi vq
vjg"tgxkgygtÔu"tgrqtv."Ñswcpvkv{"cpf"swcnkv{"qh"vjg"vjgqtgvkecn"tguwnvu"ctg"gzvtcqtfkpct{0Ò

Vjg"qtkikpcn"IE"Ecnn" hqt"Rtqrqucnu"ogpvkqpgf"uqog"rctvkewnct" uwdlgevu" vjcv"rtqlgevu" ujqwnf"
gzrnqtg"k0g0"

30" vjg"fgukip"qh"IE"u{uvgou.
40" cpcn{ukpi"cpf"tgcuqpkpi"cdqwv"vjgkt"dgjcxkqwt.
50" cxqkfkpi"cpf1qt"fgvgevkpi"wpfguktcdng"dgjcxkqwt"vjtqwij"eqpvtqn"qh"vjg"u{uvgo"cpf1qt"

kvu"gpxktqpogpv."cpf
60" wpfgtuvcpfkpi"vjgkt"nkokvu"cpf"rqvgpvkcn0"

Xktvwcnn{" cnn" vjg" 35"IE"rtqlgevu" jcxg" cfftguugf" vjgug" kuuwgu0"Vjg"ockp" fkhhgtgpeg" dgvyggp"
vjg"rtqlgevu"nkgu"kp"*c+"vjg"wpfgtn{kpi"crrnkecvkqp"qt"ctejkvgevwtcn"hqewu"*g0i0"oqdkng"u{uvgou."
Rggt/vq/Rggt."yktgnguu"eqoowpkecvkqpu"gve0+"cpf"*d+"vjg"cfqrvgf"ogvjqfqnqi{0"C"rtgfqokpcpv"
ogvjqf"vq"cpcn{ug."tgcuqp"cdqwv"cpf"eqpvtqn"vjg"dgjcxkqwt"qh"IE"u{uvgou"jcu"dggp"v{rg"vjgqt{0"
FCTV."OKMCFQ."OTI."cpf"O[VJU"jcxg"gzrnkekvn{"wugf"vjku"crrtqcej0"Cnigdtcke"oqfgnu"
qh"fkuvtkdwvgf"u{uvgou"jcxg"cnuq"dggp"cp"kuuwg"qh"oclqt"kpvgtguv"kp"oquv"rtqlgevu0"C"vjktf"oclqt"
eqpegtp"ycu" vjg" fgukip" cpf" cpcn{uku" qh"cniqtkvjou" hqt" g0i0" tguqwteg" ujctkpi" coqpi" ugnÞuj
cigpvu."kphqtocvkqp"ocpcigogpv"kp"rggt/vq/rggt"u{uvgou."vtwuv"ocpcigogpv"cpf"rtqrcicvkqp."
gve0"Kp"vjgug"vjtgg"ctgcu"vjg"IE"rtqlgevu"jcxg"eqnngevkxgn{"eqpvtkdwvgf"vq"guvcdnkuj"cpf"gzvgpf"
vjg"ngcfkpi"tqng"qh"Gwtqrgcp"tgugctejgtu0"

Qtvjqiqpcn"vq"vjg"ogvjqfqnqikecn"xkgyrqkpv."ugewtkv{"qh"inqdcn"eqorwvkpi"u{uvgou"jcu"dggp"c"
tgewttkpi"uwdlgev"kp"ugxgtcn"rtqlgevu."k0g0"kp"FGICU."OTI."O[VJU."RTQHWPFKU."cpf"qh"eqwtug"
UGEWTG0"Vjg"korqtvcpeg"qh"vjku"uwdlgev"cpf"vjg"eqpvtkdwvkqpu"qh"IE"rtqlgevu"vq"vjku"tgugctej"
ctgc"jcxg"dggp"cempqyngfigf"vjtqwij"ocp{"rwdnkecvkqpu"kp"jkijn{"tgurgevgf"eqphgtgpegu"cpf"
lqwtpcnu."cpf"oquv"pqvcdn{"vjtqwij"vjg"Tqigt"Pggfjco"Cyctf"vjcv"ycu"cyctfgf"vq"c"tgugctejgt"
kp"vjg"FGICU"rtqlgev."cu"tgrqtvgf"cdqxg0"Cnuq"pqvcdng"ctg"vjg"eqpvtkdwvkqpu"vq"vjg"kpvgtpcvkqpcn"
uvcvg"qh" vjg"ctv" htqo"OTI"tgncvgf" vq"Rtqqh/Ectt{kpi"Eqfg"*REE+"*crrnkgf" vq"Lcxc"d{vgeqfg"
rtqitcou"cpf"tguqwteg"dqwpfu+0

Dwknfkpi" qp" vjgug" tguwnvu" qh" IE3." ugewtkv{" jcu" dgeqog" c" egpvtcn" vqrke" kp" vjg" IE4" rtqlgev"
OQDKWU0"Vjku"rtqlgev"ckou"cv"dwknfkpi"c"ugewtkv{"ctejkvgevwtg"hqt"inqdcn"eqorwvgtu"*dcugf"qp"
kfgcu"htqo"REE+."rtqxkfkpi"kppqxcvkxg"vtwuv"ocpcigogpv."uvcvke"gphqtegogpv"ogejcpkuou"cpf"
uwrrqtv"hqt"u{uvgo"eqorqpgpv"fqypnqcfkpi0"

5030" Fkuugokpcvkqp

Fkuugokpcvkqp"qh"tguwnvu"vjtqwij"cecfgoke"rwdnkecvkqp"ejcppgnu"jcu"dggp"gzegnngpv0"Rwdnkujkpi"
oqtg" vjcp" 3.222" rggt/tgxkgygf" rcrgtu" kp" lqwtpcnu" cpf" eqphgtgpegu" *kpenwfkpi" ocp{" xgt{"
rtguvkikqwu"vkvngu+."cu"ygnn"cu"cdqwv"37"dqqmu"cpf"dqqm"ejcrvgtu."cdqwv"72"qrgp"yqtmujqru."cpf"
oqtg"vjcp"72"RjF"vjgugu"ku"vtwn{"qwvuvcpfkpi0"
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Rtqlgev"ygd"ukvgu"jcxg"uwduvcpvkcnn{"kortqxgf"qxgt"vjg"eqwtug"qh"vjg"kpkvkcvkxgÔu"nkhgvkog."ockpn{"
fwg"vq"tgxkgygtuÔ"tgeqoogpfcvkqpu0"Igpgtcnn{."ygd"rcigu"ctg" kphqtocvkxg"cpf"eqpvckp" nkpmu"
vq"gzrgtkogpvcn"tguwnvu"*eqfg."itcrjkeu+"cpf"uqwteg"eqfg0"Vjg{"ctg"c"wughwn"tghgtgpeg"hqt"qvjgt"
tgugctejgtu."cpf"vjg{"ctg"swkvg"gcu{"vq"Þpf wukpi crrtqrtkcvg mg{yqtfu0

D{" qwvukfgtu" qh" IE" vjg" tguwnvu" qh" vjg" kpkvkcvkxg" v{rkecnn{" ctg" pqv" fktgevn{" cvvtkdwvgf" vq" vjg"
vgto"Inqdcn"Eqorwvkpi0"Vjku"uggou"vq"dg"c"mkpf"qh"igpgtcn"Ñoctmgvkpi"rtqdngoÒ"hqt"vjg"IE"
kpkvkcvkxg0"Hwvwtg"cevkxkvkgu"ujqwnf"rc{"oqtg"cvvgpvkqp"vq"vjku"kuuwg0"Hqt"gzcorng."lqkpv"rwdnke"
yqtmujqru"wpfgt"vjg"wodtgnnc"qh"rqrwnct"eqphgtgpegu"cpf"qxgtxkgy"rcrgtu"kp"ygnn/tgurgevgf"
lqwtpcnu"urgekÞecnn{ cfftguukpi vjg qdlgevkxgu cpf tguwnvu qh vjg kpkvkcvkxg ujqwnf dg rctv qh vjg
fkuugokpcvkqp" cevkxkvkgu0"Vjg" kpkvkcvkxg" ku"okuukpi" c" ugrctcvg" UrgekÞe Uwrrqtv Cevkqp *UUC+
rgthqtokpi"uwej"mkpf"qh"octmgvkpi."qticpk¦kpi"cpf"ocpcikpi"vjg"xctkqwu"rwdnke"cevkxkvkgu0

5040" Korcev"cpf"Gzrnqkvcvkqp

Cnvjqwij"vjg"IE"rtqlgevu"jcf"c"ukipkÞecpv korcev qp vjg uvcvg qh vjg ctv kp vjgqtgvkecn tgugctej.
kp"vgtou"qh"eqoogtekcn"gzrnqkvcvkqp"cpf"vcmg/wr"vjg{"jcxg"pqv"{gv"rtqxkfgf"xgt{"xkukdng"tguwnvu0"
Eqpvcevu"ykvj" kpfwuvt{"jcxg"dggp"nkokvgf."cu" ku" vjg"pwodgt"qh"fktgevn{"gzrnqkvcdng"tguwnvu0"C"
pqvcdng"gzegrvkqp"ku"rtqlgev"FGICU."yjgtg"c"vcmg/wr"qh"vqqnu"d{"cp"kpfwuvtkcn"rctvpgt"ku"wpfgt"
pgiqvkcvkqp0"

Kpfggf" IE" rtqlgevu" jcxg" hqnnqygf" c" dcuke" tgugctej" crrtqcej." yjqug" tgcn" ukipkÝecpeg cpf
xcnwg"yknn"uwthceg" ncvgt"yjgp"vjg"vjgqtgvkecn"tguwnvu"yknn"dg" vcmgp"wr"d{"qvjgt"tgugctejgtu"cu"
c"hqwpfcvkqp"hqt"pgy"u{uvgo"fgukipu"cpf"xgtkÝecvkqp vgejpkswgu0 Kp"vjku"tgurgev"vjg"ejqkeg"qh"
ocp{"rtqlgevu"vq"ocmg"kphtcuvtwevwtg"uwrrqtv"uqhvyctg"cxckncdng"qp"c"pqp/eqoogtekcn"dcuku"ku"
fgnkdgtcvg"kp"qtfgt"vq"urggf"wr"vjg"ceegrvcpeg"cpf"fgxgnqrogpv"qh"vjgug"vgejpqnqikgu."cpf"pqv"
wpeqooqp"hqt"vjku"mkpf"qh"ghhqtv0"Kv"ku"wphqtvwpcvg"vjcv"vjg"Gwtqrgcp"eqpvtkdwvkqp"vq"vjg"yqtnf/
ykfg"ghhqtvu"qp"pqp/eqoogtekcn"uqhvyctg"ku"uq"qhvgp"jkffgp."ukpeg"vjg"hqewu"ku"qp"eqoogtekcn"
wrvcmg"kp"c"xgt{"eqpetgvg"ugpug0

5050" Hwvwtg"Tgugctej

Vjg"IE"kpkvkcvkxg"jcu"qrgpgf"wr"ocp{"pgy"tgugctej"ejcnngpigu0"Dgukfgu"vjg"eqpvkpwcvkqp"cpf"
gzvgpukqp"qh"vjg"IE"tgugctej"uwdlgevu."qvjgt"vjtgcfu"qh"hwvwtg"cevkxkvkgu"uggo"rquukdng<"

30" Gzrgtkogpvcvkqp"ykvj"rtqvqv{rgu"cpf"dwknfkpi"u{uvgou

Vjg"IE"rtqlgevu"ygtg"ogcpv"vq"cfftguu"ockpn{"hqwpfcvkqpcn"tgugctej"kuuwgu0"Kv"yqwnf"
pqy"dg"c" nqikecn" uvgr" vq"jctxguv" vjg"gzegnngpv" vjgqtgvkecn" tguwnvu"cejkgxgf" kp" vjg"Þtuv
vjtgg"{gctu"qh"IE"cpf"vq"ujkhv" vjg"cvvgpvkqp"vq"c"oqtg"rtcevkecn" v{rg"qh"tgugctej"ykvj"
rtqvqv{rg"dwknfkpi."gzrgtkogpvcvkqp."cpf"rtcevkecn"gxcnwcvkqp0"

40" Crrnkecvkqp"qh"IE"tguwnvu"vq"pgy"crrnkecvkqp"uegpctkqu"

Ykvjkp" vjtgg" {gctu" qh" IE." vgejpqnqikecn" rtqitguu" jcu" igpgtcvgf" pgy" tgugctej" ctgcu"
qh"igpgtcn" kpvgtguv." g0i0" ugpuqt"pgvyqtmu." ugnh/," u{uvgou." ugtxkeg/qtkgpvgf"eqorwvkpi."
kfgpvkv{"eqorwvkpi"gve0"Ykvjqwv"cp{"fqwdv"ocp{"qh" vjg"IE"tguwnvu"ecp"dg"crrnkgf"qt"
gzvgpfgf"vq"vjgug"ctgcu0"
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60"Inqdcn"Eqorwvkpi"kp"HGV"cpf"Nkpmu"ykvj"Qvjgt"Kpkvkcvkxgu"

Ukoknct"yqtm"vq"IE"jcu"pqv"dggp"ecttkgf"qwv"gnugyjgtg"kp"HGV"qt"oqtg"dtqcfn{"kp"KUV0"Vjg"
ITKF"cpf"Fkucrrgctkpi"Eqorwvgt"kpkvkcvkxgu"cnuq"cfftguu"fkuvtkdwvgf"eqorwvkpi"dwv"kp"fkhhgtgpv"
eqpvgzvu" cpf"ykvj" fkhhgtgpv" ckou<" vjg"ITKF" rtqlgevu" hqewu" qp" nctig" uecng" tguqwteg" ujctkpi."
yjkng"FE"rtqlgevu"gorjcuk¦g"rgtxcukxg"eqorwvkpi"cpf"codkgpv" kpvgnnkigpeg" vgejpkswgu"cpf"
crrnkecvkqpu0"

6030" Inqdcn"Eqorwvkpi"KK"

Vjg"Inqdcn"Eqorwvkpi"KK" *IE" KK+" kpkvkcvkxg" ku" c" hqnnqy/wr" qh"IE0" Kv" cfftguugu"ocp{"qh" vjg"
tgugctej"ejcnngpigu"nkuvgf"cdqxg"kp"Ugevkqp"607."dwknfkpi"qp"vjg"uweeguugu"qh"IE"rtqlgevu0"IE"KK"
rtqlgevu"ctg"pqv"c"ogtg"eqpvkpwcvkqp"qh"IE"vqrkeu."dwv"vt{"vq"rqukvkqp"vjgougnxgu"vqyctfu"pgy"
vtgpfu"cpf"tgugctej"uwdlgevu"uwej"cu"ugtxkeg/qtkgpvgf"ctejkvgevwtgu"cpf"ugpuqt"pgvyqtmu0"

Vjgtg"ctg"vjtgg"Kpvgitcvgf"Rtqlgevu"ugngevgf"kp"IE"KK."jcxkpi"vjg"hqnnqykpi"qdlgevkxgu<"

CGQNWU

̋" Fgxgnqr"cniqtkvjoke"rtkpekrngu"vq"gpcdng"vtcpurctgpv"cpf"ghÝekgpv"ceeguu"vq"vjg"tguqwtegu"
qh"cp"kpvgtpgv/dcugf"inqdcn"eqorwvgt0

̋" Cfftguu"cnuq"eqoowpkecvkqp"dgvyggp"yktgnguu"cpf"oqdkng"pqfgu0
̋" Dwknf"ucorng"ugtxkegu"cpf"crrnkecvkqpu"cu"rtqqh/qh/eqpegrv0

OQDKWU

Kpxguvkicvg"vtwuv"cpf"ugewtkv{"hqt"uocnn"fgxkegu"cu"rctvu"qh"inqdcn"eqorwvgtu0"

Wug"vjg"Rtqqh"Ectt{kpi"Eqfg"rctcfkio0"

Rgthqto"Lcxc/gpcdngf"inqdcn"eqorwvgt"ecug"uvwfkgu0"

UGPUQTKC

Fgxgnqr"cp"gpikpggtkpi"ogvjqfqnqi{"hqt"ugtxkeg/qtkgpvgf"qxgt"nc{"eqorwvgtu0"

Dwknf"eqpvgzv/cfcrvkxg."rgtuqpcnkucdng"inqdcn"ugtxkegu0"

Crrn{"tguwnvu"vq"g/dwukpguu."cwvqoqvkxg"u{uvgou."vgngeqoowpk"ecvkqpu0"

IE"KK"hwpfu"5"Kpvgitcvgf"Rtqlgevu"kpxqnxkpi"c"vqvcn"qh"75"rctvpgtu"htqo"3:"Gwtqrgcp"eqwpvtkgu"
ykvj"c"vqvcn"hwpfkpi"qh"crrtqzkocvgn{"42"OÚ0"Cu"c"eqorctkuqp."vjg"35"IE"rtqlgevu"kpxqnxgf"8:"
rctvpgtu"htqo"37"eqwpvtkgu"*kpenwfkpi"WU+0

Vjg"Ýiwtg"ku"c"tgÞgevkqp"qh"vjg"tgncvkqpu"
dgvyggp"vjg"vjtgg"rtqlgevu0

oqdkwu

cgqnwu

ugpuqtkc

0ROOF฀CARRYING฀CODE
-OBILE฀CODE

#OMMON
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SECURITY฀

#OMMUNICATION
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BUILDING฀
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GLOBAL
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-OBILE
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"ELGIUM +ATHOLIEKE฀5NIVERSITEIT฀,EUVEN ฀
"ELGIUM 5NIVERSITE฀#ATHOLIQUE฀DE฀,OUVAIN ฀
#YPRUS 5NIVERSITY฀OF฀#YPRUS ฀ ฀ ฀ ฀
#ZECH฀2EPUBLIC 5NIVERSITA฀+ARLOVA฀V฀0RAZE ฀
$ENMARK !ARHUS฀5NIVERSITET ฀ ฀
$ENMARK $ANMARKS฀4EKNISKE฀5NIVERSITET ฀ ฀ ฀
$ENMARK +OEBENHAVNS฀5NIVERSITET฀ ฀
$ENMARK 2OSKILDE฀5NIVERSITETSCENTER ฀
%STONIA #YBERNETICA฀!3 ฀
%STONIA 4ALLINN฀5NIVERSITY฀OF฀4ECHNOLOGY ฀ ฀
&RANCE #ENTRE฀.ATIONAL฀DE฀LA฀2ECHERCHE฀3CIENTIlQUE ฀ ฀
&RANCE %COLE฀.ORMALE฀3UPERIEURE฀0ARIS ฀

&RANCE &RANCE฀4ELECOM ฀ ฀
&RANCE )NSTITUT฀.ATIONAL฀DE฀2ECHERCHE฀EN฀)NFORMATIQUE฀ET฀!UTOMATIQUE ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀
&RANCE 4RUSTED฀,OGIC฀3�! ฀ ฀
&RANCE 5NIVERSITE฀DE฀.ICE฀
฀3OPHIA฀!NTIPOLIS ฀
&RANCE 5NIVERSITE฀DE฀0ARIS฀8) ฀
&RANCE 5NIVERSITE฀0ARIS฀�฀$ENIS฀$IDEROT ฀ ฀
'ERMANY !LBERT
,UDWIGS
5NIVERSITAET฀&REIBURG ฀
'ERMANY #HRISTIAN
!LBRECHTS
5NIVERSITAET฀ZU฀+IEL ฀ ฀
'ERMANY &!34฀'ESELLSCHAFT฀FàR฀ANGEWANDTE฀3OFTWARETECHNOLOGIE฀MB( ฀
'ERMANY ,UDWIG
-AXIMILIANS
5NIVERSITAET฀-UENCHEN ฀ ฀ ฀ ฀ ฀ ฀
'ERMANY -AX
0LANCK
'ES�฀Z�&�D�฀7�฀REPRESENTED฀BY฀-0)฀FàR฀)NFORMATIK ฀
'ERMANY 274(฀!ACHEN
'ERMANY 3�.฀!' ฀
'ERMANY 3!0฀!KTIENGESELLSCHAFT ฀
'ERMANY 4ECHNISCHE฀5NIVERSITAET฀$ARMSTADT ฀
'ERMANY 4ECHNISCHE฀5NIVERSITAET฀-UENCHEN ฀
'ERMANY 5NIVERSITAET฀"AYREUTH ฀
'ERMANY 5NIVERSITAET฀$ORTMUND ฀
'ERMANY 5NIVERSITAET฀+ARLSRUHE ฀
'ERMANY 5NIVERSITAET฀0ADERBORN ฀ ฀
'REECE !THENS฀5NIVERSITY฀OF฀%CONOMICS฀AND฀"USINESS ฀
'REECE )NTRACOM฀3�!� ฀
'REECE .ATIONAL฀AND฀+APODISTRIAN฀5NIVERSITY฀OF฀!THENS ฀ ฀
'REECE 0LEFSIS฀)NFORMATION฀3YSTEMS฀3�!� ฀
'REECE 2ESEARCH฀!CADEMIC฀#OMPUTER฀4ECHNOLOGY฀)NSTITUTE ฀ ฀ ฀ ฀
'REECE 5NIVERSITY฀OF฀#RETE ฀
'REECE 5NIVERSITY฀OF฀)OANNINA ฀ ฀
'REECE 5NIVERSITY฀OF฀0ATRAS ฀ ฀ ฀
'REECE 6IRTUAL฀4RIP฀,TD ฀
(UNGARY "UDAPEST฀5NIVERSITY฀OF฀4ECHNOLOGY฀AND฀%CONOMICS ฀
)RELAND .ATIONAL฀5NIVERSITY฀OF฀)RELAND�฀$UBLIN ฀
)RELAND 4RINITY฀#OLLEGE฀$UBLIN ฀ ฀
)TALY #ONSIGLIO฀.AZIONALE฀DELLE฀2ICERCHE ฀ ฀ ฀ ฀
)TALY )STITUTO฀4RENTINO฀DI฀#ULTURA ฀
)TALY -OTOROLA฀%LECTRONICS฀3�0�!� ฀
)TALY /MNYS฀3�2�,� ฀
)TALY 4ELECOM฀)TALIA฀,EARNING฀3ERVICES฀3�P�!� ฀
)TALY 4ELECOM฀)TALIA฀3P! ฀
)TALY 5NIVERSITA฀#A�฀&OSCARI฀DI฀6ENEZIA ฀
)TALY 5NIVERSITÌ฀DI฀"OLOGNA ฀ ฀
)TALY 5NIVERSITÌ฀DI฀&ERRARA ฀
)TALY 5NIVERSITÌ฀DI฀&IRENZE ฀ ฀ ฀
)TALY 5NIVERSITÌ฀DI฀'ENOVA ฀ ฀
)TALY 5NIVERSITÌ฀DI฀0ADOVA ฀
)TALY 5NIVERSITÌ฀DI฀0ISA ฀ ฀ ฀ ฀ ฀ ฀
)TALY 5NIVERSITÌ฀DI฀2OMA฀4OR฀6ERGATA ฀ ฀
)TALY 5NIVERSITÌ฀DI฀2OMA฀,A฀3APIENZA ฀
)TALY 5NIVERSITÌ฀DI฀3ALERNO ฀ ฀
)TALY 5NIVERSITÌ฀DI฀4ORINO ฀ ฀
)TALY 5NIVERSITÌ฀DI฀4RENTO
)TALY 5NIVERSITÌ฀DI฀5DINE ฀ ฀ ฀
)TALY 5NIVERSITÌ฀0OLITECNICA฀DELLE฀-ARCHE ฀
.ETHERLANDS 3TICHTING฀+ATHOLIEKE฀5NIVERSITEIT฀.IJMEGEN ฀ ฀
.ORWAY 3INTEF฀ ฀
.ORWAY 5NIVERSITET฀)฀/SLO ฀
0OLAND 4,3
4ECHNOLOGIE฀3PO฀KA฀Z฀GRANICZON฀ODPOWIEDZIALNO฀CI ฀
0OLAND 5NIWERSYTET฀W฀"IALYMSTOKU ฀
0OLAND 5NIWERSYTET฀7ARSZAWSKI ฀ ฀ ฀ ฀
0ORTUGAL !TX฀3OFTWARE�฀3�!� ฀ ฀
0ORTUGAL 5NIVERSIDADE฀DE฀,ISBOA ฀ ฀ ฀
0ORTUGAL 5NIVERSIDADE฀DO฀-INHO ฀
0ORTUGAL 5NIVERSIDADE฀.OVA฀DE฀,ISBOA ฀
3PAIN 5NIVERSIDAD฀!UTONOMA฀DE฀"ARCELONA ฀
3PAIN 5NIVERSIDAD฀0OLITECNICA฀DE฀-ADRID ฀ ฀
3PAIN 5NIVERSITAT฀0OLITECNICA฀DE฀#ATALUNYA ฀ ฀ ฀ ฀
3WEDEN #HALMERS฀5NIVERSITY฀OF฀4ECHNOLOGY ฀ ฀ ฀
3WEDEN +UNGLIGA฀4EKNISKA฀(OEGSKOLAN ฀
3WEDEN 3WEDISH฀)NSTITUTE฀OF฀#OMPUTER฀3CIENCE ฀
3WEDEN 5PPSALA฀5NIVERSITET ฀
3WITZERLAND %COLE฀0OLYTECHNIQUE฀&EDERALE฀DE฀,AUSANNE ฀ ฀
3WITZERLAND %IDGENÚSSISCHE฀4ECHNISCHE฀(OCHSCHULE฀:àRICH ฀ ฀
3WITZERLAND 5NIVERSITE฀DE฀'ENEVE ฀ ฀ ฀
5NITED฀+INGDOM #ITY฀5NIVERSITY฀,ONDON ฀
5NITED฀+INGDOM #OUNCIL฀FOR฀4HE฀#ENTRAL฀,ABORATORY฀OF฀4HE฀2ESEARCH฀#OUNCILS ฀
5NITED฀+INGDOM 'RAHAM�฀!MANDA฀+LYNE�฀.INE฀BY฀.INE ฀
5NITED฀+INGDOM (ERIOT
7ATT฀5NIVERSITY ฀
5NITED฀+INGDOM (EWLETT
0ACKARD฀,TD ฀
5NITED฀+INGDOM )MPERIAL฀#OLLEGE฀OF฀3CIENCE�฀4ECHNOLOGY฀AND฀-EDICINE ฀ ฀ ฀ ฀ ฀
5NITED฀+INGDOM +ING{S฀#OLLEGE฀,ONDON ฀
5NITED฀+INGDOM ,ONDON฀3OFTWARE฀3YSTEMS ฀
5NITED฀+INGDOM 4HE฀5NIVERSITY฀OF฀"IRMINGHAM ฀
5NITED฀+INGDOM 4HE฀5NIVERSITY฀OF฀%DINBURGH ฀ ฀ ฀ ฀ ฀ ฀
5NITED฀+INGDOM 4HE฀5NIVERSITY฀OF฀,ONDON�฀1UEEN฀-ARY฀AND฀7ESTlELD #OLLEGE ฀ ฀ ฀
5NITED฀+INGDOM 4HE฀5NIVERSITY฀OF฀.OTTINGHAM ฀
5NITED฀+INGDOM 4HE฀5NIVERSITY฀OF฀3USSEX ฀ ฀
5NITED฀+INGDOM 4HE฀6ICTORIA฀5NIVERSITY฀OF฀-ANCHESTER฀ ฀
5NITED฀+INGDOM 5NIVERSITY฀OF฀"RISTOL ฀
5NITED฀+INGDOM 5NIVERSITY฀OF฀#AMBRIDGE ฀ ฀ ฀ ฀
5NITED฀+INGDOM 5NIVERSITY฀OF฀,EICESTER ฀ ฀
5NITED฀+INGDOM 5NIVERSITY฀OF฀/XFORD ฀
5NITED฀+INGDOM 5NIVERSITY฀OF฀3OUTHAMPTON ฀
5NITED฀+INGDOM 5NIVERSITY฀OF฀3TRATHCLYDE ฀ ฀
5NITED฀+INGDOM 5NIVERSITY฀OF฀7ALES�฀#ARDIFF ฀
5NITED฀3TATES 4HE฀2EGENTS฀OF฀THE฀5NIVERSITY฀OF฀#ALIFORNIA ฀

Vcdng"3"Ï"Rctvkekrcvkqp"kp"vjg"IE"tgncvgf"rtqlgevu
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37" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

6040" Tgncvgf"KUV"HGV"QRGP"rtqlgevu"

Vjgtg"ctg"c"pwodgt"qh" nkpmu"dgvyggp"IE"rtqlgevu"cpf"qvjgt"GE"rtqlgevu"vjcv"yknn"dg"hwtvjgt"
gzrnqkvgf" kp" hwvwtg" yqtm0" Hqt" gzcorng." vjg" qpiqkpi" KUV" HGV" QRGP" rtqlgevu" ECVPGVU"
*gxcnwcvkqp" qh" vjg" htgg/octmgv" rctcfkio" hqt" fgegpvtcnk¦gf" qrgtcvkqp" qh" f{pcoke" crrnkecvkqp"
pgvyqtmu+"cpf"CUCR"*cfxcpegf"cpcn{uku"cpf"urgekcnk¦cvkqp"hqt"rgtxcukxg"u{uvgou+"ctg"fktgevn{"
tgncvgf"vq"vjg"igpgtcn"qdlgevkxgu"qh"IE."cpf"yknn"rctvkcnn{"dwknf"qp"IE"tguwnvu0"

Qvjgt"*eqorngvgf"qt"pgct"vq"eqorngvkqp+"HGV"QRGP"tgugctej"cevkxkvkgu"vjcv"ctg"vjgocvkecnn{"
qt"ogvjqfqnqikecnn{"enqug"vq"vjg"rtqlgevu"qh"vjg"IE"kpkvkcvkxg"jcxg"pkegn{"eqorngogpvgf"vjg"
qdlgevkxgu"qh"vjg"IE"kpkvkcvkxg0"Vjg"oquv"pqvcdng"gzcorngu"ctg<"CRRUGO"KK"*Vjgocvke"pgvyqtm"
qp"crrnkecvkqp/qtkgpvgf"ugocpvkeu"qh"rtqitcookpi"ncpiwcigu+."V[RGU"*Yqtmkpi"itqwr"hqewukpi"
qp"vjg"fgxgnqrogpv"qh"ncpiwcigu"cpf"vqqnu"hqt"hqtocn"tgcuqpkpi"dcugf"qp"v{rg"vjgqt{+."UGEUCHG"
*Tgugctej"rtqlgev"fgxgnqrkpi"ogvjqfu"cpf"vqqnu"hqt"vjg"xcnkfcvkqp"qh"vjg"uchgv{"cpf"ugewtkv{"
qh"Lcxc/dcugf"uoctv"ectf"uqhvyctg+."RQR"*Tgugctej"rtqlgev"fgxgnqrkpi"rncvhqto/kpfgrgpfgpv"
gzvgpukqpu" vq" vjg"QrgpOR"rtqitcookpi"oqfgn." gurgekcnn{" hqt"pqp/UOR"ctejkvgevwtgu+." cpf"
KVTWUV"*Yqtmkpi"Itqwr"hqewukpi"qp"eqorwvcvkqpcn" vtwuv"oqfgnu" kp"f{pcoke"qrgp"u{uvgou"
kpvgitcvkpi"kpvgt/fkuekrnkpct{"rgturgevkxgu+0""
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Fwtcvkqp"qh"vjg"fkhhgtgpv"rtqlgevu"tgncvgf"vq"vjg"IE"kpkvkcvkxg

Cnn"vqigvjgt." vjgug"cffkvkqpcn"HGV"QRGP"rtqlgevu"tgegkxgf"c"hwpfkpi"qh"8"oknnkqp"gwtq0"Vjg"
fkcitco"cdqxg" ujqyu" vjg"fwtcvkqp"qh" vjg"fkhhgtgpv" rtqlgev" tgncvgf" vq" vjg"Inqdcn"Eqorwvkpi"
kpkvkcvkxg."yjgtgcu"Vcdng"3"nkuvu"vjg"rctvpgtu"kp"cnn"vjg"IE"tgncvgf"rtqlgevu0
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 38

6050" Qvjgt"tgncvgf"pcvkqpcn"cevkxkvkgu"

IE"rtqlgevu"jcxg"guvcdnkujgf"c"xctkgv{"qh"fktgev"nkpmu"vq"pcvkqpcn"tgugctej"cevkxkvkgu0"Tgrtgugpvcvkxg"
gzcorngu"kpenwfg<

@" Kp"vjg"WM."vjg"GRUTE"tgugctej"cigpe{"jcu"c"pwodgt"qh"rtqitcoogu"vjcv"ctg"tgncvgf"
vq" IE." g0i0" vjg" g/uekgpeg" kpkvkcvkxg0" Vjg" rtqitcoog" Tgugctej" kp" vjg" Hwpfcogpvcn"
Eqorwvgt"Uekgpeg"hqt"g/Uekgpeg"jcu"ocp{"ukoknctkvkgu"ykvj"IE"dwv"c"unkijvn{"uocnngt"
hwpfkpi0" Hwtvjgtoqtg." vjg"Itcpf" Ejcnngpigu" hqt" Eqorwvkpi" Tgugctej" rtqitcoog."
urqpuqtgf"d{"vjg"WM"Eqorwvkpi"Tgugctej"Eqookvvgg"ykvj"uwrrqtv"htqo"GRUTE"cpf"
PgUE."cfftguugu"uqog"qh"vjg"IE"vqrkeu0"

@" Kp"Ktgncpf."vjg"Uekgpeg"Hqwpfcvkqp"qh"Ktgncpf"*UHK+"ku"uwrrqtvkpi"uqog"tgncvgf"tgugctej"
kp"kvu"Kphqtocvkqp"cpf"Eqoowpkecvkqpu"Vgejpqnqi{"fkxkukqp0"

@" Kp"Kvcn{."vjg"OKWTaEQHKP"rtqitcoog"jcu"hwpfgf"1"hwpfu"hqwt"rtqlgevu"vjcv"jcxg"fktgev"
nkpmu"vq"IE."k0g0"VQUEC"*Eqpewttgpe{"Vjgqt{."Jkijgt"Qtfgt"Ncpiwcigu"cpf"V{rgu+."
PCRQNK" *Pgvyqtm"Cyctg"Rtqitcookpi<"Qdlgevu."Ncpiwcigu" cpf" Korngogpvcvkqpu+."
OGHKUVQ" *Hqtocn" Ogvjqfu" hqt" Ugewtkv{+." cpf" EQOGVC" *Eqorwvcvkqpcn" Ogvc/
Oqfgnu+0"

@" Kp"Htcpeg."rtqlgev"rctvpgt"EPTU"qh"IE"rtqlgev"O[VJU"eqnncdqtcvgf"xgt{"uweeguuhwnn{"
ykvj"vjg"Htgpej"KPTKC"rtqlgev"ETKUVCN="vjg{"lqkpvn{"rtqfwegf"c"pgy"rtqitcookpi"
ncpiwcig"yjkej"jcu"cvvtcevgf"kpfwuvtkcn"kpvgtguv0

@" Kp"Uykv¦gtncpf."vjg"wpkxgtukv{"GRHN."rctvpgt"kp"IE"rtqlgev"RGRKVQ."jcu"ugv"qhh"c"Inqdcn"
Eqorwvkpi"Egpvgt" kp"yjkej"cdqwv";2"ogodgtu"qh" vjg" uejqqnÓu" kpuvkvwvg"qh"eqorwvgt"
uekgpeg"ctg"kpxqnxgf0"

@" Kp"Uygfgp."rncppkpi"hqt"c"Egpvgt"qh"Gzegnngpeg"qp"Inqdcn"Eqorwvkpi"ku"wpfgtyc{0"Vjg"
Uygfkuj"tgugctej"cigpe{"XKPPQXC"itcpvgf"rncppkpi"hwpfu"hqt"c"rtqrqucn"d{"U0"Jctkfk"
*IE"rtqlgev"RGRKVQ+"cpf"uqog"qvjgtu0"

6060" Qvjgt"tgncvgf"kpvgtpcvkqpcn"cevkxkvkgu"

Xkgygf"htqo"cp"kpvgtpcvkqpcn"rgturgevkxg."IE"ycu"tgngxcpv"cpf"vkogn{"ncwpejgf0"Qvjgt"hwpfkpi"
cigpekgu"nkmg"vjg"EKUG"fkxkukqp"qh"vjg"Pcvkqpcn"Uekgpeg"Hqwpfcvkqp"*PUH+"jcxg"cnuq"ncwpejgf"
ukoknct"rtqitcoogu<"

@" Vjgqt{" qh" Eqorwvkpi." uwrrqtvkpi" hwpfcogpvcn" tgugctej" kp" eqtg" vjgqt{." hwpfcogpvcn"
cniqtkvjou." cpf" crrnkecvkqp/urgekÝe vjgqt{ *jvvr<11yyy0puh0iqx1rwdu1rtqifgue13;;:1
ekug14:820jvo+"

@" Vtwuvgf"Eqorwvkpi."uggmkpi"vq"guvcdnkuj"c"uekgpvkÞe hqwpfcvkqp hqt ocpcikpi rtkxce{
cpf"ugewtkv{"*jvvr<11yyy0puh0iqx1rwdu142231puh233821puh233820jvon+"

@" Fkuvtkdwvgf"U{uvgou"hqewukpi"qp"pqxgn"eqpegrvu"hqt"vjg"fgukip"qh"fkuvtkdwvgf"u{uvgou"
*jvvr<11yyy0puh0iqx1rwdu1rtqifgue142251ekug14:980jvon+"
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39" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

Yjkng"dqvj"IE"cpf"vjgug"qvjgt"kpvgtpcvkqpcn"rtqitcoogu"jcxg"ugv"pgy"ejcnngpikpi"tgugctej"
fktgevkqpu" kp" vjg" kpvgtpcvkqpcn" ctgpc." vjgtg" ygtg" pq" hqtocn" nkpmu" guvcdnkujgf" dgvyggp" vjgug"
kpkvkcvkxgu0"Vjg"IE"rtqlgev"rctvkekrcpvu"jqygxgt"uggogf"vq"dg"ygnn"cyctg"qh"vjgug"cevkxkvkgu."
cpf"jcf"qhvgp"vjg"qrrqtvwpkv{"vq"etquu/hgtvknkug"kfgcu"cpf"mpqyngfig"vjtqwij"vjgkt"rctvkekrcvkqp"
vq"kpvgtpcvkqpcn"eqphgtgpegu"cpf"yqtmujqru0""

70"Eqpenwukqpu"cpf"tgeqoogpfcvkqpu

Vjg"Inqdcn"Eqorwvkpi"kpkvkcvkxg"jcu"dggp"xgt{"uweeguuhwn"kp"gzrnqtkpi"vjg"vjgqtgvkecn"hqwpfcvkqpu"
qh"inqdcn" eqorwvkpi" u{uvgou0" Kv" jcu" ejcpigf" uwduvcpvkcnn{" vjg" tgugctej" ncpfuecrg0"Cu"pqvgf"
cdqxg." oclqt" uekgpvkÝe dtgcmvjtqwiju cpf uweeguu uvqtkgu ygtg cejkgxgf. nkmg kp FGICU.
O[VJU"cpf"ETGUUEQ0"Jqygxgt."hqt"vjg"v{rg"qh"tgugctej"rgthqtogf"kp"IE"kv"ku"hckt"vq"uc{"
vjcv"vjg"tgcn"xcnwg"cpf"korcev"ecp"qpn{"dg"lwfigf"chvgt"uqog"vkog"qh"gzrnqtkpi"cpf"crrn{kpi"vjg"
vjgqtgvkecn"tguwnvu0"Tgugctej"tguwnvu"vcmg"vkog"vq"ocvwtg"cpf"vq"vwtp"kpvq"tgcn"kppqxcvkqpu0""

Vjg"uekgpvkÝe qwvrwv kp vgtou qh rwdnkecvkqpu cpf RjF vjgugu jcu dggp xgt{ jkij0 C uvtqpin{
pgvyqtmgf"eqoowpkv{"qh"tgugctejgtu"jcu"gogtigf"vjcv"eqnngevkxgn{"fgÝpg vjg uvcvg qh vjg ctv kp
vjg"IE"tgugctej"ctgcu0"Vjg"kpkvkcvkxg"jcu"qrgpgf"wr"cu"ocp{"ejcnngpikpi"pgy"tgugctej"swguvkqpu"
cu"kv"ycu"cdng"vq"uqnxg0"Oqtg"tgugctej"ku"pgeguuct{0"Qxgtcnn."IE"jcu"dggp"cp"kpewdcvqt"hqt"ocp{"
hqnnqy/qp"tgugctej"cevkxkvkgu."kpenwfkpi"IE"KK0"

Vjg"gpqtoqwu"oqogpvwo"gzkuvkpi"cv"vjg"gpf"qh"IE"ujqwnf"dg"rtgugtxgf0"Kp"vjku"tgurgev."vjg"IE"
KK"tgugctej"rctvpgtu"ctg"gpeqwtcigf"vq"etgcvg"c"Pgvyqtm"qh"Gzegnngpeg"uwrrqtvkpi"vjgkt"hwvwtg"
eqnncdqtcvkqp."cpf"vq"Ýpf ogcpu hqt kphqtokpi vjg kpvgtguvgf rwdnke cdqwv vjg tgugctej yqtm. kp
qtfgt"vq"hceknkvcvg"vjg"fkuugokpcvkqp."vtcpuhgt"cpf"gzrnqkvcvkqp"qh"vjg"tguwnvu"qh"IE"KK0

Cnvjqwij"vjg"IE"rtqlgevu"jcxg"rwdnkujgf"ykfgn{."ghhqtvu"ctg"cnuq"wpfgtiqkpi"kp"qtfgt"vq"rtgugpv"
vjg"ockp" tguwnvu"qh" vjg" kpkvkcvkxg" vq"c"dtqcfgt"cwfkgpeg0"Vjku"fqewogpv" ku"c"Ýtuv uvgr kp vjcv
fktgevkqp0
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 3:

CPPGZ"Ï"INQDCN"EQORWVKPI"RTQLGEVU

'LOBAL฀#OMPUTING฀))

CGQNWUCniqtkvjoke"Rtkpekrngu"hqt"Dwknfkpi"GhÝekgpv
Qxgtnc{"Eqorwvgtu"*CGQNWU+

Vjg"tgegpv"gzrnqukxg"itqyvj"qh"vjg"Kpvgtpgv"ikxgu"tkug"vq"vjg"rquukdknkv{"qh"c"inqdcn"eqorwvgt"qh"itcpf/
uecng"eqpukuvkpi"qh"Kpvgtpgv/eqppgevgf"eqorwvkpi"gpvkvkgu"*rquukdn{"oqdkng."ykvj"xct{kpi"eqorwvcvkqpcn"
ecrcdknkvkgu."eqppgevgf"coqpi"vjgo"ykvj"fkhhgtgpv"eqoowpkecvkqp"ogfkc+."inqdcnn{"cxckncdng"cpf"cdng"
vq"rtqxkfg" vq" kvu"wugtu"c" tkej"ogpw"qh"jkij/ngxgn" kpvgitcvgf"ugtxkegu" vjcv"ocmg"wug"qh" kvu" ciitgicvgf"
eqorwvcvkqpcn" rqygt." uvqtcig" urceg." cpf" kphqtocvkqp" tguqwtegu0" Cejkgxkpi" vjku" ghÝekgpvn{ cpf
vtcpurctgpvn{"ku"c"oclqt"ejcnngpig"vjcv"ecp"dg"qxgteqog"d{"kpvtqfwekpi"cp"kpvgtogfkcvg"nc{gt."vjg"qxgtnc{"
eqorwvgt0

Vjg"iqcn"qh"vjku"rtqlgev"ku"vq"kpxguvkicvg"vjg"rtkpekrngu"cpf"fgxgnqr"vjg"cniqtkvjoke"ogvjqfu"hqt"dwknfkpi"
uwej"cp"qxgtnc{"eqorwvgt"vjcv"gpcdngu"vjku"ghÝekgpv cpf vtcpurctgpv ceeguu vq vjg tguqwtegu qh cp Kpvgtpgv/
dcugf"inqdcn"eqorwvgt0

Kp"rctvkewnct."vjg"ockp"qdlgevkxgu"qh"vjku"rtqlgev"ctg<

̋" Vq"kfgpvkh{"cpf"uvwf{"vjg"korqtvcpv"hwpfcogpvcn"rtqdngou"cpf"kpxguvkicvg"vjg"eqttgurqpfkpi"
cniqtkvjoke"rtkpekrngu"tgncvgf"vq"qxgtnc{"eqorwvgtu"twppkpi"qp"inqdcn"eqorwvgtu0

̋" Vq"kfgpvkh{"vjg"korqtvcpv"hwpevkqpcnkvkgu"uwej"cp"qxgtnc{"eqorwvgt"ujqwnf"rtqxkfg"cu"vqqnu"vq"
vjg"rtqitcoogt."cpf"vq"fgxgnqr."tkiqtqwun{"cpcn{¦g."cpf"gzrgtkogpvcnn{"xcnkfcvg"cniqtkvjoke"
ogvjqfu"vjcv"ecp"ocmg"vjgug"hwpevkqpcnkvkgu"ghÝekgpv. uecncdng. hcwnv/vqngtcpv. cpf vtcpurctgpv vq
jgvgtqigpgkv{0

̋" Vq"rtqxkfg"kortqxgf"ogvjqfu"hqt"eqoowpkecvkqp"cpf"eqorwvkpi"coqpi"yktgnguu"cpf"rquukdn{"
oqdkng" pqfgu" uq" vjcv" vjg{" ecp" vtcpurctgpvn{" dgeqog" rctv" qh" nctigt" Kpvgtpgv/dcugf" qxgtnc{"
eqorwvgtu0

̋" Vq" korngogpv" c" ugv" qh" hwpevkqpcnkvkgu." kpvgitcvg" vjgo"wpfgt" c" eqooqp" uqhvyctg" rncvhqto" kp"
qtfgt"vq"rtqxkfg"vjg"dcuke"rtkokvkxgu"qh"cp"qxgtnc{"eqorwvgt."cu"ygnn"cu"dwknf"ucorng"ugtxkegu"qp"
vjku"qxgtnc{"eqorwvgt."vjwu"rtqxkfkpi"c"rtqqh/qh/eqpegrv"hqt"qwt"vjgqtgvkecn"tguwnvu0

Tguwnvu
Vjku"rtqlgev"jcu"pqv"uvctvgf"{gv0

CGQNWU"Kpvgitcvgf"Rtqlgev"KUVH"HR8/37;86/Î"vqvcn"dwfigv"80:7"OÚ
Eqqtfkpcvgf"d{"Wpkxgtukv{"qh"Rcvtcu"*Itggeg+

jvvr<11yyy0

���� ���� ���� ���� ���� ���� ����
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3;" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

'LOBAL฀#OMPUTING

CIKNGCtejkvgevwtgu"hqt"Oqdknkv{"*CIKNG+

Ctejkvgevwtg/dcugf"crrtqcejgu"jcxg"dggp"rtqoqvgf"cu"c"ogcpu"qh"eqpvtqnnkpi"vjg"eqorngzkv{"qh"u{uvgo"
eqpuvtwevkqp"cpf"gxqnwvkqp."pcogn{"hqt"rtqxkfkpi"u{uvgou"ykvj"vjg"ciknkv{"tgswktgf"vq"qrgtcvg"kp"vwtdwngpv"
gpxktqpogpvu"cpf"cfcrv"xgt{"swkemn{"vq"ejcpigu"kp"vjg"gpvgtrtkug"yqtnf0"Tgegpv"vgejpqnqikecn"cfxcpegu"
kp"eqoowpkecvkqp"cpf"fkuvtkdwvkqp"jcxg"ocfg"oqdknkv{"cp"cffkvkqpcn"hcevqt"qh"eqorngzkv{."qpg"hqt"yjkej"
ewttgpv"ctejkvgevwtcn"eqpegrvu"cpf"vgejpkswgu"ctg"pqv"rtgrctgf"hqt0"

CIKNG"ckogf"vq"rtqxkfg"ogcpu"hqt"cfftguukpi"vjku"pgy"ngxgn"qh"eqorngzkv{"d{"fgxgnqrkpi"cp"ctejkvgevwtcn"
crrtqcej"kp"yjkej"oqdknkv{"curgevu"ctg"c"mg{"hcevqt"yjkej"ecp"dg"oqfgnngf"gzrnkekvn{"cpf"ocrrgf"qp"
vjg"fkuvtkdwvkqp"cpf"eqoowpkecvkqp"vqrqnqi{"ocfg"cxckncdng"cv"rj{ukecn"ngxgnu0"Vjg"yjqng"crrtqcej"ku"
vq"dg"fgxgnqrgf"qxgt"c"wpkhqto"ocvjgocvkecn"htcogyqtm"dcugf"qp"itcrj/qtkgpvgf"vgejpkswgu"vjcv"yknn"
uwrrqtv"uqwpf"ogvjqfqnqikecn"rtkpekrngu."hqtocn"cpcn{uku."cpf"tgÝpgogpv0

Tguwnvu
Vjg"rtqlgev"jcu"rwtuwgf"kp"c"eqortgjgpukxg"ocppgt"vjg"Ðctejkvgevwtcn"crrtqcejÑ"vq"oqfgnnkpi."dwknfkpi"
cpf"cpcn{ukpi"oqdkng"uqhvyctg"u{uvgou0"Kv"jcu"fgxgnqrgf"nqikecn"htcogyqtmu"vjcv"engctn{"ugrctcvg"vjg"
vjtgg"qtvjqiqpcn"kuuwgu"qh"eqorwvcvkqp."eqqtfkpcvkqp."cpf"fkuvtkdwvkqp1oqdknkv{"htqo"gcej"qvjgt"cpf"vjcv"
gorjcuk¦g"d{"vjku"ugrctcvkqp"qh"eqpegtpu"oqfwnctkv{"kp"fgukip"cpf"tgcuqpkpi0"

Mg{"tguwnvu"kpenwfg<"

̋" rtkokvkxgu"hqt"gzrnkekvn{"cfftguukpi"oqdknkv{"ykvjkp"ctejkvgevwtcn"oqfgnu."

̋" cnigdtcke"oqfgnu"qh"vjg"gxqnwvkqp"rtqeguugu"vjcv"tguwnv"htqo"u{uvgo"tgeqpÝiwtcvkqp ecwugf d{
oqdknkv{"qh"eqorqpgpvu."

̋" gzvgpukqpu"vq"oqfgnnkpi"ncpiwcigu"nkmg"vjg"WON"vjcv"ocmg"vjg"ctejkvgevwtcn"rtkokvkxgu"cxckncdng"
vq"rtcevkvkqpgtu."

̋" cpcn{uku"vgejpkswgu"hqt"uwrrqtvkpi"eqorqukvkqpcn"xgtkÝecvkqp qh rtqrgtvkgu.

̋" tgÝpgogpv vgejpkswgu hqt tgncvkpi nqikecn oqfgnnkpi ngxgnu ykvj vjg fkuvtkdwvkqp cpf
eqoowpkecvkqp"vqrqnqi{"cxckncdng"cv"rj{ukecn"ngxgnu0

Vjg"rtqlgev"jcu"rtqfwegf"367"tghgtggf"rwdnkecvkqpu0"

CIKNG""Tgugctej"Rtqlgev"KUV/4223/54969"Î"vqvcn"dwfigv"30:8OÚ
Eqqtfkpcvgf"d{"Nwfyki/Oczkoknkcpu/Wpkxgtukvcgv"Owgpejgp"*Igtocp{+

jvvr<11yyy0ruv0kphqtocvkm0wpk/owgpejgp0fg1rtqlgmvg1cikng1
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 42

&%4฀/0%.

Crrnkgf"Ugocpvkeu"KK

Vjg"qdlgevkxg"qh"vjku"ceeqorcp{kpi"ogcuwtg"*Vjgocvke"Pgvyqtm+"ku"vq"ockpvckp"cpf"hwtvjgt"fgxgnqr"
cp"gzkuvkpi"Gwtqrgcp"pgvyqtm"hqt"tgugctej"cpf"vgejpqnqi{"vtcpuhgt"kp"vjg"Ýgnf qh crrnkecvkqp/qtkgpvgf
ugocpvkeu"qh"rtqitcookpi"ncpiwcigu0"Rtqitcookpi"ncpiwcigu"ctg"qpg"qh"vjg"guugpvkcn"kpitgfkgpvu"hqt"
uweeguuhwn"uqhvyctg"fgxgnqrogpv0"Vjku"rtqlgev"ku"c"hqnnqy/wr"qh"gctnkgt"GW/hwpfgf"Yqtmkpi"Itqwru="kv"
hwpfu"lqkpv"yqtmujqru"cpf"owvwcn"xkukvu"dgvyggp"kvu"42"ukvgu="kv"fqgu"pqv"hwpf"tgugctej"fktgevn{0""

Vjgqtgvkecn" tguwnvu"cpf"gzrgtvkug" vjcv"ctg"cxckncdng" kp" vjg"eqpuqtvkwo"yknn"dg"wugf" vq"uqnxg"rtqdngou"
tgncvkpi"vq"rtqitcookpi"ykvj"rtqqhu."kortqxkpi"urgekÝecvkqp cpf xgtkÝecvkqp. v{rg u{uvgou. fkuvtkdwvgf
eqorwvkpi."rtqitcookpi"ykvj"eqpvkpwqwu"fcvc."rtqitcookpi"vjg"ygd0"Cv"vjg"ucog"vkog"cpf"gpcdngf"
d{"vjgug"rtcevkecn"rtqdngou"vjg"vjgqtgvkecn"vqqndqz"yknn"dg"hwtvjgt"fgxgnqrgf."kp"rctvkewnct"vjg"ugocpvke"
wpfgtuvcpfkpi"qh"ugswgpvkcnkv{."fkuvtkdwvkqp."qdlgev/qtkgpvcvkqp"cpf"qh"tguqwteg/dqwpfgf"eqorwvcvkqp0"
Vjku"yknn"jcrrgp"vjtqwij"owvwcn"tgugctej"xkukvu."yqtmujqru"cpf"qpg"uwoogt"uejqqn0

Tguwnvu

Vjg"rtqlgev"ku"pqv"eqpenwfgf"{gv0"Kpuqhct."kv"jcu"dggp"uweeguuhwn"kp"qticpkukpi"c"igpgtcn"yqtmujqr."kpenwfkpi"
cp" Kpfwuvtkcn" rcpgn" uguukqp." cpf" ugxgtcn" vjgocvke"yqtmujqru" *qp"Nqike."Fqockpu" cpf"Rtqitcookpi"
Ncpiwcigu."cpf"qp"Pqtocnkucvkqp"d{"Gxcnwcvkqp+0"Kv"cnuq"eq/urqpuqtgf"uqog"tgngxcpv"eqphgtgpegu"cpf"
uwoogt"uejqqnu."cpf"ockpvckpgf"c"ygdukvg"yjkej"fguetkdgu"vjg"tgugctej"vqrkeu"qh"CRRUGO."rtqxkfgu"
ceeguu"vq"cnn"rwdnkecvkqpu"cpf"ecp"vjwu"dg"wugf"cu"c"uvctvkpi"rqkpv"hqt"uqogqpg"kp"ugctej"qh"kphqtocvkqp"
qp"rtqitcookpi"ncpiwcig"ugocpvkeu0"

Vjku" rtqlgev" cnuq" uwrrqtvgf" qxgt" 42" kpfkxkfwcn" xkukvu" kp" 4226" tguwnvkpi" kp" 42" uekgpvkÝe rwdnkecvkqpu
*37" kp" tghgtggf" lqwtpcnu" qt" eqorgvkvkxg" kpvgtpcvkqpcn" eqphgtgpegu+0" " Kp" igpgtcn." oqtg" vjcp" 422"
uekgpvkÝe rwdnkecvkqpu d{ ygtg rtqfwegf d{ vjg ogodgtu tgncvkxg vq vjg CRRUGO/KK vjgogu0""
"

"
"
"
"
"
"
"
"

CRRUGO/KK"Vjgocvke"Pgvyqtm"KUV/4223/5:;79"Î"vqvcn"dwfigv"206"OÚ
Eqqtfkpcvgf"d{"Nwfyki/Oczkoknkcpu/Wpkxgtukvcgv"Owgpejgp"*Igtocp{+

jvvr<11yyy0veu0kphqtocvkm0wpk/owgpejgp0fg1\ojqhocpp1crrugo41"
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43" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

&%4฀/0%.

Cfxcpegf"Urgekcnk¦cvkqp"Cpf"Cpcn{uku"Hqt"
Rgtxcukxg"U{uvgou"*CUCR+

Vjg"qxgtcnn"cko"qh"vjku"rtqlgev"ku"vq"fgxgnqr"vgejpkswgu"yjkej"gpcdng"vjg"fgxgnqrogpv"qh"uqrjkuvkecvgf"
cpf"tgnkcdng"uqhvyctg"u{uvgou"vjcv"ctg"gcu{"vq"ockpvckp"cpf"ecp"dg"fgrnq{gf"qp"pgy"igpgtcvkqp."rgtxcukxg"
eqorwvkpi"rncvhqtou0"

Uwej"rncvhqtou"ctg"dgeqokpi"gxgt"uocnngt"cpf"oqtg"rqygthwn."cpf"ctg"godgffgf"gxgt{yjgtg."gxgp"
kp"nkxkpi"qticpkuou0"Vjg{"ecp"eqpvckp"uqrjkuvkecvgf"oqfgnu"qh"qwt"rgtuqpcn"gpxktqpogpv"vjcv"jgnr"wu"
vq"ocmg"gxgt{fc{"fgekukqpu="vjg{"jcxg"vjg"rqygt"vq"fq"ocvjgocvkecn"cpf"nqikecn"tgcuqpkpi"kp"qtfgt"vq"
rgthqto"kpvgnnkigpv"vcumu0"Cu"c"tguwnv."u{uvgo"fgxgnqrogpv"cpf"xcnkfcvkqp"vgejpkswgu"jcxg"vq"mggr"rceg"
ykvj" vjg" jwig" tgswktgogpvu" hqt" kpvgnnkigpv." wugt/qtkgpvgf" crrnkecvkqpu" vjcv"owuv" twp" qp" fgxkegu"ykvj"
tgfwegf"eqorwvkpi"tguqwtegu0"

Vjg"fgxgnqrogpv"vqqnu"cxckncdng"hqt"uwej"rgtxcukxg"eqorwvkpi"rncvhqtou"ctg"nciikpi"dgjkpf"vjg"uvcvg/
qh/vjg/ctv"cpf"vjgtg"ku"c"uvtqpi"pggf"d{"kpfwuvt{"vq"qrvkokug"fgxgnqrogpv"equv."tgnkcdknkv{."cpf"vkog"vq"
octmgv0"Wphqtvwpcvgn{." vjg" vgpfgpe{" qh" ewttgpv" uqhvyctg" gpikpggtkpi" vgejpkswgu" ku" vq" rtqfweg"oqtg"
cpf"oqtg"dnqcvgf."igpgtcn/rwtrqug"u{uvgou."dwknv" htqo" nctig" nkdtctkgu"qh"rtg/ytkvvgp"oqfwngu0"Yjkng"
vjku"crrtqcej"ecp"kpetgcug"rtqfwevkxkv{"cpf"tgnkcdknkv{."kv"ku"ycuvghwn"qh"eqorwvkpi"tguqwtegu0"Rgtxcukxg"
u{uvgo"fgxgnqrgtu"ctg"cnyc{u"hqtegf"vq"qrgtcvg"qp" vjg"dqwpfctkgu"qh"cxckncdng"eqorwvkpi"tguqwtegu."
gxgp"vjqwij"rtqeguuqtu."uvqtcig"cpf"eqoowpkecvkqp"pgvyqtmu"ctg"igvvkpi"ejgcrgt0"Qpg"ycpvu"vq"rcem"cu"
owej"hwpevkqpcnkv{"cu"rquukdng"kpvq"c"ikxgp"fgxkeg0"Vjg"ockp"crrtqcejgu"cfqrvgf"ctg"gkvjgt"vq"rtqfweg"
d{"jcpf"Ðuvtkrrgf/fqypÑ"xgtukqpu"qh"hwnn"u{uvgou"kp"cp"cf/jqe"ocppgt."qt"vq"ytkvg"crrnkecvkqpu"htqo"
uetcvej"vcmkpi"nkokvgf"tguqwtegu"kpvq"ceeqwpv0"Vjku"rtqlgev"rtqrqugu"c"fkhhgtgpv"crrtqcej<"vjg"cwvqocvgf"
igpgtcvkqp"cpf"xcnkfcvkqp"qh"urgekcnk¦gf"u{uvgou"htqo"igpgtcn"qpgu0

Tguwnvu

Vjku"rtqlgev"jcu"pqv"{gv"Ýpkujgf0 Uqog mg{ cejkgxgogpvu ctg<

̋" Cp"qhh/nkpg"urgekcnk¦cvkqp"u{uvgo"ykvj"cp"cwvqocvke"dkpfkpi"vkog"cpcn{uku0
̋" Cp" kpvgitcvgf" cpcn{uku" cpf" urgekcnk¦cvkqp" u{uvgo" hqt" ENR" yjkej" kpeqtrqtcvgu" rtgfgÝpgf

cuugtvkqpu"cpf"dcemyctfu"cpcn{uku0
̋" C" ugnh/vwpkpi" urgekcnk¦cvkqp" u{uvgo." wukpi" c" igpgvke" cniqtkvjo" vq" rgthqto" tguqwteg" cpf"

ctejkvgevwtg"cyctg"urgekcnk¦cvkqp
̋" C"pgy"rtqitco"unkekpi"vqqn."yjkej"ecp"dg"wugf"vq"tgfweg"vjg"eqfg"uk¦g"qh"rtqitcou0
̋" C"ugv"qh"ecug"uvwfkgu"ugngevgf"htqo"ygctcdng"eqorwvkpi"rtqlgevu."yjgtg"ENR"urgekcnk¦cvkqp"cpf"

cpcn{uku"vqqnu"jcxg"dggp"crrnkgf0
̋" C" pgy" crrtqcej" vq" tguqwteg/cyctg" egtvkÝecvkqp qh oqdkng eqfg pcogf cduvtcevkqp/ectt{kpi

eqfg0

CUCR"Tgugctej"Rtqlgev"KUV/4223/5:27;"Î"vqvcn"dwfigv"3066"OÚ
Eqqtfkpcvgf"d{"Wpkxgtukfcf"Rqnkvgepkec"Fg"Ocftkf"*Urckp+

jvvr<11enkr0fkc0Ý0wro0gu1Rtqlgevu1CUCR1
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 44

&%4฀/0%.

Gxcnwcvkqp"qh"vjg"Ecvcnncz{"rctcfkio"hqt"
fgegpvtcnk¦gf"qrgtcvkqp"qh"f{pcoke"crrnkecvkqp"
pgvyqtmu"*ECVPGVU+

Hwvwtg"Itkf"pgvyqtm"vgejpqnqi{"yknn"hceg"vjg"rtqdngo"qh"vjg"ghÞekgpv rtqxkukqpkpi qh ugtxkegu
vq"enkgpvu"d{"c"uecncdng"cpf"f{pcoke"tguqwteg"cnnqecvkqp"*ocvejkpi+"ogejcpkuo0"Vjg"qdlgevkxg"
qh"vjku"rtqlgev"ku"vq"uvwf{"htgg/octmgv"rtkpekrngu"*vjg"Ecvcnncz{"rctcfkio+"cu"c"ogcpu"qh"
iwkfkpi"tguqwteg"cnnqecvkqp"kp"crrnkecvkqp"nc{gt"pgvyqtmu."yjgtg"enkgpv"tgswguvu"pggf"vq"dg"
ocvejgf"ykvj"ugtxkegu"cpf"vjg"ncvvgt"ykvj"tguqwtegu0
Kp"rctvkewnct"ECVPGVU"ckou"vq"fgvgtokpg"vjg"crrnkecdknkv{"qh"c"fgegpvtcnk¦gf"geqpqoke"ugnh/qticpk¦cvkqp"
ogejcpkuo"hqt"tguqwteg"cnnqecvkqp"kp"crrnkecvkqp"nc{gt"pgvyqtmu"*CNP+."d{
*3+"rtqfwekpi"c"Òrtqqh/qh/eqpegrvÓ"rtqvqv{rg"kp"c"tgcn"CNP."cpf"
*4+"d{"gxcnwcvkpi"kvu"rgthqtocpeg"cickpuv"gzkuvkpi"tguqwteg"dtqmgtcig"crrtqcejgu"kp"c"ukowncvgf"CNP0

Vjg"vgto"CNP"kpvgitcvgu"fkhhgtgpv"Kpvgtpgv"qxgtnc{"pgvyqtm"crrtqcejgu."nkmg"Itkf"cpf"R4R"u{uvgou0"Vjg"
cnnqecvkqp"qh"tguqwtegu"kp"vjgug"pgvyqtmu"*g0i0"ocvejkpi"qh"fgocpf"cpf"uwrrn{."fgrnq{ogpv"qh"ugtxkeg"
kpuvcpegu." cpf" ugtxkeg" fkueqxgt{+" ecp" rtkpekrcnn{" dg" eqpfwevgf" kp" c" egpvtcnk¦gf" *g0i0" wukpi" tguqwteg"
dtqmgtu+"qt"kp"c"fgegpvtcnk¦gf"hcujkqp"*g0i0"wukpi"ugnh/qticpk¦kpi"ogejcpkuou+0"Egpvtcnk¦gf"crrtqcejgu"
tgcej" vjgkt" nkokvu" ykvj" kpetgcukpi" pgvyqtm" uk¦g" cpf" itqykpi" pwodgtu" qh" gngogpvu=" ugnh/qticpk¦kpi"
crrtqcejgu"vjwu"ickp"cvvgpvkqp."g0i0"kp"KDOÓu"Cwvqpqoke"Eqorwvkpi"kpkvkcvkxg0"Vjg"ECVPGVU"rtqlgev"
kpxguvkicvgu" c" Òhtgg" octmgvÓ" geqpqoke" ugnh/qticpk¦cvkqp" crrtqcej." vjg" ÒEcvcnncz{Ó" d{" Htkgftkej" C0"
xqp"Jc{gm."cu"vjg"dcuku"hqt"ugnh/qticpk¦kpi"tguqwteg"cnnqecvkqp"kp"CNPu0"C"rtgnkokpct{"gxcnwcvkqp"qh"
ÒEcvcnncevkeÓ"ogejcpkuou"kp"vjg"HGV"cuuguuogpv"rtqlgev"ECVPGV"*KUV/4223/56252+"d{"ukowncvkqp"jcu"
ujqyp"rqukvkxg"tguwnvu."wrqp"yjkej"vjg"ECVPGVU"rtqlgev"dwknfu0"Vjg"rgthqtocpeg"ogcuwtgogpvu"qh"
vjg"Òrtqqh/qh/eqpegrvÓ" korngogpvcvkqp"yknn"dg"eqorctgf"cickpuv" vjg"ukowncvkqp"tguwnvu."ykvj"vjg"iqcn"
qh"dgkpi"cdng"vq"ocmg"c"uwduvcpvkcvgf"uvcvgogpv"qp"vjg"crrnkecdknkv{"qh"geqpqoke"ugnh/qticpk¦cvkqp"cu"
c"oclqt"eqorqpgpv"qh"CNP"pgvyqtmu0"C"rqukvkxg"gxcnwcvkqp"qh"vjg"Ecvcnncevke"crrtqcej"yqwnf"jcxg"c"
jkij"rqvgpvkcn"korcev."ykvj"pgy"rquukdknkvkgu"hqt"tguqwteg"dtqmgtkpi"kp"hwvwtg"CNP."cpf"oc{dg"hqt"ugnh/
qticpk¦cvkqp"kp"eqorwvkpi"kp"igpgtcn0

Tguwnvu
Vjku"rtqlgev"jcu"qpn{"tgegpvn{"uvctvgf0"
"

ECVPGVU"Tgugctej"Rtqlgev"HR8/22598;"Î"vqvcn"dwfigv"309:"OÚ
Eqqtfkpcvgf"d{"Wpkxgtukvcgv"Dc{tgwvj"*Igtocp{+

jvvr<11
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45" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

'LOBAL฀#OMPUTING

Etkvkecn"Tguqwteg"Ujctkpi"hqt"Eqqrgtcvkqp"kp"
Eqorngz"U{uvgou"*ETGUEEQ+

Vjg" ETGUEEQ" rtqlgev" ckou" cv" vjg" kpvgitcvkqp" kp" oqfgtp" Kphqtocvkqp" cpf" Eqoowpkecvkqp"
Vgejpqnqikgu"qh<"
k+"jgvgtqigpgqwu"eqoowpkecvkqp"kphtcuvtwevwtgu"*qrvkecn."CVO"pgvyqtmu+="
kk+"oqdkng"wugtu"ceeguukpi"vjgug"dcemdqpg"pgvyqtmu"cpf"vjg"Kpvgtpgv."cpf="
kkk+"f{pcoke"ugnÝuj cigpv gpvkvkgu. tguwnvu kp jkijn{ f{pcoke. eqorngz. inqdcn u{uvgou0

Vq"fgukip"cpf"korngogpv"jkij/urggf."equv/ghhgevkxg."cpf"tgnkcdng"eqoowpkecvkqp"cpf"eqorwvkpi"uqnwvkqpu"
hqt"uwej"gpxktqpogpvu."vjg"ETGUEEQ"rtqlgev"kpxguvkicvgf"vjg"dqvvngpgem"cpf"etkvkecn"kuuwgu"kpxqnxgf"cv"
vjg"hwpfcogpvcn"cniqtkvjoke"ngxgn0"Kp"rctvkewnct."vjg"hqewu"ycu"qp"vjg"ghÝekgpv ocpcigogpv qh uecteg cpf
etkvkecn"tguqwtegu"uwej"cu"htgswgpe{"urgevtwo"cpf"gpgti{"kp"yktgnguu"pgvyqtmu."dcpfykfvj"kp"qrvkecn"cpf"
CVO"pgvyqtmu."cu"ygnn"cu"ERW"vkog."urceg"cpf"eqoowpkecvkqp"vkog"kp"f{pcoke"gpxktqpogpvu"qh"ugnÝuj
cigpvu0"C"ownvkfkuekrnkpct{"crrtqcej"ycu"rwtuwgf"vjcv"eqodkpgu"cpf"gzvgpfu"vgejpkswgu"htqo"eqorwvgt"
uekgpeg."geqpqokeu"cpf"qrgtcvkqpu"tgugctej0

Vjku"rtqlgev" kpxguvkicvgf"cv"c"hqwpfcvkqpcn" ngxgn" vjg"etkvkecn"curgevu"cpf"dqvvngpgemu"ctkukpi"kp"jkijn{"
f{pcoke" cpf" gzvtgogn{" eqorngz" inqdcn" u{uvgou" gogtikpi" htqo" vjg" kpvgitcvkqp" qh" jgvgtqigpgqwu"
eqoowpkecvkqp" kphtcuvtwevwtgu." jkijn{" f{pcoke" oqdkng" wugt" rqrwncvkqpu" cpf" f{pcoke" ugnÝuj cigpv
gpvkvkgu0"Vjg"hqewu"ycu"qp"vjg"ghÝekgpv ocpcigogpv qh nkokvgf cpf uecteg eqoowpkecvkqp cpf eqorwvkpi
tguqwtegu" vq" gpuwtg" eq/qrgtcvkqp" cpf" ghÝekgpv ceeguu vq cfxcpegf ugtxkegu kp uwej gpxktqpogpvu d{
kpxguvkicvkpi"vjg"fgukip"cpf"korngogpvcvkqp"qh"jkij/urggf."equv/ghhgevkxg"cpf"tgnkcdng"eqoowpkecvkqp"
cpf"eqorwvkpi"uqnwvkqpu0

Tguwnvu
Pgy" cniqtkvjou" cpf" vgejpkswgu" hqt" dcpfykfvj" ujctkpi" kp" yktgnguu" pgvyqtmu." fkuvtkdwvgf" eqorwvkpi"
ykvj" ugnÝuj cigpvu. uejgfwnkpi ogejcpkuou. cpf cniqtkvjou hqt qrvkecn pgvyqtmkpi ygtg fgxgnqrgf0"

Vjg"eqpugswgpv"crrnkecvkqp"qh"geqpqoke"icog"cpf"cwevkqp"vjgqtkgu"vq"vjg"swguvkqp"qh"tguqwteg"ujctkpi"kp"
fkuvtkdwvgf"eqorwvkpi"u{uvgou"jcu"ngf"vq"hwpfcogpvcn"kpukijvu"kpvq"tguqwteg"ocpcigogpv"ykvj"oqpgvct{"
kpegpvkxgu0""

"

"
"
"

ETGUEEQ"Tgugctej"Rtqlgev"KUV/4223/55357"Î"vqvcn"dwfigv"4034"OÚ
Eqqtfkpcvgf"d{"Wpkxgtukv{"qh"Rcvtcu"*Itggeg+

jvvr<11yyy0egkf0wrcvtcu0it1hcewnv{1mcmn1etgueeq1
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 46

'LOBAL฀#OMPUTING

F{pcoke"Cuugodn{."TgeqpÝiwtcvkqp"
cpf"V{rg/ejgemkpi"*FCTV+

Vjg" rtqlgev" yknn" fgxgnqr" hqtocnkuou" hqt" f{pcoke" cuugodn{." tgeqpÝiwtcvkqp cpf v{rg/ejgemkpi
qh" eqorngz" fkuvtkdwvgf" uqhvyctg" u{uvgou." uwej" cu" vgngrjqpg" cpf" dcpmkpi" u{uvgou." vjcv" ujqwnf"
dg" mgrv" twppkpi" cu" vjg{" gxqnxg" vjtqwij" rcvejgu" qt" writcfgu." cpf" ujqwnf" dg" cdng" vq" cfcrv" vq"
ejcpigu" kp" vjg" gpxktqpogpv0" Uwej" hqtocnkuou" yknn" cfxcpeg" vjg" uvcvg" qh" vjg" ctv" kp" oqfgnnkpi"
vjg" ÐvgorqtcnÑ" fkogpukqp" qh" Inqdcn" Eqorwvkpi" *IE+." yjgtg" vjg" cdknkv{" vq" kpvgtngcxg" ogvc/
rtqitcookpi" cevkxkvkgu." nkmg" cuugodn{" cpf" tgeqpÝiwtcvkqp. ykvj eqorwvcvkqpcn cevkxkvkgu ku c owuv0
Vjg" fgxgnqrogpv" qh" vjgug" ecnewnk"yknn" tgn{" qp" fgekukxg" rtqitguu" kp" vjtgg" ctgcu<" ecnewnk" hqt" f{pcoke"
cuugodn{." ecnewnk" hqt" qdlgev" gxqnwvkqp" cpf" cfcrvcvkqp." Þgzkdng cpf eqorqukvkqpcn v{rg u{uvgou0"
"
Vjg"rtqlgev"qdlgevkxg"ku"vq"cfxcpeg"vjg"uvcvg"qh"vjg"ctv"kp"oqfgnnkpi"cpf"rtqitcookpi"uqhvyctg"gxqnwvkqp"
yjkng"tgvckpkpi"uchgv{0"Vjg"ockp"iqcn"yknn"dg"vq"ectt{"qwv"vjg"hqwpfcvkqpcn"yqtm."yjkej"yknn"vcmg"vjg"hqto"
qh"htcogyqtmu"hqt"f{pcoke"cuugodn{"cpf"tgcuqpkpi"cdqwv"rtqrgtvkgu"qh"fkhhgtgpv"cuugodn{"uvtcvgikgu."
ecnewnk"hqt"qdlgev"gxqnwvkqp"cpf"cfcrvcvkqp."v{rg"u{uvgou"ykvj"rtqrgtvkgu"vjcv"yknn"ocmg"vjgo"rctvkewnctn{"
uwkvcdng"hqt"wug"kp"c"f{pcoke"eqpvgzv0"

Tguwnvu
Vjg"ockp"eqpvtkdwvkqpu"d{"vjg"FCTV"rtqlgev"ctg"kp"vjg"fgxgnqrogpv"qh"

̋" hqwpfcvkqpcn" ecnewnk" hqt" f{pcoke" cuugodn{" cpf" tgeqpÝiwtcvkqp. yjkej ctg cdng vq fguetkdg
ugrctcvg"eqorkncvkqp."f{pcoke"nkpmkpi"cpf"nqcfkpi

̋" hqwpfcvkqpcn"ecnewnk"uwrrqtvkpi"qdlgevu"ecrcdng"qh"ejcpikpi"vjgkt"dgjcxkqwt."cu"ygnn"cu"ecnewnk"
vjcv"ctg"gpxktqpogpv"cfcrvcdng

̋" v{rg" u{uvgou" vjcv" uwrrqtv" eqorqukvkqpcn" cpcn{uku" vjtqwij" vjg" gzkuvgpeg"qh"rtkpekrcn" v{rkpiu0"
Vjku"kpenwfgu"vjg"wug"qh"uwej"v{rg"u{uvgou"hqt"ugrctcvg"eqorkncvkqp."kpetgogpvcn"v{rg"kphgtgpeg"
cpf"f{pcoke"v{rg/ejgemkpi0

Vjg"eqpuqtvkwo"jcu"rtqfwegf"uqhvyctg"rtqvqv{rgu"vjcv"fgoqpuvtcvg"rtcevkecn"crrnkecvkqpu"qh"vjg"rtqlgev"
tguwnvu." gurgekcnn{"ykvj" tgurgev" vq" Ðuoctv" tgeqorkncvkqpÑ."yjkej"oc{" dg" qh" kpvgtguv" vq" vqqn" xgpfqtu0"
Cnuq"vjg"kppqxcvkxg"kfgc"qh"Ðrqn{oqtrjke"d{vg"eqfgÑ"oc{"jcxg"nqpi/vgto"kpÞwgpeg qp vjg okffngyctg
kpfwuvt{0

Vjg"rtqlgev"jcu"rtqfwegf"32"rwdnkecvkqpu"kp"lqwtpcnu"cpf"5:"kp"eqphgtgpegu"cpf"yqtmujqru0

"
"

FCTV"Tgugctej"Rtqlgev"KUV/4223/55699"Î"vqvcn"dwfigv"305:"OÚ
Eqqtfkpcvgf"d{"Wpkxgtukvƒ"fgink"Uvwfk"fk"Igpqxc"*Kvcn{+

jvvr<11yyy0fkuk0wpkig0kv1rtqlgev1FCTV1
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47" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

'LOBAL฀#OMPUTING

C"Fcvc/Egpvtke"Crrtqcej"vq"Inqdcn"Eqorwvkpi"
*FDINQDG+

Qp"qpg"xkgy."inqdcn"eqorwvkpi"ecp"dg"uggp"cu"c"fcvcdcug"rtqdngo<"jqy"vq"fgukip."dwknf"cpf"cpcn{ug"
u{uvgou"vjcv"ocpcig"nctig"coqwpv"qh"fcvc0"Jqygxgt."vjg"vtcfkvkqpcn"fcvcdcug"crrtqcej"qh"uvqtkpi"fcvc"qh"
kpvgtguv"kp"oqpqnkvjke"fcvcdcug"ocpcigogpv"u{uvgou"dgeqogu"qduqngvg"kp"uwej"gpxktqpogpvu0"Kp"ewttgpv"
fcvcdcug"tgugctej."fcvc"ctg"tgncvkxgn{"jqoqigpgqwu."gzjkdkv"c"uocnn"fgitgg"qh"fkuvtkdwvkqp"*lwuv"c"hgy"
pgvyqtm"ukvgu+"ctg"rcuukxg"kp"vjcv"vjg{"tgockp"wpejcpigf"wpnguu"gzrnkekvn{"wrfcvgf0"Cnn"vjgug"cuuworvkqpu"
fq"pqv"jqnf"kp"vjg"inqdcn"eqorwvkpi"yqtnf0"Vjku"etgcvgu"vjg"pggf"hqt"pgy"vjgqtgvkecn"hqwpfcvkqpu"kp"cnn"
curgevu"qh"fcvc"ocpcigogpv<"oqfgnnkpi."uvqtcig"cpf"swgt{kpi0
"
FDInqdg"ckou"cv" tgxqnwvkqpk¦kpi" vjg"yc{"yg" vjkpm"qh"fcvcdcugu."cu" vjg"owpfcpg" vcum"qh"rtqeguukpi"
uvcvke" fcvc" kp"oqpqnkvjke" fcvcdcug"ocpcigogpv" u{uvgou0" Kv" dtqcfgpu" fcvcdcug"ocpcigogpv" tgugctej"
hqewu"vq"cvvcem"vjg"kuuwgu"qh"oqdknkv{."cwvqpqo{."kpeqorngvg"kphqtocvkqp."uecng."cpf"cfcrvcdknkv{"vjcv"
ctkug"kp"f{pcoke"gpxktqpogpvu0

Tguwnvu
C"mg{"tguwnv"ycu"vjg"fgxgnqrogpv"qh"c"pgy"rqygthwn"ncpiwcig"hqt"kpvgitcvkpi"fqewogpvu"cpf"swgtkgu."
ecnngf"Cevkxg"ZON0"Vjg"pgy"ncpiwcig"ycu"ekvgf"cu"c"oclqt"uweeguu"d{"vjg"rtqlgev"tgxkgygtu0"Vjgtg"ctg"
nkpmu"htqo"vjg"CZON"fgxgnqrgtu"vq"vjg"Y5E"ZSWGT["itqwr"yjkej"okijv"ngcf"vq"c"vcmg/wr"qh"CZON"
hgcvwtgu"kp"vjg"ZSWGT["uvcpfctf0

FDINQDG"Tgugctej"Rtqlgev"KUV/4223/54867"Î"vqvcn"dwfigv"3033"OÚ
Eqqtfkpcvgf"d{"Wpkxgtukv{"qh"Kqcppkpc"*Itggeg+

jvvr<11uqhvu{u0eu0wqk0it1fdinqdg1
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 48

'LOBAL฀#OMPUTING $ E S I G N ฀ % N V I R O N M E N T S

F O R ฀ ' L O B A L ฀ ! P P L I C A T I O N S

Fgukip"Gpxktqpogpvu"hqt"Inqdcn"CrrnkecvkqpU"
*FGICU+

Vjku"rtqlgev"ckou"vq"eqodkpg"uvtwevwtgf"*ugok/hqtocn+"itcrjkecn"ogvjqfu"hqt"urgekÝecvkqp d{ rkevwtg
cpf" cpkocvkqp" qh" inqdcn" crrnkecvkqpu" ykvj" hqtocn" ogvjqfu" hqt" vjgkt" cpcn{uku" cpf" xgtkÝecvkqp0 Vjg
rtqlgev"kpxguvkicvgf"vq"yjcv"gzvgpv"WON"ku"cntgcf{"uwkvcdng"vq"oqfgn"inqdcn"crrnkecvkqpu"cpf"rtqrqugf"
gzvgpukqpu0"Hqtocn"oqfgnu"qh" vjgug" crrnkecvkqpu"dcugf"qp" vjg"qrgtcvkqpcn" ugocpvkeu"qh" hqwpfcvkqpcn"
rtqeguu"ecnewnk"hqt"oqdknkv{"ygtg"cnuq"rtqrqugf0"Uvcvke"cpf"f{pcoke"cpcn{uku"eqpegpvtcvg"qp"vyq"mg{/
hgcvwtgu"qh"inqdcn"eqorwvkpi<"rgthqtocpeg"rtgfkevkqp"cpf"ugewtkv{0"Vjg"FGICU"rtqlgev"cuuguugf"vjg"
hqwpfcvkqpcn" uvwfkgu" kp" c" rtqvqv{rkecn" rtqqh" qh" eqpegrv" gpxktqpogpv" vjcv" jkfgu" vq" vjg" wugt" cu"owej"
cu" rquukdng" qh" vjg" hqtocn" vtgcvogpv0" Vjg" fgxgnqrogpv"ycu" uwrrqtvgf"ykvj" ecug/uvwfkgu" qp"yktgnguu"
vgngeqoowpkecvkqp"crrnkecvkqpu00

FGICU"cfftguugu"hqwpfcvkqpcn"curgevu"hqt"vjg"fgukip"qh"inqdcn"crrnkecvkqpu"d{"gpjcpekpi"vjg"uvcvg"qh"
vjg"ctv"kp"uekgpvkÝe cu ygnn cu gpikpggtkpi rtkpekrngu0 Vjg ockp eqpegtpu ctg vjg urgekÝecvkqp kp WON
cpf"swcnkvcvkxg"cpf"swcpvkvcvkxg"cpcn{uku"qh"inqdcn"crrnkecvkqpu0"

Tguwnvu

Vjg"rtqlgev"jcu"c"tgncvkxgn{"pcttqy"rgturgevkxg"kp"vjg"ugpug"vjcv"vjg"ockp"iqcn"jcu"dggp"vjg"xgtkÝecvkqp
qh"rtqvqeqnu"wukpi"cnigdtcke"ogcpu0"Vjku"ku."jqygxgt."c"xgt{"korqtvcpv"rctv"qh"cp{"uqhvyctg"fgxgnqrogpv"
ngcfkpi" vq" inqdcn" crrnkecvkqpu0" Kp" vjcv" tgurgev" vjg" uekgpvkÝe tguwnvu qh vjg eqpuqtvkwo ctg gzvtgogn{
xcnwcdng0"Vjg"rtqvqeqn"xgtkÝecvkqp cu rtqrqugf kp vjku rtqlgev rgtokvu vq cpuygt vjg swguvkqpu qh ugewtkv{
cpf"uecncdknkv{"vjcv"jcxg"dggp"kfgpvkÝgf kp vjg fkhhgtgpv IE ecnnu cu eqtpgt uvqpgu qh inqdcn crrnkecvkqpu0"
Vjg" rtqlgev" jcu" rtqrqugf" c"oqfwnct" ctejkvgevwtg" dcugf" qp" gzvtcevqtu" cpf" tgÞgevqtu vjcv rgtokv vjg
eqodkpcvkqp"qh"ugxgtcn"hqtocn"vgejpkswgu"kp"c"eqohqtvcdng"yc{0"Vjg"vqqnu"jcxg"dggp"uweeguuhwnn{"wugf"
vq"fgvgev"dtgcejgu"kp"uqog"encuukecn"eqoowpkecvkqp"rtqvqeqnu."cpf"vq"oqfgn"fkhhgtgpv"ecug"uvwfkgu0"Vjg"
cevkxkv{"kp"rtqxkpi"eqttgevpguu"qh"rtqvqeqnu"ku"tgegkxkpi"cp"kpetgcugf"kpvgtguv"d{"vjg"uekgpvkÝe eqoowpkv{
qh"IE"ykvj"vgejpkswgu"nkmg"vjgqtgo"rtqxkpi"*rtqlgev"UQEU+"qt"oqfgn"ejgemkpi0"

Ft0"Lcpg"Jknnuvqp"htqo"Wpkxgtukv{"qh"Gfkpdwtij"tgegkxgf"vjg"Tqigt"Pggfjco"Cyctf"hqt"jgt"tgugctej"
cejkgxgogpvu."vjg"ncuv"vjtgg"{gctu"qh"yjkej"ujg"jcu"yqtmgf"qp"vjg"FGICU"rtqlgev0"Kp"jgt"cyctf"ngevwtg"
cpf"kp"qvjgt"kpxkvgf"ngevwtgu"ujg"jcu"rtgugpvgf"tguwnvu"qh"FGICU"vq"vjg"igpgtcn"rwdnke0

FGICU"Tgugctej"Rtqlgev"KUV/4223/54294"Î"vqvcn"dwfigv"404:"OÚ
Eqqtfkpcvgf"d{"Wpkxgtukvƒ"fgink"Uvwfk"fk"Vtgpvq"*Kvcn{+

jvvr<11yyy0qop{u0kv1fgicu1
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49" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

'LOBAL฀#OMPUTING

Hqwpfcvkqpcn"Curgevu"qh"Inqdcn"Eqorwvkpi"
U{uvgou"*HNCIU+

Pgy"inqdcn"eqorwvkpi"cpf"eqoowpkecvkqp"gpxktqpogpvu"ctg"gogtikpi"vjcv"kpvgitcvg<"

*c+"cwvqpqoqwu."kpvgtcevkpi."ugnÝuj gpvkvkgu.

*d+"jkijn{"f{pcoke"ownvk/cigpv"gpxktqpogpvu"cpf"

*e+"cf/jqe"oqdkng"pgvyqtmu0

""
Hqt" vjg"ghÝekgpv cpf tqdwuv korngogpvcvkqp qh inqdcn eqorwvkpi uegpctkqu kp uwej u{uvgou. yg cko vq
rtqxkfg"c"wpkh{kpi"hqwpfcvkqpcn"htcogyqtm"cpf"c"eqjgtgpv"ugv"qh"fgukip"twngu."hqewukpi"qp"vjg"kuuwgu"qh<"

*k+"eq/qrgtcvkqp"cpf"cpvciqpkuo"qh"cwvqpqoqwu"gpvkvkgu=

*kk+"uvcdknkv{"cpf"hcwnv/vqngtcpeg"kp"ownvk/cigpv"gpxktqpogpvu"cpf

*kkk+"eqoowpkecvkqp"cpf"oqvkqp"kp"cf/jqe"oqdkng"pgvyqtmu0

Vjg" rtqlgev" ckou" vq" rtqxkfg" c" wpkh{kpi" uekgpvkÝe htcogyqtm cpf c eqjgtgpv ugv qh fgukip twngu hqt
inqdcn"u{uvgou"tguwnvkpi"htqo"vjg"kpvgitcvkqp"qh"cwvqpqoqwu"kpvgtcevkpi"gpvkvkgu."f{pcoke"ownvk/cigpv"
gpxktqpogpvu"cpf"cf/jqe"oqdkng"pgvyqtmu0"Vjg"hqewu"yknn"dg"qp"vjg"kuuwgu"qh"eq/qrgtcvkqp"cpf"cpvciqpkuo."
uvcdknkv{"cpf"hcwnv/vqngtcpeg."cu"ygnn"cu"eqoowpkecvkqp"cpf"oqvkqp"kp"uwej"inqdcn"u{uvgou0

Tguwnvu
D{" crrn{kpi" geqpqoke" icog" cpf" cwevkqp" vjgqtkgu" vq" vjg" swguvkqp" qh" tguqwteg" ujctkpi" kp" fkuvtkdwvgf"
eqorwvkpi"u{uvgou."vjg"rtqlgev"jcu"cejkgxgf"cp"kortguukxg"ugv"qh"korqtvcpv"hqwpfcvkqpcn"tguwnvu"hqt"c"
ykfg"tcpig"qh"fgukip"curgevu"qh"IE"u{uvgou0

Vjg"rtqlgev"jcu"etgcvgf"c"eqortgjgpukxg"ugv"qh"fgukip"twngu."rtqqhu"cpf"crrnkecvkqpu"hqt"xctkqwu"curgevu"
qp"vjg"vjtgg"ctejkvgevwtcn"nc{gtu"vjcv"jcxg"dggp"fgÝpgf0

"

HNCIU"Tgugctej"Rtqlgev"KUV/4223/55338"Î"vqvcn"dwfigv"3075"OÚ
Eqqtfkpcvgf"d{"Tgugctej"Cecfgoke"Eqorwvgt"Vgejpqnqi{"Kpuvkvwvg"*Itggeg+

jvvr<11go3ugtxgt0evk0it<:2:21HNCIU1
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 4:

'LOBAL฀#OMPUTING

Yqtmkpi"Itqwr"qp"Vtwuv"Ocpcigogpv"kp"
F{pcoke"Qrgp"U{uvgou"*KVTWUV+

Ogtgn{" jcxkpi" c" egtvkÝgf kfgpvkv{ kp c f{pcoke cpf qrgp gpxktqpogpv ku pqv gpqwij hqt kphqtogf
fgekukqpu"qp"ceeguu"tguvtkevkqpu"cpf"eqpvtqnu."ugngevkqp"coqpi"rqvgpvkcn"ecpfkfcvgu"hqt"kpvgtcevkqp."cpf"
gxgp"nguu"cfgswcvg"hqt"tgcuqpkpi"cdqwv"vjg"gzrgevgf"rgthqtocpeg"cpf"fgrgpfcdknkv{"qh"gpvkvkgu"hqt"yjkej"
pq"rtkqt"mpqyngfig"ku"cxckncdng0"Vjg"cko"qh"vjg"kVtwuv"Yqtmkpi"Itqwr"ku"vq"rtqxkfg"c"hqtwo"hqt"etquu/
fkuekrnkpct{"kpxguvkicvkqp"qh"vjg"crrnkecvkqp"qh"vtwuv"cu"c"ogcpu"qh"guvcdnkujkpi"eqpÝfgpeg kp vjg inqdcn
eqorwvkpi"kphtcuvtwevwtg."tgeqipk¦kpi"vtwuv"cu"c"etwekcn"gpcdngt"hqt"ogcpkpihwnn"cpf"owvwcnn{"dgpgÝekcn
kpvgtcevkqpu0"kVtwuv"yknn"uvtkxg"vq"kpvgitcvg"rgturgevkxgu"qh"vtwuv"htqo"vjg"uqekcn"uekgpegu."rjknquqrj{"cpf"
ncy"ykvj"vtwuv/tgncvgf"tgugctej"kp"hqtocn"tgcuqpkpi"htcogyqtmu."ugewtkv{"vgejpqnqikgu."cpf"fkuvtkdwvgf"
uqhvyctg"u{uvgou0"kVtwuv"yknn"uggm"vq"guvcdnkuj"u{pgtikgu"ykvj"qpiqkpi"TVF"cevkxkvkgu0

"

KVTWUV"Tgugctej"Rtqlgev"KUV/"4223/56;32"Î"vqvcn"dwfigv"206"OÚ
Eqqtfkpcvgf"d{"Wpkxgtukv{"Qh"Etgvg"*Itggeg+

jvvr<11yyy0kvtwuv0wqe0it14224
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4;" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

'LOBAL฀#OMPUTING

Oqdkng"Ecnewnk"Dcugf"qp"Fqockpu"*OKMCFQ+

Ewttgpv"okffngyctg"cpf"rtqitcookpi"ncpiwcig"vgejpqnqikgu"ctg"kpcfgswcvg"vq"oggv"vjg"ejcnngpigu"rqugf"
d{"c"inqdcn"eqorwvkpi"gpxktqpogpv0"Kp"rctvkewnct."vjg{"vgpf"vq"uwrrqtv"qpn{"c"nkokvgf"tcpig"qh"kpvgtcevkqpu."
jcxg"c"nkokvgf"xkgy"qh"eqorqpgpvu"cpf"qdlgevu."hckn"vq"rtqrgtn{"cpf"wpkhqton{"uwrrqtv"rtqrgtvkgu"uwej"cu"
oqdknkv{."rtgfkevcdknkv{."ugewtkv{."hcwnv/vqngtcpeg."cpf"vjg{"ctg"pqv"cogpcdng"vq"tkiqtqwu"kpxguvkicvkqp"hqt"
xgtkÝecvkqp. xcnkfcvkqp cpf vguv rwtrqugu0 Vjg Okmcfq rtqlgev kpvgpfu vq qxgteqog vjgug nkokvcvkqpu d{
fgÝpkpicpfrtqvqv{rkpipgyhqtocnoqfgnuhqtdqvjvjgurgekÝecvkqpcpfrtqitcookpiqhjkijn{fkuvtkdwvgf
cpf"oqdkng"u{uvgou."cpf"vq"fgxgnqr"urgekÝecvkqp cpf cpcn{uku vgejpkswgu yjkej ecp dg wugf vq dwknf uchgt
cpf"vtwuvyqtvj{"u{uvgou."vq"fgoqpuvtcvg"vjgkt"eqphqtocpeg"vq"urgekÝecvkqpucpf vqcpcn{ug vjgktdgjcxkqwt0"
"
Vjg"iqcn"qh"vjg"Okmcfq"rtqlgev"ku"vq"eqpuvtwev"c"pgy"hqtocn"rtqitcookpi"oqfgn."dcugf"wrqp"vjg"pqvkqp"
qh" fqockp" cu" c" eqorwvkpi" eqpegrv." yjkej" uwrrqtvu" tgnkcdng." fkuvtkdwvgf." oqdkng" eqorwvcvkqp." cpf"
rtqxkfgu"vjg"ocvjgocvkecn"dcuku"hqt"c"ugewtg"uvcpfctf"hqt"fkuvtkdwvgf"eqorwvkpi"kp"qrgp"u{uvgou0

Tguwnvu
Vjg"oquv"ukipkÝecpv eqpvtkdwvkqpu jcxg dggp kp vjg ctgc qh rctcogvtke oqfgnu qh okitcvkqp cpf oqdknkv{.
rtqqh" vgejpkswgu" hqt" fkuvtkdwvgf" oqfgnu" cpf" rtqitcookpi" ncpiwcigu" yjkej" uwrrqtv" uwej" oqfgnu0"
OKMCFQ"jcu" dggp" cv" vjg" jgctv" qh" tgegpv" fgxgnqrogpvu" qh" dkukowncvkqp" dcugf" rtqqh" vgejpkswgu" hqt"
oqdkng" cpf" fkuvtkdwvgf" eqorwvkpi0"Oqdkng" fkuvtkdwvgf" eqorwvkpi" ku" kpjgtgpvn{" jkijgt/qtfgt." cpf" vjg"
rtqlgev"jcu"etgcvgf"hqwpfcvkqpu"hqt"hwtvjgt"tgugctej"kp"vjku"ctgc0"

Vjg"tgugctej"qh"OKMCFQ"jcu"ngf"vq"crrtqzkocvgn{"92"tghgtggf"lqwtpcn"cpf"eqphgtgpeg"rwdnkecvkqpu"cpf"7"
dqqm"ejcrvgtu0"Vjg"rtqlgev"jcu"ngf"vq"pgy"eqnncdqtcvkqpu"cnuq"qwvukfg"vjg"rtqlgev."hqt"gzcorng"qp"KOE0

"

"

"
"
"

OKMCFQ"Tgugctej"Rtqlgev"KUV/4223/54444"Î"vqvcn"dwfigv"5037"OÚ
Eqqtfkpcvgf"d{"Kpuvkvwv"Pcvkqpcn"fg"Tgejgtejg"gp"Kphqtocvkswg"gv"gp"Cwvqocvkswg"*Htcpeg+

jvvr<11okmcfq0fk0he0wn0rv1
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 52

'LOBAL฀#OMPUTING฀))

Oqdknkv{."Wdkswkv{"cpf"Ugewtkv{"*OQDKWU+

Yjkng"inqdcn"eqorwvgtu"jcxg"vjg"rqvgpvkcn"vq"rtqhqwpfn{"gpjcpeg"qwt"fckn{"nkhg"d{"rtqxkfkpi"c"inqdcn"
cpf"wpkhqto"rtqxkukqp"vq"ugtxkegu."vjg{"yknn"pqv"tgcnk¦g"vjgkt"hwnn"rqvgpvkcn."wpnguu"vjg"pgeguuct{"ngxgnu"qh"
vtwuv"cpf"ugewtkv{"ecp"dg"iwctcpvggf0

Vjg"qdlgevkxg"qh"vjg"OQDKWU"rtqlgev"ku"vq"fgxgnqr"vjg"vgejpqnqi{"hqt"guvcdnkujkpi"vtwuv"cpf"ugewtkv{"hqt"
vjg"pgzv"igpgtcvkqp"qh"inqdcn"eqorwvgtu"dcugf"qp"Lcxc/gpcdngf"fgxkegu0

Vq"tgcnkug"kvu"iqcn."OQDKWU"ujcnn"rkqpggt"c"Rtqqh"Ectt{kpi"Eqfg"*REE+"htcogyqtm"crrnkecdng"vq"inqdcn"
eqorwvgtu."cpf"cnnqykpi"gphqtegogpv"qh"hwpevkqpcn"rtqrgtvkgu"cu"ygnn"cu"cfxcpegf"ugewtkv{"rtqrgtvkgu"
qh"uqhvyctg0

Tguwnvu
Vjku"rtqlgev"jcu"pqv"uvctvgf"{gv0

"

OQDKWU"Kpvgitcvgf"Rtqlgev"KUV"HR8"37;27Î"vqvcn"dwfigv":033"OÚ
Eqqtfkpcvgf"d{"KPTKC"Uqrjkc/Cpvkrqnku"*Htcpeg+

jvvr<11oqdkwu0kptkc0ht1
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53" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

'LOBAL฀#OMPUTING

PUJ
Oqdkng
Tguqwteg
IwctcpvgguOqdkng"Tguqwtegu"Iwctcpvggu"*OTI+

"
Vjg"wug"qh"oqdkng"eqfg" kp"c"inqdcn"gpxktqpogpv"ciitcxcvgu"gzkuvkpi"ugewtkv{"rtqdngou"cpf"rtgugpvu"
cnvqigvjgt"pgy"qpgu."qpg"qh"yjkej" ku" vjg"ockpvgpcpeg"qh"dqwpfu"qp"swcpvkvcvkxg" tguqwtegu0"Ykvjqwv"
uqog"vgejpqnqikecn"hqwpfcvkqpu"hqt"rtqxkfkpi"uwej"iwctcpvggu."inqdcn"eqorwvkpi"yknn"dg"eqpÝpgf vq
crrnkecvkqpu"yjgtg"ocnhwpevkqp"fwg" vq" tguqwteg"dqwpf"xkqncvkqp" ku"ceegrvgf"cu"pqtocn"cpf"jcu" nkvvng"
eqpugswgpeg0"Ykvj"oqtg"ugtkqwu"crrnkecvkqpu."tguqwteg"cyctgpguu"yknn"dg"c"etwekcn"cuugv0"Vjku"rtqlgev"ckou"
cv"fgxgnqrkpi"vjg"kphtcuvtwevwtg"pggfgf"vq"gpfqy"oqdkng"eqfg"ykvj"kpfgrgpfgpvn{"xgtkÝcdng egtvkÝecvgu
fguetkdkpi"tguqwteg"dgjcxkqwt0"Vjgug"egtvkÝecvgu yknn dg eqpfgpugf cpf hqtocnkugf ocvjgocvkecn rtqqhu
qh"c"tguqwteg/tgncvgf"rtqrgtv{."yjkej"ctg"d{"vjgkt"xgt{"pcvwtg"ugnh/gxkfgpv"cpf"wp/hqtigcdng0"Ctdkvtctkn{"
eqorngz"ogvjqfu"oc{"dg"wugf" vq"eqpuvtwev" vjgug"egtvkÝecvgu. dwv vjgkt xgtkÝecvkqp yknn cnyc{u dg c"
ukorng"eqorwvcvkqp0

Vjg"qxgtcnn"cko"qh"OTI"rtqlgev"ku"vq"fgxgnqr"rtqqh/ectt{kpi"eqfg"hqt"tguqwteg/tgncvgf"rtqrgtvkgu"yjgtg"
rtqqhu"ctg"igpgtcvgf"htqo"v{rkpi"fgtkxcvkqpu"kp"c"tguqwteg/cyctg"v{rg"u{uvgo0

Tguwnvu
Uweeguuhwn"eqorngvkqp"qh"c"REE"kphtcuvtwevwtg"kpenwfkpi"hqwpfcvkqpu"*qrgtcvkqpcn"ugocpvkeu."hqtocnk¦gf"
uqwpfpguu" cpf" tgncvkxg" eqorngvgpguu" rtqqhu+." v{rg" u{uvgou." cpf" ygd" fgoqpuvtcvkqp" u{uvgou" ykvj"
fqypnqcfcdng"uqhvyctg"hqt"vjg"kphtcuvtwevwtg"eqorqpgpvu0

Cnvjqwij"c"tcvjgt"uocnn"rtqlgev"kp"uk¦g."vjg"rtqlgev"jcu"ocfg"c"tgncvkxgn{"nctig"eqpvtkdwvkqp"kp"vjg"tgcno"
qh" REE/dcugf" u{uvgo" cpcn{uku" cpf" xgtkÝecvkqp0 C vjgqtgvkecnn{ ygnn hqwpfgf. eqortgjgpukxg REE
kphtcuvtwevwtg"cu"ygnn"cu"cp"kppqxcvkxg"htcogyqtm"hqt"hqtocn"egtvkÝecvgu qh tguqwteg eqpuworvkqp ygtg
fgxgnqrgf0"Vjg"rtqlgev"jcu" kpetgcugf"uwduvcpvkcnn{" vjg" kpukijvu" kpvq" vjg"rqygt"cpf"wughwnpguu"qh" vjku"
vgejpqnqi{0""

"
"

OTI"Tgugctej"Rtqlgev"KUV/4223/5536;"Î"vqvcn"dwfigv"3047"OÚ
Eqqtfkpcvgf"d{"Vjg"Wpkxgtukv{"qh"Gfkpdwtij"*Wpkvgf"Mkpifqo+

jvvr<11itqwru0kph0gf0ce0wm1oti1
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 54

'LOBAL฀#OMPUTING

Oqfgnu"cpf"V{rgu"hqt"Ugewtkv{"kp"Oqdkng"
Fkuvtkdwvgf"U{uvgou"*O[VJU+

Rggt/vq/rggt" eqorwvkpi" qp" vjg" Kpvgtpgv." oqdkng" eqfg" fqypnqcfkpi." cpf" g/Eqoogteg" ctg" cntgcf{"
wdkswkvqwu"curgevu"qh"qwt"eqorwvkpi"gpxktqpogpvu0"Ecuvkpi"c"xkgy"vq"vjg"koogfkcvg"hwvwtg."yg"ugg"c"
inqdcn"eqorwvcvkqpcn"kphtcuvtwevwtg"gogtikpi"vjcv"yknn"tgn{"qp"vjg"ujctkpi"qh"cp"qrgp/gpfgf"fkuvtkdwvgf"
pgvyqtm"qh"oqdkng"tguqwtegu"coqpi"oqdkng"eqorwvkpi"cigpvu0"Vjku"kphtcuvtwevwtg"ecp"qpn{"dg"uweeguuhwn"
kpuqowej" cu" kv" rtqxkfgu" cfgswcvg" ugewtkv{" iwctcpvggu" qh" ugetge{." kpvgitkv{." cxckncdknkv{." cpf" oqtg0""
Vjku"rtqlgev"uggmu"vq"fgxgnqr"v{rg/dcugf"hqwpfcvkqpcn"vjgqtkgu"qh"ugewtkv{"hqt"oqdkng"cpf"fkuvtkdwvgf"
u{uvgou0" D{" tgn{kpi" qp" uvtqpi" v{rkpi" cu" vjg" dcuke" rtkpekrng."O{VjU" cfftguugu" vjg" hqwpfcvkqpu" qh"
rtqitcookpi" ncpiwcigu" cpf" rctcfkiou" vjcv" cnnqy" uvcvke" fgvgevkqp" qh" ugewtkv{" xkqncvkqpu." cpf" ckou"
cv" fgxgnqrkpi" v{rg" vjgqtgvke" ogvjqfu" cpf" vqqnu" vjcv" gpcdng" hqtocn" cpcn{ugu" qh" ugewtkv{" iwctcpvggu"
crrtqrtkcvg"hqt"u{uvgou"cpf"crrnkecvkqpu"qp"vjg"inqdcn"eqorwvkpi"rncvhqto0

O{VjU" ckou" vq" fgnkxgt" cp" kpvgitcvgf" ugv" qh" v{rg" u{uvgou" hqt" kppqxcvkxg" tguqwteg"ocpcigogpv" cpf"
ugewtkv{"rqnkekgu."kphqtocvkqp"Þqy cpcn{ugu. cpf hqtocn xcnkfcvkqp qh fkuvtkdwvgf et{rvq/rtqvqeqnu. cpf
guvcdnkuj"tkiqtqwu"fgukip"rtkpekrngu"hqt"ugewtg"cpf"rtqxcdn{"Þcynguu u{uvgou0

Tguwnvu
Vjku"rtqlgev"eqpvtkdwvgf"vq"vjg"fgxgnqrogpv"qh"v{rg/dcugf"vjgqtkgu"gphqtekpi"vjg"ugewtkv{"qh"IE"u{uvgou"
cpf"crrnkecvkqpu0"Kp"rctvkewnct"kuuwgu"uwej"cu"ceeguu"eqpvtqn."kphqtocvkqp"Þqy cpcn{uku. cpf xgtkÝecvkqp
qh"et{rvqitcrjke"rtqvqeqnu"ygtg"cfftguugf0"Vjgug" kuuwgu"ctg"qh"rctcoqwpv" korqtvcpeg" kp"rtgxgpvkpi"
cvvcemu."kp"cxqkfkpi"ngcmu"cpf"kp"iwctcpvggkpi"*rctvkcn+"eqttgevpguu0"

Mg{"tguwnvu"qh"O{VjU"kpenwfg"rtqvqv{rgu"yjkej"eqpegtp"tguqwteg"eqpvtqn"kp"godgffgf"u{uvgou."ejgemu"
qh"kpeqokpi"cigpvu."cpf"cdugpegu"qh"kphqtocvkqp"Þqy ngcmu vjcv oc{ dg wugf d{ u{uvgo fgukipgtu hqt
fgxgnqrkpi" eqornkcpv" uqhvyctg0" Kp" rctvkewnct" rtqvqv{rgu" eqpegtpkpi" kphqtocvkqp"Þqy ngcmu qh ZON
fqewogpv"vtcpuhqtocvkqpu"d{"okffngyctg"oc{"dg"cogpcdng"vq"eqoogtekcn"gzrnqkvcvkqp0"

"
"
"
"

O{VjU"Tgugctej"Rtqlgev"KUV/4223/54839"Î"vqvcn"dwfigv"20;;"OÚ
Eqqtfkpcvgf"d{"Vjg"Wpkxgtukv{"qh"Uwuugz"*Wpkvgf"Mkpifqo+

jvvr<11yyy0eqiu0uwuz0ce0wm1rtqlgevu1o{vju1
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55" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

'LOBAL฀#OMPUTING

RGRKVQRggt/vq/Rggt<"Korngogpvcvkqp"cpf"Vjgqt{

Vtcfkvkqpcn"egpvtcnkugf"u{uvgo"ctejkvgevwtgu"ctg"gxgt"oqtg"kpcfgswcvg0"C"iqqf"wpfgtuvcpfkpi"ku"ncemkpi"
qh"hwvwtg"fgegpvtcnkugf"rggt/vq/rggt"*R4R+"oqfgnu"hqt"eqnncdqtcvkqp"cpf"eqorwvkpi."dqvj"qh"jqy"vq"dwknf"
vjgo"tqdwuvn{"cpf"qh"yjcv"ecp"dg"dwknv0"Vjg"RGRKVQ"rtqlgev"yknn"kpxguvkicvg"eqorngvgn{"fgegpvtcnkugf"
oqfgnu"qh"R4R"eqorwvkpi0

Vjg"rtqlgev"yknn<

̋" uvwf{"vjg"wug/oqfgnu"qh"R4R"u{uvgou."vjcv"ku"jqy"vjg{"ctg"rgtegkxgf"d{"wugtu"cpf"yjcv"pgy"
crrnkecvkqpu"ctg"rquukdng=

̋" fgxgnqr" vjg" hqwpfcvkqpu" qh" R4R" eqorwvkpi." kpenwfkpi" hqtocn" hqwpfcvkqpu" *ecnewnk." rtqqh"
vgejpkswgu." ugewtkv{" cpf" tguqwteg" oqfgnu+" cpf" pgy" fkuvtkdwvgf" cniqtkvjou" *hqt" fkhhwukpi"
kphqtocvkqp"cpf"eqrkpi"ykvj"ownvk/eqpukuvgpv"xkgyu+=

̋" rtqxkfg"c"ncpiwcig/kpfgrgpfgpv"fkuvtkdwvkqp"uwdu{uvgo"vcknqtgf"hqt"R4R"eqorwvkpi"cpf=

̋" rtqxkfg" rtqitcookpi" ncpiwcigu" cpf" rncvhqtou" wukpi" vjku." ujqykpi" vjcv" vjg{" ctg" wughwn" d{"
korngogpvkpi"eqpxkpekpi"fgoqpuvtcvqt"crrnkecvkqpu0

Rggt/vq/rggt"eqorwvkpi"*R4R+"ku"c"rctcfkio"kp"yjkej"crrnkecvkqpu"ctg"eqppgevgf"vq"c"ujctgf"pgvyqtm"
cu"rggtu."vjcv"ku"ykvj"vjg"ucog"ecrcdknkvkgu"cpf"tgurqpukdknkvkgu0"Ewttgpv"R4R"crrnkecvkqpu"ctg"nkokvgf"vq"
kphqtocvkqp"gzejcpig0

Vjg"qdlgevkxgu"ctg"vq"tgoqxg"vjku"nkokvcvkqp"d{<

/"" fgxgnqrkpi"hqtocn"oqfgnu"vq"wpfgtuvcpf"R4R"eqorwvkpi=

/"" fgxgnqrkpi"vjg"fkuvtkdwvgf"cniqtkvjou"tgswktgf"hqt"korngogpvcvkqp=

/"" korngogpvkpi"c"ncpiwcig/kpfgrgpfgpv"ugv"qh"dcuke"ugtxkegu=

/" korngogpvkpi" ncpiwcigu"cpf"fgxkug"rtqitcookpi" vgejpkswgu"cpf"eqpxkpekpi"fgoqp/
uvtcvqt"crrnkecvkqpu0

Tguwnvu
Gzvgpukqp"qh" vjg" hqtocnk¦cvkqp"qh" Kpvgtpgv"rtqvqeqnu."yjkej" ngf" vq" vjg"fkueqxgt{"qh" ugxgtcn" gttqtu" kp"
rqrwnct"korngogpvcvkqpu="eqorngvkqp"qh"c"igpgtke"R4R"okffngyctg."vjcv"ycu"wugf"Î"coqpi"qvjgt"fgoq"
crrnkecvkqpu"Î"vq"dwknf"c"fkuvtkdwvgf"Ýng u{uvgo0

Vjg"rtqlgev"rtqxkfgf"c"rtcevkecn"rtqqh"vjcv"ugtxgt/nguu"fkuvtkdwvgf"u{uvgou"ctg"hgcukdng"cpf"ecp"rtqxkfg"
xgt{"ukoknct"ugtxkegu"cu"eqpxgpvkqpcn."enkgpv1ugtxgt"u{uvgou0"Uqog"qh"vjg"fgoq"crrnkecvkqpu"jcxg"tckugf"
kpvgtguv"hqt"eqoogtekcn"vcmg/wr0

RGRKVQ"Tgugctej"Rtqlgev"KUV/4223/55456"Î"vqvcn"dwfigv"409:"OÚ
Eqqtfkpcvgf"d{"Uygfkuj"Kpuvkvwvg"qh"Eqorwvgt"Uekgpeg"*Uygfgp+

jvvr<11yyy0ukeu0ug1rgrkvq1
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 56

'LOBAL฀#OMPUTING

Rgthqtocpeg"Rqtvcdknkv{"qh"QrgpOR"*RQR+

"
Kp"vjg"ncuv"{gctu."vjg"kpfwuvt{"ku"cfqrvkpi"QrgpOR"cu"c"eqooqp"ujctgf/ogoqt{"rtqitcookpi"uvcpfctf0"
Wukpi"vjku"uvcpfctf"gcugu"vjg"vcum"qh"korngogpvkpi"rctcnngn"rtqitcou"hqt"UORu"cpf"ocmgu"rctcnngnkuo"
oqtg"rqrwnct"kp"kpfwuvtkcn"gpxktqpogpvu0"Qp"vjg"qvjgt"jcpf."eqorngvg"QrgpOR"ku"ewttgpvn{"qpn{"cxckncdng"
hqt"UOR"ocejkpgu."dwv"pq"ghÝekgpv korngogpvcvkqp gzkuvu hqt qvjgt ctejkvgevwtgu0 Qwt qdlgevkxg ku vq
dwknf"cp"gpxktqpogpv"cdng"vq"igpgtcvg"ghÝekgpv QrgpOR eqfg hqt cp{ ctejkvgevwtg. yjkej yknn cxqkf vjg
pgeguukv{"qh"wukpi"fkhhgtgpv"rtqitcookpi"oqfgnu" hqt"fkhhgtgpv"ctejkvgevwtgu0"Vjgug"ctejkvgevwtgu"yknn"
tcpig"htqo"ujctgf/ogoqt{"ctejkvgevwtgu"cpf"ownvk/vjtgcfgf"ctejkvgevwtgu"vq"enwuvgtu"qh"yqtmuvcvkqpu1
UORu"ykvj"uqhvyctg"fkuvtkdwvgf"ujctgf"ogoqt{"*UFUO+0"

"
"

RQR"Tgugctej"Rtqlgev"KUV/4223/55293"Î"vqvcn"dwfigv"4039"OÚ
Eqqtfkpcvgf"d{"Wpkxgtukvcv"Rqnkvgepkec"fg"Ecvcnwp{c

jvvr<11yyy0egrdc0wre0gfw1rqr14224
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57" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

'LOBAL฀#OMPUTING

Rtqqhu"qh"Hwpevkqpcnkv{"hqt"Oqdkng"Fkuvtkdwvgf"
U{uvgou"*RTQHWPFKU+

"
RTQHWPFKU"ckou"cv"fgxgnqrkpi"ogvjqfu"vq"cpcn{ug"vjg"dgjcxkqwt"qh"fkuvtkdwvgf"oqdkng"u{uvgou."kp"
qtfgt"vq"cuegtvckp"vjcv"vjg{"hwpevkqp"eqttgevn{0"Vjku"kpxqnxgu"oqfgnnkpi"vjg"u{uvgou"kp"cp"cduvtcev"yc{"
cpf"hqtowncvkpi"tkiqtqwu"eqttgevpguu"rtqrgtvkgu=" kv"yknn"dg"pgeguuct{"vq"eqpukfgt"qrgp"cpf"gzvgpukdng"
u{uvgou"ykvj"wpmpqycdng"rctvu0"Hqt" vjku"rwtrqug"qrgtcvkqpcn"oqfgnu" *dcugf"qp"cwvqocvc+." cnigdtcu."
nqikecn"ncpiwcigu."cpf"cuuqekcvgf"v{rg"u{uvgou"jcxg"dggp"fgxgnqrgf0"Cpcn{uku"ycu"eqpfwevgf"vjtqwij"
eqorwvgt" vqqnu." dqvj" hwnn{" cwvqocvke" cpf" kpvgtcevkxg0" Vjg" pqxgnv{" qh" vjg" rtqlgev" nkgu" kp" kpvgitcvkpi"
ugxgtcn"vjgqtgvkecn"uvtcpfu"kpvq"qpg"htcogyqtm"cpf"qpg"ugv"qh"vqqnu"igctgf"vqyctfu"oqdkng"fkuvtkdwvgf"
u{uvgou0" Ugewtkv{" rtqrgtvkgu" cpf" u{uvgou" wugf" kp" gngevtqpke" eqoogteg" tgegkxgf" urgekÝe cvvgpvkqp0"
"
Vjg"qdlgevkxg"qh"RTQHWPFKU"ku"vq"cfxcpeg"vjg"uvcvg"qh"vjg"ctv"qh"hqtocn"oqfgnnkpi"cpf"xgtkÝecvkqp
vgejpkswgu" vq" vjg" rqkpv"yjgtg" mg{" kuuwgu" kp"oqdkng" fkuvtkdwvgf" u{uvgou." uwej" cu" ugewtkv{" rtqvqeqnu."
cwvjgpvkecvkqp."ceeguu"tkijvu"cpf"tguqwteg"ocpcigogpv"ecp"dg"vtgcvgf"tkiqtqwun{"cpf"ykvj"eqpukfgtcdng"
cwvqocvke"uwrrqtv0"C"urgekÝe qdlgevkxg ku vq xgtkh{ rtqrgtvkgu v{rkecn kp uq ecnngf qrgp u{uvgou. yjgtg
vjg"dgjcxkqwt"qh"uqog"rctvu"*nkmg"kpvtwfgtu"qt"cfxgtuctkgu+"ku"wpmpqycdng."kp"gzvgpukdng"u{uvgou."yjgtg"
rctvu"oc{"dg"cffgf"qt"tgoqxgf"cu"vjg"u{uvgo"gzgewvgu."cpf"kp"oqdkng"u{uvgou"yjgtg"rj{ukecn"cpf"nqikecn"
eqppgevkxkv{"dgvyggp"rctvu"oc{"ejcpig0"Vjku" kpenwfgu" korngogpvkpi"cwvqocvke"cpf"rctvn{"cwvqocvke"
cpcn{uku"ogvjqfu"hqt"cuegtvckpkpi"eqttgev"dgjcxkqwt"qh"uwej"u{uvgou0

Tguwnvu
Korqtvcpv" tguwnvu"qh"rtqhwpfku"jcxg"dggp" kp" vjg"ctgc"qh"oqfgnu." uwej"cu" vjg" hqtowncvkqp"qh"Jkuvqt{/
Fgrgpfgpv"*JF+"cwvqocvc."vqqnmkvu."pgy"nqikeu"uwej"cu"urcvkcn"nqikeu"cpf"v{rg"u{uvgou0"

JF"cwvqocvc"jcxg"dggp"ujqyp"vq"rtqxkfg"cp"ghhgevkxg"oqfgn"uwkvcdng"hqt"Ýpkvg uvcvg xgtkÝecvkqp qh Ýpkvg
eqpvtqn"rtqeguugu0

UrgekÝe vqqnmkvu ygtg etgcvgf rtqxkfg hqt gzcorng okpkokucvkqp qh JF cwvqocvc. ejgemkpi qh rtqrgtvkgu
qh"et{rvqitcrjke"rtqvqeqnu."cpf"korngogpvcvkqp"qh"u{odqnke"gzgewvkqp"qh"et{rvqitcrjke"rtqvqeqnu0

V{rg"u{uvgou"ygtg"rtqrqugf"cu"uqnwvkqpu"hqt"urgekÝe rtqdngou kp fkuvtkdwvgf oqdkng u{uvgou. uwej cu
kpvgthgtgpeg."eqpvtqn"qh"vjg"okitcvkqp"qh"rtqeguugu"cpf"qh"vjg"ceeguu"vq"nqecn"tguqwtegu"vjcv"c"okitcvgf"
rtqeguu"ku"itcpvgf."tguqwteg"cnnqecvkqp."vjg"urgekÝecvkqp qh iwctcpvggu qp vjg ugtxkegu vjcv c rtqeguu ecp
qhhgt"oguucig/fgnkxgtcdknkv{."vgtokpcvkqp"cpf"ceeguu"eqpvtqn0"

Vjg"rtqlgev"jcu"tguwnvgf"kp":4"ctvkengu"kp"tgxkgygf"lqwtpcnu"cpf"eqphgtgpegu0

"
"
"

RTQHWPFKU"Tgugctej"Rtqlgev"KUV/4223/55322"Î"vqvcn"dwfigv"307;"OÚ
Eqqtfkpcvgf"d{"Wrrucnc"Wpkxgtukvgv"*Uygfgp+

jvvr<11yyy0kv0ww0ug1rtqhwpfku1
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Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 58

'LOBAL฀#OMPUTING

Ugewtg"Gpxktqpogpvu"hqt"Eqnncdqtcvkqp"coqpi"
Wdkswkvqwu"Tqcokpi"Gpvkvkgu"*UGEWTG+

Kv" ku" engct" vjcv"pgy"crrtqcejgu" vq" ugewtkv{" ctg"pggfgf" hqt" vjg" kphtcuvtwevwtg"gpxkucigf"d{" vjg"inqdcn"
eqorwvkpi"kpkvkcvkxg."yjkej"ku"ejctcevgtk¦gf"d{"fgegpvtcnkugf"eqpvtqn0"Vjg"UGEWTG"rtqlgev"kpxguvkicvgf"
vjg"fgukip"qh"f{pcoke"cpf"ugnh/eqpÝiwtkpi ugewtkv{ ogejcpkuou vjcv ctg crrtqrtkcvg hqt inqdcn/uecng cpf
rgtxcukxg"eqorwvkpi"dcugf"qp"vjg"jwocp"pqvkqp"qh"vtwuv0"Kp"rctvkewnct."vjg"rtqlgev"cfftguugf"jqy"gpvkvkgu"
vjcv"gpeqwpvgt"gcej"qvjgt"kp"wphcoknkct"eqorwvkpi"gpxktqpogpvu."uwej"cu"vjg"Kpvgtpgv."ecp"qxgteqog"
kpkvkcn"uwurkekqp"vq"cnnqy"eqnncdqtcvkqp"vq"vcmg"rnceg0

Vjg"rtqlgevÓu"cko"ycu"vq"fgxgnqr"c"oqfgn"kp"yjkej"vtwuv"tgncvkqpujkru"ctg"guvcdnkujgf"htqo"vjg"tgeqtf"qh"
kpvgtcevkqp"dgvyggp"gpvkvkgu."cpf"c"ugewtkv{"ogejcpkuo"gzrtguugf"kp"vgtou"qh"uwej"vtwuv0"UGEWTG"cnuq"
kpxguvkicvgf"jqy"vq"urgekh{"ceeguu"eqpvtqn"rqnke{"dcugf"qp"vtwuv0"

Vjg"qdlgevkxgu"qh"UGEWTG"ctg"vjg"fgÝpkvkqp qh c eqorwvcvkqpcn vtwuv oqfgn. c eqnncdqtcvkqp oqfgn.
ogcpu" vq"urgekh{"cpf" vq"gphqteg"ugewtkv{"rqnkekgu"dcugf"qp" vtwuv."ogcpu" vq"gxcnwcvg"ugewtkv{"rqnkekgu"
dcugf"qp"vtwuv."cniqtkvjou"hqt"vtwuv"ocpcigogpv"cpf"vjg"xcnkfcvkqp"qh"vjg"crrtqcej"kp"vjg"eqpvgzv"qh"vjg"
hqtocn"oqfgn0

Tguwnvu
UGEWTG"jcu"cejkgxgf"jkij"xkukdknkv{"kp"vjg"itqykpi"eqoowpkv{"qh"vtwuv"cpf"vtwuv"ocpcigogpv"tgugctej."
yjkej"engctn{"fgoqpuvtcvgu"vjcv"vjg"rtqlgev"ku"yqtmkpi"cv"vjg"hqtghtqpv"qh"vjg"uvcvg/qh/vjg/ctv0""Kv"jcu"cnuq"
guvcdnkujgf"c"rtqokpgpv"rtgugpeg"kp"vjg"oqtg"vtcfkvkqpcn"ugewtkv{"cpf"fkuvtkdwvgf"u{uvgou"eqoowpkvkgu0

Vjg"rtqlgev"jcu"ujqyp"jqy"gpvkvkgu"ecp"dwknf"wr"cpf"eqorwvg" vtwuv" kp"gcej"qvjgt."cpf"ecp" vcmg" tkum"
hcevqtu"kpvq"ceeqwpv"dghqtg"rtqeggfkpi"ykvj"cp"kpvgtcevkqp0"Vjg"rtqlgev"wpfgtvqqm"vjg"fgukip"qh"c"ugewtkv{"
htcogyqtm."yjkej"ku"dcugf"qp"c"hqtocn"eqorwvcvkqpcn"oqfgn"qh"vtwuv."cpf"crrnkgf"kv"vq"crrnkecvkqpu"uwej"
cu"URCO"Ýnvgtkpi cpf tgrwvcvkqp ocpcigogpv hqt rctvkekrcpvu kp gngevtqpke cwevkqpu0

Vjg" rtqlgev" cnuq" hqtocnn{" fgÝpgf c eqorwvcvkqpcn vtwuv oqfgn cpf c eqnncdqtcvkqp oqfgn ecrvwtkpi
vjg" f{pcoke" curgevu" qh" vjg" vtwuv"oqfgn="ogcpu" vq" urgekh{" cpf" vq" gphqteg" ugewtkv{" rqnkekgu" dcugf" qp"
vtwuv="ogcpu"vq"gxcnwcvg"ugewtkv{"rqnkekgu"cpf"korngogpvcvkqpu"dcugf"qp"vtwuv="cpf"cniqtkvjou"hqt"vtwuv"
ocpcigogpv0

Vjg"eqpuqtvkwo"ku"rncppkpi"vq"rwdnkuj"kvu"oclqt"tguwnvu"cpf"eqpvtkdwvkqpu"kp"vjg"hqto"qh"c"dqqm""kp"vjg"
Urtkpigt/Xgtnci"NPEU"ugtkgu0""

"

UGEWTG"Tgugctej"Rtqlgev"KUV/4223/546:8"Î"vqvcn"dwfigv"3095"OÚ
Eqqtfkpcvgf"d{"Vtkpkv{"Eqnngig"Fwdnkp"*Ktgncpf+

jvvr<11ugewtg0fui0eu0vef0kg
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59" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

'LOBAL฀#OMPUTING

Ugeuchg
Ugewtg"cpf"Uchg"U{uvgou
dcugf"qp"Rtqitco"Cpcn{uku

Ugewtg"cpf"Uchg"U{uvgou"dcugf"qp"Uvcvke"Cpcn{uku"
*UGEUCHG+

"
Uvcvke"cpcn{uku"qh"rtqitcou"ku"c"rtqxgp"vgejpqnqi{"kp"vjg"korngogpvcvkqp"qh"eqorkngtu"cpf"kpvgtrtgvgtu0"
Tgegpv"{gctu"jcxg"dgiwp"vq"ugg"crrnkecvkqp"qh"uvcvke"cpcn{uku"vgejpkswgu"kp"pqxgn"ctgcu"uwej"cu"uqhvyctg"
xcnkfcvkqp"*hqt"gzcorng"Ctkcpg"X+"cpf"uqhvyctg"tg/gpikpggtkpi"*hqt"gzcorng"vjg"[4M"rtqdngo+0"Vjku"
rtqlgev"yknn"fgoqpuvtcvg"vjcv"uvcvke"cpcn{uku"vgejpqnqi{"hceknkvcvgu"vjg"xcnkfcvkqp"qh"u{uvgou"dcugf"qp"vjg"
Kpvgtpgv"cpf"qp"uoctv"ectfu0

Vjg"qdlgevkxg"qh"vjg"rtqlgev"ku"vq"cuuguu"vjg"uecncdknkv{"qh"uvcvke"cpcn{uku"vgejpqnqi{"vq"vjg"xcnkfcvkqp"qh"
ugewtkv{"cpf"uchgv{"curgevu"qh"tgcnkuvke"ncpiwcigu"cpf"crrnkecvkqpu0"Vyq"fqockpu"yjgtg"ugewtkv{"ku"cnn/
korqtvcpv"jcxg"dggp"kfgpvkÝgf< uoctv ectfu cpf Kpvgtpgv rtqitcookpi0 Vjg rtqlgev kpvgpfu vq fgxgnqr
ogvjqfu"vjcv"crrn{"vq"dqvj"fqockpu"d{"hqewuukpi"c"uwduvcpvkcn"rctv"qh"qwt"ghhqtvu"qp"vjg"Lcxc"rtqitcookpi"
ncpiwcig"cpf"kvu"fkcngev"Lcxc"Ectf."vtgcvkpi"uqwteg/ngxgn"cu"ygnn"cu"d{vgeqfg/ngxgn"crrnkecvkqpu0

"
"

"

UGEUCHG"Tgugctej"Rtqlgev"KUV/3;;;/4;297"Î"vqvcn"dwfigv"3086"OÚ
Eqqtfkpcvgf"D{"Korgtkcn"Eqnngig"qh"Uekgpeg."Vgejpqnqi{"cpf"Ogfkekpg"*Wpkvgf"Mkpifqo+

jvvr<11yyy0fqe0ke0ce0wm1\ukxgtqpk1ugeuchg14224

���� ���� ���� ���� ���� ���� ����

4227a2942avgzv/GP0kpff"""59 8/24/4228"""34<47<2:



Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 5:

'LOBAL฀#OMPUTING฀))

Uqhvyctg"Gpikpggtkpi"hqt"Ugtxkeg/Qtkgpvgf"
Qxgtnc{"Eqorwvgtu"*UGPUQTKC+

Ugtxkeg/qtkgpvgf"eqorwvkpi" ku"cp"gogtikpi"rctcfkio"yjgtg"ugtxkegu"ctg"wpfgtuvqqf"cu"cwvqpqoqwu."
rncvhqto/kpfgrgpfgpv" eqorwvcvkqpcn" gpvkvkgu" vjcv" ecp" dg" fguetkdgf." fkueqxgtgf." cpf" f{pcokecnn{"
cuugodngf"hqt"fgxgnqrkpi"fkuvtkdwvgf."kpvgtqrgtcdng"u{uvgou"cpf"crrnkecvkqpu0"

Vjg"cko"qh"UGPUQTKC"ku"vq"fgxgnqr"c"pqxgn"eqortgjgpukxg"crrtqcej"vq"vjg"gpikpggtkpi"qh"ugtxkeg/
qtkgpvgf"uqhvyctg"u{uvgou"yjgtg"hqwpfcvkqpcn"vjgqtkgu"cpf"vgejpkswgu"ctg"hwnn{"kpvgitcvgf"kp"c"rtciocvke"
uqhvyctg"gpikpggtkpi"crrtqcej0""

Vjg"tguwnvu"qh"UGPUQTKC"yknn"kpenwfg"pgy"oqfgnnkpi"cpf"rtqitcookpi"rtkokvkxgu"hqt"ugtxkegu."pgy"
ocvjgocvkecn"cpcn{uku"cpf"xgtkÝecvkqp vgejpkswgu cpf vqqnu hqt u{uvgo dgjcxkqwt cpf swcnkv{ qh ugtxkeg
rtqrgtvkgu."cpf"pqxgn"oqfgn/dcugf"vtcpuhqtocvkqp"vgejpkswgu0

Tguwnvu
Vjku"rtqlgev"jcu"pqv"uvctvgf"{gv0

"

UGPUQTKC"Kpvgitcvgf"Rtqlgev"KUV/HR8"38226"Î"vqvcn"dwfigv"32059"OÚ
Eqqtfkpcvgf"d{"Nwfyki/Oczkoknkcpu/Wpkxgtukvcgv"*Igtocp{+

jvvr<11yyy0ruv0kÝ0now0fg1rtqlgmvg1ugpuqtkc1
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5;" Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg

'LOBAL฀#OMPUTING

C"eqorwvcvkqpcn"nqike"oqfgn"hqt"vjg"fguetkrvkqp."
cpcn{uku"cpf"xgtkÝecvkqp qh inqdcn cpf qrgp
uqekgvkgu"qh"jgvgtqigpgqwu"eqorwvggu"*UQEU+

Vjg"cko"qh"vjku"rtqlgev"ku"vq"kpxguvkicvg"eqorwvcvkqpcn"cpf"nqikecn"oqfgnu"hqt"fguetkdkpi."cpcn{ukpi."cpf"
xgtkh{kpi"kpfkxkfwcn"cpf"ciitgicvgu"qh"eqorwvcvkqpcn"gpvkvkgu"Î"tghgttgf"vq"cu"eqorwvggu"/"kpvgtcevkpi"kp"vjg"
eqpvgzv"qh"inqdcn."qrgp"cpf"f{pcoke"gpxktqpogpvu0"Eqorwvggu"ecp"hqto"eqorngz"qticpkucvkqpu."yjkej."
hqt"vjg"rwtrqugu"qh"vjku"rtqlgev."yg"ecnn"uqekgvkgu"qh"eqorwvggu0"Yg"rtqrqug"eqorwvcvkqpcn"nqike/dcugf"
vgejpkswgu"hqt"urgekh{kpi"cpf"xgtkh{kpi"hqtocn"rtqrgtvkgu"qh"eqorwvggu"cpf"vjgkt"uqekgvkgu0"Yg"hwtvjgt"
xcnkfcvg"vjg"htcogyqtm"d{"c"ugtkgu"qh"itqwpfgf"eqpvtqnngf"gzrgtkogpvu"wukpi"c"rtqvqv{rg"fgoqpuvtcvqt"
godqf{kpi"vjg"hqtocn"oqfgn0"Vjg"tguwnvu"qh"vjg"rtqlgev"yknn"cnuq"rtqxkfg"c"rtcevkecn"dcuku"hqt"vjg"fgukip"
qh"encuugu"qh"u{uvgou"cpf"crrnkecvkqpu"yjkej"tgswktg"ciitgicvg"dgjcxkqwt"qh"eqorwvcvkqpcn"gpvkvkgu0

Vjg"rtqlgevu"ckou"vq<

*3+"fgnkxgt"pqxgn"eqorwvcvkqpcn"nqike/dcugf"fguetkrvkqpu"qh"eqorwvcvkqpcn"gpvkvkgu"/"tghgttgf"vq"cu"eqo/
rwvggu"/"ykvj"jgvgtqigpgqwu"mpqyngfig."qdlgevkxgu."tqngu"cpf"rcvvgtpu"qh"dgjcxkqwt"cpf"kpvgtcevkqp=

*4+"fguetkdg"uqekgvkgu"qh"eqorwvggu"vjcv"ctg"ecrcdng"qh"kpvgtcevkpi"kp"c"inqdcn."qrgp."cpf"f{pcokecnn{"
ejcpikpi"gpxktqpogpv=

*5+"rtqxkfg"vqqnu"hqt"vjg"urgekÝecvkqp. cpcn{uku cpf xgtkÝecvkqp qh rtqrgtvkgu qh eqorwvggu cpf uqekgvkgu
qh"eqorwvggu"gogtikpi"htqo"vjgkt"kpvgtcevkqpu0

Tguwnvu
UQEU"fgxgnqrgf"c"rtqvqv{rg"rncvhqto"uwrrqtvkpi"vjg"korngogpvcvkqp"cpf"fgrnq{ogpv"qh"eqorwvggu"cpf"
uqekgvkgu"qh"eqorwvggu0"Kp"vjku"rncvhqto."eqorwvggu"oc{"gzjkdkv"jgvgtqigpgqwu"rtqÝngu qh dgjcxkqwt.
oc{"kpvgtcev"ykvj"qpg"cpqvjgt"d{"eqoowpkecvkqp"cpf"d{"qdugtxcvkqp."cpf"ctg"jkijn{"tgurqpukxg"vq"vjg"
f{pcoke"ejcpigu"kp"vjgkt"gpxktqpogpv0"Vjg"rtqvqv{rg"cnnqyu"hqt"gzrgevcvkqpu"vq"dg"igpgtcvgf"cdqwv"vjg"
kfgcn"uqekcn"dgjcxkqwt"qh"vjg"eqorwvggu"vjcv"ctg"rctv"qh"kv0

"
"

UQEU"Tgugctej"Rtqlgev"KUV/4223/54752"Î"vqvcn"dwfigv"30;3"OÚ
Eqqtfkpcvgf"d{"Korgtkcn"Eqnngig"qh"Uekgpeg."Vgejpqnqi{"cpf"Ogfkekpg"*Wpkvgf"Mkpifqo+

jvvr<11yyy/nkc0fgku0wpkdq0kv1Tgugctej1Rtqlgevu1UQEU1

���� ���� ���� ���� ���� ���� ����

4227a2942avgzv/GP0kpff"""5; 8/24/4228"""34<47<32



Vjg"HGV"Inqdcn"Eqorwvkpi"kpkvkcvkxg" 62

'LOBAL฀#OMPUTING฀

V[RGUV{rgu"hqt"Rtqqhu"cpf"Rtqitcou"*V[RGU+

Vjg"rtqlgev"ku"c"eqqtfkpcvkqp"cevkqp"cpf"vjg"cko"ku"vq"eqoowpkecvg"cpf"fkuugokpcvg"fgxgnqrogpvu"
kp"vjg"vgejpqnqi{"qh"hqtocn"tgcuqpkpi"cpf"eqorwvgt"rtqitcookpi"dcugf"qp"V{rg"Vjgqt{0"Vjgug"
fgxgnqrogpvu"ctg"ockpn{" kp" kortqxkpi" vjg" ncpiwcigu"cpf"eqorwvgtkugf" vqqnu" hqt" tgcuqpkpi."
cpf"crrn{kpi"vjg"vgejpqnqi{"kp"ugxgtcn"fqockpu"uwej"cu"cpcn{uku"qh"rtqitcookpi"ncpiwcigu."
egtvkÝgf uqhvyctg. hqtocnkucvkqp qh ocvjgocvkeu cpf ocvjgocvkeu gfwecvkqp0

Kp"cp"gctnkgt"rjcug."V[RGU"jcu"ngf"vq"nqikeu"dcugf"qp"xctkqwu"v{rg"vjgqtkgu."rtqqh"vqqnu"dcugf"qp"
vjgug"nqikeu."cpf"ocvjgocvkeu"nkdtctkgu"yjkej"ctg"guugpvkcn"hqt"rtcevkecn"wug"qh"vjg"rtqqh"vqqnu0"
Vjg"cko"ycu"vq"fgxgnqr"u{uvgou"vjcv"yknn"dg"wughwn"vq"ocvjgocvkekcpu"cpf"qvjgt"uekgpvkuvu"kp"
vjgkt"rtqqh/qtkgpvgf"yqtm."owej"cu"eqorwvgt"cnigdtc"u{uvgou"jcxg"dggp"wughwn"hqt"u{odqnke"
eqorwvcvkqpu0

Vjg"rtqlgev"rncpu"vq"hqewu"qp"vjg"hqnnqykpi"hqwt"mg{"ctcgu<"

̋" Eqttgevpguu"qh"Eqorwvgt"U{uvgou<"vqqnu"cpf"vgejpkswgu"ckogf"urgekÝecnn{ cv crrnkecvkqp
qh"hqtocn"ogvjqfu"vq"u{uvgo"eqttgevpguu."g0i0"rtqitcookpi"ncpiwcig"urgekÝe vqqnu cpf
rtqdngo/urgekÝe cwvqocvkqp qh rtqqh ugctej0

̋" Hqtocn"Ocvjgocvkeu" cpf"Ocvjgocvkeu"Gfwecvkqp<" vjku" ku" vjg" rtqvqv{rg" gzcorng" hqt"
rtqqh" kp" vjg" nctig." kpenwfkpi"xgt{"jkij" ngxgn"ocvjgocvkecn"xgtpcewnct" ncpiwcigu." vjg"
eqpuvtwevkqp" cpf" wug" qh" pgeguuctkn{" nctig" nkdtctkgu" qh" rtgxkqwu"yqtm." cpf" fkuvtkdwvgf"
yqtm"qp"nqpi/vgto"rtqlgevu0"

̋" Rtqqh" Vgejpqnqi{<" vjg" fgvcknu" qh" rtqqh." kpenwfkpi" wpkÝecvkqp. tguqnwvkqp. tgytkvkpi.
igpgtcn"rtqqh"ugctej."vcevke"ncpiwcigu"cpf"fgenctcvkxg"rtqqh"ncpiwcigu0"

̋" Hqwpfcvkqpcn"Tgugctej<"wpfgtn{kpi" vjg"rtgxkqwu" vjtgg"ctgcu"owuv"dg"tgugctej"qp" vjg"
gzrtguukxgpguu" cpf" tgncvkxg" eqttgevpguu" qh" vjg" hqwpfcvkqpcn" nqikeu." kpenwfkpi" u{pvcz."
ugocpvkeu."fgÝpkvkqpcn ogejcpkuou. cnnqygf eqorwvcvkqp cpf uwdv{rkpi0

V[RGU" yknn" qticpkug" vjtgg" cppwcn" oggvkpiu" vq" eqoowpkecvg" tgegpv" yqtm" vjtqwijqwv" vjg"
eqpuqtvkwo."ukz"uocnngt"vjgocvke"yqtmujqru"qp"fgukipcvgf"tgugctej"vjgogu."qpg"uwoogt"uejqqn."
ujqtv"eqwtugu"cpf"ujqtv"xkukvu"dgvyggp"ukvgu0"

"

V[RGU"Tgugctej"Rtqlgev"HR8/732;;8"Î"vqvcn"dwfigv"208"OÚ
Eqqtfkpcvgf"d{"Ejcnogtu"Vgmpkumc"Jqgiumqnc"Cmvkgdqnci"*Uygfgp+

jvvr<11yyy0eu0ejcnogtu0ug1Eu1Tgugctej1Nqike1V{rgu1
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