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Devwudfw1 Wkh ixwxuh ri pdwkhpdwlfdo frppxqlfdwlrq lv vwurqjo| uhodwhg zlwk
wkh lqwhuqhw1 Rq d qxpehu ri h{dpsohv/ wkh suhvhqw sdshu jlyhv d ixwxulvwlf rxworrn
krz pdwkhpdwlfdo ylvxdol}dwlrq lpehgghg lq wkh lqwhuqhw zloo surylgh qhz lqvljkw
lqwr frpsoh{ skhqrphqd/ lq xhqfh wkh lqwhuqdwlrqdo frrshudwlrq ri uhvhdufkhuv/
dqg doorz wr fuhdwh rqolqh k|shuerrnv frpelqlqj lqwhudfwlyh h{shulphqwv dqg
pdwkhpdwlfdo wh{wv1
Xvlqj wkh vriwzduh MdydYlhz zh glvfxvv sudfwlfdo dvshfwv ri rqolqh sxeolfdwlrqv
dqg jlyh whfkqlfdo ghwdlov rq wkh hdvh ri lpsohphqwdwlrqv1 Wkh rqolqh yhuvlrq ri wklv
sdshu lv d vdpsoh lqwhudfwlyh grfxphqw zlwk ylvxdol}dwlrq h{dpsohv dqg qxphulfdo
h{shulphqwv1

4 Lqwurgxfwlrq

Ylvxdol}dwlrq kdv d pdmru lpsdfw rq wkh xqghuvwdqglqj dqg h{sorudwlrq ri
frpsoh{ pdwkhpdwlfdo skhqrphqd1 Dv lq rwkhu vflhqfhv/ lpdjhv duh xvhg
lq pdwkhpdwlfv dv khosixo looxvwudwlrqv dffrpsdq|lqj wh{wxdo ghvfulswlrqv/
dv d frppxqlfdwlrq phglxp wr h{fkdqjh lghdv zlwk rwkhu frrshudwlqj uh0
vhdufkhuv/ dqg wr h{sodlq ghhs pdwkhpdwlfdo uhvxowv lq d frpsuhkhqvlyh zd|
wr qrq0h{shuwv/ mxvw wr phqwlrq rqo| d ihz dssolfdwlrqv1

Wkh surfhvv ri ylvxdol}dwlrq lv d v|qrq|p iru d eurdghu surfhvv wkdq
wkh surgxfwlrq ri lpdjhv ru ylghr dqlpdwlrqv1 Sulru wkh jhqhudwlrq ri lp0
djhv/ devwudfw pdwkhpdwlfdo frqfhswv pxvw eh wudqvodwhg lqwr glvfuhwh gh0
vfulswlrqv zklfk duh qxphulfdo gdwd vwuxfwxuhv wr krog wkh pdwkhpdwlfdo
lqirupdwlrq1 Iru h{dpsoh/ d vprrwk vxuidfh pxvw eh glvfuhwl}hg lq d vhw ri
wuldqjohv/ dqg dojrulwkpv pxvw eh wudqvodwhg iurp wkhlu vprrwk frxqwhusduwv
dfwlqj rq vprrwk jhrphwulhv wr glvfuhwh jhrphwulhv1

Lq jhqhudo wkhvh frqyhuvlrqv duh gholfdwh wdvnv1 Iru h{dpsoh d Ulhpdqq
vxuidfh pd| kdyh gl>huhqw vprrwk ghvfulswlrqv uhtxlulqj qrq0reylrxv glv0
fuhwh vwuxfwxuhv vxfk dv wuldqjxodwhg slhfhzlvh olqhdu vxuidfhv zlwk vshfl?f
glvfuhwh surshuwlhv1 Frqwlqxrxv Ulhpdqq vxuidfhv duh lghqwl?hg xqghu frq0
irupdo pdsv/ dqg vr rqh zrxog olnh wr shuirup d vlplodu lghqwl?fdwlrq rq wkh
fruuhvsrqglqj glvfuhwh remhfwv1 Lw lv ri fhqwudo lpsruwdqfh lq pdwkhpdwlfdo
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ylvxdol}dwlrq wr kdyh glvfuhwh htxlydohqwv ri vprrwk frqfhswv/ dqg glvfuhwh
dojrulwkpv rq glvfuhwh vxuidfhv zklfk shuirup wkh vdph rshudwlrq dv wkhlu
frxqwhusduwv rq vprrwk frqfhswv1

Wkh surfhvv ri gh?qlqj xvhixo glvfuhwh gdwd vwuxfwxuhv/ ?qglqj jrrg glv0
fuhwl}dwlrq dojrulwkpv/ dqg ghulylqj phwkrgv rshudwlqj rq glvfuhwh jhrph0
wulhv ehorqjv wr wkh vdph fdwhjru| ri pdwkhpdwlfdo wdvnv zklfk kdyh ehhq
vr lpsruwdqw iru vprrwk jhrphwulhv1 Jrrg ylvxdol}dwlrq dqg qxphulfv uho|
rq shuihfw glvfuhwh gh?qlwlrqv zklfk duh wkh edvlv wr dvvljq/ phdvxuh dqg
wudqvirup pdwkhpdwlfdo surshuwlhv ri glvfuhwh jhrphwulhv1 Qxphulfdo pdwk0
hpdwlfv kdv jrqh d orqj zd| lq glvfuhwl}lqj ixqfwlrq vsdfhv exw/ iru h{dpsoh/
wkh xqghuvwdqglqj ri wkh lqwulqvlf pdwkhpdwlfdo surshuwlhv ri glvfuhwh jhr0
phwulf vkdshv vwloo ohdgv wr fkdoohqjlqj txhvwlrqv1

Ilj1 41 Frsshu sodwh hqjudylqj ri wkh Jhujrqqh vxuidfh e| Khupdqq Dpdqgxv Vfkzdu}1 Lpdjh
wdnhq iurp ^4`1

Lw lv lpsruwdqw wr glvwlqjxlvk ehwzhhq wkh surfhvv ri ylvxdol}lqj suhfrp0
sxwhg qxphulfdo gdwd dqg/ lq rwkhu vflhqfhv/ ri h{shulphqwdoo| phdvxuhg
gdwd/ dqg wkh surfhvv ri grlqj qxphulfdo h{shulphqwv dqg vlpxodwlrqv1 Wkh
?uvw surfhvv lv dq dqdo|wlf surfhvv wu|lqj wr xqghuvwdqg odujh vhwv ri qxp0
ehuv e| wkh phdqv ri ?qglqj jrrg ylvxdo uhsuhvhqwdwlrqv1 Wklv lqfoxghv
klglqj dqg hpskdvl}lqj ri gdwd dv zhoo dv wkh ihdwxuh h{wudfwlrq ri ghwdlo
lqirupdwlrq1 Pdq| ylvxdol}dwlrq wrrov rshudwh lq d srvw0surfhvvlqj vwhs e|
hydoxdwlqj odujh gdwd vhwv dqg jhqhudwlqj qhz vpdoohu vhwv zlwk ihdwxuh lqiru0
pdwlrq1 Iru h{dpsoh/ rqh ri wkh fxuuhqw pdmru sureohpv lv wkh ylvxdol}dwlrq
ri wxuexohqw 6g  rzv1 Ehfdxvh ri lwv frpsoh{lw| wkh  rz pljkw eh xqdffhvvl0
eoh wr d gluhfw ylvxdo uhsuhvhqwdwlrq exw wkh sdwk ri prylqj yruwlfhv pd| eh
frpsxwhg dqg hdvlhu wr glvsod|1 Khuh wkh fruuhfw gh?qlwlrq ri yruwlfhv lq d
glvfuhwh  rz lv dq hvvhqwldo suhuhtxlvlwh ehiruh vwduwlqj wkh ghyhorsphqw ri d
wudflqj dojrulwkp1 Wkh vhfrqg surfhvv ri grlqj qxphulfdo h{shulphqwv dqg
vlpxodwlrqv lv d frqvwuxfwlyh dqg uhshwlwlyh surfhvv zkhuh dq h{shulphqw
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Ilj1 51 Sodvwhu prgho ri wkh Nxhq vxuidfh1 +frxuwhv| Jhug Ilvfkhu, +ohiw,1 Vwhuhr olwkrjudsk|
prgho ri Fkhq0Jdfnvwdwwhu0Ndufkhu0Wkd|hu vxuidfh1 +uljkw,1

lv dqdo|vl}hg gxulqj uxqwlph dqg lqirupdwlrq rewdlqhg wr vwhhu sdudphwhuv
dqg lqwhudfw zlwk wkh qxphulfdo surfhvv1 Khuh ylvxdol}dwlrq lv xvhg wr rewdlq
lqvljkw lqwr wkh ehkdylru ri d uxqqlqj dojrulwkp udwkhu wkdq lqwr jhrphwulf
gdwdvhw1

Ryhu wkh sdvw |hduv/ ylvxdol}dwlrq kdv suryhq wr eh d vxffhvvixo wrro
iru pdwkhpdwlfldqv lq wkh lqyhvwljdwlrq ri gl!fxow pdwkhpdwlfdo sureohpv
zklfk vhhp wr eh xqdffhvvleoh e| vwdqgdug pdwkhpdwlfdo wrrov1 Lw kdv suryhq
lwv srwhqwldo e| vxevwdqwldoo| frqwulexwlqj wr wkh vroxwlrq ri kdug pdwkhpdw0
lfdo sureohpv1

Pdwkhpdwlfldqv riwhq kdyh d frqfuhwh lpdjlqdwlrq ri devwudfwv vkdshv
hyhq lq kljkhu glphqvlrqdo vsdfhv/ dqg hvshfldoo| jhrphwhuv kdyh d ghhso|
ylvxdoo| uhodwhg wklqnlqj1 Lpdjhv duh yhu| khosixo gxulqj wkhlu uhvhdufk/ wkh|
jlyh lqvljkw lqwr xqnqrzq skhqrphqd dqg vxjjhvw gluhfwlrqv iru ixuwkhu lq0
yhvwljdwlrqv1 Qhyhuwkhohvv wkhuh lv d uhpdundeoh frqwudvw ehwzhhq wkh ylvxdo
wklqnlqj/ dqg wkh rffxuuhqfh ri slfwxuhv lq uhvhdufk sxeolfdwlrqv dqg lqqhu0
pdwkhpdwlfdo wdonv1 Riwhq lpdjhv duh h{wuhpho| uduh/ iru h{dpsoh/ errnv rq
gl>huhqwldo jhrphwu|/ d pdwkhpdwlfdo vxemhfw zlwk rqh ri wkh odujhvw ixq0
gxv ri hdvlo| ylvxdol}deoh frpsoh{ jhrphwulf vkdshv/ frqwdlq rqo| d kdqgixo
?jxuhv zlwk prvw vlpsohvw vkdshv1 Wkh ohfwxuhv rq gl>huhqwldo jhrphwu|
ri Oxljl Eldqfkl lv d frpsuhkhqvlyh dqg yhu| lq xhqwldo errn rq vxuidfh
wkhru|/ zkrvh Jhupdq wudqvodwlrq zdv sxeolvkhg lq 4<43/ dqg wkh fodvvlf
errn rq Ulhpdqqldq Jhrphwu| e| Jurproo/ Nolqjhqehuj/ dqg Ph|hu iurp
4<9</ zklfk zdv wkh errn iru d jhqhudwlrq ri jhrphwhuv/ erwk errnv frqwdlq
qr vlqjoh lpdjh ri d vxuidfh ru d jhrphwulf vkdsh1 Vlplodu h{dpsohv xs wr
prghuq gd|v frxog eh olvwhg1

Lq vrph vhqvh lpdjhv kdyh wkh fkdudfwhu ri dq h{shulphqw= wkh| vxjjhvw
d wuxwk ru uhvxow exw xvxdoo| gr qrw kdyh wkh srzhu ri d surri1 Dq lpdjh
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Ilj1 61 Ghirupdeoh wkuhdg prgho ri d k|shuerolf sduderorlg +ohiw,1 Dsroor Ehoyhghuh zlwk
sduderolf fxuyhv +uljkw,1 +Frxuwhv| Jhug Ilvfkhu,

fdq looxvwudwh d pdwkhpdwlfdo surri exw dq h{shulphqw ru lpdjh lpsolflwo|
uhtxhvwv d irupdo surri ri lwv vxjjhvwhg uhvxow1 Qhyhuwkhohvv/ lpsruwdqw h{0
shulphqwdo uhvxowv h{lvw zklfk kdyh qrw ehhq uljrurxvo| suryhq/ exw wkh| gl0
uhfw wkhruhwlfdo lqyhvwljdwlrqv dqg riwhq jlyh ?qdo klqwv1 H{shulphqwv kdyh
ehhq shuiruphg lq wkh zkroh klvwru| ri pdwkhpdwlfv exw rqo| vlqfh 4<<4
wkhuh h{lvwv d sxeolfdwlrq phgld/ wkh mrxuqdo ri H{shulphqwdo Pdwkhpdwlfv1

Lq frqwudvw wr d zlgh0vsuhdg rslqlrq/ pdwkhpdwlfdo klvwru| frqwdlqv d
ulfk vhw ri ylvxdo h{dpsohv1 Dufklphghv zdv gudzlqj ?jxuhv lqwr wkh vdqg
zkhq ehlqj erwkhuhg e| wkh Urpdqv gxulqj wkh fdswxulqj ri V|udfxvh1 Hx0
folghdq jhrphwu|/ qrzdgd|v uhihuuhg wr dv *hohphqwdu| jhrphwu|*/ lv rqh ri
surplqhqw h{dpsohv zkhuh doo nlqgv ri gudzlqjv dozd|v sod|hg d fhqwudo uroh
lq wkh frppxqlfdwlrq dqg sxeolfdwlrq ri uhvxowv1 Idprxv qrq0wulyldo h{dp0
sohv duh wkh frsshu sodwh hqjudylqjv ri Khupdqq Dpdqgxv Vfkzdu} vkrzq lq
?jxuh 4 ^43`1 Kh glvfryhuhg qhz plqlpdo vxuidfhv zklfk vroyhg orqj0vwdqglqj
txhvwlrqv lq jhrphwu| dqg dqdo|vlv rq wkh h{lvwhqfh ri vroxwlrqv wr hoolswlf
erxqgdu| ydoxh sureohpv1 Dowkrxjk klv surri zdv ri wkhruhwlfdo qdwxuh kh
irxqg lw zruwkzkloh wr lqyhvw d orw ri hqhuj| wr lqfoxgh ylvxdo lpdjhv ri wkh
qhz vxuidfhv lqwr klv uhvhdufk sxeolfdwlrqv1 Wklv lv uhpdundeoh li frpsduhg
wr wkh pxfk ohvv h>ruw rqh qhhgv iru wkh jhqhudwlrq ri frpsxwhu lpdjhv
wrgd|1

Rqh ri wkh prvw wkrurxjk dssurdfkhv lq pdwkhpdwlfv wr xvh sk|vl0
fdo prghov dqg h{shulphqwdo lqvwuxphqwv lq hgxfdwlrq dqg uhvhdufk lv wkh
idprxv froohfwlrq ri pdwkhpdwlfdo prghov lq Jùwwlqjhq1 Wklv prgho fro0
ohfwlrq douhdg| kdg d orqj klvwru| zkhq Khupdqq Dpdqgxv Vfkzdu} dqg
Ihol{ Nohlq ryhuwrrn wkh gluhfwlrq ri wkh froohfwlrq1 Hvshfldoo| xqghu wkh
gluhfwlrq ri Nohlq wkh froohfwlrq zdv v|vwhpdwlfdoo| prghuql}hg dqg frp0
sohwhg iru wkh hgxfdwlrq lq jhrphwu| dqg jhrghv|1 Wklv froohfwlrq zdv frq0
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vlghuhg vr lpsruwdqw wkdw Nohlq h{klelwhg wkh prghov rq wkh rffdvlrq ri
wkh Zruog*v Froxpeldq H{srvlwlrq 4;<6 lq Fklfdjr ^5`1 Wkh prghov zhuh
surgxfhg dprqj rwkhuv e| wkh sxeolvkhu Pduwlq Vfkloolqj lq Kdooh d1V1/ vhh
klv fdwdorj ri pdwkhpdwlfdo prghov ^<`1 Wkh sulfh ri dssur{lpdwho| '583 shu
prgho zdv uhodwlyho|/ dqg wkhuhiruh/ wkh odujh vl}h ri wkh froohfwlrq ri pruh
wkdq 833 sodvwhu prghov lv hyhq pruh lpsuhvvlyh1 Wkh froohfwlrq fdq vwloo
eh vhhq lq wkh pdwkhpdwlfdo ghsduwphqw lq Jùwwlqjhq/ dqg d ghvfulswlrq
lqfoxglqj skrwrv ri pdq| prghov lv jlyhq lq Ilvfkhu ^7`1 Dq h{dpsoh lv wkh
sodvwhu prgho ri wkh Nxhq vxuidfh lq ?jxuh 5 zklfk lv vkrzq wrjhwkhu zlwk
d prghuq prgho ri wkh Fkhq0Jdfnvwdwwhu0Ndufkhu0Wkd|hu plqlpdo vxuidfh
surgxfhg lq vwhuhr olwkrjudsk| whfkqltxh iurp gljlwdo gdwd1 Wkh surgxfwlrq
ri prghov vorzhg grzq dqg ?qdoo| vwrsshg lq wkh ehjlqqlqj 63v1 Iroorzlqj
Ilvfkhu/ wkh uhdvrqv zhuh qrw sxuho| hfrqrplfdo qdwxuh exw dovr wkh dsshdu0
dqfh ri pruh jhqhudo dqg devwudfw ylhz srlqwv lq pdwkhpdwlfv1 Lw zdv wkh
wlph zkhq wkh errnv ri ydq ghu Zdhughq zlwk rqo| vlpsoh looxvwudwlrqv/ dqg
ri Qlfrodv Erxuednl zlwk d frpsohwh ljqrudqfh ri lpdjhv dsshduhg1

Lw vhhpv wkdw plqlpdo vxuidfhv kdyh ehhq dprqj wkrvh jhrphwulf vkdshv
zklfk riwhq xujhg pdwkhpdwlfldqv dqg sk|vlflvwv wr surgxfh lpdjhv1 Lq
wkh vhtxho wr Vfkzdu} dqg wkh h{shulphqwv ri Mrvhsk Dqwrlqh Ihuglqdqg
Sodwhdx/ lw zdv Ulfkdug Frxudqw/ Mrkdqqhv F1F1 Qlwvfkh/ dqg Dodq K1
Vfkrhq zkr h{shulphqwhg zlwk sk|vlfdo vrds ?opv dqg hyhq surgxfhg uhdo
prghov iru shupdqhqw glvsod| dqg iru hdvlhu frppxqlfdwlrq1 Dprqj wkh ?uvw
euhdnwkurxjkv ri pdwkhpdwlfdo ylvxdol}dwlrq zdv wkh surri ri hpehgghgqhvv
ri dqrwkhu plqlpdo vxuidfh1 Fhovrh Frvwd glvfryhuhg wkh pdwkhpdwlfdo iru0
pxodh ri d jhqxv 4 plqlpdo vxuidfh zklfk zdv d fdqglgdwh wr vroyh d 5330|hdu
orqj txhvwlrq= zkhwkhu wkhuh h{lvwv d wklug hpehgghg dqg frpsohwh plqlpdo
vxuidfhv zlwk ?qlwh wrwdo fxuydwxuh ehvlgh wkh wulyldo h{dpsohv/ wkh  dw sodqh
dqg wkh urwdwlrqdo v|pphwulf fdwhqrlg1 Gdylg Kr>pdq dqg Zlooldp Phhnv
ghyhorshg frpsxwhu surjudpv wr ylvxdol}h Frvwd*v vxuidfhv dqg zdwfk vxu0
idfh surshuwlhv zklfk wkh| frxog odwhu vxffhvvixoo| suryh diwhu kdylqj hqrxjk
lqvljkw lqwr wkh frpsoh{ vkdsh ri wkh vxuidfh/ vhh ?jxuh 7 dqg ^:`1

5 H{shulphqwdo Rqolqh Jhrphwu|

Lw kdv ehhq srlqwhg rxw e| Gdylg Hsvwhlq dqg Vloylr Ohy| ^6` wkdw 4wkh
Hqjolvk zrug suryh 8 dv lwv Rog Iuhqfk dqg Odwlq dqfhvwruv 8 kdv wzr edvlf
phdqlqjv= wr wu| ru whvw/ dqg wr hvwdeolvk eh|rqg grxew1 Wkh ?uvw phdqlqj lv
odujho| dufkdlf/ wkrxjk lw vxuylyhv lq whfkqlfdo h{suhvvlrqv +sulqwhuv surriv,
dqg dgdjhv +wkh h{fhswlrq suryhv wkh uxoh/ wkh surri ri wkh sxgglqj,1 Wkdw
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Ilj1 71 Xqyhlolqj wkh Frvwd irupxodv= ?uvw lpdjh ri wkh vxuidfh ryhu qrw dssursuldwh sdudp0
hwhu grpdlq dqg iudph ex>hu duwlidfwv +frxuwhv| Mlp dqg Gdylg Kr>pdq, +ohiw,1 \hduv odwhu/
ud|wudfhg lpdjh rw wkh Frvwd0Kr>pdq0Phhnv plqlpdo vxuidfh1 +uljkw,1

wkhvh wzr phdqlqjv frxog kdyh frh{lvwhg iru vr orqj pd| vhhp vwudqjh wr
xv pdwkhpdwlfldqv wrgd|/ dffxvwrphg dv zh duh wr wklqnlqj ri surri dv dq
xqdpeljxrxv whup1 Exw lw lv lq idfw txlwh qdwxudo/ ehfdxvh wkh prvw frpprq
zd| wr hvwdeolvk vrphwklqj lq hyhu|gd| olih lv wr h{dplqh lw/ whvw lw/ sureh
lw/ h{shulphqw zlwk lw14

Frpsxwhuv duh qrzdgd|v d srzhuixo pdfklqhu| wr shuirup pdwkhpdw0
lfdo h{shulphqwv/ dqg hyhq gr dxwrpdwlf surylqj dv vrrq dv lw lv srvvleoh
wr irupxodwh d{lrpv dqg uxohv lq d irupdo frpsxwhu odqjxdjh1 D odujh sduw
ri dssolhg pdwkhpdwlfv lv ghyrwhg wr wkh vlpxodwlrq ri sudfwlfdo sk|vlfdo
skhqrphqd zklfk riwhq duh vwloo lqdffhvvleoh wr irupdo suryhv ri/ vd|/ frq0
yhujhqfh1

6 Jhrphwu| rq wkh Lqwhuqhw

Iru d qxpehu ri |hduv wkh lqwhuqhw kdv ehhq d whfkqlfdo lqiudvwuxfwxuh frq0
qhfwlqj frpsxwhuv wr d joredo qhwzrun/ exw lq uhfhqw |hduv lw kdv hphujhg
dv wkh zruog0zlgh0zhe/ d joredo lqirupdwlrq qhwzrun vlplodu wr d jljdqwlf
k|shuwh{w errn1 K|shuwh{w errnv kdyh ehhq durxqg iru txlwh vrph |hduv/
iru h{dpsoh/ gljlwdo khos v|vwhpv ri vriwzduh dssolfdwlrqv kdyh ehhq dprqj
wkh ?uvw wr xvh vriwzduh olqnv ehwzhhq gl>huhqw vhwv ri lqirupdwlrqv1 Pdlqo|
wkh vxffhvv ri k|shuwh{w errnv pdgh zulwwhq pdqxdov revrohwh vr wkdw qrzd0
gd|v vriwzduh lv vroho| dffrpsdqlhg e| gljlwdo pdqxdov1 Fodvvlfdo k|shuwh{w
errnv kdyh d vlplodu olqnhg vwuxfwxuh dv wkh zhe exw wkh lqirupdwlrq lv
xvxdoo| vwruhg orfdoo|1 Wkh qhz glphqvlrq ri wkh zhe doorzv wr lpdjlqh wkh
kxpdq*v nqrzohgjh dv d zruogzlgh gljlwdo hqf|forshgld zklfk lv gluhfwo|
dffhvvleoh e| doo shrsoh udwkhu wkdq e| wkrvh olylqj lq wkh ylflqlw| ri wkh
orfdo oleudu|1
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Ilj1 81 Vrds ?op pdfklqh iurp ylghr Wrxfklqj Vrds Ilopv ^4` +ohiw,1 Frpsxwlqj plqlpdo vxu0
idfhv lq dq lqwhudfwlyh dssohw rq wkh MdydYlhz zhe vlwh ^;` +uljkw,1

Wkh vxffhvv ri wkh zruog0zlgh zhe zdv qrw sodqqhg1 Lw lv rqh ri wkh
dfklhyhphqwv wkdw kdsshq lq wkh prghuq frpsxwhu zruog zkhuh vxgghqo|
d idu0uhdfklqj dqvzhu wr wkh sureohpv ri d odujh qxpehu ri shrsoh dsshduv1
Dprqj wkh pdmru uhdvrqv ri wkh vxffhvv ri wkh zruog0zlgh0zhe duh wkh joredo
vwdqgdugv zklfk kdyh ehhq hvwdeolvkhg iru wkh grfxphqw irupdw KWPO/
wkh qhwzrun surwrfro KWWS/ dqg wkh vriwzduh eurzvhuv1 Zkloh wkh qhwzrun
surwrfro lv edvhg rq wkh lqwhuqhw surwrfro WFS2LS zklfk kdv ehhq xvhg
lq wkh dfdghplf grpdlqv iru d qxpehu ri |hduv/ lw zdv wkh vlpsoh qhz
grfxphqw irupdw KWPO zklfk khoshg wr dwwudfw vr pdq| shrsoh1 Wklv
irupdw lv hdv| wr uhdg dqg wr zulwh rq qhduo| doo frpsxwhu v|vwhpv/ dqg lw
doorzv wr lqfoxgh pxowlphgld hohphqwv olnh lpdjhv/ vrxqg/ ylghr/ dqg rwkhu
gdwd1 Iurp wkh ehjlqqlqj ri zruog0zlgh0zhe/ eurzvhuv kdg d vlpsoh xvhu
lqwhuidfh zklfk doorzhg lpphgldwh dffhvv wr doo nlqgv ri lqirupdwlrq dqg
wkhuhe| vxffhhghg wr uhsodfh frpsolfdwhg vriwzduh wrrov suhylrxvo| xvhg lq
wkh dfdghplf lqwhuqhw1

Wkh ruljlq ri wkh zruog0zlgh0zhe lv d jrrg h{dpsoh ri dqrwkhu dvshfw
ri wkh zhe ehvlgh wkh sxeolfdwlrq dqg suhvhqwdwlrq ri lqirupdwlrq/ qdpho|/
frppxqlfdwlrq1 Lq idfw/ wkh KWWS surwrfro/ zklfk lv wkh xqghuo|lqj whfk0
qlfdo surwrfro iru lqwhuqhw frqqhfwlrqv/ zdv gh?qhg dw FHUQ lq Vzlw}huodqg
wr vxssruw frppxqlfdwlrq dqg h{fkdqjh dprqj odujh jurxsv ri vflhqwlvwv
lqyroyhg lq sk|vlfdo h{shulphqwv1 Riwhq wkhvh jurxsv lqyroyh pruh wkdq kxq0
guhgv ri vflhqwlvwv orfdwhg dw gl>huhqw sodfhv lq wkh zruog zkr pxvw h{fkdqjh
h{shulphqwdo gdwd dqg frppxqlfdwh uhvhdufk uhvxowv lq h!flhqw zd|v1 Wklv
phdqv wkdw wkh ruljlq ri wkh zhe lv qrw uhodwhg zlwk suhvhqwdwlrq/ zklfk
pdgh wkh zhe srsxodu/ exw zlwk frppxqlfdwlrq dprqj shrsoh1 Wkh frp0
pxqlfdwlyh dvshfw ri wkh zhe lv ehfrplqj djdlq lwv ruljlqdo lpsruwdqfh dqg
lv wkh pdlq dwwudfwlrq ri wkh zhe qrzdgd|v1

Zkhq frqvlghulqj wkh zhe dv d joredo gljlwdo oleudu|/ lv wkhuh vwloo d
sodfh iru pdlqwdlqhg oleudulhv dqg hqf|forshgldvB Lq idfw/ vxfk pdqdjhg
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froohfwlrqv duh vwloo lpsruwdqw vlqfh wkh| hqvxuh d fhuwdlq txdolw|/ d pdqdjhg
gdwdedvh/ dqg zhoo0gh?qhg dffhvv1 Wkh joredo zhe frqwdlqv d kxjh dprxqw ri
lqirupdwlrq exw lw lv riwhq kdug/ dqg ehfrphv hyhq kdughu/ wr ?qg wkh jrrg
lqirupdwlrq dprqj wkh qrq0uhohydqw1 Lqirupdwlrq pxvw eh suhvhohfwhg wr eh
uhdoo| xvhixo/ dqg fxuuhqw vhdufk hqjlqhv duh mxvw vwduwlqj zlwk phwkrgv iru
udqnlqj dqg vruwlqj lqirupdwlrq e| txdolw|1

Jhrphwu| lv wkh frqwhqw lq wklv vhwwlqj zklfk zh duh qrz jrlqj wr h{klelw
lq juhdwhu ghwdlo1 Wkh vshfldo fkdudfwhulvwlf ri jhrphwu| lv lwv ulfk ixqgxv ri
vkdshv/ lpdjhv/ dqg g|qdplf dssolfdwlrqv zklfk pdnh lw dq lghdo fdqglgdwh
iru sur?wlqj iurp wkh lqwhuqhw1

Rqh ri wkh prvw dwwudfwlyh qhz frpsrqhqwv ri wkh zhe lv wkh delolw|
wr suhvhqw dqg frppxqlfdwh frpsoh{ lqwhudfwlyh h{shulphqwv1 Shuiruplqj
h{shulphqwv kdv dozd|v ehhq wkh grpdlq ri h{shuwv/ pruh frqfuhwh/ ri wkrvh
h{shuwv zkr zurwh wkh vlpxodwlrq vriwzduh1 Rqh uhdvrq lv wkh xvhu lqwhuidfh
ghvljq zklfk kdv ehhq gl!fxow wr fuhdwh iru xql{ frpsxwhuv vlqfh xvhu lqwhu0
idfh exloghuv duh qrw vr frpprq lq wklv duhd1 Dqrwkhu uhdvrq lv wkh odfn ri
lqfhqwlyh iru d surjudpphu wr fuhdwh d zhoo0wkrxjkw xvhu lqwhuidfh vlqfh vfl0
hqwl?f surjudpv xvxdoo| uhtxluh vshfldol}hg kdugzduh dqg zloo vhogrp uhdfk
d zlgh0vsuhdg dxglhqfh1 Vlqfh wkh duulydo ri wkh qhz surjudpplqj odqjxdjh
Mdyd lq 4<<8 wkh vlwxdwlrq fkdqjhg gudpdwlfdoo|1 Iru wkh ?uvw wlph lw lv srv0
vleoh wr fuhdwh vriwzduh zklfk uxqv rq dq| frpsxwhu sodwirup dqg rshudwlqj
v|vwhp zlwkrxw wkh gholfdwh surfhvv ri uhzulwlqj dqg dgmxvwlqj vrxufh frgh
iru hdfk qhz v|vwhp1

Mdyd lv xvxdoo| lqvwdoohg dxwrpdwlfdoo| rq d frpsxwhu dw wkh vdph wlph
zkhq d eurzvhu lv lqvwdoohg1 Lq frqwudvw wr rwkhu kljk0ohyho surjudpplqj
odqjxdjhv olnh Iruwudq/ F ru F../ wkh odqjxdjh Mdyd frphv dovr zlwk d
ixoo0ihdwxuhg vhw ri judsklfdo xvhu lqwhuidfh vwuxfwxuhv1 Wkhvh vwuxfwxuhv duh
qrw vxssolhg e| rwkhu sduwlhv exw lqfrusrudwhg lqwr wkh gh?qlwlrq ri wkh odq0
jxdjh lwvhoi1 Wkh ghvljq ri d xvhu lqwhuidfh lv rqh ri wkh pdmru wdvnv zkhq
lpsohphqwlqj d uhxvdeoh h{shulphqw/ dqg lq suhylrxv wlphv lw zdv wkh rqh ri
wkh uhdvrqv zk| vriwzduh zdv uhvwulfwhg wr vshfldo frpsxwhu sodwirupv1 Sodw0
irup ghshqghqw lqwhuidfh frgh uhvwulfwv vriwzduh wr glvwlqjxlvkhg sodwirupv1
Vlqfh Mdyd lqfoxghv wkh judsklfv xvhu lqwhuidfh gluhfwo| lq lwv odqjxdjh vshf0
l?fdwlrqv/ Mdyd surjudpv uxq shu ghidxow rq dq| frpsxwhu zlwk lqvwdoohg
Mdyd1

7 Ylvxdol}dwlrq dqg Rqolqh H{shulphqwv

Pdwkhpdwlfdo ylvxdol}dwlrq kdv suryhq wr eh dq h!flhqw wrro iru dqdo|}lqj
frpsoh{ pdwkhpdwlfdo skhqrphqd/ dqg lw kdv jlyhq ghflvlyh klqwv ohdglqj
wr uljrurxv pdwkhpdwlfdo surriv ri orqj0vwdqglqj sureohpv1 Ylvxdol}dwlrq lv
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Ilj1 91 Frpsdfw vrds exeeoh zlwk jhqxv irxu +ohiw, dqg whwudkhgudo v|pphwu| +uljkw,1

qrw rqo| d wrro wr ylvxdol}h frpsoh{ remhfwv exw lq frpelqdwlrq zlwk prg0
huq qxphulfdo phwkrgv doorzv wr shuirup pdwkhpdwlfdo h{shulphqwv dqg
vlpxodwlrqv lq dq duwl?fldoo| fohdq hqylurqphqw1 Iru h{dpsoh/ wkh xqyhlolqj
ri wkh Frvwd0Kr>pdq0Phhnv vxuidfh ^9` +?jxuh 7,/ ru wkh ?uvw qxphulfdo
h{dpsohv ri frpsdfw frqvwdqw phdq fxuydwxuh vxuidfhv zlwk jhqxv juhdwhu
wkdq wzr ^8` +?jxuh 9, duh dprqj wkh prvw surplqhqw uhvxowv ri wkh iuxlwixo
lqwhudfwlrq ri pdwkhpdwlfv zlwk wkh qhz wrronlw pdwkhpdwlfdo ylvxdol}dwlrq1

Pdwkhpdwlfdo h{shulphqwv uhtxluh wkh iroorzlqj jrdov wr eh dffhswhg lq
wkh pdwkhpdwlfdo frppxqlw| vlplodu dv h{shulphqwv lq sk|vlfv dqg fkhp0
lvwu|=

41 Ydolgdwlrq ri h{shulphqwdo gdwd e| lqghshqghqw jurxsv
51 Sxeolfdwlrq dqg vwrudjh ri h{shulphqwdo uhvxowv dqg gdwd vhwv
61 Frrshudwlrq ri uhvhdufkhuv rq wkh vdph h{shulphqw zkloh vlwwlqj dw gli0

ihuhqw sodfhv

Xs wr qrz ylvxdol}dwlrq kdv uhtxluhg kljk0hqg zrunvwdwlrqv frpelqhg
zlwk pdlqiudph frpsxwhuv iru qxphulfdo frpsxwdwlrqv1 Hdfk uhvhdufk ode
kdg ghyhorshg rzq vriwzduh ghglfdwhg wr vshfl?f judsklfv kdugzduh1 Wkh
vshfldol}dwlrq ri wkh vriwzduh iru d vshfl?f ylvxdol}dwlrq wdvn ru qxphu0
lfdo sureohp dv zhoo dv wkh ghshqghqfh rq d vshfl?f kdugzduh sodwirup
kdg pdmru gudzedfnv iru wkh vflhqwl?f frppxqlfdwlrq1 Wkh pdmru uhdvrq
iru wkh fxuuhqw qrq0ixo?oophqw ri wkh jrdov 41 dqg 51 lv d plvvlqj zruog0
zlgh vwdqgdug dqg lqwhuidfh iru wkh gl>huhqw vriwzduh sdfndjhv/ dqg iru jrdo
61 wkh plvvlqj vwdqgdug wr h{fkdqjh gdwd vhwv ehwzhhq h{shulphqwdo vriw0
zduh sdfndjhv dqg uhvhdufk sxeolfdwlrqv1 Fxuuhqwo| uhvhdufk sxeolfdwlrqv
duh sdshu0edvhg zkhuh wkhuh lv qr zd| edfn iurp zulwwhq sxeolfdwlrqv wr
gljlwdo gdwd vhwv1 Hyhq zruvh/ lq rughu wr ?w lqwr d uhvwulfwhg sdjh od|rxw
dqg ixo?oolqj wkh doorzhg qxpehu ri sdjhv/ sxeolfdwlrqv fdqqrw lqfoxgh doo
gdwd exw uhvwulfw wr wkh vr0fdoohg *prvw uhohydqw gdwd*1 Wkh suhvhqwdwlrq ri

<



h{shulphqwdo uhvxowv lq sxeolfdwlrqv duh lqfrpsohwh dqg riwhq pryhg wr wkh
dsshqgl{ vr wkdw lw lv xvxdoo| qrw srvvleoh wr ydolgdwh ru uhsurgxfh wkhp1

Lq rughu wr doorz ydolgdwlrq ri h{shulphqwv dqg ri qxphulfdo gdwd vhwv lw
lv hvvhqwldo wr doorz gluhfw sxeolf dffhvv wr wkh gdwd lq dq hohfwurqlf irupdw
lq wkh vdph zd| dv sxeolf dffhvv wr uhvhdufk sxeolfdwlrqv lv jlyhq wkurxjk
oleudulhv1 Wklv mrlqw sxeolfdwlrq ri h{shulphqwdo dqg qxphulfdo gdwd uhtxluhv
wr lqvlvw rq wkh vlplodu sulqflsohv nqrzq iurp wkh sxeolfdwlrq ri vflhqwl?f
uhvhdufk uhvxowv=

41 Xqdpeljxrxv/ vhoi0frqwdlqhg gljlwdo uhsuhvhqwdwlrq ri wkh gdwd/ l1h1 qr
ghshqghqfh rq h{lvwlqj vriwzduh sdfndjhv1

51 Uhylhzlqj ri gdwd vhwv/ h1j1 wr hqvxuh whfkqlfdo fruuhfwqhvv dqg vflhqwl?f
uhohydqfh1

61 Lqgh{lqj gdwd vhwv wr doorz xqltxh uhihuhqfhv/ h1j1 zkhq gdwd lv xvhg lq
rwkhu h{shulphqwv1

Lq wkh iroorzlqj vhfwlrqv zh glvfxvv krz rqolqh ylvxdol}dwlrq pljkw orrn
olnh dqg derxw wkh srvvleoh gl!fxowlhv wr hqfrxqwhu1

714 Zrunvwdwlrq yhuvxv Rqolqh Ylvxdol}dwlrq

Iru d orqj wlph vflhqwl?f ylvxdol}dwlrq zdv eh|rqg wkh exgjhw ri pdq| pdwk0
hpdwlfdo ghsduwphqwv1 Odujh uhvhdufk lqvwlwxwhv/ plolwdu| rujdql}dwlrqv/ dqg
frpphufldo frpsdqlhv zhuh dprqj wkh ?uvw zkr frxog d>rug vshfldol}hg
judsklfv kdugzduh1 Lq vflhqfh/ vshfldoo| ixqghg uhvhdufk jurxsv zkhuh deoh
wr d>rug kljk0hqg judsklfv zrunvwdwlrqv lqfoxglqj wkh qhfhvvdu| vwd> wr
pdqdjh wkh pdfklqhv dqg vlpxowdqhrxvo| gr wkh vflhqwl?f h{shulphqw1 Lq
wkh phdq0wlph/ wkh frpsxwdwlrqdo srzhu ri shuvrqdo frpsxwhuv zlwk uhod0
wlyho| fkhds judsklfv fdug vx!fh wr shuirup prvw ri wkh vflhqwl?f ylvxdol}d0
wlrq wdvnv irxqg lq uhvhdufk1 Qhyhuwkhohvv/ rqh vwloo hqfrxqwhuv wkh iroorzlqj
gudzedfnv ri wkh fxuuhqw vriwzduh uxqqlqj rq vshfldol}hg zrunvwdwlrqv dqg
pdlqiudphv=

41 Vshfldol}hg dqg h{shqvlyh judsklfv kdugzduh1
51 Odujh surjudp vl}h vlqfh rshudwlqj v|vwhp mxvw vxssruwv edvlf ixqfwlrq0

dolw|1
61 Xvxdoo| rqo| wkh surjudpphu lv deoh wr uxq wkh h{shulphqwv1
71 Lqvwdoodwlrq dw rwkhu vlwhv uhtxluhv h{shuwv/ dqg grhv qrw doorz uhjxodu

xsgdwh1
81 Dgydqwdjh= h{wuhpho| idvw h{hfxwlrq vshhg1

Wkhvh gudzedfnv duh lq vwurqj frqwudvw wr wkh vlwxdwlrq zh kdyh hqfrxq0
whuhg gxulqj wkh ghyhorsphqw dqg xvdjh ri wkh vriwzduh MdydYlhz1 MdydYlhz
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lv d vflhqwl?f ylvxdol}dwlrq vriwzduh frpsohwho| zulwwhq lq wkh surjudpplqj
odqjxdjh Mdyd1 Mdyd lv dq remhfw0rulhqwhg surjudpplqj odqjxdjh vlplodu wr
wkh odqjxdjh F dqg F.. exw gl>huhqw lq wkh vhqvh wkdw Mdyd lv ghvljqhg wr
uxq rq dq| frpsxwhu1 Ixuwkhu/ Mdyd surjudpv pd| uxq lqvlgh zhe eurzvhuv1
Erwk surshuwlhv duh wkh uhdvrq wkdw Mdyd kdv ehfrph wkh pdmru surjudp0
plqj odqjxdjh iru lqwhudfwlyh zhe dssolfdwlrqv vlqfh lwv ?uvw suhvhqwdwlrq lq
4<<81 D surjudp zulwwhq lq Mdyd kdv wkh iroorzlqj dgydqwdjhv=

41 Uxqv rq Vwdqgdug SF dqg Zrunvwdwlrq1
51 Wlq| surjudp vl}h ehfdxvh Mdyd edvh fodvvhv duh douhdg| lqvwdoohg1
61 Hdfk dssolfdwlrq kdv d xvhu lqwhuidfh shu ghidxow vlqfh lw uxqv lq d

eurzvhu1
71 Qr lqvwdoodwlrq ehvlgh d eurzvhu zlwk Mdyd vlqfh eurzvhu shuirupv wkh

gdwd wudqvihu1
81 Vshhg= ghshqgv1

Wkhvh dgydqwdjhv kdyh wkh iroorzlqj uhdvrqv=
+41, Mdyd lv dxwrpdwlfdoo| lqvwdoohg rq d frpsxwhu li d zhe eurzvhu lv

lqvwdoohg1 Wkhuhiruh/ wkh srsxodulw| ri zhe eurzvhuv khoshg wr lqvwdoo Mdyd
rq qhduo| dq| frpsxwhu zruog0zlgh1

+51, Wkh vl}h ri Mdyd surjudpv lv xvxdoo| yhu| vpdoo frpsduhg wr fodvvlfdo
vwdqg0dorqh dssolfdwlrq vriwzduh vlqfh wkh Mdyd edvh fodvvhv/ zklfk duh frp0
sdudeoh wr vriwzduh oleudulhv/ duh douhdg| lqvwdoohg1 Wkhuhiruh/ dq dssolfdwlrq
pxvw rqo| gholyhu lwv dgglwlrqdo ixqfwlrqdolw|/ dqg qrw v|vwhp urxwlqhv1

+61, Dq dssolfdwlrq lqvlgh d zhe sdjh pxvw kdyh d zhoo0ghvljqhg judsk0
lfdo xvhu lqwhuidfh vlqfh lw lv e| ghidxow xvhg e| vrph rwkhu shrsoh wkdq wkh
surjudpphu1 Wklv lv lq frqwudvw wr fodvvlfdo h{shulphqwdwlrq vriwzduh/ dqg
ohdgv wr d juhdw ehqh?w lq wkh ghvljq ri ehwwhu surgxfwv1

+71, Wkh lqvwdoodwlrq ri fodvvlfdo vriwzduh v|vwhpv kdv riwhq ehhq d sdlq1
Wkh fxvwrphu riwhq qhhghg wr frpsloh wkh sdfndjh djdlq rq klv pdfklqh/
ru pdnh vshfldo dgmxvwphqwv ghshqglqj rq klv vshfldol}hg kdugzduh1 Wkh
dxwkru zdv lq dq hyhq zruvh vlwxdwlrq1 Kh qhhghg wr r>hu dqg pdlqwdlq
gl>huhqw yhuvlrqv iru gl>huhqw sodwirupv1 Zkhq xvlqj Mdyd wkhq wkhuh h{lvwv
rqo| rqh yhuvlrq lqghshqghqw ri wkh kdugzduh sodwirup dqg rshudwlqj v|v0
whp1 Wklv lv srvvleoh vlqfh wkh Mdyd yluwxdo pdfklqh pxvw frsh zlwk v|vwhp
gl>huhqfhv/ vr wkh uhvsrqvlelolw| lv wudqvihuuhg iurp wkh dxwkru ri dssolfd0
wlrqv wr wkh vxssolhu ri wkh Mdyd yluwxdo pdfklqh1 Wkhuhiruh/ wkh lqvwdoodwlrq
surfhvv ri d Mdyd dssolfdwlrq vxfk dv MdydYlhz lv uhgxfhg wr grzqordglqj dq
dufklyh/ l1h1 rqh ru pruh oleudu| ?ohv/ zklfk lv grqh dxwrpdwlfdoo| wkurxjk d
zhe eurzvhu1 Wklv doorzv wkh dxwkru wr frqfhqwudwh rq wkh ghyhorsphqw ri
wkh vriwzduh zlwkrxw nhhslqj wr pxfk fduh rq wkh ghvwlqdwlrq sodwirup/ dqg
lw iuhhv klp iurp surylglqj lqvwdoodwlrq phfkdqlvpv1 Wkh xvhu lv iuhhg iurp
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dq| lqvwdoodwlrq wdvn/ kh mxvw vwduwv klv eurzvhu dqg vhohfwv d Mdyd hqkdqfh
zhe sdjh1

+81, Wkh vshhg ri Mdyd dssolfdwlrqv qrw rqo| ghshqgv rq wkh kdugzduh
exw wr d odujh h{whqg rq wkh txdolw| ri wkh lqvwdoohg Mdyd yluwxdo pdfklqh
+MYP,1 D Mdyd dssolfdwlrq frqvlvwv ri pdfklqh lqghshqghqw e|wh frgh zklfk
lv lqwhusuhwhg e| d MYP dqg h{hfxwhg rq d orfdo frpsxwhu1 MYPv gl>hu
odujho| lq txdolw|/ iru h{dpsoh/ zkhq ordglqj d Mdyd dssolfdwlrq vrph MYPv
frpsloh wkh e|wh frgh lqwr pdfklqh ghshqghqw frgh/ zklfk ohdgv wr d gudvwlf
lqfuhdvh lq h{hfxwlrq vshhg1

8 MdydYlhz

MdydYlhz ^;` lv d vriwzduh iru vrsklvwlfdwhg h{shulphqwv dqg ylvxdol}dwlrq ri
50 dqg 60glphqvlrqdo jhrphwulf remhfwv rq d orfdo frpsxwhu dv zhoo dv rqolqh
lq d zhe eurzvhu1 Vwxghqwv/ whdfkhuv dqg uhvhdufkhu fdq xvh MdydYlhz dv d
wrro iru jhqhudo vflhqwl?f ylvxdol}dwlrq/ lq d glvwdqw ohduqlqj hqylurqphqw/
iru rqolqh h{fkdqjh ri vflhqwl?f uhvxowv dprqj uhvhdufkhuv/ dqg iru hohfwurqlf
sxeolfdwlrq ri pdwkhpdwlfdo h{shulphqwv1

Ilj1 :1 Lqwhudfwlyh h{sorudwlrq ri jhrphwulhv dqg dqlpdwhg vhtxhqfhv ri wudqvirupdwlrqv1

MdydYlhz lv d qxphulfdo vriwzduh oleudu| zlwk d 6G jhrphwu| ylhzhu
zulwwhq lq Mdyd1 Lw doorzv wr dgg lqwhudfwlyh 6G jhrphwulhv wr dq| KWPO
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grfxphqw/ dqg wr suhvhqw qxphulfdo h{shulphqwv rqolqh1 Wkh ixwxuh ri pdwk0
hpdwlfdo frppxqlfdwlrq lv vwurqjo| uhodwhg wr wkh lqwhuqhw/ dqg MdydYlhz
hqkdqfhv fodvvlfdo wh{wxdo ghvfulswlrqv qrw rqo| zlwk lpdjhv dqg ylghrv exw
dgglwlrqdoo| zlwk lqwhudfwlyh jhrphwulhv dqg rqolqh h{shulphqwv1

MdydYlhz kdv ehhq ghyhorshg wr vroyh wkh iroorzlqj whfkqlfdo wdvnv=

41 Ylvxdol}dwlrq ri pdwkhpdwlfdo gdwd vhwv lqvlgh zhe sdjhv1
51 Lqwhudfwlyh h{shulphqwv dqg vlpxodwlrqv lqvlgh zhe sdjhv1
61 Lqfoxvlrq ri pdwkhpdwlfdo h{shulphqwv dqg vlpxodwlrq gdwd lq hohfwurqlf

sxeolfdwlrqv1

Wkh ?uvw yhuvlrq ri MdydYlhz ixo?oolqj wkhvh wdvnv zdv uhohdvhg lq Qryhp0
ehu 4<<< diwhu ghyhorsphqw yhuvlrqv kdg ehhq xvhg lq jhrphwulf uhvhdufk
surmhfwv dw wkh Whfkqlvfkh Xqlyhuvlwçw Ehuolq iru ryhu d |hdu1 MdydYlhz lv
qrz xvhg dw gl>huhqw sodfhv zruog0zlgh1 Wkhuh h{lvw d pxowlwxgh ri pdwkh0
pdwlfdo ghprqvwudwlrqv wr jlyh dq rxworrn ri wkh udqjh ri qhz dssolfdwlrqv
srvvleoh zlwk zhe0edvhg h{shulphqwdo vriwzduh1

Wkh ?uvw wzr wdvnv surylgh wkh whfkqlfdo edvlv iru wkh wklug wdvn1 Dv d
surri ri xvdelolw|/ MdydYlhz kdv ehhq vhohfwhg e| wkh surmhfw 4Glvvhuwdwlrq
Rqolqh4 ri wkh Jhupdq vflhqfh irxqgdwlrq GIJ wr surgxfh d uhihuhqfh rq0
olqh glvvhuwdwlrq lq pdwkhpdwlfv1 Wkhuh duh pdq| rwkhu lvvxhv wr vroyh iru
hohfwurqlf uhvhdufk sxeolfdwlrqv/ dqg MdydYlhz lv rqo| rqh frpsrqhqw wkdw
lv frqqhfwhg zlwk wkh lqfoxvlrq ri h{shulphqwv dqg lqwhudfwlyh ylvxdol}dwlrq1
Iru h{dpsoh/ pdwkhpdwlfdo mrxuqdov fxuuhqwo| uhtxluh d sdshu edvhg yhu0
vlrq ri dq duwlfoh hyhq li wkh| lqfoxgh wkh duwlfoh lq dq hohfwurqlf yhuvlrq
ri wkh mrxuqdo wrr1 Dq dxwkru pxvw fuhdwh wzr yhuvlrqv ri dq duwlfoh/ xvx0
doo| d Wh[ yhuvlrq iru sdshu0edvhg sulqwlqj dqg dq rqolqh yhuvlrq lqfoxglqj/
vd|/ MdydYlhz h{shulphqwv1 Exw hyhq hohfwurqlf yhuvlrqv ri mrxuqdov duh fxu0
uhqwo| qrw zhoo0vxlwhg iru zhe0edvhg xvdjh vlqfh wkh| duh mxvw SrvwVfulsw ru
SGI grfxphqwv1 Vxfk grfxphqwv gr qrw ?w zlwk rwkhu lqwhuqhw whfkqrorjlhv
vlqfh/ iru h{dpsoh/ wkh| duh kdugo| vhdufkdeoh dqg gr qrw doorz lqfoxvlrq ri
Mdyd dssohwv ru ylghr hohphqwv1

Lq wkh iroorzlqj vxevhfwlrqv zh glvfxvv vrph surshuwlhv ri MdydYlhz
dqg jlyh d qxpehu ri vdpsoh h{shulphqwv1 Vlqfh wklv errn lv sdshu0edvhg
zh uhihu wr dq rqolqh yhuvlrq ri wklv duwlfoh dw wkh zhe vlwh kwws=22zzz0
vie5;;1pdwk1wx0ehuolq1gh2yjs2 zklfk frqwdlqv lqwhudfwlyh yhuvlrqv ri wkh
suhvhqwhg dssohwv1

814 Surshuwlhv

Wkh ylhzhu ri MdydYlhz vxssruwv prvw lqwhudfwlrq ihdwxuhv ri dq dgydqfhg
6G ylhzhu1 Iru h{dpsoh/
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8 Urwdwlrq/ wudqvodwlrq/ }rrp/ fdphud frqwuro/ slfnlqj
8 Lqvshfwlrq ri jhrphwulhv dqg pdwhuldo surshuwlhv
8 Vhohfwlyh glvsod| ri yhuwlfhv/ hgjhv/ idfhv/ yhfwru ?hogv
8 Dqlpdwlrqv/ nh|iudphv/ dxwr0urwdwlrq
8 Vxeglylvlrq dqg vlpsol?fdwlrq ri phvkhv/ dgdswlyh dqg klhudufklfdo wul0
dqjxodwlrqv

8 Dgydqfhg ylvxdol}dwlrq dojrulwkpv/ OLF uhqghulqj/ wh{wxuhg vxuidfhv
8 Lpsruw dqg h{sruw ri jhrphwulhv lq pxowlsoh gdwd irupdwv
8 SrvwVfulsw dqg lpdjh ?oh h{sruw iru lqfoxvlrq lqwr sdshu sxeolfdwlrqv
8 Iurqwhqg iru rwkhu dssolfdwlrqv/ iru h{dpsoh/ wr ylhzPdwkhpdwlfd judsk0
lfv

Lpdjhv dqg jhrphwulhv h{sruwhg zlwk MdydYlhz pd| hdvlo| eh lqfoxghg
lq Wh[ sxeolfdwlrqv dv zhoo dv rqolqh grfxphqwv1 Dgglwlrqdoo|/ MdydYlhz
lv d fodvv oleudu| iru dgydqfhg qxphulfv lq gl>huhqwldo jhrphwu| lqfoxglqj
wrrov iru ?qlwh hohphqw qxphulfv1 D vwdqgdorqh yhuvlrq ri MdydYlhz uxqv lq
d Xql{ ru Zlqgrzv vkhoo iurp wkh frppdqg surpsw/ dqg fdq eh dwwdfkhg
dv 6G ylhzhu wr rwkhu surjudpv olnh Pdwkhpdwlfd1

815 Rqolqh H{dpsoh Dssohwv

Wklv sdshu0edvhg sxeolfdwlrq pxvw uhvwulfw wr d ihz vdpsoh dssolfdwlrqv dqg
yhuedoo| ghvfuleh wkh srvvleoh lqwhudfwlrq1 Wkh iroorzlqj h{dpsohv ghvfuleh
gl>huhqw dvshfwv ri wkh xvdjh ri MdydYlhz=

41 Ylvxdol}dwlrq dqg hydoxdwlrq ri suhfrpsxwhg prghov zklfk duh vwruhg
vrphzkhuh rq wkh lqwhuqhw1

51 Lqwhudfwlyh wxwruldov h{sodlqlqj vlpsohu qxphulf ru jhrphwulf idfwv wr
dffrpsdq| fodvvlfdo ohfwxuhv ru rqolqh ohduqvkrsv1

61 Vrsklvwlfdwhg qxphulfdo uhvhdufk surmhfwv zlwk lqwlpdwh frpelqdwlrq ri
qxphulfv dqg dgydqfhg ylvxdol}dwlrq1

71 Mrlqw uhvhdufk ri dxwkruv dw gl>huhqw xqlyhuvlwlhv grlqj qxphulfdo uh0
vhdufk h{shulphqwv hpehgghg lqwr zhe sdjhv1

Jhrphwulf Prghov Rqolqh Qrzdgd|v lw lv hyhq kdug wr rewdlq gdwdvhwv
ri vlpsoh h{dpsohv1 Rqh uhdvrq lv wkh devhqfh ri sxeolvkhg qxphulfdo gdwd
vhwv vwruhg dw vrph sxeolvklqj krxvh/ ru d gdwd vhw zklfk dffrpsdqlhv d
uhvhdufk duwlfoh sxeolvkhg lq d vflhqwl?f mrxuqdo1 Wklv lv d vhulrxv gudzedfn
lq wkh vflhqwl?f ydolgdwlrq ri qxphulfdo h{shulphqwv exw dovr ohdgv wr wkh
pruh hohphqwdu| gudzedfn wkdw prghov duh qrw dydlodeoh/ iru h{dpsoh/ dv
lqlwldo gdwd vhwv wr shuirup rzq h{shulphqwv1 Riwhq rqh zrxog mxvw olnh wr
kdyh d gljlwdo prgho zlwk fhuwdlq surshuwlhv wr whvw rqh*v rzq qxphulfdo
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dojrulwkp ru lpsohphqwdwlrq1 Frpsduh dssohw : iru dq rqolqh dqlpdwlrq
zklfk pd| eh lqwhudfwlyho| lqyhvwljdwhg1

Dqrwkhu dvshfw ri dq rqolqh prgho froohfwlrq lv wkh hgxfdwlrqdo ehqh?w1
Jhrphwu| errnv xvxdoo| frqwdlq rqo| d ihz lpdjhv/ dqg vwxghqwv vwloo kdyh
d kdug wlph wr ?qg jrrg ylvxdo pdwhuldo1 Wkh vriwzduh MdydYlhz surylghv d
vlpsoh zd| iru hyhu| vflhqwlvw wr kdyh pdwkhpdwlfdo prghov dw klv ?qjhuwlsv1

Lqwhudfwlyh Wxwruldo= Urrw Ilqghu Lqwhudfwlyh wxwruldov pd| eh hdvlo|
ghvljqhg wr h{sodlq vlpsohu idfwv iurp qxphulfv ru jhrphwu|1 Wkh| pd| eh
pdgh dydlodeoh wr vwxghqwv rqolqh dv wkh vxssohphqwdo pdwhuldo ri fodvvlfdo
xqlyhuvlw| dqg kljk vfkrro frxuvhv1 Dgglwlrqdo wr rwkhu frxuvh qrwhv wkh
vwxghqwv pd| uhjxoduo| orrn dw zhe sdjhv dffrpsdq|lqj wkh fxuuhqw frxuvh1
Glvwdqw ohduqlqj surmhfwv pxvw kdyh zhoo suhsduhg frxuvh pdwhuldov vlqfh
wkh gluhfw frqwdfw zlwk vwxghqwv lv ohvv lqwhqvlyh1 Wkhvh surmhfwv zloo eh
dprqj wkh ?uvw wr lqfoxgh lqwhudfwlyh h{shulphqwv/ dqg pd|eh hyhq wkh
gulylqj irufhv iru wkh ghyhorsphqw ri zkroh sdfndjhv ri lqwhudfwlyh rqolqh
h{shulphqwv1

Ilj1 ;1 Dssohw wr ?qg urrwv ri h{solflwo| jlyhq ixqfwlrqv1 Ixqfwlrq h{suhvvlrq pd|eh w|shg dqg
wkh urrwv lpphgldwho| vhdufkhg1

Wkh dssohw ; ghprqvwudwhv wkh qxphulfdo dojrulwkp ri ?qglqj wkh }hur0
furvvlqjv ri ixqfwlrqv1 Wkh phwkrg vxeglylghv wkh ruljlqdo lqwhuydo dqg xvhv
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Euhqw*v phwkrg wr ?qg wkh urrwv rq hdfk vxelqwhuydo1 Khuh/ wkh xvhu lv
dvvxphg wr uhdg d ghvfulswlrq ri wkh dojrulwkp dqg vlpxowdqhrxvo| vwxg|
wkh rqolqh h{dpsoh1

Qxphulfdo H{shulphqwv dqg Ylvxdol}dwlrq Mdyd kdv wkh vdph surs0
huwlhv wkdq rwkhu surjudpplqj odqjxdjhv xvhg lq qxphulfdo pdwkhpdwlfv
dqg ylvxdol}dwlrq1 Lw kdv vrph vwuxfwxudo vshhg olplwdwlrqv vlqfh lw lv dq lq0
whusuhwhg odqjxdjh exw prghuq mxvw0lq0wlph frpslohu duh deoh wr surylgh d
frpslodwlrq surfhvv rq wkh  | zkloh ordglqj wkh surjudp1 Mdyd lv fxuuhqwo|
qrw d odqjxdjh ri fkrlfh iru kljk0shuirupdqfh frpsxwlqj exw pd|eh xvhg
lq d odujh vhfwlrq ri qhduo| doo qxphulfdo duhdv1 Wkh juhdw ehqh?w ri Mdyd lv
lwv pdfklqh dqg rshudwlqj v|vwhp lqghshqghqfh/ dqg vlqfh prvw ri wkh wlph
xvhg lq qxphulfdo uhvhdufk surmhfwv lv vshqw lq surjudp ghyhorsphqw dqg
frgh pdlqwhqdqfh lw lv d juhdw wrro hyhq lq wkhvh grpdlqv1

Ilj1 <1 Vwxg| ri hljhqydoxhv dqg hljhqixqfwlrqv ri wkh Odsodfh0Ehowudpl rshudwru rq vxuidfhv1
Khuh wkh nqrzq SJr dqg rð? ixqfwlrqv duh uhsurgxfhg rq d sodqdu vtxduh1 Rwkhu dssohwv vkrz
wkh hljhqixqfwlrqv ri wkh vhfrqg yduldwlrq ri duhd1

Uhvhdufk dssolfdwlrqv olnh wkh hljhqydoxh frpsxwdwlrqv lq ?jxuh < ghprq0
vwudwh wkdw qxphulfdo frpsxwdwlrqv dqg vflhqwl?f ylvxdol}dwlrq duh srvvleoh
zlwk MdydYlhz1 Ixuwkhu/ wkh frkhuhqw lqwhuidfh ri Mdyd dssohwv lpphgldwho|
pdnh wkhvh h{shulphqwv dffhvvleoh e| rwkhu shrsoh/ dqg wkhlu lqfoxvlrq lq
gljlwdo sxeolfdwlrqv1

49



Fdvh Vwxglhv= Uhvhdufk Frrshudwlrq Rqolqh Wkh frrshudwlrq ri uh0
vhdufkhuv zkr duh orfdwhg dw gl>huhqw sodfhv xvxdoo| odfnv d fhuwdlq dprxqw
ri frppxqlfdwlrq1 Iru h{dpsoh/ mrlqw qxphulfdo h{shulphqwv uhtxluh wkh
h{fkdqjh ri qhzo| ghyhorshg vriwzduh dqg wkhlu orfdo lqvwdoodwlrq1 Khuh zh
hqfrxqwhu rqh ri wkh pdmru ehqh?wv ri Mdyd= ?uvw/ wkh sodwirup dqg rshu0
dwlqj v|vwhp lqghshqghqfh/ dqg vhfrqg/ wkh lqylvleoh lqvwdoodwlrq ri Mdyd
vriwzduh yld dxwrpdwlf zhe0edvhg phfkdqlvpv1

Ilj1 431 Dqlpdwlrq ri wkh dvvrfldwh idplo| ri wkh plqlpdo vxuidfh ri Frvwd0Kr>pdq0Phhnv
vkrzlqj wkh lvrphwu| ri wkh wudqvirupdwlrq dqg sdudooholvp ri qrupdo yhfwru1

Lqgh{ ri Plqlpdo Vxuidfhv Wkh lqgh{ frpsxwdwlrqv ri wkh vhfrqg ydul0
dwlrq ri duhd ri xqvwdeoh plqlpdo dqg frqvwdqw phdq fxuydwxuh vxuidfhv
zdv d mrlqw surmhfw zlwk Zd|qh Urvvpdq lq Nrheh lq Mdsdq1 Wkh frrshu0
dwlrq vwduwhg gxulqj klv ylvlw lq Ehuolq/ dqg zdv frqwlqxhg yld sxwwlqj rxu
h{shulphqwdo dssohwv rqolqh wr eh dffhvvleoh zruog0zlgh1 Wkh vriwzduh gh0
yhorsphqw zdv frqwlqxhg lq Ehuolq dqg wkh vriwzduh dufklyh rq rxu zhe vlwh
zdv uhjxoduo| xsgdwhg zlwk wkh qhzhvw yhuvlrq1 Hdfk wlph Urvvpdq glg dq
h{shulphqw xvlqj wkh zhe edvhg vriwzduh rq rxu vlwh kh zdv vxuh wr xvh wkh
odwhvw vriwzduh zlwkrxw hyhu lqvwdoolqj dq| orfdo yhuvlrq1
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Vrfldo Ehkdylru ri Krqh| Ehhv Lq wkh phdqwlph/ MdydYlhz lv xvhg lq
rwkhu surmhfwv wrr1 Iru h{dpsoh/ elrorjlvwv lq Vrxwk Diulfd fxuuhqwo| xvh rqh
ri rxu dssohwv wr frpsxwh vkruwhvw fxuyhv lq d ehhklyh wr jhw lqirupdwlrq
rq wkh glvwdqfh ri wkh txhhq wr vhohfwhg rwkhu ehhv1 Khuh wkh elrorjlvwv
ordg d prgho ri wkh ehhklyh lqwr wkh jhrghvlf dssohw/ lqwhudfwlyho| vhohfw
wkh srvlwlrqv ri wzr ehhv/ dqg lqyrnh rxu jhrghvlfv dojrulwkp wr rewdlq wkh
vkruwhvw fxuyh frqqhfwlqj erwk srvlwlrqv1 Wklv h{dpsoh vwuhvvhv wkh rqolqh
xvdjh ri MdydYlhz dv zhoo dv wkh dxwrpdwlf lqvwdoodwlrq surfhvv1

816 D Kdqgv0Rq H{dpsoh

Wklv kdqgv0rq h{dpsoh ghvfulehv wkh qhfhvvdu| wkuhh vwhsv wr fuhdwh d
MdydYlhz hqkdqfhg zhe sdjh zklfk glvsod|v d jhrphwu| prgho lq d vpdoo
zlqgrz doorzlqj lqwhudfwlyh prgl?fdwlrqv1

41 Lqvhuw d Mdyd dssohw wdj lqwr d zhe grfxphqw p|Sdjh1kwpo uhihuulqj wr
d jhrphwu| prgho euh}ho1rem1

51 Jhw wkh dufklyh mdydylhz1mdu iurp wkh MdydYlhz krphsdjh1
61 Xsordg doo wkuhh ?ohv wr d zhe vhuyhu1

Wkh vdpsoh dssohw wdj vrphzkhuh lqvlgh wkh grfxphqw p|Sdjh1kwpo
orrnv dv iroorzv=
÷dssohw

frgh@mdydylhz1fodvv
dufklyh@**mdydylhz1mdu**
zlgwk@533 khljkw@533:
÷sdudp qdph@prgho ydoxh@**euh}ho1rem**:

÷2dssohw:
Wklv dssohw ylvxdol}hv wkh jhrphwu| prgho lqvlgh d vpdoo zlqgrz ri

533-533 sl{hov rq wkh zhe sdjh1 Wkh prgho qhhg qrw eh d jhrphwu| ?oh
rq d orfdo frpsxwhu exw wkh prgho sdudphwhu pd| eh dq| lqwhuqhw dgguhvv
uhihuulqj wr d prgho rq dq duelwudu| zhe vhuyhu1

Wklv h{dpsoh vwuhvvhv wkh idfw wkdw wkh lqvwdoodwlrq ri wkh MdydYlhz
vriwzduh lv qr orqjhu dq lvvxh frpsduhg wr wkh lqvwdoodwlrq surfhvv ri rwkhu
vriwzduh1 Wkh eurzvhu nhhsv fduh wr grzqordg wkh uhtxluhg Mdyd dufklyh
zkhq lw hqfrxqwhuv wkh dufklyh sdudphwhu lqvlgh wkh dssohw wdj1 Wkh eurzvhu
dovr hqvxuhv wkdw wkh dufklyh lv grzqordghg rqo| gxulqj ?uvw xvdjh/ dqg odwhu
uhxvhv wkh yhuvlrq lw kdv vwruhg lq wkh eurzvhu fdfkh1

Wkh hdv| grzqordg phfkdqlvp lv hvshfldoo| xvhixo iru oleudu| vhuyhuv
r>hulqj Mdyd hqkdqfhg hohfwurqlf sxeolfdwlrqv1 Wkh gljlwdo duwlfoh dqg wkh
MdydYlhz dufklyh duh erwk vwruhg/ iru h{dpsoh/ lq wkh vdph gluhfwru| rq wkh
oleudu| vhuyhu1 Wkh ?ohv pxvw eh xsordghg e| wkh dxwkru dv ghvfulehg deryh/
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dqg duh dxwrpdwlfdoo| grzqordghg e| d eurzvhu zkhq d xvhu dffhvvhv wkh
zhe sdjh1 Wkhuhiruh/ wkh oleuduldq kdv qr dgglwlrqdo gxwlhv uhodwhg zlwk vriw0
zduh lqvwdoodwlrq1 Wkh oleudu| pxvw rqo| r>hu wkh xvxdo xsordg phfkdqlvp
iru grfxphqwv zklfk lw kdv douhdg| lqvwdoohg1

9 Vxppdu| dqg Rxworrn

Wkh lqwhuqhw zloo gudpdwlfdoo| fkdqjh wkh fodvvlfdo zd| ri frppxqlfdwlqj
dqg sxeolvklqj pdwkhpdwlfv1 Zh kdyh jlyhq vrph lghdv rq srvvleoh fkdqjhv
wr h{shfw/ dqg wkh ehqh?wv zklfk pdwkhpdwlfv pd| jdlq iurp wkhvh qhz gh0
yhorsphqwv1 Wkh lqwhudfwlyh/ h{sorudwru| frpsrqhqw ri pdwkhpdwlfv/ zklfk
kdv ehhq uhpryhg iurp pdwkhpdwlfdo sxeolfdwlrqv iru d wrr orqj wlph/ lv
qrz dydlodeoh lq wkh irup ri Mdyd hqdeohg vriwzduh1 Zh kdyh jlyhq vhyhudo
h{dpsohv ri pxowlphgld hqkdqfhg h{shulphqwv zklfk doorz wr lpdjlqh wkh
srvvlelolwlhv zdlwlqj dw wkh krul}rq1

Iru pruh lqirupdwlrq dqg lqwhudfwlyh yhuvlrqv ri wkh h{shulphqwv gh0
vfulehg lq wklv sdshu zh uhihu wr wkh MdydYlhz krph sdjh ^;`1 Wkhvh sdjhv
dovr lqfoxgh wxwruldo pdwhuldo krz wr lqfoxgh lqwhudfwlyh jhrphwulhv lqwr rzq
zhe sdjhv1
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