
GSM= MDYD FODVV OLEUDU\ IRU GHYHORSPHQW RI
GDWD0SDUDOOHO SURJUDPV

Y1 Lydqqlnry/ V1 Jdlvvdu|dq/ P1 Grppudfkhy/ Y1 Hwfk/ Q1 Vkwdowryqd|d
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Sureohp ri Mdyd odqjxdjh xvdjh ri gdwd0sdudooho surjudpv xvlqj wkh VSPG prgho

ri sdudooho h{hfxwlrq lv glvvfxvhg lq wkh sdshu1 Wkh vhtxhqwldo frpsrqhqwv ri sdu0

dooho surjudp duh h{hfxwhg lq sdudooho rq glvwlqfw MdydYPv uxqqlqj rq surfhvvruv

ri wkh sdudooho frpsxwhu1 Olqnv ehwzhhq wkh sdudooho surjudp frpsrqhqwv duh fdu0

ulhg rxw e| phdqv ri wkh vwdqgduw phvvdjh sdvvlqj lqwhuidfh sdfndjh PSL1 Sdudooho

h{whqvlrq ri Mdyd lv pdgh e| phdqv ri Mdyd lwvhoi/ qdpho| e| GSM fodvv oleudu|/

frqwdlqlqj wkh vhw ri Mdyd fodvvhv dqg lqwhuidfhv1 Ghvfulswlrq ri wkh GSM oleudu| lv

d pdlq vxemhfw ri wklv sdshu1 Wkh vfrsh ri wkh sdshu lv uhvwulfwhg wr lpsohphqwd0

wlrq ri wkh GSM oleudu| iru vhw ri MdydYP 1

� W?|hL_�U|�L?

Wkh sureohp ri xvdjh ri wkh Mdyd ohqjxdjh ^4` iru gdwd0sdudooho surjudpv
ghyhorsphqw zlwklq wkh iudphzrun ri VSPG +Vlqjoh Surjudp/ Pxowlsoh
Gdwd, prgho ^5` lv glvfxvvhg lq wkh sdshu= wkh sdudooho surjudp uhsuhvhqwv
d vhw ri vhtxhqwldo ixqfwlrqdoo| lghqwlfdo frpsrqhqwv1 Hdfk frpsrqhqw
uhsuhvhqwv wkh Mdyd0surjudp h{hfxwhg rq vhsdudwh MdydYP1 Doo frpsr0
qhqwv dqg wkhlu MdydYPv zrun lq sdudooho rq surfhvvruv ri wkh sdudooho
frpsxwhu�/ vr wkdw rq hdfk surfhvvru dssursuldwh MdydYP lqwhusuhwv rqh
frpsrqhqw ri wkh sdudooho surjudp1 Wkxv/ ehlqj d Mdyd0surjudp hdfk
frpsrqhqw pd| xvh sdudooho fdsdelolwlhv ri MdydPY +l1h1 wr eh h{hfxwhg lq
vhyhudo wkuhdgv ^4`,1

Zh dgg qhz sdudooho fdsdelolwlhv wr Mdyd e| phdqv ri Mdyd lwvhoi= zh
lpsohphqw GSM oleudu|/ frqwdlqlqj wkh vhw ri Mdyd fodvvhv dqg lqwhuidfhv
surylglqj wkhvh idflolwlhv1 Ghvfulewlrq ri GSM oleudu| lv wkh pdlq vxemhfw
ri wkh sdshu1

Qrzdgd|v wkh dfwlylw| rq rujdql}dwlrq ri sdudooho frpsxwdwlrqv xvlqj
Mdyd odqjxdjh lv ri juhdw lqwhuhvw iru whdpv zrunlqj rq ghyhorsphqw ri
ydulrxv sdudooho v|vwhpv1 Lw lv srvvleoh wr vd| vr frqvlghulqj wkh uhjxodu
sxeolfdwlrqv rq wklv vxemhfw lq wkh Lqwhuqhw ^6`1 Lw lv zruwk wr phqwlrq wzr
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dssurdfkhv wr vroxwlrq ri d sureohp ri sdudooho frpsxwdwlrq rujdql}dwlrq
xvlqj Mdyd ohqjxdjh=
� Ghyhorsphqw ri Mdyd0lqwhuidfhv wr sdudooho surjudpv zulwwhq xvlqj rwkhu
sdudooho surjdpplqj odqjxdjhv= KSI ^7`/ KSF ^8`/ sF.. ^9`/ PSF.. ^:`/
hwf1>
� Ghyhorsphqw ri vshfldo idflolwlhv iru ghvljq ri sdudooho surjudpv xvlqj
wkh Mdyd odqjxdjh ^;`1 Wkh iruphu dssurdfk rqo| frqyhqwlrqdoo| frxog eh
wuhdwhg dv sdudooho surjudpplqj xvlqj Mdyd odqjxdjh/ ehfdxvh rqo| wkh fdoov
wr wkh sdudooho oleudu| ixqfwlrqv duh surjudpphg rq Mdyd/ exw wkh sdudooho
surjudpplqj ri wkhvh ixqfwlrq erglhv lv fduulhg rxw rq rwkhu sdudooho odq0
jxdjhv1 Wkh xvh ri sdudooho oleudulhv fdq surylgh kljk hqrxjk h�flhqf|/ dqg
dovr doorzv rqh wr xvh wkh ohjdf| kljko|0h�flhqw sdudooho surjudpv1 Wkh glv0
dgydqwdjhv ri wklv dssurdfk duh lq uhvwulfwhg frpsdwlelolw| ri vxfk oleudulhv
gxh wr wkh sureohpv ri uhfrpslodwlrq dqg lqvwdoodwlrq ri uxqwlph v|vwhpv
ri wkhvh oleudulhv wr dqrwkhu sodwirup1 Dgglwlrqdoo| lw lv gl�fxow wr frqwuro
wkh oleudu| h�flhqf| lq fdvh ri sruwlqj lw wr dqrwkhu sodwirup dv wkhvh ol0
eudulhv xvxdoo| zrun h�hfwlyho| rqo| rq sdudooho frpsxwhuv iru zklfk wkh|
zhuh ghvljqhg1 Dw odvw/ wkh srvvlelolwlhv ri glvwulexwlrq ri vxfk oleudulhv duh
olplwhg dv wkh| uhtxluh xvdjh ri h{shqvlyh frpslohuv dqg uxqwlph v|vwhpv1

Zh eholhyh wkh vhfrqg dsurdfk lv suhihudeoh ehfdxvh rqo| wklv dssurdfk
vxssruwv wkh ixoo f|foh ri ghyhorsphqw ri wkh sdudooho Mdyd0surjudp ^<`1
Wkh vwdqgdug frppxqlfdwlrq sdfndjh PSL+Phvvdjh Sdvvlqj Lqwhuidfh,
^43` kdv ehhq lpsohphqwhg iru prvw ri sdudooho sodirupv dqg lv xvhg wr
vxssruw frppxqlfdwlrqv dprqj frpsrqhqwv ri wkh sdudooho surjudp1 Wkh
sdudooho surjudp hqwluho| ghyhorshg rq Mdyd fdq eh h{hfxwhg rq dq| vhw ri
MdydYPv zrunlqj lq sdudooho dqg lqwhudfwlqj yld PSL ixqfwlrqv1 Lw pd|
eh hdv| ghexjjhg dqg prgl�hg gxh wr uh�h{lyh surshuwlhv ri Mdyd odqjxdjh1
Fhuwdlqo|/ wkh shuirupdqfh ri wkh sdudooho Mdyd 0surjudp lq lqwhushwdwlrq
prgh frqfhghv wkh shuirupdqfh ri frpslohg surjudpv ghyhorshg rq rwkhu
sdudooho odqjxdjhv vxfk dv sF../PSF../ hwf1 Krzhyhu/ wkh glvwulexwlrq
ri wkh sdudooho Mdyd0surjudp e|whfrgh doorzv wr xvh lw lpphgldwho| dqg
suholplqdu| hydoxdwh shuirupdqfh lpsuryhphqw ri wkh dssolfdwlrq fdxvhg
e| xvh ri wklv sdudooho Mdyd 0surjudp1 Wkxv wkhuh lv qr qhhg lq wkh frpsoh{
dqg h{shqvlyh vriwzduh lqvwdoodwlrqv dv zlwk sdudooho surjudpplqj v|vwhpv
ghvfulehg lq �uvw dssurdfk1

Rqo| diwhu wkh �wqhvv ri wkh sdudooho Mdyd0surjudp lv suryhg wkh sure0
ohp ri lwv shuirupdqfh lqfuhdvh zloo dulvh1 Zh sursrvh wkuhh zd|v wr vroyh
wklv sureohp1 Wkh �uvw lv vlplodu wr wkh �uvw dssurdfk wr Mdyd sdudooho
surjudpplqj= lqvwhdg ri e|whfrgh wkh pdfklqh frgh rewdlqhg dv d uhvxow ri
frpslodwlrq ri F.. surjudp zklfk lv ixqfwlrqdoo| vlplodu wr jlyhq Mdyd0
surjudp dqg kdv wkh vdph Mdyd 0lqwhuidfh dv vrxufh Mdyd0surjudp1 Wkh
vhfrqg zd| lv wr xvh wkh Mdyd frpslohu dqg2ru MdydYP e|whfrgh frpslohu
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gluhfwo| wr pdfklqh frghv + Mdyd0wr0qdwlyh frpslohuv, ^44/45`/ rswlpl}lqj
frqyhuwhuv ri Mdyd 0surjudpv ^46`/ hwf1 Wklv doorzv wr lqfuhdvh shuiru0
pdqfh ri wkh sdudooho Mdyd0surjudp frpsrqhqwv dqg wr gudz lw qhdu wkh
shuirupdqfh ri surjudpv rq rwkhu surjudpplqj odqjxdjhv +iru h{dpsoh/
F2F../IRUWUDQ/ hwf1,1 Wkh wklug zd| sursrvhv wkh ghyhorsphqw ri wkh
rswlpl}lqj sdudoohol}lqj Mdyd frpslohu gluhfwo| wr pdfklqh frghv ri sdudo0
oho frpsxwhuv +Sdudooho Mdyd0wr0qdwlyh frpslohuv,1

Wkh sdudooho surjudplqj v|vwhp GSM ghvfulehg lq wkh sdshu vxjjhvwv
wkh iroorzlqj whfjqltxh ri sdudooho Mdyd0surjudpv ghyhorsphqw=

41 Wkh sdudooho surjudp lv ghyhorshg rq Mdyd odqjxdjh zlwk wkh dlg ri
vshfldo GSM oleudu| fodvvhv ghvfulehg ehorz>

51 Wkhq wkh surjudp lv frpslohg wr e|whfrgh dqg gdexjjhg rq d sdudooho
frpsxwhu lq lqwhusuhwdwlrq prgh>

61 Wkh hydoxdwlrq ri wkh surjudp sdudooho surshuwlhv lv shuiruphg +lq
sduwlfxodu wkh ghjuhh ri wkh surjudp dffhohudwlrq xqghu sdudoohol}d0
wlrq/ surjudp vfdodelolw|/ hwf1 duh hydoxdwhg,>

71 Li wkh surjudp uhyhdov dffhswdeoh rxwfrphv ri wkh sdudoohol}dwlrq gh0
juhh/ rqh ri wkuhh ghvfulehg deryh zd|v wr shuirupdqfh lpsuryhphqw
lv dssolhg>

81 Wkh ixuwkhu shuirupdqfh hqkdqfhphqw zloo lqyroyh wkh uhsodfhphqw
ri wkh PSL sdfndjh wr wkh vshfldoo| ghyhorshg rswlpl}hg uxq0wlph
vxssruw v|vwhp1

Lq wklv sdshu wkh suhvhqwdwlrq lv olplwhg wr lpsohphqwdwlrq ri wkh GSM
oleudu| iru vhw ri MdydYPv1 Wkh lpsohphqwdwlrq ri phqwlrqhg zd|v ri
shuirupdqfh lpsuryhphqw zloo eh fryhuhg lq wkh vxffhhglqj sxeolfdwlrqv1

Lw lv qhvvhvdu| wr qrwh wkdw dorqjvlgh zlwk lpsohphqwdwlrq ri wkh Mdyd
fodvvhv oleudu| wkhuh lv dq lpsohphqwdwlrq ri wkh F.. surjudpplqj v|vwhp
+GSV.., ^47` xvlqj wkh F.. whpsodwhv1 Wkh GSV.. oleudu| lv frpsdw0
leoh zlwk wkh vwdqgdug VWO oleudu| ^48` lqfoxghg lqwr wkh F.. vwdqgdug
^49`1 Wkh GSV.. lpsohphqwdwlrq zloo surylgh kljk hqrxjk h�flhqf| iru
sdudooho surjudpv ghvljqhg xqghu wklv oleudu|1

Wkh GSM sdudooho fdsdelolwlhv lqfoxgh wkh pdlq frpsrqhqwv ri wkh ol0
eudu|= qhwzrunv dqg vxeqhwv +vxeqhwzrunv,/ glvwulexwhg frqwdlqhuv dqg
wkhlu lwhudwrv dqg sdudooho dojrulwkpv1 Dgglwlrqdoo| vrph dvshfwv ri wkh
GSM lpsohphqwdwlrq xvlqj wkh PSL sdfndjh/ dv zhoo dv glvwlqfwlrq eh0
wzhhq sdudooholvp surylghg e| GSM oleudu|/ dqg exlow0lq Mdyd wkuhdg sdu0
dooholvp ^4` duh frqvlghuhg lq wkh vhfwlrq 51
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Wkh vhfwlrq 6 lv ghyrwhg wr wkh ghwdlohg ghvfulswlrq ri qhwzrunv dqg
vxeqhwv gh�qlwlrq idflolwlhv1 Lq wkh fxuuhqw GSK lpsohphqwdwlrq wkh gh�0
qlwlrq ri doo qhwzrunv dqg wkhlu vxeqhwv lv shuiruphg g|qdplfdoo| zlwk wkh
dlg ri wkh PSL sdfndjh1

Wkh gh�qlwlrq idflolwlhv dqg edvlf w|shv ri glvwulexwhg frqwdlqhuv duh
ghvfulehg lq vhfwlrq 71 Iru h�hfwlyh surfhvvlqj hdfk w|sh ri glvwulexwhg
frqwdlqhu dvvxphv d vxeqhw wrsrorj| lw lv glvwulexwhg rq wr eh gh�qhg1 Wkh
lqirupdwlrq derxw wkh vxeqhw wrsrorj| lv sdvvhg wr wkh PSL sdfndjh iru
pruh h�hfwlyh pdsslqj ri wkh yluwxdo qhwzrun rqwr uhdo rqh1

Wkh w|shv dqg gh�qlwlrq idflolwlhv ri lwhudwruv ri glvwulexwhg frqwdlqhuv
duh ghvfulehg lq vhfwlrq 81 Wkh glvwulexwhg frqwdlqhu lwhudwru surylghv d
vlpxowdqhrxv dffhvv wr doo hohphqwv ri rqh vxevhw ri qrghv ri wklv frqwdlqhu1
Ghshqglqj rq d vruw ri vxevhuv wkhuh duh iroorzlqj w|shv ri lwhudwruv= xqdu|
+frqwdlqv vlqjoh qrgh vxevhwv,/ ryhudoo +frqwdlqv vxevhw ri doo qrghv,/ dqg
pxowlsoh +frqwdlqv duelwudu| vxevhwv ri qrghv,1

Wkh vhfwlrq 9 frqwdlqv wkh eulhi ghvfulswlrq ri wkh sdudooho dojrulwkpv
lpsohphqwhg lq wkh fxuuhqw GSM yhuvlrq xvhg prvw iuhtxhqwo| zkhq gh0
yhorslqj sdudooho surjudpv1 Wkh sdudooho dojrulwkp lv sdudooho surjudp
zklwk hqvxuhv h�hfwlyh h{hfxwlrq ri vwdqgdug rshudwlrqv rq dq| w|shv ri
glvwulexwhg frqwdlqhuv1

Wkh xvdjh ri doo GSM edvlf frpsrqhqwv lv ghvfulehg lq vhfwlrq : dv dq
h{dpsoh ri sdudooho surjudp1

2 A�i �h�iu #itUh�T|�L? Lu �@h@**i* �@T@M�*�|�it Lu |�i
#�a w�Mh@h)

Dv kdv ehhq phqwlrqhg deryh zh wuhdw sdudooho surjudpv zrunlqj xqghu
VSPG prgho1 Vxfk surjudp lv d vhw ri ixqfwlrqdoo| lghqwlfdo frpsrqhqwv
frqvlvwlqj ri hlwkhu e|whfrgh ru pdfklqh frghv ri frqfuhwh sdudoho frp0
sxwhu1 Lq wkh �uvw fdvh frpsrqhqw uhsuhvhqwv wkh Mdyd0surjudp h{hfxwhg
rq vhsdudwh MdydYP> dqg doo frpsrqhqwv dqg wkhlu MdydYPv zrun lq
sdudooho rq surfhvvruv ri wkh sdudooho frpsxwhu/ vr dssursuldwh MdydYP
lqwhuqhwv rqh frpsrqhqw ri wkh sdudooho surjudp rq hdfk surfhvvru1 Lq wkh
vhfrqg fdvh hdfk frpsrqhqw uhsuhvhqwv d pdfklqh frgh lpdjh ri d Mdyd
0surjudp/ dqg ixqfwlrqdoo| lghqwlfdo frpsrqhqwv lq pdfklqh frghv duh h{0
hfxwhg lq sdudooho rq surfhvvruv ri wkh sdudooho frpsxwhu1 Iurp qrz rq wkh
frpsrqhqw ri wkh sdudooho surjudp zloo phdq wkh e|whfrgh lpsohphqwdwlrq
ri wklv frpsrqhqw1

PSL sdfndjh lv xvhg iru rujdql}dwlrq ri frppxqlfwlrq dqg gdwd h{0
fkdqjh ehwzhhq frpsrqhqwv1 Surylglqj d vhw ri sulplwlyhv wr kdqgoh wkh
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phvvdjh sdvvlqj PSL sdfndjh doorzv wr klgh d sk|vlfdo vwuxfwxuh ri frp0
sxwhu surfhvvruv/ xvhg qhwzrun kdugzduh/ dv zhoo dv rshudwlqj v|vwhpv sh0
fxoldulwlhv1 Rqh ri lpsruwdqw sulplwlyhv ri wkh PSL sdfndjh lv surfhvv1
Wkh surfhvv lv d xqlw ri wkh surjudp h{hfxwlrq/ dqg wkh phvvdjh sdvvlqj lv
shuiruphg rqo| dprqj surfhvvhv1 Wkh PSL sdfndjh doorzv wr pdss wr rqh
frpsrqhqw ri wkh sdudooho Mdyd0surjudp1 Wkxv wkh sdudooho Mdyd0surjudq
lv pdsshg rqwr d vhw ri PSL surfhvvhv1 Lw lv frqyhqlhqw wr uhihu wklv vhw
dv d qhwzrun/ hdfk surfhvv ehlqj d qrgh ri wklv qhwzrun1 Wkh qhwzrun lv
frqfhswxdoo| fuhdwhg e| d vshfldo vwduwhu fodvv wkhw gh�qhv wkh srzhu ri
qhwzrun dqg wkh sdudooho surjudp vwduwlqj sdudphwhuv1

Xvlqj wkh prgho ghvfulehg d frpsrqhqw ri wkh sdudooho surjudp frxog eh
dvvrfldwhg zlwk d qrgh lw lv h{hfxwhg rq1 Rqh frxog xvh sdudoohol}dwlrq id0
flolwlhv gh�qhg lq wkh Mdyd odqjxdjh hqylurqphqw +fodvvhv MDYD�ODQJ�7KUHDG�
MDYD�ODQJ�7KUHDG*URXS, zkloh hyhu| qrgh h{hfxwhv wkh Mdyd0surjudp1 Wkhvh
fodvvhv xvh d vkduhg phpru| prgho sdudooholvp1 Lq wkh sdshu rqo| wkh glv0
wulexwhg phpru| sdudooholvp prgho lv glvfxvvhg/ l1h1 zh vxssrvh wkdw hdfk
frpsrqhqw ri wkh sdudooho surjudp uxqv lq wkh vhsdudwh dgguhvv vsdfh/ dqg
wkuhdgv uxq zlwklq rqh qrgh dfklhylqj wkh uhdo sdudooholvp rq d qrgh zlwk
frpsoh{ vwuxfwxuh +h1j1 wkh PSL surfhvv lv h{hfxwhg rq VPS dufklwhfwxuh
zklfk vxssruwv wkuhdg glvwulexwlrq dprqj gl�huhqw surfhvvruv,1 Wkh pdlq
jrdo ri wkh uhvhdufk lv ghyhorsphqw ri sdudooho h{hfxwlrq frqwuro/ dv zhoo dv
idflolwlhv iru glvwulexwlrq dqg d{fkdqjh ri gdwd dprqj qrghv1

Rqh ri wkh surjudp sdudoohol}dwlrq whfkqltxhv lv sduwlwlrqlqj wkh sur0
judp lqwr lqghshqghqw sduwv1 Ohw/ iru h{dpsoh/ wkh surjudp frqvlvwv ri
wzr lqghshqghqw sduwv D dqg E/ zklfk frxog eh h{hfxwhg lq sdudooho1 Lw lv
frqyhqlhqw wr gh�qh d vxeqhw � ri wkh qhwzrun iru h{hfxwlrq ri sduw D ri
wkh surjudp dqg vxeqhw � iru h{hfxwlrq ri sduw E1 Wkxv erwk sduwv D dqg
E ri wkh surjudp duh h{hfxwhg rqo| rq dq dssursuldwh vxeqhw/ dqg grhv
qrw h{hfxwhg ri dqrwkhu vxeqhw21 Lq wxuq/ rqh pd| gh�qh vxeqhwv ri hyhu|
vxeqhw1 Wkh qrghv ri wkh qhwzrun ri vxeqhw duh hqxphudwhg e| lqwhjhuv
iurp 3 xs wr q� 4/ zkhuh q lv wkh srzhu ri wkh vhw ri qhwzrun +ru vxeqhw,
qrghv1

Dv lq dq| rwkhu remhfw0rulhqwhg odqjxdjh lq wkh Mdyd odqjxdjh lw lv
frqyhqlhqw wr uhsuhvhqw wkh vhwv ri vlplodu remhfwv e| frqwdlqhu remhfwv
+frqwdlqhuv, ^4:`1 H{dpsohv ri frqwdlqhuv duh duud|v/ yhfwruv/ olvwv/ vhw/ nh|
vhw/ dwf1 Hdfk remhfw wkdw lv dffhvhg wkurxjk wkh frqwdlqhu lv hohphqw ri wklv
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frqwdlqhu1 Wkh frqwdlqhu lwhudwru lv dq remhfw zklfk surylghv dffhvv wr wkh
hohphqwv ri wklv frqwdlqhu1 Lq wkh vhtxhqwldo surjudp dw dq| jlyhq prphqw
ri wlph lwhudwru surylghv dffhvv dw prvw wr wkh rqh hohphqw ri frqwdlqhu1 Lw
lv frqyhqlhqw wr xvh lwhudwru lq wkh orrsv surfhvvlqj wkh frqwdlqhu hohphqwv1

Zh lqwurgxfh lpsohphqwdwlrq ri gdwd glvwulexwlrq xvlqj glvwulexwhg frq0
wdlqhu/ zklfk duudqjhv lwv hohphqwv vr wkdw hdfk qrgh ri frqwdlqhu rzqv rqh
hohphqw zklfk lv sodfhg rq wkh fruuhvsrqglqj qrgh ri frqwdlqhu vxeqhw Q 1
Wkh vxeqhw Q lv vshfl�hg zkhq wkh glvwulexwhg frqwdlqhu lv lqvwdqwldwhg1

Dv lq xvxdo frqwdlqhu/ hdfk hohphqw ri glvwulexwhg frqwdlqhu fdq kdyh
uhihuhqfhv wr rwkhu hohphqwv ri wklv frqwdlqhu= lq wklv fdvh wkh uhihuhqfh
vshfl�hv d qrgh zkhuh wkh dgguhvvhg e| wklv uhihuhqfh hohphqw uhvlghv1 Xq0
ghu glvwulexwhg frqwdlqhu uhgxfwlrq rshudwlrqv pd| eh gh�qhg zklfk duh
h{hfxwhg lqyroylqj doo hohphqwv ri wkh frqwdlqhu lq sdudooho zlwk d shdn
d�flhqf|1 Wkhuh duh iroorzlqj uhgxfwlrq rshudwlrqv= frxqwlqj frqwdlqhu ho0
hphqwv/ rewdlqlqj hohphqw lqgh{/ vxppdwlrq ri doo frqwdlqhu hohphqwv +iru
h{dpsoh/ glvwulexwhg duud|,/ ghwhfwlqj pd{lpxp dqg plqlpxp/ hwf1

Dffhvv wr glvwulexwhg frqwdlqhu hohphqwv lv surylghg e| frqwdlqhu lwhud0
wru1 Wkh glvwulexwhg frqwdlqhu pd| kdyh dq duelwudu| dprxqw ri lwhudwruv1

Wkh glvwulexwhg frqwdlqhu lwhudwru lv remhfw glvwulexwhg dfurvv wkh vdph
vxeqhw dv lwv frqwdlqhu dqg surylglqj vlpxowdqhrxv dffhvv wr doo hohphqwv
ri rqh vhevhw ri frqwdlqhu qrghv1 Wklv vxeqhw ri frqwdlqhu qrghv lv fdoohg
lwhudwru ydoxh1 Wkh vhw ri doo lwhudwru ydoxhv irupv d fryhulqj ri wkh vhw ri
frqwdlqhu qrghv +zlwk ru zlwkrxw lqwhuvhfwlrqv,1 Wzr rshudwlrqv duh gh�qhg
rq wkh lwhudwru= dvvljqphqw dqg uhdvvljqphqw ri lwv ydoxh1 Zlwk wkh dlg ri
wkhvh rshudwlrqv lwhudwru fdq lq wxuq dffhsw doo lwv ydoxhv zwklfk dowrjhwkhu
irup d fryhulqj ri vhw ri doo frqwdlqhu qrghv1Lq sduwlfxodu/ rqh pd| gh�qh
wkh lwhudwru surylglqj vlpxowdqhrxv dffhvv wr doo hohphqwv ri wkh glvwulexwhg
frqwdlqhu dw rqfh +ryhudoo lwhudwru,/ lwhudwru gh�qlqj vlpxowdqhrxv dffhvv
rqo| wr wkh vhw ri rqh hohphqw ri wkh frqwdlqhu +xqdu| lwhudwru,/ hwv1 Prvw
iuhtxhqwo| xvhg lwhudwruv iru hdfk ri glvwulexwhg frqwdlqhu w|shv duh dydlodeoh
lq wkh GSM fodvv oleudu|1

Glvwulexwhg frqwdlqhu hohphqw frxog eh dq remhfw lpsohphqwlqj wkh sdu0
dooho dojrulwkp lqwhuidfh1 Vxfk dq remhfw kdv d phwkrg UXQ�� gh�qhg e| wkh
xvhu zklfk uhsuhvhqwv wkh erg| ri d frpsrqhqw ri sdudooho dojrulwkp wkdw
lv h{hfxwhg rq hyhu| qrgh1 Wkh h{hfxwlrq ri sdudooho dojrulwkp ehjlqv e|
wkh fdoo ri phwkrg VWDUW�� rq doo qrghv ri wkh vxeqhw zklfk wkh dssursuldwh
remhfw lv glvwulexwhg rq1 Lwhudwru ri vxfk frqwdlqhu uhwxuqv fxuuhqw vxevhw
ri qrghv h{hfxwlqqj phwkrg UXQ��1 H{dpsohv ri sdudooho dojrulwkpv duh
sdudooho vhdufk/ sdudooho vruwlqj/ hwf1

Dw uxq wlph wkhuh lv d qhhg ri gdwh h{fkdqjh zlwk h{whuqdo vrxufhv/ h1j1
gdwd vkrxog eh uhdg iurp ru zulwwhq wr d glvn �oh1 D vshfldo vxev|vwhp
ri sdudooho lqsxw2rxwsxw lv vxssrvhg wr eh ghyhorshg wr phhw wkhvh qhhgv1
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Fxuuhqwo| wklv sureohp lv vroyhg e| phdqv ri vwdqgdug Mdyd idflolwlhv +h1j1
lqsxw2rxwsxw fdq eh shuiruphg e| wkh vlqjoh qrgh wr lwv �oh,1

Lq rxu lpsohphqwdwlrq ri wklv frqfhsw xvlqj Mdyd doo ghvfulehg v|vwhp
remhfwv/ qdpho| vxeqhwv/ glvwulexwhg frqwdlqhuv/ wkhlu lwhudwruv/ dqg wkh
sdudooho dojrulwkpv duh uhsuhvhqwhg e| wkh klhudufk| ri oleudu| dqg xvhu
fodvvhv dqg lqwhuidfhv1 Wkhlu vhpdqwlfv dqg v|qwd{ duh ghvfulehg lq wkh
iroorzlqj vhfwlrqv ri wklv sdshu1

� 5�M?i| #i�?�|�L?

Wkh gh�qlwlrq ri vxeqhw ri vrph qhwzrun +ru vxeqhw, lv shuiruphg e| lq0
vwhqwldwlrq ri wkh vshfldo 6XEQHW fodvv1 Hdfk vxeqhw kdv wkh sduhqw qhwzrun
+ru vxeqhw, dqg fdq kdyh dq duelwudu| dprxqw ri wkh fklog vxeqhwv1 Wkh
eulhi ghvfulswlrq ri wkh 6XEQHW fodvv phwkrgv lv jlyhq ehorz=
� Gh�qh d vxeqhw
� Jhw dprxqw ri vxeqhw qrghv
� Rshudwruv rq vxeqhwv=

� Xqlrq
� Lqwhuvhfwlrq
� Frpsohphqw

� Jhw vsdfh ri wklv vxeqhw iuhh iurp lwv fklog vxeqhwv +frpsohphqw ri doo
fklog vxeqhwv xqlrq,
� Jhw d vxeqhw ri qrghv lqfoxghg lq wkh plqlpdo qxpehu ri fklog vxeqhwv

Wkh 6XEQHW fodvv remhfw uhsuhvhqwlqj wkh qhwzrun lv lqvwdqwldwhg zkhq
wkh sdudooho surjudp lv ordghg1 Wklv remhfw kdv qr sduhqw qhwzrun1

Wkh 6XEQHW fodvv frqwdlqv �hogv dqg phwkrgv ghvljqhg iru d ordg edodqf0
lqj frqwuro1 Zkhq d vxeqhw D ri wkh qhwzrun Q lv lqvwdqwldwhg/ wkh ydoxhv
ri ordglqj frxqwhuv ri wkh qrghv ri qhwzrun Q lqfoxghg lq D duh lqfuhdvhg
e| rqh1 Phwkrgv JHW)UHH uhwxuq duud| ri qxpehuv ri qrghv zklfk kdyh }hur
ydoxhv ri ordglqj frxqwhuv1 Wkh phwkrg JHW0LQLPXP/RDGHG uhwxuqv duud|
ri qxpehuv ri qrghv zlwk wkh plqlpdo ydoxhv ri ordglqj frxqwhgv1

Lq fxuuhqw lpsohphqwdwlrq ri wkh oleudu| gh�qlwlrq ri wkh qhwzrun +ru
vxeqhw, fdxvhv fuhdwlrq ri dssursuldwh PSLjurxu dqg frppxqlfdwru1 Wkh
PSL frppxqlfdwru fuhdwlrq uhtxluhv rqh dfw ri froohfwlyh frppxqlfdwlrq
rq dssursuldwh sduhqw qhw1

e #�t|h�M�|i_ �L?|@�?iht

Wkh glvwulexuhg frqwdlqhu orfdwhv lwv hohphqwv rqh shu qrgh ri d vxeqhw
zklfk lv vshfl�hg lq lwv gh�qlwlrq1 Wkh glvwulexwhg frqwdlqhu fdq eh lqvwdqfh
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ri dq| fodvv zklfk lpsohphqwv wkh dssursuldwh lqwhuidfh1 Wkh glvwulexwhg
frqwdlqhu hohphqwv duh Mdyd remhfw lqvwdqfhv1 Sulplwlyh w|shv vkrxog eh
uhsuhvhqwhg dv lqvwdqfhv ri dssudsuldwh remhfwv +h1j1/ &KDUDFWHU� ,QWHJHU/
hwf1, ehiruh sodflqj wkhp lqwr wkh frqwdlqhu1 Wkh glvwulexwhg frqwdlqhu
hohphqwv pd| rffxs| rqo| d sduw ri qrghv ri vxeqhw zklfk wkh frqwdlqhu lv
glvwulexwhg rq/ dqg wkh qxpehu ri hohphqwv pd| ydu| gxulqj h{hfxwlrq ri
wkh surjudp1 Wkh lqlwldo dprxqw ri qrghv lv vuhfl�hg zkhq wkh frqwdlqhu
lv lqvwdqwldwhg1 Zkhq qrgh lv dgghg wr glvwulexwhg frqwdlqhu wkh vlwxdwlrq
zkhq doo qrghv ri d vxeqhw duh douhdg| rffxulhg e| rwkhu hohphqwv ri wkh
frqwdlqhu pd| rffxu1 Lq wklv fdvh dq h{fhswlrq rffxuv1

Wkh dffhvv wr hohphqwv ri glvwulexwhg frqwdlqhu lv surylghg e| lwv lwhu0
dwruv1 Vwurqj w|slqj ri wkh frqwdlqhu hohphqwv fdq eh shuiruphg zlwk wkh
dlg ri w|shg lwhudwruv dqg dgdswhuv1 Wkh lqwhuidfhv klhudufk| ri wkh GSM
glvwulexwhg frqwdlqhuv lv jlyhq rq �jxuh 41

Ilj141 Lqwhuidfhv dqg oleudu| fodvv klhudufk| ri glvwulexwhg frqwdlqhuv1
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Wkh glvwulexwhg frqwdlqhu lqwhuidfhv duh ghulyhg iurp wkh urrw '&RQ�
WDLQHU +glvwulexwhg frqwdlqhu, lqwhuidfh1 Wklv lqwhuidfh gh�qhv wkh iroorzlqj
phwkrgv=
� Gh�qlwlrq ri wkh frqwdlqhu rq vxeqhw1
� Rewdlqlqj wkh vxeqhw ri wkh frqwdlqhu1
� Rewdlqlqj fxuuhqw +ru pd{lpxp, dprxqw ri qrghv1
� Rewdlqlqj +ru vhwwlqj xs, wkh frqwdlqhu hohphqw ydoxh rq orfdo qrgh1
� Vfdwwhulqj ri ydoxhv iurp wkh rqh0glphqvlrqdo Mdyd0duud| wr eh wkh glv0
wulexwhg frqwdlqhu hohphqw ydoxhv +VFDWWHU,1 Wkh qxpehu ri hohphqwv lq wkh
Mdyd0duud| vkrxog fruuhvsrqg wr wkh frqwdlqhu vl}h1 Wkh glvwulexwhg frq0
wdlqhu hohphqw orfdwhg rq d qrgh zlwk dq lqgh{ L zloo eh dvvljqhg wkh ydoxh
ri wkh Mdyd0duud| hohphqw zlwk lqgh{ L1
� Jdwkhulqj ri ydoxhv ri wkh glvwulexwhg frqwdlqhu hohphqwv lqwr Mdyd0duud|
+JDWKHU,1 Wkh rughu ri hohphqwv lq wkh duud| diwhu rshudwlrq fruuhvsrqgv wr
wkh rughu ri qrgh lqglfhv lq wkh frqwdlqhu1
Dorqjvlgh zlwk lqwhuidfh gh�qlwlrqGSM frqwdlqv dssursuldwh oleudu| fodvvhv
lpsohphqwlqj wkhvh lqwhuidfhv +iru h{dpsoh/ wkh lqwhuidfh '$UUD\ lv lpsoh0
phqwhg e| wkh '$UUD\&ODVV fodvv,1 Dq| sdlu ri wkh frqwdlqhu qrghv pd|
eh olqnhg/ rqh ri wkhvh qrghv ehlqj fdoohg sduhqw qrgh/ dqg dqrwkhu rqh 0 d
fklog qrgh1 Wkh olqn ehwzhhq qrghv ri frqwdlqhu phdqv wkdw qrghv vkrxog
eh wrsrorjlfdoo| forvh wr hdfk rwkhu/ ehfdxvh wkh lqwhqvlyh gdwd h{fkdqjh
pd| wdnh sodfh ehwzhhq wkhp1 Olqn lv wkh rqo| lqirupdwlrq derxw wkh uhdo
qhwzrun wrsrorj|/ wkdw fdq eh xvhg zkhq pdsslqj wkh yluwxdo qhwzrun rq
wkh uhdo sk|vlfdo rqh1 GSM oleudu| glvwulexwhg frqwdlqhuv +vwdqgdug glv0
wulexwhg frqwdlqhuv, kdyh suh0gh�qhg olqnv ehwzhhq wkhlu qrghv1 Zkhq d
qhz qrgh lv dgghg wr wkh frqwdlqhu lwv olqn zlwk rwkhu qrghv duh hvwdeolvkhg
lq d vwdqgdug zd| ghvfulehg iru hdfk w|sh ri oleudu| frqwdlqhu fodvvhv1

GSM xvhu fdq hlwkhu xvh vwdqgdug glvwulexwhg frqwdlqhuv ru gh�qh klv
rzq rqhv lpsohphqwlqj wkh '8VHU&RQWDLQHU lqwhuidfh +ru lqwhuidfh ghulyhg
iurp lw,1 Wklv lqwhuidfh lqkhulwv '&RQWDLQHU lqwhuidfh dqg frqwdlq phwkrgv
iru gh�qlwlrq ri olqnv ehwzhhq frqwdlqhu qrghv1 Wkh xvh ri vwdqgdug glv0
wulexwhg frqwdlqhuv/ dv d uxoh/ hqvxuhv kljkhu h�flhqf|/ wkhq wkdw ri xvhu
gh�qhg rqhv1

Wkh iroorzlqj glvwulexwhg frqwdlqhuv duh lqfoxghg lq wkh GSM oleudu|=
� Glvwulexwhg duud| lv d glvwulexwhg frqwdlqhu zlwk frqvwdqw dprxqw ri hoh0
phqwv +qrghv, zklfk kdyh qrw olqnv dprqj wkhp1 Udqgrp dffhvv lwhudwruv
duh dssolhg wr glvwulexwhg duud|v1 Wkh dprxqw ri qrghv lq wkh duud| lv
vshfl�hg zkhq duud| lv vshfl�hg zkhq duud| lv gh�qhg dqg uhpdlqv frq0
vwdqw gxulqj surjudp h{hfxwlrq1
� Glvwulexwhg yhfwru lv vlplodu wr wkh glvwulexwhg duud| h{fhsw wkh dprxqw
ri qrghv lq wkh frqwdlqhu dq gxulqj h{hfxwlrq ri wkh surjudp1
� Glvwulexwhg olvw lv d glvwulexwhg frqwdlqhu iru zklfk d khdg qrgh/ lqwhu0
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phgldwh qrghv dqg wdlo qrgh duh gh�qhg1 Li wkh olvw frqvlvwv ri rqh qrgh/
wklv qrgh lv khdg qrgh dqg wdlo qrgh dw rqfh1 Vhtxhqwdlo dffhvv lwhudwruv
duh dssolhg wr glvwulexwhg olvwv1Wkh dprxqw ri hohphqwv lq wkh olvw fdq ydu|
gxulqj surjudp h{hfxwlrq1 Wkh glvwulexwhg olvw lqwhuidfh gh�qhv wkh iroorz0
lqj phwkrgv=

� Dgg +uhpryh, d olvw qrgh1
� Rewdlq lwhudwru frqvlvwlqj iurp d khdu +ru wdlo, qrgh ri wkh olvw1
� %Vkliw% wkh vxeolvwv vshfl�hg e| lwhudwru ydoxh l= lq hdfk vxeolvw wkh

hohphqw ydoxh rq qrgh n . 4 ehfrphv htxdo wr wkh ydoxh iurp qrgh n> wkh
hohphqw ri wkh �uvw qrgh ri wkh vxeolvw vdyhv lwv ydoxh1
� Glvwulexwhg ulqj lv vlplodu wr wkh glvwulexwhg olvw h{fhsw lwv khdg qrgh lv
d fklog ri wdlo qrgh1
� Glvwulexwhg wuhh lv d glvwulexwhg frqwdlqhu/ zklfk kdv d urrw qrgh/ qrq0
whuplqdo qrghv dqg ohdi qrghv1Li wkh wuhh frqvlvwv ri rqh qrgh/ wklv qrgh
lv urrw qrgh dqg ohdi qrgh dw rqfh/ dqg lw kdv qhlwkhu fklog qru sduhqw
qrghv1 Lq rwkhu fdvhv wkh urrw qrgh kdv qr sduhqw qrgh/ exw kdv vrph
fklog qrghv1Wkh ohdi qrgh kdv qr fklog qrghv exw kdv rqh sduhqw qrgh1 Doo
qrqwhuplqdo qrghv kdyh rqh sduhqw qrgh dqg vrph fklog qrghv dqg wkhvh
qrghv duh glvwlqfw1 Vhtxhqwldo dffhvv lwhudwruv duh dssolhg wr glvwulexwhg
wuhhv1 Wkh dprxqw ri hohphqwv lq d wuhh fdq ydu| gxulqj h{hfxwlrq ri wkh
surjudp1 Wkh glvwulexwhg wuhh lqwhuidfh gh�qhv wkh iroorzlqj phwkrgv=

� Dgg d qhz ohyho ri d wuhh qrghv1 Wkh qrghv ri dq dgghg ohyho ehfrph
ohdi qrghv/ dqg iruphu ohdi qrghv 0 qrqwhuplqdo rqhv1

� Dgg qhz fklog qrgh1
� Jhw lwhudwru surylglqj dffhvv wr wkh urrw qrgh ri wkh wuhh1
� Jhw lwhudwru surylglqj dffhvv wr wkh ohdi qrgh ri wkh wuhh1

D #�U|h�M�|i_ �L?|@�?ih W|ih@|Lh

Glvwulexwhg frqwdlqhu lwhudwru lv dq remhfw glvwulexwhg rq wkh vdph vxeqhw
dv lwv frqwdlqhu dqg surylglqj vlpxowdqhrxv dffhvv wr doo hohphqwv ri d vxe0
qhw ri qrghv ri wklv frqwdlqhu1 Wklv frqwdlqhu qrgh vxevhw lv fdoohg lwhudwru
ydoxh1 Wkh vhw ri doo lwhudwru ydoxhv irupv d fryhulqj ri wkh frqwdlqhu qrgh
zlwk ru zlwkrxw lqwhuvhfwlrqv,1Wzr rshudwlrqv duh gh�qhg iru wkh lwhudwru=
dvvljqphqw dqg uhdvvljqphqw ri lwv ydoxh1 Zlwk wkh dlg ri wkhvh rshudwlrqv
lwhudwru fdq wxuq dffhsw doo lwv ydoxhv zklfk dowrjhwkhu irup d fryhulqj ri
wkh vhw ri doo frqwdlqhu qrghv1 Lqvwdqfh ri dq| fodvv zklfk lpsohphqw wkh
dssursuldwh lqwhuidfh fdq eh lwhudwru ri glvwulexwhg frqwdlqhu1
� Xqdu| lwhudwru +'8QDU\,WHUDWRU, gh�qhv dq dffhvv rqo| wr wkh vlqjoh frq0
wdlqhu qrgh vlpxowdqhrxvo|1
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� Pxowlsoh lwhudwru +'0XOWL,WHUDWRU,gh�qhv dq dffhvv wr vxevhw ri wkh frq0
wdlqhu qrghv vlpxowdqhrxvo|1 Wkh srzhu ri wklv vxevhw fdq ydu| iurp ydoxh
wr ydoxh1
� Ryhudoo lwhudwru +'$OO,WHUDWRU, gh�qhv dq dffhvv wr doo frqwdlqhu qrghv
vlpxowdqhrxvo|1

Lq lpsohphqwdwlrq rq Mdyd wkh glvwulexwhg frqwdlqhuv lwhudwruv oleudu|
fodvvhv duh lpsohphqwhg zlwk wkh dlg ri lqwhuidfhv jlyhq lq wdeoh 41

Xqdu| lqwhuidfh Pxowlsoh lqwhuidfh
'8QDU\,WHUDWRU '0XOWL,WHUDWRU

,QSXW ,WHUDWRU Xqdu| Lqsxw Lwhudwru Pxowl Lqsxw Lwhudwru

2XWSXW ,WHUDWRU Xqdu| Rxwsxw Lwhudwru Pxowl Rxwsxw Lwhudwru

)RUZDUG ,WHUDWRU Xqdu| Iruzdug Lwhudwru Pxowl Iruzdug Lwhudwru

%LGLUHFWLRQDO Xqdu| Elgluhfwlrqdo Pxowl Elgluhfwlrqdo

,WHUDWRU Lwhudwru Lwhudwru

5DQGRP $FFHVV Xqdu| Udqgrp Dffhvv Pxowl Udqgrp Dffhvv

,WHUDWRU Lwhudwru Lwhudwru

Ryhudoo Lqsxw Lwhudwru Ryhudoo Rxwsxw Lwhudwru
'$OO,QSXW,WHUDWRU '$OO2XWSXW,WHUDWRU

Wkh qrwhv=

41 Lq wkh wdeoh wkh erog irqw pdunv lwhudwru lqwhuidfhv/

qrupdo irqw 0 oleudu| fodvvhv

51 Ryhudoo lwhudwruv surylgh vlpxowdqhrxv dffhvv wr doo hohphqwv ri wkh

glvwulexwhg frqwdlqhu1

S �@h@**i* �*}Lh�|�4t

GSM oleudu| frqwdlqv vwdqgdug fodvvhv lpsohphqwlqj iuhtxhqwo| xvhg sdudo0
oho dojrulwkpv iru surfhvvlqj wkh glvwulexwhg frqwdlqhu hohphqwv1 Doo ri wkh
oleudu| sdudooho dojrulwkpv lpsohphqw wkh lqwhuidfh 3DUDOOHO$OJRULWKP frq0
wdlqlqj wkh iroorzlqj phwkrgv=
� Vwduw +vwrs ru vxvshqg, phwkrg UXQ��� UXQ7RS��� ru UXQ%RWWRP��1
� Phwkrgv UXQ��� UXQ7RS��� ru UXQ%RWWRP�� wkhpvhoyhv1 Fxuuhq|o| lq wkh
oleudu| lpsohphqwhg iroorzlqj sdudooho dojrulwkpv=
� $SSO\LQJ 0 dssolhv wkh vshfl�hg ixqfwlrqdo remhfw wr wkh frqwdlqhu hoh0
phqwv1
� &RSLQJ 0 frslhv wkh glvwulexwhg frqwdlqhu +srvvleo|/ uhyhuwlqj wkh hohphqw
rughu,1
� &RPSDULQJ 0 sdudooho frpsdulqj ri hohphqwv ri wzr glvwulexwhg frqwdlqhu1
� )LQGLQJ 0 sdudooho vhdufk ri hohphqwv lq wkh glvwulexwhg frqwdlqhu xvlqj
wkh whpsodwh1
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� )LOWHULQJ 0 sdudooho vhohfwlrq ri hohphqwv lq wkh glvwulxwhg frqwdlqhu xvlqj
wkh whpsodwh1
� 5HSODFLQJ 0 sdudooho uhsodflqj ri wkh glvwulexwhg frqwdlqhu hohphqwv1
� 6RUWLQJ 0 sdudooho vruwlqj ri wkh glvwulexwhg frqwdlqhu hohphqwv1
� 7UDQVIRUPLQJ 0 sdudooho wudqviruplqj ri wkh glvwulexwhg frqwdlqhu1

. 5|h�U|�hi Lu |�i �@h@**i* �hL}h@4

Wkh sdudooho surjudp lv uhsuhvhqwhg e| wkh Mdyd fodvv frqwdlqlqj wkh phwkrg
PDLQ zklfk ehjlqv wkh surjudp h{hfxwlrq1 Wkh phwkrg PDLQ ri wkh sdudo0
oho surjudp lv h{hfxwhg rq wkh qhwzrun/ zklfk lv vshfl�hg zkhq surjudp
lv ordghg1 Wklv qhwzrun lv dydlodeoh wkurxjk wkh vwdwlf QHW:RUOG remhfw ri
wkh 6XEQHW fodvv zklfk lv fuhdwhg zkhq wklv fodvv lv ordghg1 Xvlqj phwkrgv
ri wkh QHW:RUOG remhfw lw lv srvvleoh wr rewdlq dprxqw ri MdydYPv wkh
sdudooho surjudp lv uxqqlqj rq1

Gh�qlwlrq ri vxeqhwv ri wkh QHW:RUOG vkrxog eh grqh iru sdudooho h{hfx0
wlrq ri gl�huhqw sduwv ri sdudooho surjudp1 Iru h{dpsoh/ ohw wkh surjudp
frqvlvwv ri wzr lqghshqghqw sduwv D dqg E/ zklfk fdq eh h{hfxwhg lq sdudo0
oho1 Rqh pd| gh�qh vxeqhw � +iru h{hfxwlrq ri wkh sduw D, dqg vxeqhw � +iru
h{hfxwlrq ri wkh sduw E, dv vxeqhwv ri QHW:RUOG1 Wkh sdwuv D dqg E duh uhs0
uhvhqwhg e| glvwulexwhg frqwdlqhu fodvvhv $

3

FODVV dqg%
3

FODVV lpsohphqwlqj
lqwuhuidfhv '&RQWDLQHU +ru lqwhuidfhv ghulyhg iurp lw, dqg 3DUDOOHO$OJRULWKP
+ri lqwhuidfhv ghulyhg iurp lw,1 Wkh frgh ri sduwv D dqg E ri wkh surjudp
dkrxog frqwdlq phwkrgv UXQ�� ri wkh fodvvhv $

3

FODVV dqg %
3

FODVV ryhuulglqj
dssursuldwh phwkrgv 3DUDOOHO$OJRULWKP lqwhuidfh1 Zkhq rgmhfwv $

3

REMHFW
dqg %

3

REMHFW ri fodvvhv $
3

FODVV dqg %
3

FODVV dffruglqjo| duh lqvwdqwldwhg
wkh dssursuldwh vxeqhwv � dqg � zklfk wkh sduwv D dqg E duh glvwulexwhg
rq vkrxog eh vshfl�hg dv wkh sdudphwhuv ri phwkrgv GLVWULEXWH��1 Wkh vwduw
ri hdfk sduw lv shuiruphg iurp wkh ixqfwlrq PDLQ e| phwkrg VWDUW�� ri wkh
3DUDOOHO$OJRULWKP lqwhuidfh= vwdwhphqw $�VWDUW�� vwduwv wkh h{hfxwlrq ri wkh
sduw D dqg %�VWDUW�� vwduwv wkh h{hfxwlrq ri wkh sduw E1

Li wkh hohphqwv ri wkh glvwulexwhg frqwdlqhu duh lqgshqghqw wkhq phwk0
rgv UXQ�� fdq eh vwduwhg lq sdudooho iru doo wkhvh hohphqwv surylglqj wkh
pd{lpxp srvvleoh sdudooholvp1 Lq wklv fdvh lw lv srvvleoh wr xvh ryhudoo
lwhudwru1

Li wkhuh duh ghshqghqflhv dprqj wkh glvwulexwhg frqwdlqhu hohphqwv wkhq
phwkrgv UXQ�� fdq eh vwduwhg lq sdudooho rqo| iru d vxevhw ri wkh glvwulexwhg
frqwdlqhu hohphqwv1 Hdfk vxfk vxevhw vkrxog eh vshfl�hg e| wkh glvwlqfw
lwhudwru ydoxh1 Wkxv/ fruuhfwo| vhohfwhg lwhudwruv khos wr sdudoohol}h wkh
surjudp zkhq wkh gdwd ghshqghqflhv duh suhvhqw1
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Wkh xvh ri wkh GSM oleudu| iru ghyhorsphqw ri sdudooho Mdyd0surjudpv
lv vkrzq e| wkh iroorzlqj h{dpsoh=
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SDFNDJH H[DPSOHV> Surjudp iurp wkh H[DPSOHV sdfndjh=
sdudooho vruwlqj xvlqj TxlfnVruw
sdudooho dojrulwkp ^5`1

LPSRUW UX�LVSUDV�GSM�� Xvhg sdfndjhv lpsruw1
LPSRUW MDYD�LR��
LPSRUW &20�REMHFWVSDFH�MJO��
FODVV 0\'%7UHH H[WHQGV '%7UHH&ODVV Glvwulexwhg elqdu| wuhh lv ghulyhg iurp
iSXEOLF 0\'%7UHH �6XEQHW QHW� oleudu| glvwulexwhg elqdu| wuhh
iVXSHU�QHW��j lpsohphqwlqj 3DUDOOHO$OJRULWKP lqwhuidfh1

SXEOLF YRLG UXQ7RS�� iERG\���j Wklv phwkrg wr eh lqyrnhg rqo|
dw urrw qrgh1

SXEOLF YRLG UXQ��i Wklv phwkrg lv fdoohg rq wkh qrqwhuplqdo
SXW �UHFY)URP3DUHQW��> qrghv1 Duud| udflyhg iurp sduhqw qrgh
ERG\��� ehfrphv d ydoxh ri frqwdlqhu hohphqw1
j
j
3XEOLF YRLG ERG\��i Phwkrg ERG\ sduwlwlrqv duud| ehlqj d
LQW PLG

�

SRV� ydoxh ri frqwdlqhu hohphqw lqwr wzr
LQW L�M� sduwv dffruglqj wkh TxlfnVruw dojrulwkp
pRDW> @ WR

�

VRUW QXOO� dqg vhqgv wkh orzhu sduw wr wkh
LI �JHW��� QXOO�WR

�

VRUW �pRDW> @�JHW��> ohiw fklog/ dqg wkh xsshu
LI �WR

�

VRUW� QXOO		 sduw 0 wr wkh uljkw fklog1
WR
�

VRUW�OHQJWK!��i
PLG

�

SRV WR
�

VRUW�OHQJWK��� Ghwhfwlqj wkh plggoh hohphqw ri wkh
pRDW PLG WR

�

VRUW>PLG
�

SRV@� duud| dqg rewdlqlqj lwv ydoxh1

IRU �L �� M WR
�

VRUW�OHQJWK��� Duud| sduwlwlrqlqj surfhgxuh= lq wkh
L�M�L���i orzhu sduw doo hohphqw ydoxhv duh qr
LI�WR

�

VRUW>L@! PLG� juhdwhu wkdq wkh plggoh rqh/ lq wkh xsshu
IRU ��M!L�M^� sduw 0 juhdwhu wkdq plggoh1
LI�WR

�

VRUW>L@� PLG�i
pRDW WHPS  WR

�

VRUW>L@�
WR
�

VRUW>L@ WR
�

VRUW>M@�
WR
�

VRUW>M@ WHPS�
LI�L  PLG

�

SRV� PLG
�

SRV M�
EUHDN�
j

j
j
HOVH PLG

�

SRV �� Lq fdvh duud| lv hpsw| wkh plggoh
uhfhlyhv 31

pRDW> @ WR
�

OHIW QXOO� Gh�qlwlrq ri WR
�

ULJKW duud| ri dsshu
pRDW> @ WR

�

ULJKW QXOO� sduwlwlrq dqg WR
�

OHIW duud| ri orzhu
LI �WR

�

VRUW� QXOO�i sduwlwlrq1
WR
�

OHIW QHZ pRDW>PLG
�

SRV@�
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WR
�

ULJKW QHZ pRDW>
WR
�

VRUW�OHQJWK�PLG
�

SRV@�
IRU �L �� L�PLG

�

SRV� L���
WR
�

OHIW>L@ WR
�

VRUW>L@�
ZKLOH �L�WR

�

VRUW�OHQJWK�
WR
�

ULJKW>L�PLG
�

SRV@ WR
�

VRUW>L��@�
j
VHQG7R&KLOG�OHIW� WR

�

OHIW�� Wudqvplwwlqj WR
�

OHIW wr wkh ohiw fklog1

VHQG7R&KLOG�ULJKW� WR
�

ULJKW�� Wudqvplwwlqj WR
�

ULJKW wr wkh uljkw fklog1

SXW �pRDW>�@�� Fohdu hohphqw ydoxh rq wklv qrgh1
j
SXEOLF YRLG UXQ%RWWRP��i Ohdi qrghv xvh d vwdqgdug vruwlqj
SXW �UHFY)URP3DUHQW�� �� dojrulwkp iurp wkh -DYD *HQHULF
LI �JHW�� � QXOO�i /LEUDU\ ^4:`1
)ORDW$UUD\ WR

�

VRUW QHZ
)ORDW$UUD\ ��pRDW> @�JHW�� ��
6RUWLQJ�VRUW�WR

�

VRUW��
j
j
j

FODVV 0XOQSXW H[WHQGV 0XOSXW fodvv lqkhulwv iurp xqdu| lwhudwru
'8QDU\2XWSXW,WHUDWRU&ODVV LPSOHPHQWV dqg lv xvhg dw wkh urrw qrgh ri
3DUDOOHO$OJRULWKP i glvwulexwhg wuhh iru lqsxw ri duud| wr vruw
SXEOLF 0\,QSXW �'FRQWDLQHU F�LQW> @ P� iurp �oh �QXPEHUV�1
iVXSHU �F�P��j

SXEOLF YRLG UXQ��i Ryhuulgghq UXQ phwkrg ri
LQW QXPEHU

�

HOHPHQWV� 3DUDOOHO$OJRULWKP lqwhuidfh lv fdoohg e|
,QSXW6WUHDP LQSXW QHZ VWDUW phwkrg ri wkh vdph lqwhuidfh1
)LOH,QSXW6WUHDP ��QXPEHUV��>

'DWD,QSXW6WUHDP oQ QHZ�
'DWD,QSXW6WUHDP �LQSXW��

OHQ oQ�UHDG,QW���
pRDW> @ WR

�

VRUW QHZ pRDW >OHQ@
IRU �LQW L �� L�OHQ� L���
WR
�

VRUW>L@ oQ�UHDG)ORDW���
SXW �WR

�

VRUW��
LQSXW�FORVH���j
j
j
FODVV 0\2XWSXW H[WHQGV 0\2XWSXW fodvv lqkhulwv iurp xqdu|
'8QDU\)RUZDUG,WHUDWRU&ODVV lwhudwru dqg xvhg dw urrw qrgh ri
LPSOHPHQWV 3DUDOOHO$OJRULWKP i glvwulexwhg wuhh iru rxwsxw vruwhg duud|
SXEOLF 0\2XWSXW �'FRQWDLQHU wr wkh �oh �VRUWHG

�

QXPEHUV�1
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F� LQW> @ PHPEHUV�j
VXSHU �F� PHPEHUV��j
SXEOLF YRLG UXQ��i
2XWSXW6WUHDP RXWSXW QHZ
)LOH2XWSXW6WUHDP �6RUWHG

�

QXPEHUV��
'DWD2XWSXW6WUHDP IRXW QHZ
'DWD2XWSXW6WUHDP �RXWSXW��
IRXW�ZULWH,QW�RD�OHQJKW��
IRU �LQW L �� L�RD�OHQJKW�L���
IRXW�ZULWH)ORDW �RD>L@��
RXWSXW�FORVH���
j
j

FODVV 346RUW i Phwkrg PDLQ lv vwduwhg rq doo qrghv ri
SXEOLF VWDWLF YRLG PDLQ�� i QHW:RUOG diwhu fodvv 346RUW ordglqj1

0\'%7UHH WUHH Gh�qlwlrq ri wuhh glvwulexwhg ryhu
QHZ 0\'%7UHH�6XEQHW�QHW:RUOG�� QHW:RUOG dqg xvhg iru vruwlqj1

0\,QSXW LQSXW QHZ 0\,QSXW �WUHH� Lqsxw ri wkh duud| wr eh vruwhg e| phdqv
WUHH�URRW���PHPEHUV�� �� ri UXQ phwkrg ri xqdu| lwhudwru RQSXW

LQSXW�VWDUW��� ri WUHH frqvlvwlqj ri wkh urrw qrgh1
'0XOWL,QSXW,WHUDWRU&ODVV LWHU  Gh�qlwlrq ri pxowlsoh lqsxw lwhudwru LWHU
QHZ '0XOWL,QSXW,WHUDWRU&ODVV� ri WUHH/ kdylqj urrw qrgh dv d ydoxh1
WUHH�URRW�� ��

WUHH�SXW �LU�JHW�� �� Lqlwldo vhw xs ri WUHH hohphqwv1

GR i Uxqqlqj ri duud| sduwlwlrqlqj surfhgxuh
WUHH�VWDUW�LWHU�� dw wkh fxuuhqw ohyho ri glvwulexwhg wuhh1

Li wkh ohyho frqvlvwv rqo| ri ohdi
qrghv wkhq vwdqgdug vruwlqj surfhgxuh
lv dssolhg1

LWHU�DGYDQFH��� Dgydqfhv glvwulexwhg wuhh ohyho1

j ZKLOH ��LWHU�DW(QG�� �� Wudyhuvh doo ohyhov ri wkh wuhh1
0\2XWSXW RXWSXW QHZ 0\2XWSXW� Gh�qlwlrq rig xqdu| lwhudwru RXWSXW ri
WUHH� WUHH�URRW���PHPEHUV�� �� WUHH frqvlvwlqj ri wkh urrw qrgh1

RXWSXW�SXW �WUH�JDWKHU� Phwkrg JDWKHU jdwkhuv doo qrq0hpsw|
WUHH�URRW���PHPEHU�� � �� hohphqwv ri glvwulexwhg wuhh WUHH lqwr vlqjoh

duud| dw wkh urrw qrgh/ wkh uhwxuq ydoxh ri
wklv phwkrg rq rwkhu qrghv lv QXOO1
Uhvxowlqj duud| lv dvvljqhg dv urrw qrgh
hohphqw ydoxh zklfk lv dffhvvhg e| RXWSXW
lwhudwru1
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RXWSXW�VWDUW��� Vruwhg duud| rxwsxw xvlqj phwkrg UXQ ri
j xqdu| lwhudwru RXWSXW
j

Wr vwduw wkh sdudooho surjudp xvhu vkrxog lpsohphqw wkh iroorzlpj
fodvvhv=
� Fodvv frqwdlqlqj wkh phwkrg PDLQ dqg uhsuhvhqwlqj wkh sdudooho surjudp
+h1j1/ 346RUW iurp wkh suhylrxv h{dpsoh,>
� Wkh 6WDUWHU fodvv frqwdlqlqj wkh phwkrg PDLQ dqg vwduwlqj wkh h{hfxwlrq
ri suhylrxv fodvv1

Lq wkh phwkrg PDLQ ri wkh 6WDUWHU fodvv wkh qhwzrun zlwk vshfl�hg qxp0
ehu ri qrghv lv fuhdwhg/ dqg MdydYPv duh ordghg rqwr wkhvh qrghv1 Wkh
MdydYPv ordg wkh �uvw ri deryh phqwlrqhg fodvvhv/ wkhq hdfk MdydYP
uxqv wkh phwkrg PDLQ ri wklv fodvv1

H A�i �L?U*�t�L?

Wkh GSM oleudu| surylghv edvlf fdsdelolwlhv ri wkh KS Iruwudq v|vwhp
iru wkh glvwulexwhg gdwd surfhvvlqj1 Wkh gh�qlwlrq ri qhwzrunv dqg vxe0
qhwv fruuhvsrqgv wr gh�qlwlrq ri wkh surfhvvru duud|v lq KS Iruwudq1 Wkh
eorfn glvwulexwlrq ri wkh duud| D lq KS Iruwudq fruuhvsrqgv wr gh�qlwlrq
ri wkh glvwlexwhg frqwdlqhu F hohphqw ri zklfk duh wkh eorfnv ri wkh duud|
D> wkh f|folf glvwulexwlrq ri wkh duud| D lq KS Iruwudq fruuhvsrqgv wr
gh�qlwlrq ri fryhulqj ri wkh duud| D dqg glvwulexwlrq ri lw rqwr qrghv ri
F/ hwf1 Lq dgglwlrq/ wkh oleudu| surylghv pruh frpsoh{ qhwzrun vwuxfwxuhv
wkhq surfhvvru duud|v lq KS Iruwudq1 Wkh xvh ri wkh GSM oleudu| sur0
ylghv vshhgxs ri sdudooho Mdyd0surjudpv lq frpsdulvrq zlwk wkhlu vhtxhqwdo
yhuvlrqv1 Lq wdeoh 5 wkh h{shulphqw uhvxow zklfk xvhv wkh surjudp lpsoh0
phqwlqj sdudooho prgl�fdwlrq ri wkh TxlfnVruw vruwlqj dojrulwkp duh jlyhq1

Qxpehu ri surfhvvruv Dydudjh wlph ri Vshhgxs lq frpsdulvrq zlwk
lq h{shulphqw h{hfxwlrq/ ploolvhfrqgv vhtxhqwldo yhuvlrq

4 :56: 4
5 6;;3 4/<
6 6384 5/7

Dv wkh h{hfxwlrq vshhg ri wkh surjudp rq MdydYP lv hvvhqwldoo| ohvv wkhq
wkdw ri wkh surjudp lq pdfklqh frghv/ wkhq wkh h{hfxwlrq ri wkh sdudooho
surjudp rq MdydYPv frqfhghv wr wkdw ri wkh sdudooho surjudp lq d sdudo0
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oho frpsxwhu pdfklqh frghv1 Dv lw zdv phqwlrqhg lq lqwurgxfwlrq wkhuh duh
gl�huhqw zd|v wr lpsuryh shuirupdqfh ri wkh sdudooho surjudp ghyhorshg
xvlqj GSM1 Wkh pruh ghwdlohg glvfxvvlrq rq wkh sureohp ri wkh sdudooho
Mdyd0surjudp shuirupdqfh lpsuryhphqw lv rxw ri wkh vfrsh ri wklv sdshu1

Dfnqrzohgjhphqw

Wkh surmhfw lv vxsruwhg e| UIEU judqw Qr <90340345;3 dqg LQWDV0UIEU judqw
Qr <80369<1

Uhihuhqfhv

41 M1 Jrvolqj/ %Wkh Mdyd Odqjxdjh Hqylurqphqw%/ zklwh sdshu/ Vxq Plfurv|v0
whpv/ Prxqwdlq Ylhz/ Fdoli1/ 4<<8>
kwws=22mdyd1vxq1frp

51 Whg J1 Ohylv/ Irxqgdwlrq ri Sdudooho Surjudplqj= D Pdfklqh Lqghshqghqw
Dssurdfk/ LHHH Frpsxwhu Vrflhw| Suhvv/ Orv Dodplwrv/ FD/ 4<<61

61 %KSFF dqg Mdyd%/ D Uhsruw e| Wkh Sdudooho Frpslohu Uxqwlph Frqvrulxp
+SFUF,/ lqfrpsohwh gudiw/ Pd| 45 4<<9>
kwws=22zzz1qsdf1v|u hgx2xvhuv2jfi2ksmdyd61kwpo

71 KSI=Kljk Shuirupdqfh Iruwudq Odqjxdjh Vshfl�fdwlrq/ Kljk Shuirupdqfh
Iruwudq Iruxp/ yhuvlrq 513/ Mdqxdu| 64 4<<:>
kwws=22zzz1fusf1�fh1hgx2KSII2ksi52lqgh{1kwpo

81 H1 Mrkqvrq/ S1 Ehfnpdq/ G1 Jvqqrq/ %KSF..= Dq H{shulphqw zlwk wkh
Sdudooho Vwdqgdug Whpsodwh Oleudu|%/
kwws=22zzz1fv1lqgldqd1hgx2k|sodq2hmrkqvrq2sdshuv2svwo1kwpo

91 I1 Erglq/ S1 Ehfnpdq/ G1 Jdqqrq/ V1 Qdud|dqd/ Vk1 [1 \dqj/ %Glvwulexwhg
sFF..= Edvlf Lghdv iru dq Remhfw Sdudooho Odqjxdjh%/ Vflhqwl�f Surjudp0
plqj/ Yro1 5/ Qr6/ 4<<6>
kwws=22zzz1h{wuhph1lqgldqd1hgx2vdjh2grfv1kwpo

:1 PSF.. Yhuvlrq 5= Pdvvlyho| Sdudooho/ Phvvdjh Sdvvlqj/ Phwd0ohyho Sur0
fhvvlqj F..
kwws=22zzz1uzfs1ru1ms2ode2psvode2psf..2psf..1kwpo

;1 Vxvdq I1 Kxppho/ Wrq Qjr/ Kdulql Vulqlydvdq/ %VSPG% Surjudpplqj lq
Mdyd%/ whfk1 uhsruw/ LEP W1M1 Zdwvrq Uhvhdufk Fhqwhu>
kwws>22zzz1qsdf1v|u1hgx2surmhfwv2mdydirfvh2fsdqgh2LEPvspgmdyd

�

qhz1sv

<1 Pduf D1 Kdplowrq/ %Mdyd dqg wkh Vkriw wr Qhw0Fhqwulf Frpsxwlqj%/ Frp0
sxwhu/ LHHH Frpsxwhu Vrflhw|/ Dxjxvw 4<<9/ yro1 5</ Qr ;/ s16406<1

431 PSL= Phvvdjh Sdvvlqj Lqwhuidfh Vwdqgdug/ Phvvdjh Sdvvlqj Lqwhuidfh Iruxp/
Mxqh 45 4<<8>
kwws=22zzz1pfv1dqo1jry2psl2lqgh{1kwpo
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441 Iudqn \hoolq/ %Wkh Mdyd Pdwlyh Frgh DSL%/ Vxq Plfurv|vwhpv/ Prxqwdlq
Ylhz/ Fdoli1/ 4<<8>
kwws=22zzz1mdydvriw1frp2grf2mlw

�

lqwhuidfh1kwpo

451 Plfurvriw VGN iru Mdyd 418/ Plfurvriw Frusrudwlrq/ Sdor Dowr/ FD>
kwws=22zzz1plfurvriw1frp2mdyd2vgn

461 Dduw M1F1 Eln/ Ghqqlv E1 Jdqqrq/ %Dxwrpdwlfdoo| H{sorlwlqj Lpsolflw Sdu0
dooholvp lq Mdyd%/ whfk1 uhsruw/ Frpsxwhu Vflhqfh Ghsw1/ Lqgldqd Xqlyhuvlw|/
Lqgldqd>
kwws=22zzz1h{wuhph1lqgldqd1hgx2 dmfeln2MDYDU2lqgh{1kwpo

471 Y1 Lydqqlnry/ V1 Jdlvvdu|dq/ P1 Grpudfkhy/ Y1 Hwfk/ Q1 Vkwdowryqd|d/
%GSF..=F.. Fodvv Oleudu| iru Ghyhorsphqw ri Gdwd0Sdudooho Surjudpv%
lq %Yrsurv| Nlehuqhwlnl1 Sulormhql|d Vlvwhpqrjr Surjudpplurydqlmd%/ Prvfrz/
QVN UDV/4<<:/ +lq uxvvldq,

481 G1 U1 Pxvvhu/ D1 Vdlql/ %WVO Wxwruldo dqg Uhihuhqfh Jxlgh1 F.. Sur0
judpplqj zlwk wkh Vwhqgdug Whpsodwh Oleudu|%/ Dgglvrq0Zhvoh|/ 4<<9>
kwws=22zzz1dz1frp2fs2pxvvhu0vdlql

491 Gudiw Sursrvhg Lqwhuqdwlrqdo Vwdqgdug iru Lqirupdwlrq V|vwhpv 0 Surjudp0
plqj Odqjxdjh F../ Dffuhglwhg Vwdqgdugv Frpplwwhh- Grf Qr= [6M492<90
3558 [6/LQIRUPDWLRQ SURFHVVLQJ V\VWHPVZJ542Q4376 Gdwh= 5
Ghfhpehu 4<<9 Surmhfw= Surjudpplqj Odqjxdjh F../
kwws=22zzz1zduzlfn1df1xn2f..2sxe2zs2kwpo2fg52lqgh{1kwpo

4:1 U1 Uhz/ %Wkh Mdyd Jhqulf Oleudu| +MJO,%/ Erxoghu Mdyd Xvhuv Jurxs/
XFDU Xqlgdwd/ Vhswhpehu 4<<9/
kwws=22zzz1xqlgdwd1xfdu1hgx12vwd�2uxvv2mdyd2mjo0emxj
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