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Wkh fkdoohqjh ri d qhwzrun wrsrorj| ghvljq lv wr sur0

ylgh d frq�jxudwlrq zlwk plqlpxp frvw jlyhq vshfl0

�hg frqvwudlqwv1 Qhwzrun wrsrorj| ghvljq lv QS0kdug

^4` dqg nqrzq dojrulwkpv wr vroyh wkhvh sureohpv uxq

lq wlph wkdw lqfuhdvhv h{srqhqwldoo| zlwk wkh qxpehu

ri fkrlfhv1 Wkh hfrqrplf lpsruwdqfh ri ghwhuplqlqj

wkh sodfhphqw ri vzlwfkhv lq dq DWP qhwzrun mxvwl�hv

khxulvwlf phwkrgv wr �qg d jrrg frq�jxudwlrq zlwklq d

uhdvrqdeoh dprxqw ri wlph1 Lq wklv sdshu/ wzr w|shv ri

khxulvwlf dojrulwkpv duh frpsduhg1 Wkh �uvw dojrulwkp

lv edvhg rq vzdsslqj xvhg vzlwfk orfdwlrqv zlwk xqxvhg

vzlwfk orfdwlrqv1 Wkh vhfrqg dojrulwkp lv d jhqhwlf do0

jrulwkp1

4 LQWURGXFWLRQ 4

Wkh fkdoohqjh ri qhwzrun ghvljq lv wr surylgh d jrrg

frq�jxudwlrq wkdw lv frvw h�hfwlyh dqg surylghv kljk

shuirupdqfh iru lqirupdwlrq vhuylfhv ^5`1 Wkh rswl0
pl}dwlrq ri d qhwzrun ehorqjv wr d fodvv ri sureohpv

fdoohg QS0kdug/ vr wkdw qr nqrzq dojrulwkpv uxq lq

sro|qrpldo wlph1 Wkh nqrzq dojrulwkpv wr vroyh wkhvh
sureohpv uxq lq h{srqhqwldo wlph zlwk uhvshfw wr wkh

qxpehu ri fkrlfhv ^4`1 Lq d qhwzrun ghvljq wkh frvwv
duh qrw olqhdu ehfdxvh wkh fdsdflwlhv ri wkh olqnv dqg

vzlwfkhv pxvw eh vhohfwhg iurp d �qlwh glvfuhwh vhw1

Vxfk kdug frpelqdwruldo sureohpv duh xvxdoo| vroyhg
xvlqj khxulvwlfv ^6`1

4Wkh whvwv ghvfulehg dqg wkh uhvxowlqj gdwd suhvhqwhg khuhlq/

xqohvv rwkhuzlvh qrwhg/ zhuh rewdlqhg iurp uhvhdufk frqgxfwhg

xqghu wkh Oderudwru| Glvfuhwlrqdu| Uhvhdufk dqg Ghyhorsphqw

Surjudp ri wkh Xqlwhg Vwdwhv Dup| Frusv ri Hqjlqhhuv e| wkh

Zdwhuzd|v H{shulphqw Vwdwlrq1 Shuplvvlrq zdv judqwhg e| wkh

Fklhi ri Hqjlqhhuv wr sxeolvk wklv lqirupdwlrq1

Lq wkh wrsrorj|/ fdsdflw|/ dqg  rz dvvljqphqw sure0
ohp +WFID, iru qhwzrunv/ wkh wud!f ghpdqg ehwzhhq

jhrjudsklf srlqwv lv jlyhq dqg wkh sureohp lv wr gh�qh

wkh wrsrorj| ri wkh qhwzrun/ wr vshfli| wkh fdsdflwlhv
ri wkh olqnv dqg vzlwfkhv/ dqg wr ghwhuplqh wkh urxwhv

ri wkh wud!f  rzv ri lqirupdwlrq wkdw plqlpl}h wkh
frvw ri wkh qhwzrun xqghu jlyhq frqvwudlqwv1 Riwhq wkh

frqvwudlqw lv irupxodwhg dv pd{lpxp dyhudjh ghod|1

Vshfl�f wud!f  rzv uhvxow iurp wkh urxwlqj dojrulwkp
xvhg/ vxfk dv wkh vkruwhvw sdwk dojrulwkp zklfk urxwhv

d  rz ryhu rqh sdwk/ ru rswlpdo urxwlqj wkdw urxwhv d

 rz ryhu pxowlsoh sdwkv1 Ehfdxvh d frvw ixqfwlrq iru
WFID w|slfdoo| h{klelwv vhyhudo orfdo plqlpd/ h{dfw vr0

oxwlrqv fdq rqo| eh fdofxodwhg iru xquhdolvwlfdoo| vpdoo
qhwzrunv ru xquhdolvwlfdoo| odujh uxq wlphv1 Khxulvwlfv

duh uhtxluhg wr dssur{lpdwh wkh joredo vroxwlrq iru dq|

exw wkh vpdoohvw qhwzrunv ^7`1 Wkhvh khxulvwlfv duh lql0
wldol}hg dw vrph ihdvleoh wrsrorj|> wkhq wkh| uhshdw0

hgo| uhsodfh wkh fxuuhqw vroxwlrq zlwk vrph prgl�fd0

wlrq wkdw lpsuryhv wkh frvw dqg suhvhuyhv ihdvlelolw|1

Vxfk khxulvwlfv fdq eh dssolhg wr sureohpv zlwk gl0

yhuvh urxwlqj dojrulwkpv/ frqvwudlqw lqhtxdolwlhv/ dqg
frvw ixqfwlrqv/ exw wkh khxulvwlf lwvhoi lv fkdudfwhul}hg

e| wkh vhw ri wuldo qhwzrunv wkdw duh wr eh frqvlghuhg

jlyhq wkh fxuuhqw wrsrorj| dqg krz wkh wuldo qhwzrun lv
vhohfwhg1 D wuldo wrsrorj| pljkw eh jhqhudwhg e| lghq0

wli|lqj xqghu0xwlol}hg olqnv iru holplqdwlrq ru fdsdflw|
uhgxfwlrq1 Ru wkh fdsdflwlhv ri ryhu0xwlol}hg olqnv frxog

eh lqfuhdvhg wr phhw wkh ghod| frqvwudlqwv lq vrph wuldo

wrsrorj| ^6`1 Wkh juhhg|0gurs khxulvwlf vxffhvvlyho|
ghohwhv wkh ohdvw xwlol}hg qrgh wr �qg wkh plqlpxp

qxpehu ri qrghv wkdw zloo vxssruw wkh wud!f ^8`1

D qrgh ru eudqfk fdq eh h{fkdqjhg wr prgli| wkh

wrsrorj| ri wkh qhwzrun1 Wkh eudqfk h{fkdqjh phwkrg

ghohwhv d olqn ehwzhhq wzr qrghv dqg dggv d olqn
ehwzhhq wzr gl�huhqw qrghv ^9`1 Wkh fxw0vdwxudwlrq

phwkrg lghqwl�hv fdqglgdwh eudqfkhv e| �qglqj wkh



plqlpxp qxpehu ri kljko| xwlol}hg eudqfkhv wkdw

zrxog glylgh wkh qhwzrun lqwr wzr vhsdudwh qhwzrunv
li ghohwhg1 Wkh fdsdflw| ri wkhvh eudqfkhv lv lqfuhdvhg

ru olqnv duh dgghg ehwzhhq wkh wzr jurxsv ri qrghv wr

prgli| wkh wrsrorj| ri wkh qhwzrun1 D qrgh h{fkdqjh
ghohwhv d qrgh dqg dggv d qrgh1 Wkhvh phwkrgv fdq

eh uhshdwhg zlwk d qhz vwduwlqj wrsrorj| ru d gl�huhqw
rughu ri wkh vdph h{fkdqjhv wr orrn iru d wuldo qhwzrun

zlwk orzhu frvw ^:`1

Vhyhudo khxulvwlf dojrulwkpv kdyh ehhq uhsruwhg iru

ghvljqlqj dv|qfkurqrxv wudqvihu prgh +DWP, qhw0
zrunv1 Or ^;` ghyhorsv d froxpq0jhqhudwlrq0edvhg

khxulvwlf wkdw xvhv qrgh glphqvlrqlqj dqg doorzv pxowl0

sdwk urxwlqj iru wud!f lq wkh vdph fodvv1 Qxphurxv or0
fdo plqlpd rffxu zkhq rswlpl}lqj fdsdflwlhv dqg  rzv

ri yluwxdo sdwkv +YS, lq dq DWP qhwzrun1 Jhuod/ Prq0

whlur/ dqg Sd}rv ^<` irupxodwh wkh fdsdflw| dqg  rz
dvvljqphqw sureohp iru wkh YS wrsrorj| sureohp dqg

xvh wkh Iudqn0Zroih vwhhshvw ghvfhqw phwkrg wr �qg d
orfdo plqlpxp iurp vhyhudo udqgrp lqlwldo vroxwlrqv>

wkh vroxwlrq zlwk wkh orzhvw dyhudjh ghod| lv fkrvhq1

Plwud/ Pruulvrq/ dqg Udpdnulvkqdq ^43` irupxodwh wkh
rswlpl}dwlrq ri dq DWP qhwzrun dw wkh fdoo0ohyho dv

d pxowludwh/ flufxlw0vzlwfkhg/ orvv qhwzrun zlwk htxly0

dohqw fdsdflw| uhtxluhphqwv1 Wkh| fdofxodwh wkh orvv
suredelolwlhv xvlqj wkh �{hg0srlqw dssurdfk dvvxplqj

olqn lqghshqghqfh1 Wklv dssurdfk whuplqdwhv dw d or0
fdo plqlpxp/ exw wkh| uhsruw vdwlvidfwru| uhvxowv e|

uhshdwlqj wkh surfhgxuh iru vhyhudo udqgrp lqlwldol}d0

wlrqv1

Wkh nh| wr dssur{lpdwlqj d vroxwlrq lv h!flhqwo|
hydoxdwlqj d jlyhq wrsrorj| dqg jhqhudwlqj jrrg lqlwldo

wrsrorjlhv ^7`1 Rqh zd| wr frqvwuxfw d ihdvleoh wrsrorj|

lv wr dvvljq wkh pd{lpxp doorzdeoh fdsdflw| wr hdfk
olqn dqg qrgh ^;`1 Nhuvkhqedxp/ Nhupdql/ dqg Juryhu

suhvhqw d khxulvwlf iru jhqhudwlqj orz0frvw wuhhv wkdw

wkh| vxjjhvw dv d vwduwlqj wrsrorj| ^44`1 Glulowhq dqg
Grqdogvrq jhqhudwh ihdvleoh orz0frvw wuhhv xvlqj olqhdu

uhjuhvvlrq foxvwhulqj zklfk frxog eh xvhg wr lqlwldol}h
d qhwzrun ghvljq khxulvwlf ^45`1 D foxvwhulqj dojrulwkp

fdoohg QHZFXVW ghwhuplqhv fdqglgdwh frqfhqwudwru

orfdwlrqv e| fuhdwlqj d olvw ri N qhduhvw qhljkeruv iru
hdfk qrgh dqg ghwhuplqlqj zklfk vlwhv vkrz xs lq wkh

olvwv prvw iuhtxhqwo| ^46`1 D uhylhz ri phwkrgv wr jhq0

hudwh qhwzrun wrsrorjlhv wkdw kdyh surshuwlhv ri uhdo
qhwzrunv lv suhvhqwhg lq ^47`1

Wkh jhqhwlf dojrulwkp +JD, lv dqrwkhu rswlpl}dwlrq

whfkqltxh iru dssur{lpdwlqj wkh joredo vroxwlrq wr d
frpsoh{ sureohp vsdfh1 Lw lv edvhg rq �qdwxudo vhohf0

wlrq� ri frpshwlqj vroxwlrqv dqg �jhqhwlf� hqfrglqj

ri hdfk ri wkrvh vroxwlrqv1 D srsxodwlrq ri lqglylgx0
dov/ hdfk gh�qhg e| d vhw ri fkurprvrphv wkdw uhsuh0

vhqw d vroxwlrq/ lv udqnhg dffruglqj wr wkh �wqhvv ri

wkh lqglylgxdo1 Lqglylgxdov duh vhohfwhg iru uhsurgxf0

wlrq/ furvvryhu/ dqg pxwdwlrq edvhg rq wkhlu uhodwlyh
�wqhvv1 D �eldvhg� urxohwwh zkhho edvhg rq wkh �w0

qhvv ri wkh lqglylgxdo ghwhuplqhv zklfk lqglylgxdov rf0

fxu prvw iuhtxhqwo| lq wkh qh{w jhqhudwlrq1 Wklv lv
uhshdwhg iru vhyhudo jhqhudwlrqv vr wkdw hdfk jhqhud0

wlrq whqgv wr surgxfh �wwhu vroxwlrqv1 JD zdv xvhg
wr h{sdqg h{lvwlqj frpsxwhu qhwzrunv zkloh rswlpl}0

lqj uholdelolw| lq ^48`1 D JD iru plqlpl}lqj wkh dyhudjh

qhwzrun ghod| ri d vsdqqlqj wuhh eulgjh qhwzrun zdv
suhvhqwhg lq ^49`1 Wkh wrsrorj| ri d zlgh0duhd qhwzrun

zdv rswlpl}hg zlwk JD lq ^4:`1 Wkh hpehgghg DWP

wrsrorj| rq gljlwdo furvv0frqqhfwv zdv rswlpl}hg zlwk
JD lq ^4;`1

Wkh uhvw ri wklv sdshu lv rujdql}hg dv iroorzv= Lq

Vhfwlrq 5/ zh vwdwh wkh sureohp ri rswlpdoo| orfdwlqj
vzlwfkhv lq DWP qhwzrunv1 Wkhq/ zh ghyhors d gh0

vljq khxulvwlf dojrulwkp edvhg rq vzdsslqj xvhg DWP

vzlwfk orfdwlrqv zlwk xqxvhg DWP vzlwfk orfdwlrqv lq
Vhfwlrq 61 Lq Vhfwlrq 7/ zh suhvhqw d jhqhwlf dojrulwkp

iru rswlpl}lqj wkh orfdwlrqv ri DWP vzlwfkhv1 Zh frp0

sduh wkh wzr yhuvlrqv ri vzds dojrulwkpv zlwk jhqhwlf
dojrulwkp iru d surwrw|sh sureohp zlwk �ehu/ wud!f/

dqg vzlwfkhv lq Vhfwlrq 81

5 VWDWHPHQW RI WKH SUREOHP

Wkh sureohp lv wr plqlpl}h wkh frvw ri d qhwzrun

jlyhq fhuwdlq frqvwudlqwv rq txdolw| ri vhuylfh +TrV,
sdudphwhuv iru gl�huhqw fodvvhv ri wud!f  rzv1 Wkh

dojrulwkp pxvw lqsxw dqg frqvlghu wkh jhrjudsklf or0
fdwlrqv ri wud!f vrxufhv/ wkh h{shfwhg wud!f  rzv eh0

wzhhq wkhvh vrxufhv/ wkh h{lvwlqj �ehu sodqw/ dqg wkh

frvw dqg fdsdflw| ri dydlodeoh vzlwfkhv1 Wkh sursrvhg
dojrulwkp zloo urxwh wkh wud!f/ vshfli| wkh orfdwlrq ri

wkh vzlwfkhv/ vhohfw wkh w|shv ri DWP vzlwfkhv iurp d

jlyhq olvw/ vshfli| wkh qxpehu ri �ehuv uhtxluhg iurp
wkh h{lvwlqj �ehu sodqw iru wklv qhwzrun/ dqg vshfli|

wkh fdsdflw| iru hdfk olqn wr plqlpl}h wkh wrwdo frvw/
zklfk lv dovr frpsxwhg1

Zh pdnh wkh iroorzlqj dvvxpswlrqv1 Wud!f vrxufhv

zloo eh frqqhfwhg wr wkh DWP vzlwfk wkdw kdv wkh ohdvw

h{shqvlyh sdwk frvw1 Vzlwfk0wr0vzlwfk wud!f zloo eh
urxwhg zlwk d vkruwhvw sdwk dojrulwkp1 DWP vzlwfkhv

fdq eh orfdwhg rqo| dw d vxevhw ri jlyhq sdwfk sdqho

orfdwlrqv iru wkh �ehu rswlf sk|vlfdo sodqw1 Wkh DWP
qhwzrun zloo vhuyh d fdpsxv hqylurqphqw xqghu d vlqjoh

dgplqlvwudwru vr wkdw wkh wrwdo frvw ri DWP vzlwfkhv lv
uhohydqw dqg wkhuhiruh DWP vzlwfkhv zloo qrw qhfhvvdu0

lo| eh sodfhg dw hyhu| qrgh1 Wkh fdsdflw| ri wkh olqnv

zloo eh glphqvlrqhg lq whupv ri h�hfwlyh edqgzlgwk dv
iroorzv= wkh h�hfwlyh edqgzlgwk ri wkh vzlwfk0wr0vzlwfk

olqnv zloo eh fdofxodwhg e| �qglqj wkh plqlpxp ri wkh



 rz prgho dqg Jdxvvldq prgho1 Wkh h�hfwlyh edqg0

zlgwk ri wkh vrxufh0wr0vzlwfk wud!f zloo eh fdofxodwhg
zlwk wkh  rz prgho ^4<`1

Hdfk DWP vzlwfk pd| kdyh pxowlsoh fdsdflw| sruwv1

Wud!f zloo eh dvvljqhg wr d vzlwfk e| vruwlqj wkh hi0
ihfwlyh edqgzlgwk ri wkh olqnv lq ghfuhdvlqj rughu dqg

dvvljqlqj wkhp wr wkh sruwv lq ghfuhdvlqj rughu ri fd0
sdflw|1 Wkh fdsdflw| ri doo olqnv zloo eh v|pphwulf1

Rqfh wkh orfdwlrqv ri vzlwfkhv duh ghwhuplqhg/ wkh

odujhvw fdsdflw| vzlwfk zloo eh dvvljqhg dw hdfk qrgh1
Wkhq/ d juhhg| khxulvwlf dojrulwkp zloo eh dssolhg dw

hdfk qrgh wr ghwhuplqh wkh ohdvw frvw vzlwfk wkdw fdq

vdwlvi| wkh TrV frqvwudlqwv1
Jlyhq wkh dvvxpswlrqv deryh wkh sureohp ehfrphv

ghflglqj zklfk qrghv zloo kdyh vzlwfkhv1 Li wkhuh duh Q
qxpehu ri qrghv dqg V vzlwfkhv/ wkhq hdfk qrgh frxog

eh lq rqh ri V . 4 vwdwhv1 Lw frxog hlwkhu kdyh qr vzlwfk

ru kdyh rqh ri wkh V w|shv ri vzlwfkhv1 Wkhuhiruh/ wkhuh

duh +V . 4,
Q
� 4 frpelqdwlrqv wkdw kdyh dw ohdvw rqh

vzlwfk1 Iru d qhwzrun zlwk �iwhhq qrghv dqg wzr w|shv

ri vzlwfkhv wklv lv 47> 67;> <39 srvvleoh frpelqdwlrqv

wkdw kdyh dw ohdvw rqh vzlwfk$

6 VZDS DOJRULWKP

Zh ghyhorshg dqg lpsohphqwhg wzr vzds dojr0

ulwkpv1 Wkh �uvw lv qdphg VZDS4 z2N dqg wkh vhf0

rqg lv VZDS5 z2N1 Erwk vzds dojrulwkpv xvh d foxv0

whulqj dojrulwkp wr ghwhuplqh wkh fdqglgdwh orfdwlrqv

iru DWP vzlwfkhv1 Wklv dojrulwkp fuhdwhv olvwv ri N

qhduhvw qhljkeruv iru hdfk qrgh dqg ghwhuplqhv wkh or0

fdwlrqv wkdw dsshdu lq wkh olvwv prvw iuhtxhqwo| ^46`1

Wkhq/ qrghv duh dvvljqhg wr wkh fdqglgdwh vzlwfk or0

fdwlrq wkdw kdv wkh ohdvw h{shqvlyh sdwk frvw1 Ilqdoo|/

wkh wzr vzds dojrulwkpv dwwhpsw wr orzhu wkh frvw ri

wkh qhwzrun e| vzdsslqj xvhg dqg xqxvhg vzlwfk or0

fdwlrqv lq wkh fdqglgdwh olvw1 Wkh rqo| gl�huhqfh eh0

wzhhq VZDS4 z2N dqg VZDS5 z2N lv wkdw VZDS5

z2N dwwhpswv wr ghohwh qrghv ehiruh grlqj wkh udq0

grp vzdsv1 Lw vxffhvvlyho| ghohwhv wkh kljkhvw frvw shu

edqgzlgwk qrgh xqwlo wkh plqlpxp qxpehu ri qrghv

wkdw zloo vxssruw wkh wud!f zlwk wkh jlyhq vzlwfk or0

fdwlrqv lv irxqg1

3.1 SWAP1 w/N

41 Ilqg fdqglgdwh vzlwfk vlwhv zlwk d foxvwhulqj dojr0

ulwkp wkdw dv d sdudphwhu �qgv N qhduhvw qhljk0

eruv iru hdfk qrgh ^46`1

51 Dvvljq wud!f wr wkh vzlwfk wkdw kdv wkh ohdvw h{0

shqvlyh sdwk frvw/ dvvljq wkh odujhvw vzlwfk wr doo

xvhg vlwhv/ dqg �qg urxwhv xvlqj d vkruwhvw sdwk

dojrulwkp1

61 Dvvljq vzlwfkhv dw hdfk xvhg qrgh lq d juhhg| idvk0

lrq xqwlo wkh fkhdshvw vzlwfk wkdw vxssruwv wkh

wud!f lv irxqg1

71 Hydoxdwh wkh qhwzrun wrsrorj| frvw1 Li fkhdshu

wkdq wkh ehvw/ vdyh lw1

81 Vzds d xvhg dqg xqxvhg vzlwfk vlwh udqgrpo|1

91 Jr wr vwhs 5 xqwlo wkh pd{lpxp qxpehu ri lwhud0

wlrqv lv uhdfkhg1

:1 Rxwsxw wkh fkhdshvw wrsrorj|1

7 JHQHWLF DOJRULWKP

Dq dojrulwkp zklfk zh qdphg JHQHWLF zdv prg0

l�hg iurp ^53` dqg lpsohphqwhg1 Lq wkh fkurprvrph d

�4� uhsuhvhqwv d fdqglgdwh vzlwfk orfdwlrq dqg d ��4�

uhsuhvhqwv d qrgh zlwkrxw d vzlwfk1 Dovr/ vlqfh wkh

frgh zdv ghvljqhg iru pd{lpl}lqj ixqfwlrqv zlwk srvl0

wlyh ydoxhv wkh �wqhvv ydoxh zdv vhw wrPD[bFRVW�

frvw wr plqlpl}h wkh frvw1

41 Lqlwldol}h wkh srsxodwlrq zlwk SRSVL]H udqgrp

phpehuv1

51 Hydoxdwh wkh �wqhvv ri wkh srsxodwlrq1

61 Xvh wkh holwlvw vwudwhj|1

71 Vhohfw phpehuv iru wkh qh{w jhqhudwlrq e| xvlqj

vwdqgdug sursruwlrqdo vhohfwlrq1 Ilqg wkh fxpx0

odwlyh �wqhvv ri hdfk phpehu dqg vslq d �eldvhg�

urxohwwh zkhho1

81 Furvvryhu wzr phpehuv zlwk suredelolw|

S[RY HU1

91 Pxwdwh wkh jhqh ri d phpehu zlwk suredelolw|

SPXWDWLRQ 1

:1 Hydoxdwh wkh �wqhvv ri wkh srsxodwlrq1

;1 Xvh wkh holwlvw vwudwhj|1

<1 Jr wr vwhs 7 iru wkh pd{lpxp qxpehu ri jhqhud0

wlrqv/ PD[JHQV1

431 Rxwsxw wkh fkhdshvw wrsrorj|1
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Figure 1. Fiber topology

R/G SFU VFU pd{FWG FOU

3/6 683N 683N 63 pv 43�8

3/7 683N 683N 63 pv 43�8

3/8 683N 683N 63 pv 43�8

3/: 683N 683N 63 pv 43�8

7/47 683N 683N 63 pv 43�8

Table 1. Offered Load

8 SHUIRUPDQFH HYDOXDWLRQ

D surwrw|sh vhw ri �ehu/ wud!f/ dqg dydlodeoh

vzlwfkhv zdv ghyhorshg wr whvw wkh qhwzrun wrsrorj|

dojrulwkpv1 Wkh �ehu wrsrorj| frqqhfwv �iwhhq qrghv

dqg lv vkrzq lq Iljxuh 41 Wkh r�huhg wud!f lv vkrzq

lq Wdeoh 41 Lw lv dvvxphg wkdw wkhuh duh wzr w|shv ri

vzlwfkhv dydlodeoh1 Rqh vzlwfk frvwv '68> 333 dqg kdv

irxu 955 Phjdelw shu vhfrqg +Pesv, sruwv1 Wkh vhf0

rqg vzlwfk frvwv '6> 833 dqg kdv rqh 955 Pesv sruw

dqg irxu 488 Pesv sruwv1

Wkh VZDS4 z2N/ VZDS5 z2N/ dqg JHQHWLF

dojrulwkpv zhuh hydoxdwhg xvlqj wkh surwrw|sh vhw ri

�ehu/ wud!f/ dqg vzlwfkhv1 Wkh sdudphwhuv zhuh dg0

mxvwhg vr wkdw wkh qxpehu ri wlphv wkdw frpprq fdo0

fxodwlrqv zhuh grqh zdv htxlydohqw lq doo dojrulwkpv1

Doo dojrulwkpv shuiruphg wkhvh vwhsv 533 wlphv1 Hdfk

dojrulwkp zdv uxq zlwk wkh vdph 43 vhhgv iru wkh udq0

grp qxpehu jhqhudwru1 Lq wkh VZDS dojrulwkpv wkh

vhhg ghwhuplqhg wkh qrghv dqg wkh rughu ri qrghv wr

eh vzdsshg1 Lq wkh JHQHWLF dojrulwkp wkh vhhg gh0

whuplqhg wkh phpehuv ri wkh lqlwldo srsxodwlrq1 Wkh

VZDS4 z2N dqg VZDS5 z2N dojrulwkpv zhuh uxq

zlwk N htxdo wr 8 dqg :1 Wkh JHQHWLF dojrulwkp

zdv uxq zlwk SRSVL]H @ 53/ PD[JHQV @ 43/

S[RY HU @ 3=;/ dqg SPXWDWLRQ @ 3=481

Figure 2. Histogram of Network Topology
Costs

9 FRQFOXVLRQV

Wkh orzhvw frvw qhwzrun wrsrorj| glvfryhuhg lv

'48=4N zkhq DWP vzlwfkhv duh sodfhg dw qrghv 6/ 7/

dqg 471 D klvwrjudp ri wkh frvw ri wkh qhwzrun wrsror0

jlhv lv vkrzq lq Iljxuh 51 Wkh elqv duh lq lqfuhphqwv

ri '43N1 Wkh ehvw VZDS dojrulwkp iru wklv sduwlfx0

odu vhw ri ydoxhv zdv wkh VZDS5 z2: dojrulwkp zklfk

glvfryhuhg d qhwzrun wrsrorj| qhdu '48=4N irxu rxw ri

whq wlphv/ exw wkh rwkhu vl{ rxw ri whq wlphv wkh wrsro0

rj| zdv qhdu '74N1 Qrwh wkdw doo wkh ehvw wrsrorjlhv

uhvxowlqj iurp wkh JHQHWLF dojrulwkp duh lq wkh elqv

'43N�'53N ru '53N�'63N1 Wkhuhiruh/ lw jdyh pruh

frqvlvwhqw uhvxowv iru wkh gl�huhqw udqgrp qxpehu jhq0

hudwru vhhgv wkdq wkh VZDS dojrulwkpv1 Wklv ghprq0

vwudwhv wkdw wkh JHQHWLF dojrulwkp kdv wkh srwhqwldo

wr glvfryhu d orzhu frvw qhwzrun wkdq wkh VZDS4 z2N

dqg VZDS5 z2N dojrulwkpv1 Wklv lv gxh wr wkh JH0

QHWLF dojrulwkp*v lqkhuhqw vwhs ri jhqhudwlqj vhyhudo

lqlwldo udqgrp wrsrorjlhv zkhq lqlwldol}lqj wkh php0

ehuv ri wkh srsxodwlrq1

Uhihuhqfhv

^4` E1 Jroghq/ P1 Edoo/ dqg O1 Erglq/ �Fxuuhqw dqg

ixwxuh uhvhdufk gluhfwlrqv lq qhwzrun rswlpl}d0

wlrq/� Frpsxwhuv ) Rshudwlrqv Uhvhdufk/ yro1 ;/

qr1 5/ 4<;4/ ss1 :40;41

^5` N1\1 Mr/ P1S1 Vfkhu/ dqg M1U1 Plwfkhoo/ �Prgholqj

dqg dqdo|vlv ri wkh ghihqvh lqirupdwlrq lqiudvwuxf0

wxuh/� Lqirupdwlrq dqg Ghflvlrq Whfkqrorjlhv/ yro1

4</ 4<<7/ ss1 8::08<71

^6` G1 Ehuwvhndv dqg U1 Jdoodjhu/ Gdwd Qhwzrunv 5qg

hg1/ ss1 69607<5/ Xsshu Vdggoh Ulyhu/ QM= Suhqwlfh

Kdoo/ 4<<51



^7` O1 Nohlqurfn/ Txhxhlqj V|vwhpv Yro1 LL= Frpsxwhu

Dssolfdwlrqv/ ss1 6470693/ Qhz \run/ Q\= Mrkq

Zloh| ) Vrqv/ 4<:91

^8` E1 Jdylvk/ �Wrsrorjlfdo ghvljq ri frpsxwhu frp0

pxqlfdwlrq qhwzrunv0wkh ryhudoo ghvljq sureohp/�

Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk/ yro1 8;/

4<<5/ ss1 47<04:51

^9` P1 Jhuod dqg O1 Nohlqurfn/ �Rq wkh wrsrorjlfdo

ghvljq ri glvwulexwhg frpsxwhu qhwzrunv/� LHHH

Wudqvdfwlrqv rq Frppxqlfdwlrqv/ yro1 58/ 4<::/

ss1 7;0931

^:` U1U1 Erruvw|q dqg K1 Iudqn/ �Odujh0vfdoh qhwzrun

wrsrorjlfdo rswlpl}dwlrq/� LHHH Wudqvdfwlrqv rq

Frppxqlfdwlrqv/ yro1 58/ 4<::/ ss1 5<07:1

^;` V1 ]1 Or/ �DWP qhwzrun wrsrorjlfdo ghvljq dqg

qhwzrun prgl�fdwlrq/� SkG wkhvlv/ Rshudwlrqv

Uhvhdufk/ Qruwk Fdurolqd Vwdwh Xqlyhuvlw|/ 4<<91

^<` P1 Jhuod/ M1D1V1 Prqwhlur/ dqg U1 Sd}rv/ �Wrsro0

rj| ghvljq dqg edqgzlgwk doorfdwlrq lq DWP

qhwv/� LHHH Mrxuqdo rq Vhohfwhg Duhdv lq Frp0

pxqlfdwlrqv/ yro1 :/ qr1 ;/ Rfw1 4<;</ ss1 45860

45951

^43` G1 Plwud/ M1D1 Pruulvrq/ dqg N1J1 Udpdnulvk0

qdq/ �DWP qhwzrun ghvljq dqg rswlpl}dwlrq= d

pxowludwh orvv qhwzrun iudphzrun/� LHHH2DFP

Wudqvdfwlrqv rq Qhwzrunlqj/ yro1 7/ qr1 7/ Dxj1

4<<9/ ss1 86408761

^44` D1 Nhuvkhqedxp/ S1 Nhupdql/ dqg J1D1 Juryhu/

�PHQWRU= dq dojrulwkp iru phvk qhwzrun wrsr0

orjlfdo rswlpl}dwlrq dqg urxwlqj/� LHHH Wudqv0

dfwlrqv rq Frppxqlfdwlrqv/ yro1 6</ qr1 7/ Dsulo

4<<4/ ss1 83608461

^45` K1 Glulowhq dqg U1Z1 Grqdogvrq/ �Wrsrorjlfdo gh0

vljq ri glvwulexwhg gdwd frppxqlfdwlrq qhwzrunv

xvlqj olqhdu uhjuhvvlrq foxvwhulqj/� LHHH Wudqvdf0

wlrqv rq Frppxqlfdwlrqv/ yro1 58/ 4<::/ ss1 43;60

43<51

^46` K1J1 G|vduw dqg Q1G1 Jhrujdqdv/ �Qhzfoxvw= dq

dojrulwkp iru wkh wrsrorjlfdo ghvljq ri wzr0ohyho/

pxowlgurs whohsurfhvvlqj qhwzrunv/� LHHH Wudqv0

dfwlrqv rq Frppxqlfdwlrqv/ yro1 59/ qr1 4/ Mdq1

4<:;/ ss1 880951

^47` H1 ]hjxud/ N1 Fdoyhuw/ dqg P1 Grqdkrr/ �D

txdqwlwdwlyh frpsdulvrq ri judsk0edvhg prghov

iru lqwhuqhw wrsrorj|/� LHHH2DFP Wudqvdfwlrqv

rq Qhwzrunlqj/ yro1 8/ qr1 9/ Ghf1 4<<:/ ss1 ::30

:;61

^48` D1 Nxpdu/ U1P1 Sdwkdn/ dqg \1S1 Jxswd/

�Jhqhwlf0dojrulwkp0edvhg uholdelolw| rswlpl}dwlrq

iru frpsxwhu qhwzrun h{sdqvlrq/� LHHH Wudqvdf0

wlrqv rq Uholdelolw|/ yro1 77/ qr1 4/ Pdu1 4<<8/ ss1

960:51

^49` U1 Hoedxp dqg P1 Vlgl/ �Wrsrorjlfdo ghvljq

ri orfdo0duhd qhwzrunv xvlqj jhqhwlf dojrulwkpv/�

LHHH2DFP Wudqvdfwlrqv rq Qhwzrunlqj/ yro1 7/

qr1 8/ Rfw1 4<<9/ ss1 :990::;1

^4:` V1 Slhuuh dqg J1 Ohjdxow/ �D Jhqhwlf Dojr0

ulwkp iru Ghvljqlqj Glvwulexwhg Frpsxwhu Qhw0

zrun Wrsrorjlhv/� LHHH Wudqvdfwlrqv rq V|vwhpv/

Pdq/ dqg F|ehuqhwlfv/ yro1 5;/ qr1 5/ Dsu1 4<<;/

ss1 57<058;1

^4;` N1 Wdqj/ N1 Wr/ N1 Pdq/ dqg V1 Nzrqj/ �Wrsro0

rj| ghvljq dqg edqgzlgwk doorfdwlrq ri hpehgghg

DWP qhwzrunv xvlqj jhqhwlf dojrulwkp/� LHHH

Frppxqlfdwlrqv Ohwwhuv/ yro1 5/ qr1 9/ Mxq1 4<<;/

ss1 4:404:61

^4<` U1 Jxhulq/ K1 Dkpdgl/ dqg P1 Qdjkvklqhk/

�Htxlydohqw fdsdflw| dqg lwv dssolfdwlrq wr edqg0

zlgwk doorfdwlrq lq kljk0vshhg qhwzrunv/� LHHH

Mrxuqdo rq Vhohfwhg Duhdv lq Frppxqlfdwlrqv/

yro1 </ 4<<4/ ss1 <9;0<;41

^53` ]1 Plfkdohzlf}/ Jhqhwlf Dojrulwkpv . Gdwd Vwuxf0

wxuhv @ Hyroxwlrq Surjudpv � 6ug uhy1 dqg h{0

whqghg hg1/ Qhz \run/ Q\= Vsulqjhu0Yhuodj/ 4<<91


