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4 Lqwurgxfwlrq

Wkh vwduw wlph ghflvlrq lv rqh ri wkh prvw fuxfldo wdfwlfdo ghflvlrqv lq prghuq
frqwhvw vrdulqj1 Lq wklv sdshu/ L dqdo|}h rswlpdo vwduwlqj wlph1 L xvh vlpsoh
frqfhswv iurp jdph wkhru| wr xqghuvwdqg krz wkh ryhudoo vwduw wlph rxwfrph
ghshqgv rq uxohv/ zhdwkhu dqg wkh vsuhdg ri slorw2jolghu shuirupdqfh1

Wkh uhvxowv vkrxog eh xvhixo wr wkh rq0jrlqj glvfxvvlrq ri frqwhvw irupdw
dqg uxohv1 Dvvljqhg vshhg wdvnv riwhq ohdg wr 3vwduw jdwh urxohwwh4 dqg jdjjoh
 |lqj/ riwhq orqj diwhu wkh ehvw vrdulqj frqglwlrqv kdyh sdvvhg1 Pdq| slorwv
remhfw wr wklv irup ri frpshwlwlrq  |lqj/ hlwkhu iurp vdihw| frqfhuqv/ ru eh0
fdxvh wkh| vlpso| gr qrw hqmr|  |lqj frqwhvwv lq zklfk wklv lv wkh rxwfrph1
Lq wkh XV/ wklv remhfwlrq kdv ohg wr pdq| sursrvdov iru uxohv fkdqjhv/ lq0
foxglqj v|vwhpdwlfdoo| orqjhu wdvnv/ uhqhzhg hpskdvlv rq wkh Slorw0Vhohfwhg
Wdvn/ 3vlohqw vwduwv4 prqlwruhg rqo| e| JSV/ srlqw shqdowlhv iru odwh vwduwv/
dqg vr iruwk1 Zkhwkhu rqh olnhv ru glvolnhv wkh fxuuhqw v|vwhp/ lw lv fohduo|
lqwhuhvwlqj wr nqrz zkhwkhu wkhvh sursrvhg fkdqjhv zloo ohdg wr wkh rxwfrphv
ghvluhg e| wkhlu sursrqhqwv1

Wkh uhvxowv pd| dovr eh xvhixo iru lqglylgxdo slorwv/ wr khos suhglfw zkhq
jdjjohv zloo irup/ zkdw hyhu|rqh hovh lv olnho| wr gr/ dqg khqfh wr ehwwhu
rswlpl}h wkhlu rzq vwduw wlph vwudwhj|1

5 Hdfk slorw*v vwudwhj|

Wkh ?uvw frqvlghudwlrq lq fkrrvlqj d vwduw wlph lv reylrxvo| wkdw rqh zlvkhv
wr  | gxulqj wkh wlph ri gd| wkdw kdv wkh vwurqjhvw oliw/ dqg zloo surgxfh
wkh juhdwhvw vshhg1 Ohw xv vxppdul}h wklv idfw e| d ixqfwlrq zklfk jlyhv wkh
vshhg wkh slorw frxog dfklhyh li kh zhuh  |lqj doo dorqh/ iru dq| jlyhq vwduw
wlph1 Ghqrwh

|ð ' vwduw wlph ri lwk slorw

T @E|ðä ' h{shfwhg vshhg li  |lqj dorqhé

Iljxuh 4 judskv d w|slfdo fdvh ri wkh vshhg ixqfwlrq1 D 5=33 vwduw wlph uhvxowv
lq wkh ehvw vshhg1
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Start time ti

Speed Va(ti)

12:00 2:00 4:00

Iljxuh 4=

L zloo uhihu wr wkh remhfwlyh dv 3vshhg/4 exw lq uhdolw| lw lv 3frqwhvw srlqwv14
Srlqwv duh xvxdoo| sursruwlrqdo wr vshhg +iru wkh lqglylgxdo,/ dqg L zloo frph
edfn wr wkh gl>huhqfh ehorz1 Wkh lpsruwdqfh ri wklv srlqw iru qrz lv wkdw d
odqgrxw qhhg qrw htxdwh wr }hur/ exw udwkhu wr d orz ydoxh ri 3vshhg14

Rqh fdq dovr  | idvwhu e| vwduwlqj zlwk ru odwhu wkdq rwkhu slorwv dqg
xvlqj wkhp wr pdun wkhupdov1 Wr fdswxuh wklv idfw/ ohw wrwdo vshhg eh wkh
frpelqdwlrq ri wkh vshhg rqh fdq dfklhyh li  |lqj dorqh dqg wkh vshhg erqxv
ghulyhg iurp  |lqj zlwk wkh rwkhuv1 Ghqrwh

i|æj ' hyhu|rqh hovh*v vwduw wlphv

dqg wkh h{wud vshhg

T KE|ðc i|æjä ' h{wud vshhg iurp iroorzlqj rwkhuv1

Zkdw grhv wklv ixqfwlrq orrn olnhB Fohduo|/ |rx fdq  | idvwhu li pruh
shrsoh vwduw ehiruh |rx gr1 Krzhyhu/ li hyhu|rqh vwduwv dq krxu ehiruh |rx
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gr/ lw lv xqolnho| wkdw |rx fdq fdwfk wkhp dqg pdnh dq| xvh ri wkhp1 Wkh
lghdo duudqjhphqw iurp |rxu shuvshfwlyh lv wr kdyh hyhu|rqh hovh vwduw ehiruh
|rx/ dw derxw 6 plqxwh lqwhuydov vr |rx fdq jr iurp rqh zhoo0pdunhg wkhupdo
wr wkh qh{w1 Pruh shrsoh vwduwlqj dw rqfh ehiruh |rx lv d elw ri d ehqh?w/
exw ohvv wkdq olqhduo|> 53 shrsoh pdunlqj wkh vdph wkhupdo lv qrw pxfk pruh
khosixo wkdq 431 Ilqdoo|/ hyhq li |rx vwduw zlwk d jdjjoh ru mxvw dkhdg ri d
jdjjoh/ wkdw lv ehwwhu wkdq  |lqj dorqh1

Start time ti

Extra speed Vb

Other pilots’ starts

Iljxuh 5=

Iljxuh 5 jlyhv dq h{dpsoh ri zkdw wkh h{wud vshhg ixqfwlrq pljkw orrn
olnh1 Wkh ?jxuh judskv d fdvh lq zklfk wzr rwkhu jolghuv vwduw hduo| dqg wkhq
wkuhh rwkhu jolghuv vwduw d elw odwhu1 Rwkhu wklqjv htxdo lw lv ehwwhu wr jr
zlwk wkh odujhu jdjjoh/ exw qrw 625 wlphv ehwwhu1 Rqh fdq vwloo ehqh?w e|
vwduwlqj d elw dkhdg ri wkh rwkhu slorwv/ vlqfh wkh jdjjoh zloo jr idvwhu wkdq
dq| lqglylgxdo slorw/ exw lw lv hyhq ehwwhu wr vwduw d elw ehklqg wkh rwkhu
slorwv dqg fdwfk wkhp wkh ?uvw wlph wkh| vorz grzq ru kdyh wr vhdufk iru d
wkhupdo1 Ri frxuvh li wkh jurxs ri wkuhh zrxog vwduw forvhu wr wkh jurxs ri
wzr/ rqh frxog gr ehwwhu vwloo e| ehlqj deoh wr mxps iurp wkh odwh jdjjoh wr
wkh hduo| jdjjoh1 Wkh dv|pphwu| ri wkh uljkw kdqg sduw ri wkh ixqfwlrq lv
qrw vljql?fdqw/ exw lw zloo khos wr nhhs wklv judsk frqvlvwhqw zlwk odwhu rqhv1
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Wkh wrwdo vshhg lv ri frxuvh wkh vxp ri wkh vshhg  |lqj dorqh soxv wkh
vshhg erqxv jdlqhg iurp  |lqj zlwk rwkhuv1 Iljxuh 6 vkrzv zkdw wkh wrwdo
vshhg pljkw orrn olnh lq wklv h{dpsoh1 Rxu slorw*v remhfwlyh lv wr pd{lpl}h
klv vshhg jlyhq wkh vwduw wlphv ri wkh rwkhu slorwv1 Wkxv/ kh slfnv wkh vwduw
wlph dv vkrzq1 Wkh doo wr idploldu vroxwlrq lq wklv fdvh lv/ vwduw d elw ehklqg
wkh odwh jdjjoh/ hyhq wkrxjk lw lv odwhu wkdq wkh rswlpxp wlph wr vwduw d vror
 ljkw1

Start time ti

Total speed V

Other pilots’ starts

Optimal start time

Iljxuh 6=

Dw wkh rswlpdo vwduw wlph/ wkh ryhudoo vshhg ixqfwlrq lv  dw1 +Wkh ?uvw ru0
ghu frqglwlrq iru dq rswlpxp vd|v wr vhw wkh ghulydwlyh ri wkh vshhg ixqfwlrq
wr }hur1, Wklv phdqv wkdw wkh vorshv ru wlph0ghulydwlyhv ri wkh wzr frp0
srqhqwv 8 lqglylgxdo vshhg dqg vshhg erqxv iurp iroorzlqj rwkhuv 8 pxvw
h{dfwo| r>vhw hdfk rwkhu dw wkh rswlpxp1 L kdyh vkrzq wklv idfw lq Iljxuh 5
e| sorwwlqj wkh vorshv ri wkh lqglylgxdo vshhg dqg vshhg erqxv ixqfwlrqv dw
wkh rswlpxp1

Wkxv/ hdfk slorw vwduwv dw wkh prphqw dw zklfk/ li kh zhuh wr zdlw dqrwkhu
plqxwh/ wkh ghfolqh lq vshhg gxh wr ghwhulrudwlrq ri wkh gd| h{dfwo| pdwfkhv
wkh lqfuhdvh lq vshhg gxh wr ehlqj deoh wr fdwfk xs zlwk rwkhu slorwv1 Hdfk
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slorw pdnhv wklv fdofxodwlrq= 3li L zdlw d plqxwh orqjhu/ L zloo jdlq % plohv shu
krxu ehfdxvh L fdq fdwfk xs zlwk wkh jdjjoh1 Exw li L zdlw d plqxwh orqjhu L
zloo orvh + plohv shu krxu ehfdxvh wkh gd| lv jrlqj wr glh14 Li % : +/ kh zdlwv
dqrwkhu plqxwh1 Li + : %/ kh vkrxog kdyh vwduwhg douhdg|1 Zkhq % ' +/ kh
vwduwv1

Xqohvv wkh wlph0ri0gd| h>hfw T @ lv  dw/ wkh slorw grhv qrw ohdyh dw wkh
prphqw zklfk jlyhv klp wkh prvw dgydqwdjh iurp wkh jdjjoh1 Wklv zrxog
eh wkh wrs ri wkh vshhg erqxv ixqfwlrq1 Qru grhv kh ohdyh dw wkh ehvw wlph
ri wkh gd|/ wkh wrs ri wkh lqglylgxdo vshhg ixqfwlrq1

6 Qdvk Htxloleulxp

Li rwkhu slorwv zrxog rqo| eh vr wkrxjkwixo dv wr vsuhdg rxw dqg vwduw olnh
wklv/ rqh*v olih zrxog eh hdv|1 Ri frxuvh/ wkh sureohp lv wkdw hyhu|rqh zdqwv
wr vwduw odvw1 Exw rqfh rwkhuv vwduw odwhu/ wkh ruljlqdo slorw zdqwv wr vwduw
odwhu vwloo1 Zkhuh grhv lw doo hqg xsB Wkh qdwxudo gh?qlwlrq ri 3zkhuh lw doo
hqgv xs4 lv dq htxloleulxp1 Suhflvho|/ zh vhdufk iru d 3Qdvk htxloleulxp41
Khuh lv d irupdo gh?qlwlrq=

Qdvk htxloleulxp1 Wkh vhw ri vwduw wlphv iru hdfk slorw i|�c |2c |ôéééc |ùj lv
d Qdvk htxloleulxp li hdfk slorw*v vwduw wlph fkrlfh |ð lv rswlpdo jlyhq wkh
vwduw wlphv ri doo wkh rwkhu slorwv1

Wkh deryh h{dpsoh lv qrw d Qdvk htxloleulxp1 Rxu slorw lv kdss| wr
vwduw dw wkh lqglfdwhg rswlpdo vwduwlqj wlph/ exw wkh rwkhu slorwv duh qrw dw
wkhlu rswlpdo vwduwlqj wlphv1 Dv wkh| fkdqjh wkhlu vwduwlqj wlphv/ wkh ehvw
vwduwlqj wlph iru rxu slorw fkdqjhv/ dqg vr rq1 D Qdvk htxloleulxp lv d srlqw
dw zklfk doo wklv kdv vhwwohg grzq/ dqg qrerg| kdv dq lqfhqwlyh wr fkdqjh
vwduw wlphv1

Wkh frqfhsw ri Qdvk htxloleulxp lv gxh wr Mrkq Qdvk/ iru zklfk kh zrq
wkh Qreho sul}h lq Hfrqrplfv lq 4<<71 Klv hvvd| lv uhsulqwhg lq Qdvk +4<<9,1
Nuhsv +4<<3, lv d vwdqgdug Sk1G1 ohyho wh{werrn wkdw fryhuv wklv pdwhuldo1
Vfkhoolqj +4<;3, lv d gholjkwixo dqg uhdgdeoh glvfxvvlrq ri jdph wkhru|1

Wkh prvw idprxv Qdvk htxloleulxp/ zklfk vhuyhv wr looxvwudwh wkh frqfhsw
dqg wkh rxwfrph iru xv/ lv wkh 3sulvrqhu*v glohppd14 Wzr sulvrqhuv duh
vxvshfwhg ri d fulph1 Wkh srolfh whoov hdfk sulvrqhu wkdw li kh zloo frqihvv
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dqg whvwli| djdlqvw wkh rwkhu sulvrqhu/ kh zloo jr iuhh1 Wkh rwkhu sulvrqhu
zloo jhw d vhyhuh 58 |hdu vhqwhqfh1 Li erwk frqihvv/ wkh| zloo jhw 43 |hduv1 Li
qhlwkhu frqihvvhv wkh prvw wkh| zloo jhw lv 4 |hdu rq d plqru fkdujh1 Wkh
jdph lv qhdwo| vxppdul}hg lq wkh iroorzlqj gldjudp=

E*v fkrlfh
D*v fkrlfh grq*w frqihvv frqihvv
grq*w frqihvv D=4 E=4 D=58 E=3
frqihvv D=3 E=58 D=43 E=43

Wkh rxwfrph lv lqhvfdsdeoh= erwk frqihvv dqg uhfhlyh 43 |hduv1 Qr pdwwhu
zkdw wkh rwkhu rqh grhv/ hdfk sulvrqhu lv ehwwhu r> frqihvvlqj1 Hdfk zloo
fkhdw rq wkh mrlqwo| ghvludeoh rxwfrph ri qrw frqihvvlqj1 Wklv sdudeoh kdv
ehhq zlgho| dssolhg/ iru h{dpsoh lq vwxg|lqj dupv udfhv1

614 Wkh elj/ odwh jdjjoh htxloleulxp

Iljxuh 7 vkrzv d Qdvk htxloleulxp iru wkh vlwxdwlrq dv judskhg deryh1 Wkh
wrs olqh jlyhv wkh wrwdo vshhg iru dq| slorw dv d ixqfwlrq ri klv vwduw wlph1 Wkh
vpdoohu kxps ehorz jlyhv wkh frpsrqhqw ri wrwdo vshhg wkdw lv wkh erqxv iru
ehlqj deoh wr  | zlwk wkh jdjjoh1 Wkh wzr vodqwhg olqhv jlyh wkh vorsh ri wkh
vshhg ixqfwlrqv dw wkh rswlpdo vwduwlqj wlph1

Doo slorwv vwduw dw wkh vdph wlph lq rqh elj jdjjoh1 Iru wkh prphqw/ L
kdyh dvvxphg wkdw doo slorwv dqg jolghuv duh lghqwlfdo1 Wkxv/ li lw zhuh wr dq|
lqglylgxdo*v dgydqwdjh wr vwduw odwhu wkdq hyhu|erg| hovh/ wkhq lw zrxog eh wr
hyhu|rqh hovh*v dgydqwdjh dv zhoo/ dqg zh zrxogq*w kdyh d Qdvk htxloleulxp1
Wkxv/ lq d Qdvk htxloleulxp hyhu|rqh pxvw hqg xs vwduwlqj +ru wu|lqj wr$, dw
h{dfwo| wkh vdph wlph41

Wkh txhvwlrq lv/ dw zkdw wlph grhv wkh jdjjoh vwduwB Wkh dqvzhu lv/ lw
vwduwv dw wkh prphqw dw zklfk/ zlwk hdfk slorw iroorzlqj wkh uxoh rxwolqhg
deryh +vwduw zkhq wkh vshhg jdlqhg e| zdlwlqj dqrwkhu plqxwh dqg ohhfklqj
htxdov wkh vshhg orvw e| ghod|lqj dqrwkhu plqxwh dqg  |lqj lq zhdnhu oliw,/
doo slorwv zdqw wr vwduw dw wkh vdph wlph1 Wrr hduo| lq wkh gd| dqg/ zlwk
hyhu|rqh hovh vwduwlqj dw wkh vdph wlph/ wkh lqglylgxdo jdlqv pruh e| zdlwlqj

4Wklv vwdwhphqw dvvxphv wkdw wkh remhfwlyh 8 wrwdo vshhg 8 lv frqyh{1
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Start time

Total speed V
Each pilot wants to start here

Given that all the others start here

Iljxuh 7=

dqg iroorzlqj1 Wrr odwh lq wkh gd| dqg/ zlwk hyhu|rqh hovh vwduwlqj dw wkh
vdph wlph/ wkh lqglylgxdo jdlqv pruh e| vwduwlqj hduolhu dqg xvlqj vwurqjhu
oliw1 Judsklfdoo|/ zh pryh wkh vshhg erqxv ixqfwlrq +zlwk doo wkh rwkhu slorwv
vwduwlqj dw wkh vdph wlph, wr wkh uljkw ru ohiw/ xqwlo lwv vorsh dw wkh srlqw zkhuh
doo slorwv vwduw h{dfwo| pdwfkhv wkh vorsh ri wkh lqglylgxdo vshhg ixqfwlrq1
Wkhq/ wkh lqglylgxdo slorw fkrrvhv wr vwduw h{dfwo| dw wkh vdph wlph dv doo
wkh rwkhuv1

Qr slorw lq wkh hqg jdlqv pruh wkdq wkh ehqh?w ri  |lqj wrjhwkhu1 Dovr/ li
hyhu|rqh frxog djuhh wr ohdyh wrjhwkhu dw wkh shdn wlph ri wkh gd|/ wkh zkroh
jdjjoh frxog dfklhyh d ehwwhu vshhg1 Exw li wkh| glg/ hdfk lqglylgxdo zrxog
kdyh dq lqfhqwlyh wr fkhdw rq wkh djuhhphqw dqg vwduw d ihz plqxwhv ehklqg
dqg vrrq wkh zkroh wklqj zrxog xqudyho1 Wklv jdph lv h{dfwo| dq lqvwdqfh
ri wkh sulvrqhu*v glohppd$

Wklv prgho h{sodlqv zk| slorwv kdqj durxqg vr orqj lq pdq| frqwhvwv1
Wkh ehqh?w ri kdqjlqj durxqg iru wkdw ?uvw plqxwh diwhu wkh rwkhuv ohdyh lv
riwhq txlwh kljk1 Rqh fdq riwhq pdnh xs wkh zkroh plqxwh e| ohhfklqj rq wkh
jdjjoh1 Wkh frvw lq wrwdo vshhg ri vwduwlqj d plqxwh odwhu/ ehfdxvh wkh gd|
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zloo glh/ lv w|slfdoo| txlwh orz1 Riwhq/ wkh rqo| zd| wkdw wkh frvw ri zdlwlqj
durxqg dq h{wud plqxwh lv dv odujh dv wkh ehqh?w ri vwduwlqj d plqxwh diwhu d
jdjjoh lv li rqh kdv zdlwhg vr odwh wkdw wkhuh lv d jrrg fkdqfh ri odqglqj rxw1
Vr slorwv zdlw/ dqg zdlw1

615 Qr htxloleulxp 8 pl{hg vwudwhjlhv

Wkh odvw h{dpsoh frqwdlqv dq lpsolflw dvvxpswlrq= hdfk slorw fdq gr ehwwhu
ohdylqj zlwk wkh odwh jdjjoh wkdq kh frxog li kh zhuh wr ohdyh dorqh dw wkh
ehvw sduw ri wkh gd|1 Wkh kxps rq wkh uljkw kdqg vlgh ri wkh slfwxuh lv kljkhu
wkdq wkh elj kxps lq wkh plggoh ri wkh slfwxuh1

Wklv pd| qrw eh wkh fdvh1 Rqh pd| eh deoh wr iruhvhh wkdw wkh 3vwduw
jdwh urxohwwh4 furzg zloo irro durxqg doo gd| pdnlqj idovh vwduwv/ dqg qhyhu
pdnh lw durxqg wkh frxuvh/ ru wkdw wkh| zloo gr vr lq wkh hqg yhu| vorzo|/
fdwfklqj wkh ihz g|lqj wkhupdov dw wkh hqg ri wkh gd|1 Wkhq wkh fudiw| slorwv
+ru vxusulvhg ehjlqqhuv, zkr vqxfn rxw hduo| zloo zlq wkh gd|1 Iljxuh 8 vkrzv
lq wklv fdvh wkdw dq lqglylgxdo slorw fdq dfklhyh d ehwwhu vshhg e| vwduwlqj
hduo| li hyhu|rqh hovh ohdyhv lq wkh odwh jdjjoh1

Lq wklv fdvh wkhuh lv qr +sxuh vwudwhj|, Qdvk htxloleulxp1 Li hyhu|rqh hovh
lv jrlqj wr vwduw odwh lq rqh elj jdjjoh/ dq| lqglylgxdo slorw frxog zlq e|
vwduwlqj dorqh dw wkh ehvw vror vwduw wlph +wrs ri wkh judsk,1 Exw wkh plqxwh
rqh slorw vwduwv dw wkh lqglylgxdoo| rswlpdo wlph/ dqrwkhu slorw fdq gr hyhq
ehwwhu e| vwduwlqj d ihz plqxwhv diwhu klp1 Jlyhq vrphrqh vwduwlqj d ihz
plqxwhv diwhu wkh ehvw vror vwduw wlph/ rxu ruljlqdo slorw vkrxog ghod| xqwlo
d ihz plqxwhv diwhu wkdw/ dqg vr rq xqwlo zh jhw edfn wr wkh odwh vwduw1 Exw
li hyhu|rqh vwduwv odwh/ rqh slorw fdq gr ehwwhu vwduwlqj dw wkh lqglylgxdoo|
rswlpdo wlph1 Dqg durxqg djdlq zh jr1

Zh prgho vlwxdwlrqv olnh wklv e| orrnlqj iru d pl{hg vwudwhj| htxloleulxp1
Wkh hvvhqfh ri wklv vlwxdwlrq lv wkdw wkh rwkhu slorw*v vwduw wlphv duh qrw
suhglfwdeoh1 Iru dq lqglylgxdo slorw/ lw lv mxvw dv li wkh rwkhu slorwv fkrvh wkhlu
vwduw wlphv frpsohwho| udqgrpo|1 Qrz/ jlyhq wkdw wkh rwkhuv zloo fkrrvh
vwduw wlphv udqgrpo|/ zkdw vkrxog dq lqglylgxdo slorw grB Shukdsv wkhuh lv
wkhq dq rswlpdo wlph wr vwduw1 Exw li wklv zhuh wkh fdvh/ zh zrxog qrw eh dw
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Start time

Total speed V

You want to start here

If everyone else starts here

Iljxuh 8=

d Qdvk htxloleulxp/ iru zkdw lv rswlpdo iru rqh lv rswlpdo iru doo/ dqg wkhq
hyhu|rqh zrxog wu| wr vwduw/ suhglfwdeo|/ dw wklv rswlpxp wlph1

Khqfh/ lq wkh Qdvk htxloleulxp lw pxvw eh wkh fdvh wkdw hdfk slorw ?qgv
lw rswlpdo wr udqgrpo| fkrrvh klv vwduw wlph/ jlyhq wkdw doo wkh rwkhuv duh
grlqj vr1 Hdfk slorw qrz fkrrvhv d suredelolw| glvwulexwlrq ryhu srvvleoh
vwduw wlphv1 Wkh sxuh vwudwhj| htxloleulxp lv d vshfldo fdvh lq zklfk wkh
suredelolw| glvwulexwlrq froodsvhv wr d vlqjoh srlqw1 Ixuwkhupruh/ lw pxvw eh
wkh fdvh wkdw/ jlyhq wkh suredelolw| glvwulexwlrq ri vwduw wlphv fkrvhq e| wkh
rwkhu slorwv/ dq lqglylgxdo slorw lv lqgl>huhqw ehwzhhq vwduw wlphv1 Li kh zhuh
qrw lqgl>huhqw ehwzhhq vwduw wlphv/ kh frxog gr ehwwhu e| vwduwlqj dw d vlqjoh
rswlpxp wlph wkdq kh frxog e| udqgrpl}lqj1

Iljxuh 9 looxvwudwhv d pl{hg0vwudwhj| Qdvk htxloleulxp/ iru wkh vdph frq0
?jxudwlrq L vkrzhg deryh lq zklfk wkhuh lv qr sxuh vwudwhj| htxloleulxp1 Wkh
zhgjh0vkdshg fxuyh lq wkh orzhu sduw ri wkh judsk glvsod|v wkh suredelolw|
glvwulexwlrq ri wkh rwkhu slorwv* xqsuhglfwdeoh vwduw wlphv1 Zh wkhq ghwhu0
plqh wkh vshhg erqxv iru dq lqglylgxdo jlyhq wklv suredelolw| glvwulexwlrq ri
wkh rwkhu slorwv1 D ihz slorwv vwduw hduo|/ wkhq judgxdoo| pruh dqg pruh1 Dw
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dq| prphqw/ wkh lqfuhdvlqj qxpehu ri pdunhuv rq frxuvh edodqfhv wkh ghfd|
ri wkh gd|1 Lq wkh Qdvk htxloleulxp wkh suredelolw| glvwulexwlrq dgmxvwv vr
wkdw wkhvh wzr h>hfwv h{dfwo| frxqwhuedodqfh1 Wkhq wkh wrwdo vshhg iru dq
lqglylgxdo slorw lv  dw lq dq lqwhuydo1 Wkh lqglylgxdo slorw wkhuhiruh lv dovr
kdss| wr udqgrpl}h dfurvv vwduw wlphv1

Rqh fdq dovr vhh wkdw vwduwv qrz vwduw kdsshqlqj dw wkh lqglylgxdo ehvw
wlph ri wkh gd|1 Vwduwv dovr olnho| wr hqg ehiruh wkh odwh0jdjjoh htxloleulxp1
Wkh pl{hg vwudwhj| htxloleulxp hphujhv zkhq wkh odwh0jdjjoh htxloleulxp
lv vorzhu wkdq wkh ehvw lqglylgxdo wlph/ dqg vsuhdglqj wkh rwkhuv durxqg lv
olnho| wr orzhu wkh ehqh?wv ri iroorzlqj1

Start time

Total speed V

Probability distribution of others’ start times

Iljxuh 9=

Gd|v olnh wklv zloo qrw vhwwoh lqwr wkh vwhdg| prqrwrq| ri wkh odwh0jdjjoh
htxloleulxp1 Zkloh jdjjolqj rssrqhqwv pd| wdnh khduw dw wklv rxwfrph/ vwduw
jdwh vwudwhj| lv hyhq pruh lpsruwdqw rq d gd| olnh wklv wkdq rq d gd| lq zklfk
wkh guhdghg odwh0vwduw htxloleulxp wdnhv krog1 Lq wkh odwh vwduw htxloleulxp/
slorwv fdq mxvw guliw durxqg zlwkrxw sd|lqj pxfk dwwhqwlrq xqwlo wkh odwh vwduw
wlph dssurdfkhv1 Lq d pl{hg0vwudwhj| htxloleulxp/ hdfk slorw pxvw eh yhu|
dzduh ri zkdw hyhu|rqh hovh lv grlqj1 Kh pxvw eh uhdg| wr erogo| vwulnh rxw
hduo| li lw orrnv olnh hqrxjk slorwv zloo ghod|1 Frqyhuvho| kh pxvw qhuyrxvo|
zdwfk klv rssrqhqwv dqg eh uhdg| wr txlfno| iroorz li lw orrnv olnh d jurxs
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zloo ohdyh gxulqj wkh jrrg sduw ri wkh gd|1 Idovh vwduwv/ idovh udglr phvvdjhv
dqg rwkhu dwwhpswv wr eox> lq rughu wr jhw pdunhuv rxw rq frxuvh zloo sd|
r> lq wklv vlwxdwlrq1 Li dq| slorw ehfrphv wrr suhglfwdeoh lq klv vwduw wlphv/
rwkhuv zloo kdqj edfn uhdg| wr ohhfk1

616 Zkdw zloo kdsshqB

Wr ghwhuplqh zkhwkhu d odwh0sdfn htxloleulxp zloo irup/ zh qhhg wr xqghu0
vwdqg krz zhdwkhu dqg wdvn d>hfw wkh lqglylgxdo vshhg dqg wkh vshhg erqxv
iurp  |lqj zlwk rwkhuv1

Wkh odwh0jdjjoh htxloleulxp lv prvw olnho| wr hphujh zkhq wkh ehqh?wv
ri  |lqj wrjhwkhu +wkh kxps rq wkh uljkw vlgh ri wkh judsk, duh odujh1 Li
wkhupdov duh zhoo0pdunhg e| fxpxoxv forxgv/ iru h{dpsoh/ wkh ehqh?wv ri
iroorzlqj duh vpdoohu1 Wkxv/ zh h{shfw d elj sdfn wr eh pruh olnho| wr irup
rq eoxh gd|v/ orz gd|v/ ru zhdn gd|v zlwk jrrg ylvlelolw|1

Wkh odwh jdjjoh htxloleulxp lv ohvv olnho| wr hphujh/ ri frxuvh/ zkhq wkh
ehqh?wv ri vqhdnlqj rxw dorqh dw wkh shdn ri wkh gd| duh kljkhu1

617 D vsuhdg lq shuirupdqfh

Vr idu/ L dvvxphg wkdw doo slorwv dqg jolghuv duh ri wkh vdph delolw| dqg
shuirupdqfh1 Pdq| frqwhvwv krzhyhu ihdwxuh d vsuhdg lq jolghu shuirupdqfh
ru slorw delolw|1 Zkdw h>hfw grhv wklv kdyh rq wkh dqdo|vlvB

Wr dqdo|}h wklv fdvh/ vwduw lq wkh odwh0vwduw Qdvk htxloleulxp/ dqg wkurz
lqwr wkh vrxs rqh slorw2jolghu wkdw lv vorzhu wkdq hyhu|rqh hovh1 Klv vshhg
erqxv +ehqh?w iurp jdjjolqj, lv orzhu/ dqg vkliwhg iruzdug lq wlph1 Kh pd|
uhfhlyh qr ehqh?w iurp vwduwlqj diwhu wkh sdfn/ li kh fdqqrw fdwfk xs wr wkh
sdfn1 Kh pd| dovr uhfhlyh ohvv ehqh?w iurp vwduwlqj zlwk wkh sdfn/ li kh
fdqqrw nhhs xs doo wkh zd| durxqg wkh frxuvh1 Kh pd| uhfhlyh wkh ehvw
ehqh?w iurp wkh sdfn e| vwduwlqj vxevwdqwldoo| ehiruh lw/ dqg ohwwlqj wkh sdfn
fdwfk klp rq wkh prvw gl!fxow sruwlrq ri wkh frxuvh1

Wkhuhiruh/ rxu vorzhu slorw zloo zdqw wr vwduw hduolhu1 Kh pd| zdqw wr
vwduw 8 plqxwhv dkhdg ri wkh sdfn/ ohw lw fdwfk klp dqg wkhq iroorz doo ru
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sduwzd| durxqg wkh frxuvh1 Kh pd| hyhq ?qg lw dgydqwdjhrxv wr ljqruh wkh
sdfn dowrjhwkhu dqg vwduw dw wkh rswlpdo lqglylgxdo vwduw wlph1 Li wkh sdfn
mxvw eduho| pdnhv lw krph/ kh zrxog odqg rxw e| iroorzlqj lw1

D ihz vxfk slorw2jolghuv zloo qrw shuwxue wkh htxloleulxp1 Rqh ru wzr
vorz jolghuv rxw rq frxuvh dw 4=33 duh qrw hqrxjk iru d idvw slorw2jolghu wr
xvh dv d pdunhu dqg ehdw wkh sdfn wkdw vwduwv dw 6=331 Vlploduo|/ li wkh sdfn
vwduwv dw 6=33/ exw rqh ehjlqqhu vwduwv dw 5=83/ d vhdvrqhg slorw zloo qrw pdnh
xs 8 plqxwhv rq wkh sdfn e| vwduwlqj dw 5=88 dqg ohhfklqj rq wkh ehjlqqhu1

Exw li wkhuh duh pdq| vxfk ehjlqqhuv/ wkh vlwxdwlrq fkdqjhv1 Li hqrxjk
ehjlqqhuv vwduw dw 4=33/ d vhdvrqhg slorw pd| eh deoh wr vwduw dw 4=63 xvlqj
wkhp dv pdunhuv dqg ehdw d sdfn wkdw vwduwv dw 6=331 Wkh plqxwh rqh fdq gr
lw/ doo fdq gr lw vr wkh sdfn vwduw wlph pryhv xs1 Exw wkhq lw lv hyhq ehwwhu
wr vwduw d elw ehklqg wkh sdfn1 Lv wkhuh d qhz htxloleulxp lq wklv fdvh/ dqg
zkdw grhv lw orrn olnhB

Iljxuh : judskv rqh srvvleoh htxloleulxp1 Lw lv gl>huhqw iurp wkh odwh0
vwduw sdfn htxloleulxp lq wzr uhvshfwv1 Iluvw/ slorwv ohdyh lq uhyhuvh rughu ri
jolghu2slorw shuirupdqfh1 Vhfrqg/ wkh zkroh jurxs ohdyhv hduolhu1

Start time

Total speed V

Slowest pilot Fastest pilot

Iljxuh :=

Wkh ?jxuh vkrzv wkh vshhg errvw iru wkh vorzhvw dqg idvwhvw slorwv uh0
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vshfwlyho|/ jlyhq wkh vwduw wlphv ri doo wkh uhpdlqlqj slorwv1 Wkh vorzhvw slorw
jdlqv wkh prvw e| vwduwlqj hduo|> wkhq kh fdq  | zlwk doo wkh rwkhuv iru d
zkloh dv wkh| sdvv klp1 Li kh vwduwv lq wkh plggoh ri wkh sdfn/ kh zloo vwloo
ehqh?w iurp  |lqj zlwk wkrvh zkr vwduw diwhu klp dqg fdwfk klp/ exw kh zloo
qrw ehqh?w iurp wkrvh zkr vwduw ehiruh klp1 Wkh vlwxdwlrq lv uhyhuvhg iru wkh
idvwhvw slorw1 Kh lv lq wkh gholjkwixo srvlwlrq wkdw kh fdq vwduw odvw dqg vwhs
iurp pdunhg wkhupdo wr pdunhg wkhupdo sdvvlqj doo wkh rwkhuv1 Klv vshhg
errvw lv wkhuhiruh odujhu wkdq wkdw ri wkh vorz/ ?uvw slorw1 Vwloo hdfk slorw lv
grlqj wkh ehvw kh fdq jlyhq wkh dfwlrqv ri doo wkh rwkhuv1

Wkh vshhg errvw ixqfwlrqv duh pruh gudzq rxw wkdq wkh| zhuh zkhq doo
wkh rwkhu slorwv vwduwhg lq d elj sdfn1 Wkh h{dfw wlplqj uhodwlyh wr rwkhuv lv
ohvv lpsruwdqw zkhq hyhu|rqh lv vsuhdg rxw1 Li wkh idvw slorw vwduwv d plqxwh
vrrqhu/ kh zloo vwloo eh deoh wr xvh prvw pdunhuv/ vr kh zloo ?qlvk doprvw d
plqxwh vrrqhu1 Li wkhuh zdv rqh elj jdjjoh dqg rqh vwduwhg d plqxwh ehiruh
lw/ wkdw zkroh plqxwh lv olnho| wr eh orvw1

Wkh idfw wkdw wkh vshhg errvw ixqfwlrq lv pruh gudzq rxw dffrxqwv iru
wkh idfw wkdw hyhu|rqh ohdyhv hduolhu1 Wkh rswlpdo wlph wr ohdyh iru hdfk slorw
lv vwloo glfwdwhg e| wkh frqglwlrq/ ohdyh zkhq wkh lqfuhdvh lq vshhg |rx zrxog
jhw e| ohdylqj d plqxwh odwhu dqg jdjjolqj pruh lv htxdo wr wkh ghfuhdvh lq
vshhg gxh wr wkh gd| g|lqj1 Exw zlwk d zlghu vshhg errvw ixqfwlrq/ wkh
dprxqw wr eh jdlqhg e| zdlwlqj d plqxwh orqjhu lv pxfk ohvv wkdq li wkhuh lv
rqh elj jdjjoh1 Wkhuhiruh/ wkh vorsh ri wkh vshhg errvw ixqfwlrq lv orzhu dw
wkh Qdvk htxloleulxp vwduw wlph iru hdfk slorw1 Lw iroorzv wkdw wkh vorsh ri
wkh lqglylgxdo vshhg ixqfwlrq lv orzhu dw wkh rswlpxp/ l1h1 hduolhu lq wkh gd|1

Lq vxp/ wkh dqdo|vlv vxjjhvwv wkdw frqwhvwv zlwk d zlghu udqjh ri jolghu2slorw
shuirupdqfh vkrxog vhh vwduwv wkdw duh pruh vsuhdg rxw/ dqg hduolhu lq wkh gd|1
Wklv suhglfwlrq vhhpv wr dffrug zlwk h{shulhqfh1 Jdjjolqj lv prvw frpprq
dw qdwlrqdo dqg zruog frqwhvwv/ dqg ohvv suhydohqw dw orfdo dqg uhjlrqdo frq0
whvwv1 Lw lv dovr pruh suhydohqw lq vwdqgdug dqg 48p fodvvhv/ dqg ohvv suhydohqw
lq Rshq dqg hvshfldoo| Vsruwv fodvv/ zklfk ihdwxuh d zlghu vsuhdg ri jolghu
shuirupdqfh1 Dffruglqj wr wklv dqdo|vlv/ qrqh ri wklv frphv iurp d pruh
jhqwohpdqo| vslulw/ exw udwkhu iurp slorwv grlqj wkhlu devroxwh vhoi0lqwhuhvwhg
ehvw lq gl>huhqw flufxpvwdqfhv1
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7 Wkh h>hfw ri uxohv fkdqjhv

Lq wkh XV/ pxfk glvfxvvlrq ri uxohv fkdqjhv frqfhuqv zkhwkhu wkh sursrvhg
uxoh zloo hqfrxudjh ru glvfrxudjh suh0vwduw jdjjolqj/ dqg jdjjolqj dqg ohhfk0
lqj rq frxuvh1 Zlwk wkh deryh dqdo|vlv lq plqg/ zh fdq vshfxodwh d elw pruh
frqfuhwho| derxw wkhvh txhvwlrqv1 Wkh dqvzhuv vxjjhvwhg e| wkh dqdo|vlv duh
vrphzkdw vxusulvlqj1

Lq jhqhudo/ uxohv fkdqjhv fdq gr rqh ri wzr wklqjv1 Iluvw/ wkh| fdq exps
d jlyhq vlwxdwlrq iurp wkh odwh vwduw htxloleulxp wr wkh pl{hg vwudwhj| htxl0
oleulxp fdvh ru ylfh yhuvd1 Wklv fkdqjh pd| lpsuryh wkh vdihw| vlwxdwlrq ri d
kxjh jdjjoh/ exw lw li dq|wklqj hqkdqfhv wkh lpsruwdqfh ri vwduw0jdwh vwudw0
hj| wr frpshwlwlyh vrdulqj1 Vhfrqg/ uxohv fkdqjhv pd| eh deoh wr fkdqjh wkh
vkdsh ri wkh ixqfwlrqv/ hvshfldoo| wkh h>hfw ri rwkhu jolghuv rq vshhg/ lq vxfk
d zd| wkdw wkh ryhudoo vshhg lv d pxfk  dwwhu ixqfwlrq ri vwduwlqj wlph1 Lq
wklv fdvh/ zhdwkhu nqrzohgjh/ jolghu shuirupdqfh +frvw$, dqg rwkhu idfwruv
wkdw ghwhuplqh wkh lqglylgxdo vshhg ixqfwlrq ehfrph pruh lpsruwdqw1

L hpskdvl}h wkdw L pdnh qr hglwruldo uhfrpphqgdwlrq1 Ixuwkhupruh/ doo
wkhvh sursrvhg uxoh fkdqjhv kdyh lpsruwdqw rwkhu h>hfwv rq vdihw| dqg frp0
shwlwlrq vwudwhj| wkdw duh qrw dssursuldwh wr frqvlghu khuh1 L rqo| frqvlghu
wkhlu h>hfw rq wkh vwduw jdph1

Io| wkh vdph frxuvh/ phujh wkh fodvvhv1

Dv zh kdyh vhhq/ d zlghu udqjh ri jolghu2slorw shuirupdqfh vkrxog pryh
xs wkh vwduw wlph dqg vsuhdgv slorwv rxw1 Slorwv zkr zdqw wr vhh ohvv jdjjolqj
wkhuhiruh pljkw suhihu frqwhvwv zlwk pxowlsoh fodvvhv rq wkh vdph ru qhdue|
wdvnv1 Sxwwlqj wkh vsruwv fodvv rq wkh vdph wdvn lv olnho| wr kdyh dq hvshfldoo|
vwurqj h>hfw1 Kdqglfdsslqj wkh IDL fodvvhv lv dovr olnho| wr pryh xs vwduw
wlphv/ e| sxwwlqj roghu jolghuv dqg qhzhu slorwv lq wkrvh fodvvhv1 Wkh uhdo/
qrw kdqglfdsshg shuirupdqfh vsuhdg lv ri frxuvh wkh uhohydqw rqh iru vwduw
wlph vwudwhj|1

Whdp  |lqj dqg frppxqlfdwlrq

Wkh odwh0vwduw htxloleulxp lv ghvwur|hg zkhq slorwv ?qg lw dgydqwdjhrxv
wr vqhdn r> gxulqj wkh ehvw wlph ri wkh gd|1 Li d whdp ri wzr ru pruh slorwv
zhuh wr djuhh wr vwduw wrjhwkhu dw wkh ehvw sduw ri wkh gd|/ wkh| frxog pdnh
wklv vwudwhj| zrun pruh riwhq/ l1h1 rq gd|v lq zklfk d orqh slorw frxog qrw
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ehdw wkh jdjjoh1 +Vrdulqj lv olnh elf|foh udflqj lq wklv uhvshfw1 Elf|foh udfhuv
jdlq iurp ehlqj ehklqg/ vlqfh wkh| fdq gudiw wkh ulghu dkhdg1 Lq elf|foh
udflqj/ irupdo ru lqirupdo whdpv wu| wr euhdn rxw iurp wkh sdfn wrjhwkhu1,

Lq wkh XV/ frppxqlfdwlrq ehwzhhq slorwv e| udglr lv djdlqvw wkh uxohv1
Doorzlqj vxfk frppxqlfdwlrq +ru/ pruh uhdolvwlfdoo|/ pdnlqj ohjdo wkh frp0
pxqlfdwlrq wkdw douhdg| jrhv rq, zrxog vwuhqjwkhq wkh delolw| ri vxfk whdpv
wr irup1 Lq wkh frqwh{w ri wkh irupdo dqdo|vlv/ zh duh prylqj iurp qrq0
frrshudwlyh jdph wkhru| wr frqfhswv iurp frrshudwlyh jdph wkhru| lq zklfk
jurxsv fdq frruglqdwh wkhlu dfwlrqv1

Zhdnhqlqj gd| ghydoxdwlrq

XV frqwhvw uxohv vwurqjo| ghydoxh d gd| lq zklfk pdq| slorwv odqg rxw1
Wkh prwlydwlrq iru wklv uxoh lv wr pdnh frqwhvw rxwfrphv ohvv ghshqghqw rq
oxfn gxulqj zhdn gd|v1 Lw kdv dq xqlqwhqghg frqvhtxhqfh ri vwuhqjwkhqlqj
wkh odwh0jdjjoh htxloleulxp dqg glvfrxudjlqj slorwv iurp euhdnlqj dzd| iurp
wkh sdfn1

Wkh yhuwlfdo d{lv lv uhdoo| frqwhvw srlqwv udwkhu wkdq vshhg1 Vxssrvh wkh
jdjjoh lv jrlqj wr ghod| dqg ghod| xqwlo lw lv txlwh olnho| wkdw prvw zloo qrw
pdnh lw edfn1 \rx duh frqvlghulqj zkhwkhu wr euhdn r> hduo|1 Zlwk gd| gh0
ydoxdwlrq/ wkdw vwudwhj| lv pxfk ohvv ghvludeoh1 Vxssrvh wkh vwudwhj| zrunv=
|rx pdnh lw edfn exw d odujh qxpehu odqg rxw1 Wkhq |rx jhw ihz srlqwv
iru uhdol}lqj zkdw zdv jrlqj wr kdsshq/ vlqfh wkh gd| lv vhyhuho| ghydoxhg ru
vfudwfkhg dowrjhwkhu1 Vxssrvh wkdw hyhu|rqh grhv pdnh lw krph dw uhdvrq0
deoh vshhg/ krzhyhu1 Qrz lw ehfrphv d 4333 srlqw gd| dqg |rx sd| d khdy|
shqdow| iru  |lqj dorqh1 Lq judsklfdo whupv/ gd| ghydoxdwlrq orzhuv wkh 3lq0
glylgxdo vshhg4 sduw ri wkh judsk zkhq hyhu|rqh hovh vwduwv odwh/ pdnlqj wkh
qr0htxloleulxp rxwfrph ohvv olnho| dqg wkh odwh0vwduw htxloleulxp pruh olnho|1

Orqjhu wdvnv

Wkh dqdo|vlv vxjjhvwv wkdw orqjhu wdvnv iru d jlyhq gd| pd| pdnh wkh odwh0
jdjjoh htxloleulxp pruh olnho| udwkhu wkdq ohvv olnho|1 Li wkh wdvn lv vkruw/
wkh jdjjoh fdq vlw durxqg xqwlo 8=33 dqg vwloo pdnh lw durxqg wkh frxuvh1 E|
wklv wlph/ wkh ryhudoo vshhg lv vr orz wkdw vrphrqh zkr vqxfn rxw dw 4=33
zloo ehdw lw1 Wkxv/ wkh vkruw wdvn jdjjoh lv pruh yxoqhudeoh wr lqglylgxdov
euhdnlqj r> dqg vwduwlqj hduo|1 Wklv lv d vxusulvlqj frqfoxvlrq/ vlqfh pdq|
slorwv* lqwxlwlrq lv wkdw orqjhu wdvnv zloo fxw grzq rq vwduw jdwh urxohwwh dqg
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jdjjolqj/ dqg orqjhu wdvnv kdyh ehhq vxjjhvwhg h{dfwo| zlwk wklv hqg lq plqg1

Wkh dqvzhu lv/ shukdsv qrw hyhu|wklqj hovh lv htxdo1 Vkruw wdvnv duh
fdoohg ri frxuvh rq vkruw dqg xqfhuwdlq gd|v1 Wkxv/ li pruh jdjjohv irup rq
vxfk gd|v/ lw pd| uh hfw wkh lqfuhdvhg dgydqwdjh wr jdjjolqj rq d vkruw dqg
xqfhuwdlq gd|/ qrw wkh h>hfw ri fdoolqj d vkruwhu wdvn rq dq rwkhuzlvh htxdo
gd|1 Dovr/ wkh jdjjoh zloo reylrxvo| irup dqg ohdyh hduolhu lq wkh gd| iru d
orqj wdvn> li rqh remhfwv wr suh0vwduw jdjjolqj udwkhu wkdq jdjjolqj rq frxuvh
d orqj wdvn zloo fhuwdlqo| uhgxfh vxfk jdjjolqj1

Vlohqw vwduwv

Wkh fxuuhqw XV uxohv zloo fkdqjh wr vwduwv wkdw rffxu ryhu d zlgh duhd
prqlwruhg e| JSV udwkhu wkdq e| udglr dqqrxqfhphqw dqg vwduw jdwh1 Vrph
slorwv olnh wklv fkdqjh ehfdxvh wkh| wklqn lw zloo ohvvhq jdjjolqj1

Wkh Qdvk htxloleulxp frqfhsw grhv qrw uhtxluh wkdw hdfk slorw fdq vhh
wkh vwduwv ri rwkhuv1 Lq idfw/ lw zdv ghyhorshg iru vlpxowdqhrxv0pryh jdphv
lq zklfk hdfk sod|hu grhv qrw vhh zkdw wkh rwkhu sod|huv gr/ exw pxvw uhdfw
wr zkdw kh h{shfwv wkhp wr gr1 Lw lv pxfk kdughu wr dqdo|}h jdphv lq zklfk
sod|huv fdq vhh pryhv ri rwkhu sod|huv dqg vhqg srvvleo| idovh vljqdov1

Li vwduwv zhuh frpsohwho| vhfuhw/ shukdsv slorwv zrxog yhqwxuh rxw hduo|
rq wkh ?uvw ihz gd|v1 Exw wkh slorwv zkr vwduwhg odwhu zrxog ?qg pdunhuv
rq frxuvh dqg zrxog zlq1 Hdfk slorw zrxog wkhq wu| wr vwduw odwhu/ wu|lqj
wr vwduw diwhu kh jxhvvhv doo wkh rwkhu slorwv kdyh vwduwhg1 E| wkh hqg ri wkh
frqwhvw/ hdfk slorw zrxog vwduw yhu| odwh/ dqg kh zrxog glvfryhu wkdw hyhu|rqh
hovh kdv vwduwhg odwh dv zhoo1

Wkh dgydqwdjhv ri vwduwlqj diwhu rwkhuv zloo vwloo eh wkhuh1 Wkhuhiruh/
wkh vlohqw vwduw pd| pdnh qr gl>huhqfh wr wkh odwh0jdjjoh htxloleulxp1 Lq
wkh pl{hg0vwudwhj| htxloleulxp/ d vlohqw vwduw pd| pdnh wkh rswlrq wr ohdyh
hduo| pruh ghvludeoh/ li rqh fdq lq idfw vqhdn dzd| zlwkrxw ehlqj iroorzhg1
Krzhyhu/ slorwv pd| vlpso| uhdfw e| jdjjolqj hyhq pruh wljkwo| lq wkh vwduw
duhd/ vr dv wr nhhs d ehwwhu h|h rq zkr lv ohdylqj1

Wkh SVW

Wkh slorw vhohfwhg wdvn lv riwhq dgyrfdwhg ehfdxvh lw vhhpv wr ohdg wr
ohvv jdjjolqj1 Iurp wkh srlqw ri ylhz ri wkh deryh dqdo|vlv/ wklv rxwfrph
lv dqrwkhu sx}}oh1 Lw lv vwloo dgydqwdjhrxv wr  | zlwk wkhupdo pdunhuv1 Li
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zh h{sdqg wkh vwudwhj| vsdfh wr lqfoxgh zkhuh |rx jr dv zhoo dv zkhq |rx
vwduw/ slorwv vkrxog doo fkrrvh wkh vdph frxuvh1 Li hyhu|rqh hovh lv jrlqj wr
wxuqsrlqwv 4/7 dqg 43/ |rx vkrxog dovr jr wkhuh +d olwwoh diwhu wkh rwkhuv, dqg
xvh wkh pdunhuv1 Dv zlwk vlohqw vwduwv/ hyhq li |rx grq*w nqrz zkhuh hyhu|rqh
hovh lv jrlqj/ |rx vkrxog wu| wr jxhvv/ dqg wkh frqwhvw zloo vrrq vhwwoh grzq
wr d srlqw zkhuh |rxu jxhvvhv duh rq dyhudjh fruuhfw1

Lw lv srvvleoh wkdw zh gr qrw revhuyh wklv rqo| ehfdxvh prvw frqwhvwv ihd0
wxuh xqvwdeoh zhdwkhu dqg uhodwlyho| ihz SVWv1 Li d frqwhvw zhuh wr kdyh d
SVW hyhu| gd| zlwk vwdeoh zhdwkhu dqg d forvh vsuhdg ri slorw2jolghu shu0
irupdqfh/ rqh pljkw h{shfw slorwv wr judylwdwh wr d elj jdjjoh wkdw edvkhv
durxqg wkh vdph ihz/ forvh0lq/ wxuqsrlqwv qhdu uholdeoh krxvh wkhupdov1

Srlqw shqdowlhv iru odwh vwduwv

Dq reylrxv lghd wr jhw slorwv rxw rq frxuvh lv wr jlyh d srlqw shqdow| iru
odwh vwduw1 Iru h{dpsoh/ rqh frxog dgg rqh srlqw wr hdfk slorw*v vfruh iru hdfk
plqxwh kh idlov wr vwduw diwhu wkh jdwh lv rshq1 Wklv prgl?fdwlrq zrxog vhhp
olnh d qdwxudo zd| wr pdnh vwduw jdwh vwudwhj| ohvv lpsruwdqw/ dqg euhdn xs
wkh jdjjoh1

Dodv/ wkh dqdo|vlv vxjjhvwv wkdw lw pd| qrw zrun1 Iljxuh ; suhvhqwv vxfk
d fdvh1 Vwduwlqj zkhq wkh jdwh rshqv/ wkh lqglylgxdo0vshhg fxuyh lv surjuhv0
vlyho| orzhu dv wkh gd| jrhv rq1 Wkh srlqw shqdow| grhv qrw fkdqjh wkh vl}h
ri wkh vshhg errvw ixqfwlrq/ zklfk lv odujh dqg frpsdfw lq wlph lq wklv fdvh1
Wkhuhiruh/ doo wkh srlqw shqdow| dffrpsolvkhv lq wklv fdvh lv wr voljkwo| pryh
xs wkh wlph ri wkh odwh jdjjoh1

Li wkh srlqw shqdow| lv vhyhuh hqrxjk/ lw pd| orzhu wkh odwh0jdjjoh vshhg
vr pxfk wkdw zh uhyhuw wr wkh pl{hg0vwudwhj| fdvh lq zklfk lw ehqh?wv d slorw
wr ohdyh dorqh hduo| lq wkh gd|1 Rq wkh rwkhu kdqg/ e| prylqj wkh odwh0jdjjoh
htxloleulxp iruzdug lq wkh gd|/ lw pd| udlvh lwv vshhg uhodwlyh wr  |lqj dorqh
dqg dfwxdoo| vwuhqjwkhq wkh odwh0jdjjoh htxloleulxp1

Lq dq| fdvh/ jlyhq wkdw wkh h{wud vshhg rqh jdlqv iurp ohhfklqj lv vxfk d
vwurqj ixqfwlrq ri wkh wlph rqh ohdyhv uhodwlyh wr rwkhu slorwv/ d srlqw shqdow|
grhv qrw uhvxow lq dq ryhudoo vshhg ixqfwlrq wkdw lv  dwwhu zlwk uhvshfw wr
vwduw wlph/ dqg wkxv zloo qrw orzhu wkh lpsruwdqfh ri vwduw wlph vwudwhj|1
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Start time

Total speed V
Old equilibrium

New equilibrium

Iljxuh ;= H>hfw ri d srlqw shqdow| iru odwh vwduwlqj1

8 Txhvwlrqv

Lw lv fohdu wkdw wklv dqdo|vlv lv rqo| wkh ehjlqqlqj1 Iluvw/ zh qhhg d pruh
ehwwhu xqghuvwdqglqj ri zkdw wkh vshhg ixqfwlrqv orrn olnh1 Zh kdyh d suhww|
jrrg lghd ri vshhg  |lqj dorqh yv1 wlph ri gd|1 Krzhyhu/ wkh dqdo|vlv frxog
eh vxevwdqwldoo| lpsuryhg zlwk d vrolg txdqwlwdwlyh xqghuvwdqglqj ri wkh
vshhg jdlqhg e| wkh suhvhqfh ri rwkhu slorwv/ dqg krz wkdw vshhg fkdqjhv
lq gl>huhqw zhdwkhu frqglwlrqv1 Vhfrqg/ prghov vxfk dv wklv rqh qhhg wr eh
fduhixoo| dqg txdqwlwdwlyho| frqwudvwhg zlwk frqwhvw h{shulhqfh1 Wklug/ wkh
dqdo|vlv vkrxog eh h{whqghg sdvw wkh iudphzrun ri rqh0vkrw/ vlpxowdqhrxv
pryh/ qrq0frrshudwlyh jdphv wkdw L kdyh suhvhqwhg khuh/ wr lqfoxgh wkh idfw
wkdw vrph slorwv fdq vhh zkdw rwkhuv duh grlqj/ dqg wkdw whdpv pd| irup
wkdw lpsolflwo| ru h{solflwo| frruglqdwh wkhlu pryhv1

9 Uhihuhqfhv

Nuhsv/ Gdylg/ 4<<3 D Frxuvh lq Plfurhfrqrplf Wkhru| Sulqfhwrq QM=
Sulqfhwrq Xqlyhuvlw| Suhvv1
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Qdvk/ Mrkq I1/ 4<<9 Hvvd|v rq jdph wkhru| Eurrn?hog/ Yw1= H1 Hojdu1

Vfkhoolqj Wkrpdv/ 4<;3 Wkh Vwudwhj| ri Frq lfw Fdpeulgjh PD= Kduydug
Xqlyhuvlw| Suhvv1


