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mnnopqrstup vwxtq�yuzq{xu |}|tuv |~ �zqxu {sr �u �ur�
u�{qsx~ sou sx|n {zsxxur�qr� qr {nrtonx s|�u{t � � u{q�
|qnr n� nru yuzq{xu zs| u�u{t nr ntzuo yuzq{xu | qr tzu
|sv u tusv � �u{sw |u tzu �uo �nov sr{u rn xnr�uo v us�
|wou| �onv sr qrpqyqpwsx yuzq{xu ~ tzu {nnopqr stqnr qr
tzu tusv zs| tn �u pnru tn qv�onyu tzu nyuosxx tusv
�uo �nov sr{u � �r wrpuox}qr� �on� xuv n� vwxtq�yuzq{xu
{nnopqrstqnr q| {nv�wtstqnrsx �wopur tz st {nr |qpuos� x}
�on�| s| tzu |}|tuv �ut| xso�uo� �zu n�� u{tqyu n� tzq|
� s�uo q | tn puyuxn� s pu{urtosxq�up s��ons{z tn |nxyu
tzu {nnopqrstqnr �on� xuv w |qr� xu || {nv�wtstqnrsx xnsp �
�r |tusp n� {nr |qpuo qr� uyuo} {nv�nrurt �yuzq{xu |� st
nr{u ~ tzu sx�no qtzv q| pu{nv�n|up qrtn |w� ��on� xuv |
�no us{z yuzq{xu � �zu ouxstup qr�nov stqnr qrynxyqr� ou�
|w xt | �onv us{z |w� ��on� xuv q| tzur {nv�qrup qr nopuo
tn putuov qru s �rsx ou |w xt � � pu{urtosxq�up |tow{twou q|
{nr |tow{tup |w{z tzst us{z {nv�nrurt| n� tzu |tow{twou
{sr �u sxtuoup � qtznwt pq|two� qr� tzu nyuosxx |tow{twou �
�zu �on� xuv �n|tup zuou {nr |q|t | n� vwxtq� xu yuzq{xu |~
|tso tqr� �nqrt|~ srp �nsx| � �zu n�� u{tqyu q| tn putuo�
v qru us{z yuzq{xu �| � stz |w{z tzst sxx s ||q�rup �nsx|
sou yq|qtup qr v qrqvwv tqv u � �zu uxxq� |nqpsx n� |ts{xu |
sou sx|n {nr |qpuoup qr tzu uryqonrv urt � � nrtu�msoxn
|qvwxstqnr | sou uv� xn}up tn uysxw stu tzu �uo �nov sr{u
n� tzu s��ons{z � |

� ������������

�u|uso{z nr vwxtq� xu yuzq{xu | zs| �uur � qpux} u�� xnoup
qr ou{urt }uso | � �} w |qr� sxx ou |nwo{u | tzonw�z {nn�uo�
stqnr sv nr� yuzq{xu | qr s tusv ~ tzu nyuosxx �uo �nov sr{u

{sr �u qv�onyup � � wxtq� xu yuzq{xu w |s�u q| s�� xq{s� xu
�no s yso qut} ts|� |~ q �u � |woyu}�v s��qr� qr sr wr�rn�r
uryqonrv urt  �¡~ � sttxu�uxp stts{�  " ¡~ srp v srw�s{two�
qr� � mnn�uostqyu {nrtonx n� vwxtq� xu yuzq{xu |}|tuv |
{sr �u s {zsxxur�qr� ts|� �u{sw |u tzu |q�u srp rwv uo�
q{sx {nv�xu�qt} n� tzu �on� xuv �u{nv u |q�rq�{srtx}
xso�uo s| s rwv�uo n� yuzq{xu | �on�|�

�zu {nnopqrstqnr n� vwxtq� xu yuzq{xu | q| nru n� �wr �
psv urtsx �on� xuv | qr tzq| ou |uso{z sous � �zu tu{zrq¢wu
wtqxq�up tn |nxyu tzq| �on� xuv {sr �u u�turpup srp s� �
� xqup tn v nou {nv� xq{stup �on� xuv | |w{z s| ou{nrrsq|�
|sr{u ~ v qrqr� ~ srp |uso{z srp ou |{wu � �r wrpuox} qr�
�on� xuv qr tzu vwxtq�yuzq{xu {nrtonx q | tzu {nv�wts�
tqnrsx �wopur s| tzu rwv�uo n� yuzq{xu | �on�|� �zq|
�ouyurt| v sr} sx�no qtzv | �onv u�� srpqr� tn s xso�uo
|}|tuv �q �u �~ v nou yuzq{xu | qrynxyup� �
�zq| �no� u�� xnou | sr sxtuor stqyu s��ons{z tn � xsr

�stz | �no vwxtq�yuzq{xu {nnopqrstqnr � �zu � xst�nov w |up
zuou q| {nr |qpuoup qr ntzuo �no� | ��u�| �  �£¡~  ¤¡� � �
tusv n� yuzq{xu | q | s||q�rup tn yq|qt sxx �qyur �nsx|
�zqxu synqpqr� n� |ts{xu | s| |zn�r qr ¥q�wou �� � xx
yuzq{xu | vw |t �no� tn�utzuo tn {nv� xutu tzu v q||qnr
� qtz s v qrqvwv tusv tqv u ~ �zq{z q| tzu tqv u tzst tzu
xs|t yuzq{xu yq|qt| tzu xs|t ouv sqrqr� �nsx � �zq| �on� xuv
{sr �u {s|tup s| s � wxtq� xu �osyuxqr� ¦sxu |v sr §on� xuv
���¦§�~ �zq{z q| s ¨§�zsop �on� xuv ��u� �  ¤¡� �

�t q | s��sourt tzst tzu ou |nwo{u �yuzq{xu |� vw |t � u
sxxn{stup u�u{tqyux} qr nopuo tn ous{z sr n�tqv sx |n�
xwtqnr � �zuou�nou ts |� sxxn{stqnr �osv u�no� vw |t � u
{nr |qpuoup qr tzq| �on� xuv � �zq| ou�uo | tn tzu v st{z �
qr� �ut�uur us{z yuzq{xu srp s |ut n� tso�ut| � �zu
ts|� sxxn{stqnr �on� xuv q| nru n� tzu pq© {w xtqu | qr tzu
vwxtq�yuzq{xu ou |uso{z � �t {sr �u |nxyup �} �novwxstqr�

�
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Vehicle 1 

Vehicle 2 

Vehicle 3 

goal A

goal B

goal C

goal D

�' ��� � �� �wxtq�yuzq{xu mnnopqrstqnr §on� xuv

tzu n�tqv q�stqnr �on� xuv s| � q�up �rtu�uo � qruso §on�
�osvv qr� �� ��§� � �zuou sou v sr} �no� | pnru w |qr�
tzq| s��ons{z ��u�| �  !¡� � �zu �on� xuv q| |nxyup �}
{nr |qpuo qr� sxx no v n|t �n ||q� qxqtqu | n� tzu v st{zqr� �
� xtznw�z tzuou sou v sr} �n�uo �w x |n�t�sou� sx�no qtzv |
qr |nxyqr� � ��§ sysqxs� xu ~ tzu {nv�wtstqnrsx tqv u q|
|tqxx {nr |qpuos� x} |xn� �no s |}|tuv �qtz v sr} yuzq�
{xu |��nsx| u |�u{qsxx} �no s ousx�tqv u s�� xq{stqnr �

�zuou zsyu �uur v sr} sttuv�t| tn oupw{u {nv�wts�
tqnrsx xnsp n� |nxyqr� � ��§ |w{z s| w |qr� ts�w |uso{z ~
uv�xn}qr� �w��} tzuno}~ srp �osr{z srp �nwrp tu{z �
rq¢wu � � n�uyuo tzu} sou {urtosxq�up s��ons{z ~ �zq{z
qv� xqu | tzst tzu {nv�wtstqnr q| pnru qr nru � xs{u � qtz
sxx yuzq{xu |��nsx| qr {nr |qpuostqnr � �zuou�nou ~ tzu {nv �
�wtstqnrsx xnsp qr{ous|u | |q�rq�{srtx} s| tzu rwv�uo n�
yuzq{xu | �on�| ou�sopxu || n� zn� �s|t tzu |nxyuo q | �

�zq| �no� �on�n|u| s pu{urtosxq�up s��ons{z �no tzu
vwxtq�yuzq{xu {nnopqrstqnr �on� xuv � � utsqx| nr tzu s� �
�ons{z q| �qyur qr ¦u{tqnr ¤ � �zu v sqr n�� u{tqyu n� tzq|
� s�uo q | tn u�� xnou s pu{urtosxq�up |tow{twou tz st {sr �u
wtqxq�up � qtz tu{zrq¢wu| tzst �no� �uxx �no |qr�xu yuzq�
{xu �

�zu �s�uo q| no�srq�up s| �nxxn� |� ¥qo |t tzu {ur�
tosxq�up sx�no qtzv pnru qr �ouyqnw | �no� q| u�� xsqrup �
�zur tzu pu{urtosxq�up |tow{twou q| �ou |urtup �

� ����������� 	

�����

� |nxwtqnr tn tzu �on� xuv s| pu|{o q�up qr ¥q�wou �
q| �nwrp qr �ouyqnw | �no� ��u�|�  #¡~  �£¡� � �zq| |u{�
tqnr �ou |urt| s {urtosxq�up s��ons{z tzst q| uv�xn}up
tn �wo tzuo puyuxn� s pu{urtosxq�up v utznpnxn�}� �t sx|n

�onyqpu| putsqx| nr v sr} ru{u||so} uxuv urt| |w{z s|
|zno tu |t�� stz sx�no qtzv srp � ��§ �novwxstqr� �
�zuou sou t�n v s� no q ||wu| tn �u sppou||up qr tzq|

�on� xuv � �� tos� u{tno} � xsrrqr� ~ �� ts |� sxxn{stqnr � �zu
s��ons{z zuou q| tn |u� sostu tzu |w� ��on� xuv | srp |nxyu
qrpqyqpwsxx}� �zq| sxxn� | tzu sx�no qtzv tn �no� vw{z
�s|tuo tz sr |nxyqr� �ntz st nr{u � �t sx|n sxxn�| {zsr�u|
qr nru {nv�nrurt � qtznwt {zsr�qr� tzu ntzuo� �t q |
�on�n|up zuou tn w |u � � |uso{z qr putuov qrqr� n�tqv sx
tos� u{tno} �o qv qtqyu| � � nounyuo~ tzu {xw |tuo qr� tu{zrq¢wu
q| s�� xqup nr �nsx| tn oupw{u tzu rwv�uo n� �n||q� xu
�stz {nv�qrstqnr | �

�zu s��ons{z {nr |q|t | n� tzouu |tu� | � �� �tqv sx
�os� u{tno } §o qv qtqyu|~ �� §uovwtstqnr |~ srp ¤� � ��§
�novwxstqnr � � utsqx| sou �qyur ru�t �

� �� ����� �� ���� ������ ���� ��� �!

�zu n�tqv sx tos� u{tno qu | s{{nopqr� tn tzu tusv n�� u{tqyu
sou putuov qrup qr tzq| |u{tqnr � � uou ~ tzu v qrqvwv �tqv u
tos� u{tno qu | sou {nr |qpuoup � � u{sw |u yuzq{xu | tosyux st
v s�qvwv |�uup ~ tzu v qrqvwv �tqv u �on� xuv q| u¢wqy�
sxur t tn |zno tu |t � stz �on� xuv �

�zu |zno tu |t � stz �ut�uur t�n �nqrt|~
pa

srp
pb

~
q | putuov qrup w |qr� s �os�z |uso{z tu{zrq¢wu � " zqxu
tzuou sou v sr} |zno tu |t � stz sx�no qtzv | sonwrp �� q� ��
|tos ~ � uxxv sr�¥nop ~ ut{ �  �� ¡� ~ tzu � � |uso{z  # ¡ q| {zn�
|ur �no qt| {nv�wtstqnrsx u© {qur{}� �r � � |uso{z ~ tzu
{n |t �wr{tqnr {nr |q|t| n� s �wr{tqnr tn �u v qrqv q�up srp
s zuwo q|tq{ | �wr{tqnr � �zu zuwo q|tq{ | �wr{tqnr q| w |up
tn uysxwstu s rnpu q� qt q| �no tz�zqxu tn u�� srp � �zq|
sxxn�| tzu |uso{z tn tuov qrstu s �stz nr{u tzu sx�no qtz �
v ousxq�u | tzst qt zs| rn �n||q� qxqt} n� �u{nv qr� tzu
n�tqv sx �stz � " qtz sr s��on�o qstu zuwo q|tq{ | �wr{tqnr ~
n�tqv sxqt} {sr |tqxx �u �wsosrtuup �
$ s{z �stz

Pk
q | {nr |tow{tup w |qr� �ousptz �o |t

|uso{z � §stz
Pk

{nr |q|t | n� �nqrt|
pk(1 · · ·NPk

)
~ �zuou

NPk

q| s rwv�uo n� rnpu| qr
Pk

� �zuou�nou
pk(1)

q |
sx�s}|

pa
� �zu {n|t �wr{tqnr q| pu�rup s| �

JA∗(Pk) = D(k) + DH(k)
� ��

�zuou tzu �stz pq|tsr{u n�
Pk

�
D(k) =

∑NPk

j=2
‖pk(j) − pk(j − 1)‖

srp tzu zuwo q|tq{ �wr{tqnr
q| tzu v qrqvwv �oupq{tup pq|tsr{u tn �nqrt

pb
�rn n� �

|ts{xu |� �
DH(k) = ‖pk (NPk

) − pb‖
�

�
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� �� ���� � ������!

�zq| |tu� xq |t| nwt sxx �n ||q� xu tos� u{tno qu | �|tso tn �nsx ~
�nsx tn �nsx� �no us{z yuzq{xu sou xq |tup qr tzq| |tu� �
$ s{z tos� u{tno } q| {sxxup ��uovwtstqnr �� $ s{z �uovwts�
tqnr {nr |q|t| n� �

� ui

� yuzq{xu {no ou |�nrpqr� tn tzu �uovwtstqnr �

� vi

� �nsx xq|t yu{tno
(Nw × 1)

� �zu
kth uxuv urt q |

uqtzuo �~ q� tzu �uovwtstqnr yq|qt | tzu �nsx
kth ~ no£ ~ ntzuo� q|u �

� ci

� mn|t {noou |�nrpqr� tn tzu �uovwtstqnr

�zu {n|t
ci
~ qr tzq| {s|u ~ q| tzu tqv u tn {nv�xutu tzu

�uovwtstqnr �
� rwv�uo n� �uovwtstqnr | {sr �u |q�rq�{srtx} ou�

pw{up w |qr� s {xw |tuo qr� tu{zrq¢wu � �t q | pnru �} �onw� �
qr� �nsx| qrtn

NV
{xw |tuo | �qr s {s|u n�

NV

yuzq{xu |� �
�nsx| qr nru {xw |tuo sou ouxstqyux} {xn|uo tn us{z ntzuo�
�zuou�nou s yuzq{xu �nw xp yq|qt sxx �nsx| qr nrx} nru
{xw |tuo� �t q| |zn�r qr  �¡ tzst tzu n�tqv sxqt} q| xn |t �}
!� nr syuos�u w |qr� tzq| s ||wv�tqnr �
" zur {nr |qpuo qr� us{z �uovwtstqnr ~ yuzq{xu {nr�

|tosqrt|~ |w{z s| tzu yuzq{xu �| v qrqvwv tworqr� ospqw |
�
r
� ~ {sr �u w |up tn {nr |tosqr us{z �stz��uovwtstqnr �

�zq| {sr �u pnru w |qr� s v nou {nv� xq{stup �on{u|| s|
pnru qr  �¡ ~ �zuou tzu n�tqv q�stqnr q| qrynxyup � �zu
�no� �on�n|up zuou puyuxn� | s |qv�xu srp �s|t s��ons{z
tn {nrru{t t�n �stz |� ¥q�wou � qxxw |tostu | �xwqr� n� tzu

� � 	 
 � � 
� � � � � � � � 
 � � 

�

�

�

� �

� �

�� �

�' ��� � � � §stz � qtz �worqr� � spqw | mnr |tosqrt

� stz
AB

srp
BC

� �r nopuo tn n�tsqr tzu ru� �stz ~
tzu {qo{xu n� ospqw |

r
q | pos�r |w{z tzst � nqr t

B
q | nr

tzu {qo{xu � �zu {urtuo~
Cr

~ q| nr tzu xqru tzst {nrru{t|

�nqrt
B

srp tzu �q|u{tno � nqr t n� xqru
AC

�

Cr = α1Pm − (1 − α1)PB

Pm =
1

2
(PA + α2PC + (1 − α2)PB)

�zuou
PA, PB , PC

sou {nnopqrstu | n�
A, B, C

~ srp

α1 =
r

‖PB − Cr‖
, α2 =

PA − PB

‖PB − PC‖

�zu ru� �stz q| tzur {nr |tow{tup �onv �nqrt
A

tn tzu
tsr�urt �nqrt

T1

~ sonwrp srp xusyu tzu {qo{xu st tzu
tsr�urt �nqrt

T2

tn �nqrt
C
� �zu ru� n�tqv sx �stz �onv

A → T1

srp
T2 → C

q | tzur {nv�wtup q� ru{u||so} �q�
tzu ru� �stz qrtuo |u{t| n� |ts{xu |� �

�zu w��uo �nwrp srp xn�uo �nwrp nr s rwv�uo n�
�uovwtstqnr |~

N+

p,C

srp
N−

p,C

~ sou �

N+

p,C = NV ((Nw − NV + 1)! + (NV − 1))

N−

p,C = N2
V bNw/NV c!

���

¥q�wou ¤ |zn�|
N+

p,C

srp
N−

p,C

�no
NV �

¤ srp
Nw �¤ tn �£ � �t {sr �u |uur tzst tzu rwv�uo n� �uovwtstqnr |

qr{ous|u| {nr |qpuos� x} s| tzu rwv�uo n� �nsx| �on�|�

0 5 10 15 20
0

0.5

1

1.5

2
x 10

16
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0

1

2

3

4

5
x 10

4

N
w N

w

N
p,C
+

N
p,C
 −

�' ��� � ¤ � ���uo srp �n�uo � nwrp n� s rwv�uo n� �uo�
vwtstqnr | �no

NV = 3

� �� ��� �� !�� �"� ����� �� ���� ����

�r tzu �rsx |tu� ~ �uovwtstqnr | tzst {nv�xutu | tzu v q|�
|qnr � qtz tzu v qrqvwv tusv tqv u sou {zn|ur � �zu {n|t
�wr{tqnr q| tzu tntsx tusv tqv u

T
~ �zq{z q| tzu v s� �

qvwv tqv u sv nr� sxx yuzq{xu |� �zu �on� xuv q| qr s
� q�up �rtu�uo � qruso §on�osvv qr� �nov � �zu pu{q|qnr
yso qs� xu q|

X
~ s

Np×1
yu{tno� �zu uxuv urt

Xi
q | uqtzuo

¤

AME002



�~ q� tzu
ith

�uovwtstqnr q| {zn|ur ~ no £ ~ ntzuo� q|u �

min
T,X

J = T + ε

Np
∑

i=1

ciXi
�¤�

|w�� u{t tn
Xi ∈ {0, 1}

ciXi ≤ T ∀i = 1 . . .Np
�"�

Np
∑

j=1

Vij = 1 ∀i = 1 . . .Nw
�!�

∑

j∈Pi

Xj = 1 ∀i = 1 . . .Nv
���

�zuou
Pi = {k | uk = i}

srp
V =

{

v1 · · · vNp

}

mnr |tosqrt� "� qv� xqu | tzst
T

q | tzu tqv u w |up tn
{nv� xutu tzu v q||qnr ~ �zq{z q| tzu v s�qvwv tqv u s�
v nr� sxx �uovwtstqnr | tzst sou |uxu{tup � $¢wstqnr !
s||wou| tzst sxx �nsx| sou yq|qtup srp $¢wstqnr � �no{u |
sxx yuzq{xu | tn �u |uxu{tup st xus |t srp st v n|t nru
�uovwtstqnr � �r tzq| �no� ~ tzu �on� xuv q| |nxyup w |�
qr� s ������ n�tqv q�stqnr tnnx�n�  �¡ ~ �zq{z w |u| s
�osr{z srp �nwrp tu{zrq¢wu  ��¡ �

� � ������������ 	

�����

� | |zn�r qr tzu xs|t |u{tqnr ~ tzu �on� xuv {sr �u �no�
vwxstup s| � q�up �rtu�uo � qruso §on�osvv qr� � �zu
owr tqv u qr |nxyqr� � ��§ |q�rq�{srtx} pu�urp | nr tzu
rwv�uo n� � qrso} yso qs� xu |~ �zq{z q| tzu rwv�uo n�
�uovwtstqnr |� �t {sr �u |uur �onv $¢wstqnr � tzst
tzu rwv�uo n� �uovwtstqnr |~ zur{u {nv�wtstqnrsx xnsp ~
�on�| {nr |qpuos� x} s| tzu rwv�uo n� yuzq{xu | qr{ous|�
u | � �t q| s�� sourt tz st qr nopuo tn u�� srp tzu sx�no qtzv
tn s xso�uo |}|tuv �v nou yuzq{xu |��nsx|� tzu rwv�uo
n� �uovwtstqnr | vw |t �u �oustx} oupw{up � �zq| q| sx�
v n|t qv�n||q� xu tn s{zquyu q� sxx yuzq{xu | srp �nsx|
sou {nr |qpuoup tn�utzuo st nr{u � �zuou�nou ~ tzu {nr{u�t
n� pu{urtosxq�qr� tzu �on� xuv n{{wo | � �t q | �on�n |up
zuou tn wtqxq�u s pu{urtosxq�up |tow{twou s| qxxw |tostup qr
¥q�wou " �

� uou ~ tzu �uovwtstqnr | sou xq |tup srp tzu |nxwtqnr
�no �stz� q | |nxyup �no us{z yuzq{xu |u�sostux}� �zu
qr�nov stqnr �onv sr qrpqyqpwsx q | {nv�qrup qr nopuo tn
|uxu{t � stz | tz st sou �u�t s | s � so t n� �rsx |nxw tqnr |
�{nn�uostqyu �stz |� � �zu |uxu{tqnr �on{u|| q| pnru �}
�novwxstqr� s � ��§ �on� xuv ~ �zq{z q| pq|{w ||up xstuo
qr ¦u{tqnr ¤ �� � ¥no tzu yuzq{xu | � qtz wr�{zn|ur �stz |~
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�q{�up � � u{sw |u st xus|t nru �stz vw |t �u {zn|ur st
us{z qtuostqnr ~ tzu {nryuo�ur{u q| �wsosrtuup � qtz st
v n|t

NV
qtuostqnr |�

� xtznw�z � ��§ q| nr{u s�sqr wtqxq�up ~ tzu |q�u n�
tzu �on� xuv q| vw{z |v sxxuo �no tzu pu{urtosxq�up s� �
�ons{z � � u{sw |u tzuou sou

NV

yuzq{xu |~ tzu rwv�uo n�
� qrso } pu{q|qnr yso qs� xu | q |

NV
{nv�soup tn
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$¢wstqnr � �

� �� ���" ����� �� ��� ��! ���� ����

�zq| �stz � xsrrqr� {nv�nrurt n� tzu |tow{twou q| yuo}
|qv qxso tn tzu {urtosxq�up s��ons{z �ou|urtup qr ¦u{�
tqnr � � �t q | u¢wqysxurt tn tzu {urtosxq�up s��ons{z � qtz
nrx} nru yuzq{xu qr tzu |}|tuv � �zu �on{u|| pnru �no
qtz yuzq{xu q| s| �nxxn� | �
�� �tqv sx tos� u{tno} �o qv qtqyu | � putuov qru n�tqv sx

�o qv qtqyu| �onv tzu yuzq{xu |tso tqr� �nqrt tn sxx
�nsx| qr us{z {xw |tuo� ¥no u�sv�xu ~ ¥q�wou � |zn�|
tzu v qrqvwv tqv u �stz �onv yuzq{xu � tn �nsx m �
�t q| rntup tzst tzq| � stz v q�zt no v q�zt rnt �u s
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�' ��� � ! � �r u�sv�xu n� sr n�tqv sx tos� u{tno } �o qv qtqyu
�onv yuzq{xu � tn �nsx m

�zu �uovwtstqnr | srp �sosv utuo | tz st sou w |up �no
tzu yuzq{xu � tz sou |zn�r qr �s� xu ��

 ������ � �� §sosv utuo | qr �uovwtstqnr | tzst sou w |up qr
tzu �stz � xsrrqr� n� tzu yuzq{xu � tz

m xw |tuo � � ¤
mn|t

c1j c2j c3j

�zuou {n|t ~
cij

ou�uo | tn tzu tosyuxqr� tqv u �onv
yuzq{xu � tz tn {xw |tuo qtz � �r sppqtqnr ~s v sto q�

V
q |

�nov up ~ �zuou
Vkj

q | � q� tzu � tz yuzq{xu yq|qt| tzu
�tz {xw |tuo� � ur{u ~ tzu tntsx rwv�uo n� {xw |tuo |
tzst sou yq|qtup q� sxx � stz | sou {zn|ur q|~
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� n�uyuo tzuou {nw xp �u |nv u {xw |tuo | tzst sou yq|�
qtup v nou tzsr nr{u � �zq| oupwrpsr{} q| uxqv qrst�
up pwo qr� tzu �stz |uxu{tqnr �on{u || qr ¦u{tqnr ¤ �� �

¤ � ¦nxyqr� �no tzu n�tqv sx |nxw tqnr � putuov qru tzu
�stz � qtz xn�u|t {n|t �v qrqvwv tosyuxqr� tqv u�
�no us{z yuzq{xu � � nounyuo tzu |u{nrp xn�u|t {n|t
q | ou{nopup qr nopuo tn uv�xn} qr tzu �stz |uxu{tqnr
{nv�nrurt qr tzu |tow{twou � �rxq�u tzq| |tu� qr tzu
{urtosxq�up s��ons{z ~ tzu �on� xuv pnu | rnt zsyu
tn �u �novwxstup s| � ��§� �t q| |nxyup �} s |qv�xu
|no tqr� sx�no qtzv �w |qr� tzu {nvv srp � |no t � qr
������� � �zu �u|t {n|t srp |u{nrp �u |t {n|t �no

tzu � tz yuzq{xu ~
B1j

srp
B2j

~ sou s| �nxxn�|~

B1j = min
i

cij
srp

Ij =
so�

min
i

cij
�#�

B2j = min
i/∈Ij

cij
���

�t q | rntup tz st tzq| �on{u|| {sr �u pnru nr us{z
yuzq{xu w |qr� �sosxxux {nv�wtqr� tn oupw{u owr tqv u �

� �� ���" ���������

�zu |ut n� |nxwtqnr | n�tsqrup �onv tzu qrpqyqpwsx � stz
� xsrruo q| uv�xn}up qr tzq| {nv�nrurt � �zuou sou

NV�stz | �no
NV

ouv sqrqr� yuzq{xu | tn �u {zn |ur � � � ��§
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�u�t s| s � so t n� tzu �rsx ou |w xt �
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{n |t � �� tzu {n|t �wr{tqnr nrx} ts�u| tzu �u |t |nxwtqnr
qrtn sr s{{nwrt ~ tzu sx�no qtzv �nwxp �u u¢wqysxurt tn
�ouup} sx�no qtzv � �zuou�nou ~ qt q | �on�n|up zuou tn w |u
tzu �u|t srp tzu |u{nrp �u|t |nxwtqnr tn {nr |tow{t tzu
{n |t �wr{tqnr � �zu {n|t �wr{tqnr w |up zuou q| s | �nxxn�~
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T,X

J = Tp + B2j(1 − X)
� �£�

|w�� u{t tn
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B1iXi ≤ Tp ∀i = 1 . . .NV
� ���

V X ≤ 1
� ���
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Xi = Nvisited
� �¤�

�zuou
B1

~
B2
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�zu �o |t tuov n� tzu {n|t �wr{tqnr ~
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~ qrpq{stu | tzu

v s�qvwv tosyuxqr� tqv u n� tzu {zn|ur �stz |~ �zq{z q|
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Tp
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yuzq{xu s||q�rup tn nru tso�ut � �zu xs|t {nr |tosqrt s|�
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�zu {zn|ur yuzq{xu | srp �nsx| sou |tnoup �zqxu
tzu wr�{zn|ur nru| sou outworup tn tzu �stz � xsrrqr�
�on{u || tn �u ou�ustup wrtqx sxx �nsx| sou s||q�rup �

� � ��� ������ ���� ���
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�zu {nv�so q|nr q| v spu qr �s� xu � � �zu |qvwxstqnr q|
pnru qr � stxs�# w |qr� §urtqwv" ��� � m§� �
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yuzq{xu | srp
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� qtz tzu |u{nrp �u|t |nxw tqnr q| uv�xn}up qr nopuo tn
|uxu{t � stz | tzst �nwxp �u qr tzu �rsx ou |w xt � �zu ou�
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