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)DVWHVW�5RXWH�IURP�&6�'HSW�WR�(LQVWHLQ
V�+RXVH

�

6KRUWHVW�3DWK�3UREOHP

6KRUWHVW�SDWK�QHWZRUN�
■ 'LUHFWHG�JUDSK�
■ 6RXUFH�V��GHVWLQDWLRQ�W�
■ $UF�FRVWV�F�Y��Z��

6KRUWHVW�SDWK�SUREOHP���ILQG�VKRUWHVW�GLUHFWHG�SDWK�IURP�V�WR�W�
■ &RVW�RI�SDWK� �VXP�RI�DUF�FRVWV�LQ�SDWK�

&RVW�RI�SDWK�V�� ��� ��� ��� W
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*UDSKV

FRPPXQLFDWLRQ

*UDSK

WHOHSKRQHV��FRPSXWHUV

9HUWLFHV (GJHV

ILEHU�RSWLF�FDEOHV

FLUFXLWV JDWHV��UHJLVWHUV��SURFHVVRUV ZLUHV

PHFKDQLFDO MRLQWV URGV��EHDPV��VSULQJV

K\GUDXOLF UHVHUYRLUV��SXPSLQJ�VWDWLRQV SLSHOLQHV

ILQDQFLDO VWRFNV��FXUUHQF\ WUDQVDFWLRQV

WUDQVSRUWDWLRQ VWUHHW�LQWHUVHFWLRQV��DLUSRUWV KLJKZD\V��DLUZD\�URXWHV

VFKHGXOLQJ WDVNV SUHFHGHQFH�FRQVWUDLQWV

VRIWZDUH�V\VWHPV IXQFWLRQV IXQFWLRQ�FDOOV

LQWHUQHW ZHE�SDJHV K\SHUOLQNV

JDPHV ERDUG�SRVLWLRQV OHJDO�PRYHV

VRFLDO�UHODWLRQVKLS SHRSOH��DFWRUV IULHQGVKLSV��PRYLH�FDVWV
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$SSOLFDWLRQV

0RUH�DSSOLFDWLRQV�
■ 8UEDQ�WUDIILF�SODQQLQJ�
■ 5RXWLQJ�RI�WHOHFRPPXQLFDWLRQV�PHVVDJHV�
■ $SSUR[LPDWLQJ�SLHFHZLVH�OLQHDU�IXQFWLRQV�
■ ([SORLWLQJ�DUELWUDJH�RSSRUWXQLWLHV�LQ�FXUUHQF\�H[FKDQJH�
■ 7\SHVHWWLQJ�LQ�7H;�
■ 7UDPS�VWHDPHU�SUREOHP�
■ 7HOHPDUNHWHU�RSHUDWRU�VFKHGXOLQJ�
■ 2SWLPDO�SLSHOLQLQJ�RI�9/6,�FKLS�
■ 6XEURXWLQH�LQ�KLJKHU�OHYHO�DOJRULWKPV�

5HIHUHQFH���1HWZRUN�)ORZV���7KHRU\��$OJRULWKPV��DQG�$SSOLFDWLRQV��5��.�
$KXMD��7��/� 0DJQDQWL��DQG�-��%��2UOLQ��3UHQWLFH�+DOO�������

�

6KRUWHVW�3DWK

9HUVLRQV�RI�WKH�SUREOHP�WKDW�ZH�FRQVLGHU�
■ 6LQJOH�VRXUFH�
■ $OO�SDLUV�
■ $UF�FRVWV�DUH��≥ ��
■ 3RLQWV�DQG�GLVWDQFHV�DUH�(XFOLGHDQ�
■ $UF�FRVWV�FDQ�EH������EXW�QR�QHJDWLYH�F\FOHV�
■ $UF�FRVWV�FDQ�EH�DUELWUDU\�
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(XFOLGHDQ
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QH[W�SURJUDPPLQJ�DVVLJQPHQW

�

6KRUWHVW�3DWK���5HOD[DWLRQ

9DOLG�ZHLJKWV�π�Y��
■ )RU�DOO�Y��π�Y��LV�OHQJWK�RI�VRPH�SDWK�IURP�V�WR�Y�
■ 3URYLGHV�ORZHU�ERXQG�RQ�OHQJWK�RI�VKRUWHVW�SDWK�IURP�V�WR�Y�

5HOD[DWLRQ�
■ &RQVLGHU�HGJH�Y�Z�ZLWK�ZHLJKW�F�Y��Z��
■ ,I�π�Z� !�π�Y� ��F�Y��Z��WKHQ�XSGDWH�π�Z�  �π�Y� ��F�Y��Z��
■ )RXQG�EHWWHU�URXWH���SDWK�IURP�V�WR�Y��WKHQ�DUF�Y�Z�
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'LMNVWUD
V�$OJRULWKP���,PSOHPHQWDWLRQ

'LMNVWUD
V�DOJRULWKP�
■ ,QLWLDOL]H�6� �φ���π>V@� �����SUHG>V@� �V���π>Y@� �∞���SUHG>Y@� ����
■ ,QVHUW�DOO�QRGHV�RQWR�34�
■ 5HSHDWHGO\�GHOHWH�QRGH�Y�ZLWK�PLQ�π>Y@�IURP�34�

² DGG�Y�WR�6
² IRU�HDFK�Y�Z���LI��π>Z@�!��π>Y@ ��F�Y��Z��
WKHQ�XSGDWH��� π>Z@� � π>Y@ ��F�Y��Z�

while (!PQisempty()) {
v = PQdelmin();
for (t = G->adj[v]; t != NULL; t = t->next) {

w = t->w;
if (pi[v] + t->wt < pi[w]) {

pi[w] = pi[v] + t->wt;
pred[w] = v;

}
}

GHFUHDVH�NH\

0DLQ�/RRS

UHOD[
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'LMNVWUD
V�$OJRULWKP���3URRI�RI�&RUUHFWQHVV

,QYDULDQW� )RU�HDFK�YHUWH[�Y�∈ 6���π>Y@� �G�V��Y��

3URRI� E\�LQGXFWLRQ�RQ�_6_�
%DVH�FDVH� _6_� ���LV�WULYLDO�
,QGXFWLRQ�VWHS�

■ 6XSSRVH�'LMNVWUD
V�DOJRULWKP�DGGV�YHUWH[�Y�WR�6�
■ π>Y@�LV�WKH�OHQJWK�RI�VRPH�SDWK�IURP�V�WR�Y�
■ ,I�π>Y@�LV�QRW�WKH�OHQJWK�RI�WKH�VKRUWHVW�V�Y�SDWK��WKHQ�OHW�3�EH�D�
VKRUWHVW�V�Y�SDWK�

■ 3�PXVW�XVH�DQ�HGJH�WKDW�OHDYHV�6��VD\��[��\�
WKHQ��π>Y@ !��G�V��Y� DVVXPSWLRQ����

 G�V��[� ��G�[��\�����G�\��Y� RSWLPDO�VXEVWUXFWXUH
≥ G�V��[� ��G�[��\�� QRQQHJDWLYH�ZHLJKWV
 ��π>[@������ ��G�[��\�� LQGXFWLYH�K\SRWKHVLV
≥ π>\@ DOJRULWKP

■ 6R�'LMNVWUD
V�DOJRULWKP�ZRXOG�KDYH�VHOHFWHG�\�LQVWHDG�RI�Y�
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'LMNVWUD
V�$OJRULWKP���,PSOHPHQWDWLRQ�&RVW�6XPPDU\

([DFWO\�WKH�VDPH�DV�3ULP
V 067�DOJRULWKP�
■ 3)6���YDULDWLRQV�RQ�D�WKHPH�

2SHUDWLRQ

LQVHUW
GHOHWH�PLQ

GHFUHDVH�NH\

%LQDU\�KHDS

ORJ�9
ORJ�9
ORJ�9

)LE�KHDS��

�
ORJ�9
�

$UUD\

9
9
�

LV�HPSW\ � ��

3ULRULW\�4XHXH

WRWDO (�ORJ�9 (���9�ORJ�99�

�� ,QGLYLGXDO�RSV�DUH�DPRUWL]HG�ERXQGV

'LMNVWUD

9
9
(
9

G�ZD\�+HDS

G�ORJ G 9
G�ORJ G 9
ORJ G 9
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(�ORJ�(���9�9
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6KRUWHVW�3DWK�7UHHV

��

6KRUWHVW�3DWK�LQ�(XFOLGHDQ�*UDSKV

(XFOLGHDQ�JUDSK��PDS��
■ 9HUWLFHV�DUH�SRLQWV�LQ�WKH�SODQH�
■ (GJHV�ZHLJKWV�DUH�(XFOLGHDQ�GLVWDQFHV�

6XEOLQHDU DOJRULWKP�
■ $VVXPH�JUDSK�LV�DOUHDG\�LQ�PHPRU\�
■ 6WDUW�'LMNVWUD�DW�V�
■ 6WRS�DV�VRRQ�DV�\RX�UHDFK�W�

([SORLW�JHRPHWU\�
■ 8VH�π>Y@� �OHQJWK�RI�VRPH�V�Y�SDWK���(XFOLGHDQ�GLVWDQFH�IURP�Y�WR�W�
■ π>Y@�LV�D�ORZHU�ERXQG�RQ�OHQJWK�RI�VKRUWHVW�V�W�SDWK�
■ 'LMNVWUD�SURRI�RI�FRUUHFWQHVV�VWLOO�ZRUNV�
■ 7\SLFDOO\�RQO\�2�VTUW�9���QRGHV�H[DPLQHG�IRU�VSDUVH�JUDSKV�
■ $�DOJRULWKP�
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6KRUWHVW�3DWK�:LWK�1HJDWLYH�:HLJKWV

:KDW�LI�ZH�DOORZ�QHJDWLYH�FRVW�DUFV"
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6KRUWHVW�3DWK�:LWK�1R�1HJDWLYH�&\FOHV

2EVWDFOH���QHJDWLYH�FRVW�F\FOH�

,I�VRPH�SDWK�IURP�V�WR�Y�FRQWDLQV�D�QHJDWLYH�FRVW�F\FOH��VKRUWHVW�V�Y�
SDWK�GRHV�QRW�H[LVW��2WKHUZLVH��WKHUH�H[LVWV�RQH�WKDW�LV�VLPSOH�

$OJRULWKPLF�JRDO���ILQG�VKRUWHVW�SDWK�RU�RXWSXW�D�QHJDWLYH�FRVWV�F\FOH�
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&XUUHQF\�&RQYHUVLRQ�$SSOLFDWLRQ

&XUUHQF\�FRQYHUVLRQ�
■ *LYHQ�9�FXUUHQFLHV��ILQDQFLDO�LQVWUXPHQWV��DQG�H[FKDQJH�UDWHV�
EHWZHHQ�SDLUV�RI�FXUUHQFLHV��LV�WKHUH�DQ�DUELWUDJH�RSSRUWXQLW\"

■ )DVWHVW�DOJRULWKP�YHU\�YDOXDEOH�
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&XUUHQF\�&RQYHUVLRQ�$SSOLFDWLRQ

5HGXFWLRQ�
■ /HW�γ�Y�Z��EH�H[FKDQJH�UDWH�IURP�FXUUHQF\�Y�WR�Z�
■ /HW�F�Y�Z�� �� ORJ�γ�Y�Z��
■ $UELWUDJH�RSSRUWXQLWLHV�LQ�*�FRUUHVSRQG�WR�QHJDWLYH�F\FOHV�LQ�*
�
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%HOOPDQ�)RUG�0RRUH�$OJRULWKP

%HOOPDQ�)RUG�0RRUH�
■ ,QLWLDOL]H�π>Y@� �∞��SUHG>Y@� �����π>V@� ����SUHG>V@� �V�
■ 5HSHDW�9�WLPHV���UHOD[�HDFK�HGJH�Y�Z

,QYDULDQW���$W�HQG�RI�SKDVH�L��π>Y@��≤ OHQJWK�RI�VKRUWHVW�SDWK�IURP�V�WR�Y�
XVLQJ�DW�PRVW�L�HGJHV�
5XQQLQJ�WLPH���Θ�(�9��

for (i = 1; i <= V; i++)
for (v = 0; v < V; v++)

for (t = G->adj[v]; t != NULL; t = t->next) {
w = t->w;
if (pi[v] + t->wt < pi[w]) {

pi[w] = pi[v] + t->wt;
pred[w] = v;

}
}

UHOD[

SKDVH�L

��

3UDFWLFDO�LPSURYHPHQW�
■ ,I�π>Y@�GRHVQ
W�FKDQJH�GXULQJ�SKDVH�L��GRQ
W�UHOD[�DQ\�HGJHV�RI�WKH�
IRUP�Y�Z�LQ�SKDVH�L�����

■ 3URJUDPPLQJ�VROXWLRQ���PDLQWDLQ�TXHXH�RI�QRGHV�WKDW�KDYH�FKDQJHG�

5XQQLQJ�WLPH���6WLOO�2�(�9��ZRUVW�FDVH��EXW�QRZ�2�(��LQ�SUDFWLFH�

%HOOPDQ�)RUG�0RRUH�$OJRULWKP

wt[s] = 0;
QUEUEput(s);
while(!QUEUEisempty()) {

v = QUEUEget();
for (t = G->adj[v]; t != NULL; t = t->next) {

w = t->w;
if (pi[v] + t->wt < pi[w]) {

pi[w] = pi[v] + t->wt;
pred[w] = v;
QUEUEput(w);

}
}

}

QR�GXSOLFDWHV

UHOD[

��

%HOOPDQ�)RUG�0RRUH�$OJRULWKP

)LQGLQJ�WKH�VKRUWHVW�SDWK�LWVHOI�
■ 7UDFH�EDFN�SUHG>Y@�DV�LQ�'LMNVWUD
V�DOJRULWKP�

'HWHFWLQJ�D�QHJDWLYH�F\FOH�
■ ,I�DQ\�QRGH�Y�LV�HQTXHXHG�9�WLPHV��WKHUH�PXVW�EH�D�QHJDWLYH�F\FOH�
■ )DFW���FDQ�WUDFH�EDFN�SUHG>Y@�WR�ILQG�F\FOH�
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SUHG>W@
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$OO�3DLUV�6KRUWHVW�3DWK

$OO�SDLUV�VKRUWHVW�SDWK���)LQG�WKH�VKRUWHVW�SDWK�IURP�Y�WR�Z�IRU�DOO�Y��Z�

1RQQHJDWLYH�ZHLJKWV�
■ 5XQ�'LMNVWUD
V�DOJRULWKP�9�WLPHV�
■ 2�(9�ORJ�9��WLPH�

1HJDWLYH�ZHLJKWV��QR�QHJDWLYH�F\FOHV�
■ 5XQ�%HOOPDQ�)RUG�RQFH�WR�SUHSURFHVV�JUDSK�
■ 5XQ�'LMNVWUD�9�WLPHV�
■ 2�(9�ORJ�9��WLPH�

)OR\G�:DUVKDOO�
■ 6ROYH�DOO�SDLUV�SUREOHP�GLUHFWO\�LQ�Θ�9���WLPH�
■ 2QO\�ZRUWKZKLOH�RQ�GHQVH�JUDSKV�

%HVW�LQ�WKHRU\�IRU�VSDUVH�JUDSKV���2�(9���9� ORJ�ORJ�9�����
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)OR\G
V�$OJRULWKP

)OR\G
V�DOJRULWKP�
■ ,QLWLDOL]H�G>Y@>Z@� �F�Y��Z��LI�Y�Z�H[LVWV��G>Y@>Z@� �∞ RWKHUZLVH�
■ :DQW�VKRUWHU�SDWK�IURP�Y�WR�Z"
■ 7DNH�SDWK�IURP�Y�WR�L�DQG�WKHQ�IURP�L�WR�Z�LI�VKRUWHU�

,QYDULDQW� $IWHU�LWK LWHUDWLRQ�G>Y@>Z@�LV�VKRUWHVW�SDWK�IURP�Y�WR�Z�
ZKRVH�LQWHUPHGLDWH�QRGHV�DUH�������«��L�

for (i = 0; i < G->V; i++)
for (v = 0; v < G->V; v++)

for (w = 0; w < G->V; w++)
if (d[v][w] > d[v][i] + d[i][w])

d[v][w] = d[v][i] + d[i][w];
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6KRUWHVW�3DWK�9DULDQWV

9DULDQWV�RI�GLUHFWHG�VKRUWHVW�SDWK�
■ 8QLW�ZHLJKWV���2�(���9��XVLQJ�%)6�
■ '$*V���2�(���9��XVLQJ�WRSRORJLFDO�VRUW�
■ $UF�FRVWV�EHWZHHQ�²&�DQG�&���2�(9��� ORJ�&��E\�UHGXFLQJ�WR�
DVVLJQPHQW�SUREOHP�

8QGLUHFWHG�VKRUWHVW�SDWK�
■ 1RQQHJDWLYH�ZHLJKWV���2�(���9��E\�7KRUXS�
■ 1R�QHJDWLYH�F\FOHV��2�(9���9� ORJ�9��E\�UHGXFLQJ�WR�ZHLJKWHG�QRQ�
ELSDUWLWH�PDWFKLQJ�


