
3ULQFHWRQ�8QLYHUVLW\�� �� &26����������� $OJRULWKPV�DQG�'DWD�6WUXFWXUHV������� 6SULQJ������������ KWWS���ZZZ�3ULQFHWRQ�('8�aFV���

0LQLPXP�6SDQQLQJ�7UHH

6RPH�RI�WKHVH�OHFWXUH�VOLGHV�DUH�DGDSWHG�IURP�PDWHULDO�LQ�
��$OJRULWKPV�LQ�&���UG (GLWLRQ��3DUW�����5��6HGJHZLFN��

�

0LQLPXP�6SDQQLQJ�7UHH

067� *LYHQ�FRQQHFWHG�JUDSK�*�ZLWK�SRVLWLYH�HGJH�ZHLJKWV��ILQG�D�PLQ
ZHLJKW�VHW�RI�HGJHV�WKDW�FRQQHFWV�DOO�RI�WKH�YHUWLFHV�

&D\OH\
V�7KHRUHP�������� 7KHUH�DUH�99�� VSDQQLQJ�WUHHV�RQ�WKH�
FRPSOHWH�JUDSK�RQ�9�YHUWLFHV�

■ &DQ
W�VROYH�067�E\�EUXWH�IRUFH�
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* 7 Z�7�� ���

�

$SSOLFDWLRQV

067�LV�IXQGDPHQWDO�SUREOHP�ZLWK�GLYHUVH�DSSOLFDWLRQV�

■ 1HZRUN�GHVLJQ�

² WHOHSKRQH��HOHFWULFDO��K\GUDXOLF��79�FDEOH��FRPSXWHU��URDG

■ &OXVWHU�DQDO\VLV�

² GHOHWH�ORQJ�HGJHV�OHDYHV�FRQQHFWHG�FRPSRQHQWV

² ILQGLQJ�FOXVWHUV�RI�TXDVDUV�DQG 6H\IHUW�JDOD[LHV

² DQDO\]LQJ�IXQJDO�VSRUH�VSDWLDO�SDWWHUQV

■ $SSUR[LPDWLRQ�DOJRULWKPV�IRU�13�KDUG�SUREOHPV�

² PHWULF�763��6WHLQHU�WUHH

■ ,QGLUHFW�DSSOLFDWLRQV�

² PD[�ERWWOHQHFN�SDWKV

² OHDUQLQJ�VDOLHQW�IHDWXUHV�IRU�UHDO�WLPH�IDFH�YHULILFDWLRQ

² PRGHOLQJ�ORFDOLW\�RI�SDUWLFOH�LQWHUDFWLRQV�LQ�WXUEXOHQW�IOXLG�IORZ

² UHGXFLQJ�GDWD�VWRUDJH�LQ�VHTXHQFLQJ�DPLQR�DFLGV�LQ�D�SURWHLQ

�

0HGLFDO�,PDJH�3URFHVVLQJ

$UUDQJHPHQW�RI�QXFOHL�LQ�VNLQ�FHOO�IRU�FDQFHU�UHVHDUFK�



�

2SWLPDO�0HVVDJH�3DVVLQJ

2SWLPDO�PHVVDJH�SDVVLQJ�
■ 'LVWULEXWH�PHVVDJH�WR�1�DJHQWV�
■ (DFK�DJHQW�L�FDQ�FRPPXQLFDWH�ZLWK�VRPH�RI�WKH�RWKHU�DJHQWV�M��EXW�WKHLU�
FRPPXQLFDWLRQ�LV��LQGHSHQGHQWO\��GHWHFWHG�ZLWK�SUREDELOLW\�SLM�

■ *URXS�OHDGHU�ZDQWV�WR�WUDQVPLW�PHVVDJH�WR�DOO�DJHQWV�VR�DV�WR�PLQLPL]H�
RYHUDOO�SUREDELOLW\�RI�GHWHFWHG�

2EMHFWLYH�
■ )LQG�WUHH�7�WKDW�PLQLPL]HV�

■ 2U�HTXLYDOHQWO\��WKDW�PD[LPL]HV�

■ 2U�HTXLYDOHQWO\��WKDW�PD[LPL]HV�

$OJRULWKP�� 067�ZLWK�ZHLJKWV� ��� ORJ����� SLM��� :HLJKWV�SLM�DOVR�ZRUN�

1− 1− pij( )
(i, j)∈T

∏

1− pij( )
(i, j)∈T

∏

log 1− pij( )
(i, j)∈T

∑

�

3ULP
V�$OJRULWKP

3ULP
V�DOJRULWKP����-DUQtN�������'LMNVWUD�������3ULP������
■ ,QLWLDOL]H�7� �φ���6� �^V`�IRU�VRPH�DUELWUDU\�YHUWH[�V�
■ *URZ�6�XQWLO�LW�FRQWDLQV�DOO�RI�WKH�YHUWLFHV�

² OHW�I�EH�VPDOOHVW�HGJH�ZLWK�H[DFWO\�RQH�HQGSRLQW�LQ�6
² DGG�HGJH�I�WR�7
² DGG�RWKHU�HQGSRLQW�WR�6
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3ULP
V�$OJRULWKP

3ULP
V�DOJRULWKP����-DUQtN�������'LMNVWUD�������3ULP������
■ ,QLWLDOL]H�7� �φ���6� �^V`�IRU�VRPH�DUELWUDU\�YHUWH[�V�
■ *URZ�6�XQWLO�LW�FRQWDLQV�DOO�RI�WKH�YHUWLFHV�

² OHW�I�EH�VPDOOHVW�HGJH�ZLWK�H[DFWO\�RQH�HQGSRLQW�LQ�6
² DGG�HGJH�I�WR�7
² DGG�RWKHU�HQGSRLQW�WR�6
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3ULP
V�$OJRULWKP���([DPSOH



�

3ULP
V�$OJRULWKP���3URRI�RI�&RUUHFWQHVV

7KHRUHP� 8SRQ�WHUPLQDWLRQ�RI�3ULP
V�DOJRULWKP��7�LV�D�067�
3URRI�� �E\�LQGXFWLRQ�RQ�QXPEHU�RI�LWHUDWLRQV�

%DVH�FDVH� 7� �φ ⇒ HYHU\�067�VDWLVILHV�LQYDULDQW�
,QGXFWLRQ�VWHS� LQYDULDQW�WUXH�DW�EHJLQQLQJ�RI�LWHUDWLRQ�L�

■ /HW�I�EH�WKH�HGJH�WKDW 3ULP
V�DOJRULWKP�FKRRVHV�
■ ,I�I�∈ 7��7�VWLOO�VDWLVILHV�LQYDULDQW�
■ 2WKHUZLVH��FRQVLGHU�F\FOH�&�IRUPHG�E\�DGGLQJ�I�WR�7

² OHW�H�∈ &�EH�DQRWKHU�DUF�ZLWK�H[DFWO\�RQH�HQGSRLQW�LQ�6
² FI��≤ FH� VLQFH�DOJRULWKP�FKRRVHV
I�LQVWHDG�RI�H

² 7�∪ ^�I�`�� ^�H�`�VDWLVILHV�LQYDULDQW I�

7
H

,QYDULDQW���7KHUH�H[LVWV�D�067�7�FRQWDLQLQJ�DOO�RI�WKH�HGJHV�LQ 7�

6

��

6SDQQLQJ�7UHH�5HSUHVHQWDWLRQ

+RZ�WR�UHSUHVHQW�D�VSDQQLQJ�WUHH"
■ /LVW�RI�HGJHV�� ���������������������������������������
■ 3DUHQW�OLQN�UHSUHVHQWDWLRQ���YHUWH[�LQGH[HG�DUUD\�SUHG>Y@�
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3ULP
V�$OJRULWKP���$GMDFHQF\�0DWUL[�,PSOHPHQWDWLRQ

8VH�DGMDFHQF\�PDWUL[�
■ 6� �VHW�RI�YHUWLFHV�LQ�FXUUHQW�WUHH�
■ )RU�HDFK�YHUWH[�QRW�LQ�6��PDLQWDLQ�YHUWH[�LQ�6�WR�ZKLFK�LW�LV�FORVHVW�
■ &KRRVH�QH[W�YHUWH[�v WR�DGG�WR�6�ZLWK�PLQ��dist[v]�

² IRU�HDFK�QHLJKERU�w RI�v��LI�w LV�FORVHU�WR�v WKDQ�FXUUHQW�QHLJKERU�
LQ�6��XSGDWH�dist[w]
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if (G->wt[v][w] < dist[w]) {
dist[w] = G->wt[v][w];
pred[w] = v;

}

( �

GLVWDQFH�PDWUL[

��

3ULP
V�$OJRULWKP���$GMDFHQF\�0DWUL[�,PSOHPHQWDWLRQ

8VH�DGMDFHQF\�PDWUL[�
■ 6� �VHW�RI�YHUWLFHV�LQ�FXUUHQW�WUHH�
■ )RU�HDFK�YHUWH[�QRW�LQ�6��PDLQWDLQ�YHUWH[�LQ�6�WR�ZKLFK�LW�LV�FORVHVW�
■ &KRRVH�QH[W�YHUWH[�v WR�DGG�WR�6�ZLWK�PLQ��dist[v]�

² IRU�HDFK�QHLJKERU�w RI�v��LI�w LV�FORVHU�WR�v WKDQ�FXUUHQW�QHLJKERU�
LQ�6��XSGDWH�dist[w]
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if (G->wt[v][w] < dist[w]) {
dist[w] = G->wt[v][w];
pred[w] = v;

} GLVWDQFH�PDWUL[
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3ULP
V�$OJRULWKP���$GMDFHQF\�/LVW�,PSOHPHQWDWLRQ

8VH�DGMDFHQF\�OLVW�
■ 0DLQWDLQ�H[WUD�ILHOG�LQ�HDFK�QRGH�RI�DGMDFHQF\�OLVW�WR�VWRUH�HGJH�
ZHLJKW�

typedef struct node *link;
struct node {

int w;
double wt;
link next;

};
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3ULP
V�$OJRULWKP���$GMDFHQF\�/LVW�,PSOHPHQWDWLRQ

$GMDFHQF\�OLVW�LPSOHPHQWDWLRQ�
■ ,QLWLDOL]H�π>V@� �����SUHG>V@� �V���π>Y@� �∞���DQG�SUHG>Y@� ����
■ ,QVHUW�DOO�QRGHV�RQWR�34�
■ 5HSHDWHGO\�GHOHWH�QRGH�Y�ZLWK�PLQ�π>Y@�IURP�34�

² IRU�HDFK��Y��Z���LI�F�Y��Z����π>Z@�WKHQ�XSGDWH π>Z@  �F�Y��Z�

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

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

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

}
}

GHFUHDVH�NH\

0DLQ�/RRS

FRVW�RI�HGJH��Y��Z�

��

3ULRULW\�4XHXHV�IRU�,QGH[�,WHPV

,QGH[�KHDS�EDVHG�SULRULW\�TXHXH�����6HGJHZLFN�3URJUDP������
■ ,QVHUW��GHOHWH�PLQ��WHVW�LI�HPSW\�
■ 'HFUHDVH�NH\�

&OLHQW�SDVVHV�LQGH[�L�RI�HOHPHQW�RI�NH\�WR�GHFUHDVH�
■ ,QGH[�KHDS�PDLQWDLQV�DQ�H[WUD�DUUD\��VXFK�WKDW�TS>L@�VWRUHV�WKH�

KHDS�SRVLWLRQ�RI�HOHPHQW�ZLWK�LQGH[�L�

'HVLJQ�LVVXHV�
�� 34�LPSOHPHQWDWLRQ�PDLQWDLQV�.H\V��FOLHQW�DFFHVVHV�.H\V�RQO\�

WKURXJK�KDQGOHV�SURYLGHG�E\�LPSOHPHQWDWLRQ�
�� &OLHQW�PDLQWDLQV�.H\V��34�LPSOHPHQWDWLRQ�DFFHVVHV�.H\V�RQO\�

WKURXJK�KDQGOHV�SURYLGHG�E\�FOLHQW��DUUD\�LQGLFHV��

PQdeckey(int i) { fixUp(pq, qp[i]); }

��

3ULP
V�$OJRULWKP���,PSOHPHQWDWLRQ�&RVW�6XPPDU\

2SHUDWLRQ

LQVHUW
GHOHWH�PLQ

GHFUHDVH�NH\

%LQDU\�KHDS

ORJ�9
ORJ�9
ORJ�9

)LERQDFFL�KHDS��

�
ORJ�9
�

$UUD\

9
9
�

LV�HPSW\ � ��

3ULRULW\�4XHXH

WRWDO (�ORJ�9 (���9�ORJ�99�

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

3ULP

9
9
(
9
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3ULP
V�$OJRULWKP���3ULRULW\�4XHXH�&KRLFH

7KH�FKRLFH�RI�SULRULW\�TXHXH�PDWWHUV�LQ�3ULP�LPSOHPHQWDWLRQ�
■ $UUD\���2�9���
■ %LQDU\�KHDS���2�(�ORJ�9����
■ )LERQDFFL�KHDS���2�(���9�ORJ�9��

%HVW�FKRLFH�GHSHQGV�RQ�ZKHWKHU�JUDSK�LV�63$56(�RU�'(16(�
■ ������YHUWLFHV����PLOOLRQ�HGJHV���� +HDS������[�VORZHU�
■ ��������YHUWLFHV����PLOOLRQ�HGJHV� +HDS������[�IDVWHU�
■ ��PLOOLRQ�YHUWLFHV����PLOOLRQ�HGJHV� +HDS���������[�IDVWHU�

%RWWRP�OLQH�
■ &ODVVLF�3ULP�LV�RSWLPDO�IRU�GHQVH�JUDSKV�
■ %LQDU\�KHDS�IDU�EHWWHU�IRU�VSDUVH�JUDSKV�
■ )LERQDFFL�KHDS�EHVW�LQ�WKHRU\��EXW�QRW�LQ�SUDFWLFH�

��

.UXVNDO
V�$OJRULWKP

.UXVNDO
V�DOJRULWKP��������
■ ,QLWLDOL]H�)� �φ�
■ &RQVLGHU�DUFV�LQ�DVFHQGLQJ�RUGHU�RI�ZHLJKW�
■ ,I�DGGLQJ�HGJH�WR�IRUHVW�)�GRHV�QRW�FUHDWH�D�F\FOH��WKHQ�DGG�LW�

2WKHUZLVH��GLVFDUG�LW�
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&DVH����^����`

�
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�

&DVH����^����`

��

.UXVNDO
V�$OJRULWKP���([DPSOH

��

7KHRUHP� 8SRQ�WHUPLQDWLRQ�RI .UXVNDO
V�DOJRULWKP��)�LV�D�067�

3URRI� ,GHQWLFDO�WR�SURRI�RI�FRUUHFWQHVV�IRU 3ULP
V�DOJRULWKP�H[FHSW�
WKDW�\RX�OHW�6�EH�WKH�VHW�RI�QRGHV�LQ�FRPSRQHQW�RI�)�FRQWDLQLQJ�Y�

&RUROODU\� �*UHHG�LV�JRRG���*UHHG�LV�ULJKW��*UHHG
ZRUNV���*UHHG�FODULILHV��FXWV�WKURXJK��DQG�FDSWXUHV
WKH�HVVHQFH�RI�WKH�HYROXWLRQDU\�VSLULW��

*RUGRQ�*HFNR
�0LFKDHO�'RXJODV�

.UXVNDO
V�$OJRULWKP���3URRI�RI�&RUUHFWQHVV



��

.UXVNDO
V�$OJRULWKP���,PSOHPHQWDWLRQ

+RZ�WR�FKHFN�LI�DGGLQJ�DQ�HGJH�WR�)�ZRXOG�FUHDWH�D�F\FOH"
■ 1DwYH�VROXWLRQ���')6�LQ�2�9��WLPH�
■ &OHYHU�VROXWLRQ���XQLRQ�ILQG�LQ�2�ORJ�9��

² HDFK�WUHH�LQ�IRUHVW�FRUUHVSRQGV�WR�D�VHW
² WR�VHH�LI�DGGLQJ�HGJH�EHWZHHQ�v DQG�w FUHDWHV�D�F\FOH��FKHFN�LI�v
DQG�w DUH�DOUHDG\�LQ�VDPH�FRPSRQHQW

² ZKHQ�DGGLQJ�v-w WR�IRUHVW�)��PHUJH�VHWV�FRQWDLQLQJ�v DQG�w

Y

Z

��

.UXVNDO
V�$OJRULWKP���,PSOHPHQWDWLRQ

void GRAPHmst(Graph G, Edge F[]) {
int i, k, v, w;
Edge *edges = GRAPHedges(G); 

sort(edges, 0, G->E - 1); 

UFinit(G->V);
for (i = k = 0; i < E && k < G->V - 1; i++) {

v = edges[i].v; 
w = edges[i].w;

if (!UFfind(v, w)) {
UFunion(v, w);
F[k++] = edges[i];

}
}

}

.UXVNDO
V�$OJRULWKP

LI�Y�Z�GRHV�QRW�FUHDWH�D�F\FOH��
DGG�LW�WR�IRUHVW�)�DQG�PHUJH�
FRPSRQHQWV�FRQWDLQLQJ�Y�DQG�Z

OLVW�RI�DOO�HGJHV�LQ�*

VRUW�HGJHV�E\�ZHLJKW

DUUD\�RI�N�HGJHV�LQ�067

��

.UXVNDO
V�$OJRULWKP���5XQQLQJ�7LPH

.UXVNDO�UXQQLQJ�WLPH���2�(�ORJ�9��

,I�HGJHV�DOUHDG\�VRUWHG�� 2�(�ORJ�9��WLPH��
■ 5HFDOO���LQ�WKLV�XQLYHUVH�ORJ�9 ≤ ��

2SHUDWLRQ

VRUW
XQLRQ
ILQG

&RVW

(�ORJ�(�
ORJ�9���

ORJ�9���

)UHTXHQF\

�
9�� �
(

��$PRUWL]HG�ERXQG�XVLQJ�ZHLJKWHG�TXLFN�XQLRQ�ZLWK�SDWK�FRPSUHVVLRQ�

��

$GYDQFHG�067�$OJRULWKPV

'HWHUPLQLVWLF�FRPSDULVRQ�EDVHG�DOJRULWKPV�
■ 2�(�ORJ�9� 3ULP��.UXVNDO��%RUXYND�
2�9�� 3ULP��%RUXYND�

■ 2�(�ORJ�ORJ�9�� &KHULWRQ�7DUMDQ���������<DR��������
■ 2�(�ORJ�9���2�(���9�ORJ�9� )UHGPDQ�7DUMDQ��������
■ 2�(�ORJ��ORJ�9��� *DERZ�*DOLO�6SHQFHU�7DUMDQ��������
■ 2�(�α �(��9��ORJ�α �(��9���� &KD]HOOH��������
■ 2�(�α �(��9��� &KD]HOOH��������
■ 2�(�� +RO\�JUDLO�

:RUWK�QRWLQJ�
■ 2�(��YHULILFDWLRQ� 'L[RQ�5DXFK�7DUMDQ��������
■ 2�(��UDQGRPL]HG� .DUJHU�.OHLQ�7DUMDQ��������



��

(XFOLGHDQ�067

*LYHQ�1�SRLQWV�LQ�WKH�SODQH��ILQG�067�FRQQHFWLQJ�WKHP�
■ 'LVWDQFHV�EHWZHHQ�SRLQW�SDLUV�DUH�(XFOLGHDQ�GLVWDQFHV�

&RPSXWH�Θ�1���GLVWDQFHV�DQG�UXQ�3ULP
V�DOJRULWKP�RQ�FRPSOHWH�JUDSK�
■ 0HPRU\�DQG�UXQQLQJ�WLPH�DUH�TXDGUDWLF�LQ�LQSXW�VL]H�
■ &DQ�XVH�VTXDUHV�RI�GLVWDQFHV�WR�DYRLG�WDNLQJ�VTXDUH�URRWV�

,V�LW�SRVVLEOH�WR�GR�EHWWHU�E\�H[SORLWLQJ�WKH�JHRPHWU\"

��

(XFOLGHDQ�067

.H\�JHRPHWULF�IDFW���(GJHV�RI�WKH�(XFOLGHDQ�067�DUH�HGJHV�RI�WKH�
'HODXQD\�WULDQJXODWLRQ�

(XFOLGHDQ�067�DOJRULWKP�
■ &RPSXWH�9RURQRL�GLDJUDP�WR�JHW�'HODXQD\�WULDQJXODWLRQ�
■ 5XQ�.UXVNDO
V�067�DOJRULWKP�RQ�'HODXQD\�HGJHV�

5XQQLQJ�WLPH���2�1�ORJ�1��
■ )DFW�� ≤ �1�� ��'HODXQD\�HGJHV�VLQFH�LW
V�SODQDU�
■ 2�1�ORJ�1��IRU�9RURQRL�
■ 2�1�ORJ�1��IRU�.UXVNDO�

/RZHU�ERXQG���$Q\�FRPSDULVRQ�EDVHG�(XFOLGHDQ
067�DOJRULWKP�UHTXLUHV�Ω�1�ORJ�1��FRPSDULVRQV�


